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OVERVIEW OF PROJECT WORK AND OUTCOMES

Non-technical summary

Policies promoting use of renewable energy contribute to climate change mitigation. Among
alternative sources of renewable energy, bioenergy has become the most challenged in policy
debates due to its conflicting contributions to economic, social and ecological sustainability, for
example, energy security versus food security, rural development versus people displacement, etc.
The project aimed to thoroughly investigate the trade-offs and pathways for the development of
bioenergy sector in Asia, in particular China, India and the Philippines. Trade-offs define the relative
importance of economic, social and ecological factors affecting bioenergy production and pathways
describe the direction or course to achieving bioenergy sustainability. The project’s interdisciplinary
team applied complementary analytical tools from various scientific fields and use different kinds of
data to understand these trade-offs and pathways from the policy, community, and scientific
perspectives. The policy analysis was based on review of relevant literature, community perspective
was analysed from survey of respondents from different groups of society, and scientific inquiries
were based on statistical data, geographic information, and expert opinions. The results reveal that
the main objectives of bioenergy policies are energy security and rural development; communities
perceived bioenergy as good for the economy despites its negative impacts on food security; and
few scientific evidence conforms to community preferences and expert opinions on the relevance of
economic, social and ecological criteria for bioenergy sustainability.

Keywords: Asia, Bioenergy, Cluster analysis, Climate change, Factor analysis, Fuzzy logic, Integrated
assessment, Path analysis, Sustainability pathways, Sustainability trade-offs

Objectives

The main objectives of the project were:

1. To systematise existing knowledge on sustainability that will support the integrated assessment of
development pathways in bioenergy;

2. To understand social perception on and policy preferences for the different bioenergy feedstock
(i.e. 1st or 2nd generation) and indicators of sustainability;

3. To determine society’s sustainability trade-off decisions in the use of economic, social and
environmental resources to develop the bioenergy sector; and

4. To identify pathways in bioenergy development and assess their effects on the sustainable
transition towards low-carbon society (LCS).

Amount received and number years supported
The Grant awarded to this project was:

USS 45,000 for Year 1

USS 45,000 for Year 2

Activity undertaken

The main activities undertaken in the project include data collection, cluster and conjoint analyses,
GIS (geographic information system) analysis, fuzzy logic analysis, path analysis and multi-criteria
analysis. The collected data include bioenergy policies/technologies from literature, field data from
survey and stakeholder dialogue, GIS data of land use maps, and secondary data from statistical
books. Information on policies and technologies provided context for the analysis of bioenergy
sustainability. Using survey data, the cluster and conjoint analyses were conducted to estimate
preferences for bioenergy feedstocks and sustainability indicators. Using secondary data and
estimated preferences, fuzzy logic analysis was conducted to generate socio-economic sustainability



trade-offs. Using historical land use maps and stakeholder dialogue, spatial analysis was conducted
to generate production activities trade-offs (i.e. based on land use transitions). Using the parameters
of socio-economic sustainability and production activities trade-offs, path analysis was conducted to
generate development pathways for bioenergy. Finally, stakeholder dialogues (i.e. participatory
workshop, expert interviews) were conducted to assess the potentials and scenarios these pathways.
The results of the analyses were/will be published in international journals. Kick-off meeting and
framing workshop were conducted as a venue for the project partners to discuss updates and results
on the activities.

Results

The main results from the policy, community and scientific perspectives are as follows:

e Bioenergy policies in China and India were significantly driven by the governments’ objective of
achieving energy security to support the stable growth in the economies. Rural livelihood
development has been an important objective for pursuing bioenergy policy in the Philippines as
well as in India. Various institutional and resource constraints limit the potential of bioenergy to
contribute these socio-economic objectives in these countries.

e These policies may have provided general perceptions in the society about the economic
benefits from bioenergy. Although the surveyed communities think that bioenergy affects food
security, many of them perceived bioenergy as good for the economy. The communities’
preferred role of bioenergy for sustainable development reflects their social and economic
concerns, e.g. energy security in China, food security in India, and ecosystem degradation in the
Philippines.

e The analysis of statistical data confirms the significance of energy security for the development
paths for bioenergy in China and India. But for many social and ecological sustainability factors,
the preferences of communities and opinion of experts diverge with the results of scientific
investigations. There is also not very high consensus among scientific experts on the role of
various sustainability factors on bioenergy development.

Relevance to the APN Goals, Science Agenda and to Policy Processes

APN goals and science agenda: The project directly supports the Science Agenda of the APN’s Third
Strategic Plan because PIC-STRAP’s (i) themes cut across the different scientific agenda including
climate change, biodiversity, land use, resource utilisation, and pathways for sustainable
development; (ii) sustainability concept highlights the inter-linkages between techno-economic,
socio-ecological, and institutional issues; and (iii) methods improves the use of existing tools through
integrative and participatory approaches, strengthen the relevance of society’s and policy decision-
making in developing sustainable criteria, and allows the place-based integrative approach in three
major biofuel producing countries in Asia. The latter enables the project to help strengthen the
scientific capacity of the partners in conducting research of regional interest. In view of the cross-
cutting themes, comprehensive concept, and integrative assessment methods of PIC-STRAP, it is well
positioned to establish link to various regional and international research networks and thus to
address the institutional agenda of APN’s Third Strategic Plan.

Policy process: The groundwork for PIC-STRAP’s approach is a sustainability concept, which takes
into account most relevant determinants of economic, social, and ecological sustainability of
bioenergy development. Thus, the proposed project directly addresses the issues of sustainable
development in establishing a bioenergy sector that is supportive of low-carbon initiatives. Because
it is yet an evolving sector, the sustainability of bioenergy production in different countries is very
elusive. Experiences show that bioenergy policies in one region can have impacts not only on its own
but also on other regions’ social, economic and ecological sustainability. It is thus important to
assess development pathways for bioenergy to exploit its potential benefits to creating a sustainable
LCS. The participatory assessment framework in PIC-STRAP directly facilitates policy consultations
and thus encourages debate on the issue, which is an important step to integrating the concept of




LCS in policy processes. In Europe, for example, policy debates contributed to developing an EU
Roadmap for a competitive low carbon economy.

Self-evaluation

Despite the challenges in collecting different types of data, the PIC-STRAP project successfully
completed the collection of the necessary data for all components of the integrated sustainability
assessment for bioenergy in the Philippines, India and China. A total of 578 respondents completed
the web-based and CAPI survey in different provinces in the three countries. Time-series data for 18
indicators with comparable representation of economic, social, and ecological sustainability were
collected for the sub-national levels in the three countries. The lack of historical high resolution land
use data was resolved with the collection of additional time series data on areas of production by
commodity type and computation of crop diversity index at the sub-national level. Experience on
stakeholder dialogue and field surveys revealed that expert consultation on a personal basis is more
effective in collecting expert knowledge due to limited time among participants and lack of priority
for bioenergy issues at the local level. The results of the integrated assessment provided novel
contributions to understanding sustainability of bioenergy production from different perspectives
(policy, community, science). The project has involved several students and researchers in the data
collection and analysis, providing opportunities for capacity building. Moreover, the project
strengthened the regional research network among the partners and provided valuable opportunity
for joint scientific publication in international journals.

Potential for further work

Bioenergy has potential to contribute to climate change mitigation only if sustainability trade-offs
are appropriately addressed. Results from this project have shown that bioenergy production can
undermine social and ecological resilience, which could increase vulnerability to climate change
impacts. Conducting similar integrated sustainability assessment in other Asian countries could
increase knowledge that is relevant for the intergovernmental assessments such as the
Intergovernmental Panel on Climate Change (IPCC) and Intergovernmental science-policy Platform
on Biodiversity and Ecosystem Services (IPBES).
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TECHNICAL REPORT

Preface

PIC-STRAP is a research-based activity aimed at understanding sustainable transition criteria towards
low-carbon society (LCS) using hybrid analytical tools that allow systematic investigation of trade-
offs and pathways in the Philippines, India and China. Among renewable energy sources, bioenergy
presents an enormous policy challenge for sustainable transition to LCS due to inevitable trade-offs
including land use and market competition. The trade-offs result in diverging social perception on
and policy strategies for bioenergy sustainability due to contextual differences across countries. A
better understanding of human perception on the sustainability issues will help develop appropriate
policy for complex but promising renewable energy sources.
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1.0 Introduction

The concept of low-carbon society (LCS) is now an important instrument to limiting global
temperature increase below 2°C. LCS should be compatible with the principles of sustainable
development, contribute to global reduction in greenhouse gases (GHG) emissions, promote use of
low-carbon energy sources and production technologies, and adopt low-energy consumption
behaviour (Skea & Nishioka 2008). Renewable energy resources and technologies are important to
achieving LCS visions (Nakata et al. 2011). However, the relative contribution of the different
renewable energy sources to a sustainable transition to LCS depends on the complexity of the
systems. An energy system has three levels including the energy resources forming the primary
energy, conversion technologies supplying secondary energy, and energy demand sectors
comprising different energy consumers. Among the renewable energy sources, bioenergy presents
an enormous policy challenge for sustainable transition to LCS due to inevitable trade-offs at
different levels (Acosta-Michlik et al. 2011): (ii) Competing land use between food and fuel
production, biodiversity protection and bioenergy production, and first and second generation
feedstock production; (ii) Competing sources between domestically produced and imported biomass
products and their feedstock; and (iii) Competing conversion technologies due to diverse range of
options available to use and develop bioenergy. The trade-offs result in diverging social perception
on and policy strategies for bioenergy sustainability due to contextual differences across countries.
Moreover, bioenergy’s complex system involves not only alternative products and competing sectors,
but also diverse actors interacting at and across different levels. As a result, bioenergy production
not only provides opportunities but also causes conflicts in the course of fulfilling any diverging
private and public interests along and within these inter-linkages (Faaij 2006).

A better understanding of human perception on the sustainability issues confronting bioenergy
system, i.e. feedstock resources, conversion technologies, and energy demand, will help develop
appropriate policy for complex but promising renewable energy sources. The PIC-STRAP proposed to
contribute to this challenging task through application of integrated and trans-disciplinary approach,
highlighting social perception and policy preferences that affects transition to low carbon and
sustainable societies. It thus addresses cross-cutting activities of interest and thematic areas of the
APN Low Carbon Initiatives (LCl) Programme. The PIC-STRAP adopted a novel hybrid approach called
STRAP (Sustainability TRade-offs and Pathways), which is guided by the hypothesis that trade-off
decisions on achieving a balance among economic, social and ecological goals are necessary
conditions for assessing development pathways in bioenergy (Acosta-Michlik et al. 2011). The overall
aim of the PIC-STRAP project was to develop sustainable transition criteria towards low-carbon
societies using hybrid analytical tools that allows systematic investigation of trade-offs and pathways
in the development of 1% and 2" generation bioenergy in Asia, in particular China, India and the
Philippines. This was achieved through the following specific scientific objectives:

a. To systematise existing knowledge on sustainability that will support the integrated assessment of
development pathways in bioenergy;

b. To understand social perception on and policy preferences for the different bioenergy feedstock
(i.e. 1t or 2" generation) and indicators of sustainability;

c. To determine society’s sustainability trade-off decisions in the use of economic, social and
environmental resources to develop the bioenergy sector;

d. To identify alternative pathways in bioenergy development and assess their effects on the
sustainable transition towards low-carbon society (LCS); and

e. To facilitate the integration and dissemination of the knowledge generated from PIC-STRAP.



The project provides answers to the following key questions on the sustainability of bioenergy
production based on the policy, community and science perspectives.

a. What are the main drivers for the implementation of bioenergy policies and significant barriers for
bioenergy sustainability in the Philippines, India and China?

b. What are the economic, social and ecological indicators that communities consider to be
important for the sustainability of bioenergy production?

c. Do the paths for bioenergy development based on scientific evidence confirm the preferences of
communities and opinion of experts?

Section 2 of the report presents the analytical and methodological framework to address the
objectives of the project. Section 3 divides the discussion of the results according to three main
topics that directly answer the project’s key questions. Section 4 and 5 provide conclusions and
recommendations based on the results.

2.0 Methodology
2.1 Analytical Framework

The project built on the Sustainability Trade-offs and Pathways (STRAP) framework, which was
proposed by Acosta-Michlik et al. (2011) as a hybrid approach for the integrated sustainability
assessment of the potential for bioenergy production. Figure 1 presents the conceptual and
methodological framework for the STRAP hybrid approach, integrating knowledge and data from
socio-economic and ecological perspectives. Sustainability entails weighing the trade-offs between
the determinants of economic stability, social equity and ecological balance in order to achieve
desirable pathways for bioenergy development. “Determinants are factors or issues which
significantly influence the nature of sustainability” (Acosta-Michlik et al. 2011, p.2793). The selection
of the determinants were based on theories relevant to trade-offs analysis including economic
comparative advantage, strategic niche management, techno-economic paradigm, and economic
development. Energy security, technology diffusion and market organisation are the determinants
for economic stability; food security, welfare contribution and social exclusion for social equity; and
feedstock options, resource capacity and land management for ecological balance. The pathways are
described based on the probability of converting land use for bioenergy production as a function of
the interrelationships between the social, economic and ecological determinants of sustainability.
The STRAP framework is a hybrid of analytical approaches from various fields including conjoint
analysis, fuzzy logic, spatial analysis, path analysis and multi-criteria analysis. Figure 1 summarises
what are the data requirements for, the technical applications in, and knowledge generation from
PIC-STRAP project, and how they link to one another in assessing trade-offs and pathways in
bioenergy production. The application of the STRAP framework in the PIC-STRAP generated trade-
offs and pathways through systematic integration of not only diverse types of data and distinct
analytical methods but also different analytical perspectives including bio-physical, techno-economic,
and socio-ecological.

2.2 Data Collection

Five types of data and information were collected to implement the methods in the STRAP
framework including knowledge on bioenergy policies and technologies, field data on the perception
on bioenergy production, statistical data on the determinants of bioenergy sustainability, spatial
data on historical land use and transition, and expert opinion on sustainability determinants and
historical land use.



Data / Model Inputs

‘ 1.a Field data (Interviews/Surveys)

‘ 1.b Historical spatial data (GIS maps)

‘ 1.c Literature review of policies/technologies

‘ 1.d Statistical time-series data (Indicators)
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Figure 1 Thematic and methodical framework of the hybrid approach STRAP
Source: Diagram adopted from Acosta-Michlik et al. (2011)

First, review of literature was conducted to analyse the current state of policies for bioenergy
production and feedstock technologies for the biofuels industry in the Philippines, India and China.
The results of the policy analysis are discussed in section 3.1.1.

Second, field survey and interviews were conducted to collect information on the opinion of local
people about the production potentials of 1 and 2" generation bioenergy and their effects on the
social, economic and ecological sustainability in the society. The survey was mainly conducted
“online”. Online survey enables to reach different groups of respondents in different parts of the
country with minimum expenses. The web link to the survey was sent to the respondents per e-mail.
We adopted purposive and snowball (or chain referral) sampling techniques. For respondents who
did not have access to internet, we converted the same survey into CAPI (Computer Aided Personal



Interview) module, which refers to data collection using a laptop or a personal computer not
connected to the internet. CAPI survey enabled us to reach respondents from the farms who are
important producers of bioenergy feedstock and who mostly do not have access to internet.
However, because CAPI survey entails large budget, only specific case study areas were selected to
interview the farmers. Details on the survey techniques and administration are published in Acosta
et al. (2016). The survey data were analysed using conjoint analysis and the results are presented in
section 3.1.2. The CAPI version of the survey is attached in Appendix 1.

Third, statistical time-series data were collected to provide historical evidence on the capacity and
ability of countries to attain sustainability objectives that are relevant to bioenergy development.
The data will include annual time-series data to be collected from government authorities for the
period 1970-2010. The data are indicators representing the different social, economic and ecological
determinants as defined in the sustainability concept (Figure 1). The data correspond to the lowest
possible administrative levels to capture the geographical differences within the case study countries.
The statistical data were used for the fuzzy logic analysis and the results are presented in section
3.2.1.

Fourth, land use maps based on Geographical Information System (GIS) format were collected for
the period between 1970 and 2010. The IMAGE global dataset, which has been improved to cover
land use for biofuels, were used in this project. The maps were used for the spatial analysis and the
results are presented in section 3.2.2. Moreover, the combined statistical and spatial data were the
basis for generating parameters for the path analysis, which results are presented in section 3.3.1.

And fifth, expert opinion on suitability of sustainability criteria as well as potential for bioenergy
production was collected through stakeholder dialogue. The dialogue for the former was conducted
on an individual basis to ensure unbiased opinion, while the latter was conducted on a participatory
approach to allow group validation of opinion. The questions for the stakeholder dialogue are
presented in Appendix 2 and the results are discussed in section 3.3.2.

2.3 Data Analysis
2.3.1 Policy Preferences

Policy analysis
The knowledge collected from various literature were analysed to provide policy context for the
integrated assessment of bioenergy production in the Philippines, India and China. We identified the
major policies stimulating production of bioenergy and the sustainability challenges confronting
these policies. The results of the policy analysis also guided the development of the survey
questionnaire.

Conjoint Analysis

We applied choice-based conjoint (CBC) analysis to estimate the preferences on alternative
bioenergy feedstocks. The respondents’ choices are based on a set of attributes and their respective
levels. The attribute levels define the choice tasks in the survey questionnaire and are thus core
elements in the CBC analysis. The sustainability determinants represent the attributes (Figure 1) and
the indicators for these sustainability determinants (Table 1) represent the attribute levels in the
survey design. Each attribute level is further defined according to its desirability for the society,
which aims to make the respondents decide on trading-off between more and less desirable levels of
the indicators. Each attribute has a total of 6 levels — 3 desirable and 3 undesirable attribute levels.
The possible combinations of the different attribute levels make up the different options in a choice
task. The respondents were asked to choose only one among three options in each choice task (see



Appendix 1). To ensure efficient CBC design prior to the survey, we conducted statistical tests to
identify the appropriate number of versions for the given number of options and tasks. We used 50
versions of the questionnaire, each having different set of options per tasks. The objective of the
choice-based conjoint analysis is to estimate part-worths or utilities, which measure the relative
desirability or worth of an attribute level ((Orme 2010), (Orme 2006)), i.e., the higher the utility, the
more desirable is the attribute level. The respondents’ choices were analyzed using the CBC module,
specifically the  Hierarchical Bayes (HB) method of the Sawtooth Software
(http://sawtoothsoftware.com/). The CBC/HB tool can capture preferences of individuals (i.e.,
respondent level) and groups of individuals (i.e., segment level) (Orme 2009). Details on the CBC/HB
tool and equations are described in Acosta et al. (2016).

Table 1 Economic, social and ecological sustainability attribute levels

Attribute levels More desirable Less desirable

Economic Stability

A. Energy security

1. Domestic energy demand Low High

2. Domestic energy supply High Low

3. Foreign energy trade Low import High export

B. Technology progress

1. R&D investment High Low

2. Technology deployment High Low

3. Energy efficiency High Low

C. Market organisation

1. Market incentives High Low

2. Market infrastructure Good Poor

3. Trade constraints Low High
Social equity

A. Food security

1. Food self-sufficiency Increase Decrease

2. Purchasing power Increase Decrease

3. Affordability of food Increase Decrease

B. Social welfare

1. Livelihood sources Increase Decrease

2. Job opportunities Increase Decrease

3. Household lifestyle Improve Worsen

C. Social justice

1. Equal property rights Support Hinder

2. Home displacement Prevent Cause

3. Land dispossession Prevent Cause

Ecological balance

Production potential

1. Potential level Very high Low
High Very low
Moderate No potential

2. Feedstock sources* Crop/forest residues Starch-rich crops

Resource capacity

1.

Effects of population pressure

Fast-growing trees
Perennial grasses

Production potential
unaffected

10

Sugar-rich crops
Qil-rich crops

Production potential
affected



2. Pressure on natural resources Put less pressure Put more pressure

3. Effects landscape and species Improve diversity Destroy diversity
diversity

Land management

1. Effects on nature conservation Support Conflict

2. Compatibility with organic farming Compatible Incompatible

3. Availability of good farming practices  Available Not available

Note: A-C refer to the conjoint attributes, 1-3 refer to the attribute levels
*Following the sustainability concept for bioenergy, first generation (i.e. food) crops are less desirable than second
generation (non-food) crops as sources of feedstock for bioenergy production.

2.3.2 Bioenergy Trade-offs

Fuzzy logic analysis

Fuzzy logic is a useful technique to generate trade-off parameters for the determinants of the
sustainability pillars. It has been applied in various fields since 1960s but its application in
environmental science to analyse sustainability (Cornelissen et al. 2001) and vulnerability (Acosta-
Michlik et al. 2008, Eierdanz et al. 2008) has only been recent. Fuzzy logic has several advantages for
modelling sustainability including its ability to combine quantitative and qualitative data, convert
numerical data into linguistic values, include expert judgement and knowledge, represent non-linear
relationships of interrelated data, make model assumptions transparent using inference rules, and
generate multivalued model outputs. The fuzzy logic analysis follows three steps, and each of these
steps consists of two procedures: (1) Fuzzification: (i) categorization of membership functions; and
(ii) assessment of degree of memberships. (2) Fuzzy inference: (i) construction of inference rules;
and (ii) deduction of fuzzy estimates using these rules. (3) Defuzzification: (i) transposition of fuzzy
estimates; and (ii) aggregation of transposed fuzzy estimates.

In the first procedure of fuzzification, the numerical or verbal values of an indicator on the x-axis are
categorised into comparable linguistic values using the membership function, whilst in the second
procedure the given value of this indicator is translated into a scale (i.e. 0-1) using the degree of
membership on the y-axis. The indicators represent the data or proxy variables for the determinants
of economic stability, social equity, and ecological balance (Figure 1). In the first procedure of the
fuzzy inference, the inference rules are constructed by defining the conceptual and/or logical
relationship between the input indicators and the output index using linguistic “if-then” statements.
In the second procedure of the fuzzy inference, the fuzzy estimates are deducted from the degree of
membership of indicators, which were computed from the first step of the fuzzy logic analysis. The
third and last step in the fuzzy logic analysis, defuzzification, involves also two procedures, one is the
transposition of the fuzzy estimates, and the other is the aggregation of the transposed fuzzy
estimates (Figure 2). The transposition is the reverse process of the fuzzification, hence the term
defuzzification. The fuzzy estimates on the y-axis are extended horizontally to intersect the
membership functions of the output index. The transposed fuzzy estimates correspond to the area
under these intersections, also referred to as the truncated membership functions. The fuzzy
toolbox of MATLAB software was used to conduct fuzzy logic analysis. Details of fuzzy logic
application are described in Acosta-Michlik et al. (2011), Acosta & Galli (2013) and Eierdanz et al.
(2008).
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Figure 2 Step 3 — defuzzification of the transposed fuzzy estimates

Land use analysis

Patterns of land-use conversion to biofuel crops were generated through overlay analysis of high-
resolution historical land use maps. Land use maps for different years were overlaid to identify
various land use conversion patterns on each pixel. The pixels where changes on production
activities have occurred were assigned a value of 1, and otherwise zero. From these overlay analyses,
new sets of GIS maps with values of 1 and 0 were created for land use changes. Information on land
use pattern on these pixels were used as dependent variables in the path analysis. ArcGIS software
was used to conduct the overlay analysis using the land use maps from IMAGE (Integrated Model to
Assess the Global Environment).

We further analysed the land use pattern by looking at crop diversity. Crop diversification was
assessed using Herfindahl Index (HI) (Moschandreas 2000). Hl is defined as:

HI=Y p;
i=1

where, p;is the share of crop ‘i', defined as:
_A
n
A
i-1

Pi

n
Here, Ai is acreage area under each crop; and ZAi is the total acreage under all the crops
i=1
considered. The value of H ranges from 0 to 1. While, unity implies complete specialization, zero
implies high diversification. Hence as HI increases, diversification in a particular region decreases and
as Hl decreases, diversification in that region increases.
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2.3.3 Development Pathways

Path analysis

Path analysis is a useful technique in determining development pathways for bioenergy production.
Its technique was developed by Sewall Wright in the 1920s to investigate ramifications of various
models in population genetics (Roehrig 1996), and since then is used extensively in the fields of
social science (Stage et al. 2004). More recently, path analysis has been applied in the field of
resource or environmental economics in particular on land use (e.g. Bakker et al. 2005; Van Acker et
al. 2007; Srinivasa Setty & Natarajan 1988). Path analysis aims to provide estimates of the magnitude
and significance of hypothesized causal connections among sets of variables displayed through the
use of path diagrams (Stage et al. 2004). A path diagram has three components: (1) variables, (2)
arrows, and (3) coefficients (Figure 3a). The variables (e.g. Xs and Y, where Y refers to the
endogenous variable) are those identified to have relations in the model, either causal or
correlations. The arrows point from one variable to another to show the type of relations: a single-
headed arrow shows causal relations and a double-headed, curved arrow shows correlations. The
coefficients (e.g. B1, B2, B3), which are estimates from multiple regression analysis show the relative
importance of causal paths of the exogenous to the endogenous variables. Because path analysis
makes use of the regression estimates, it is referred to as an extension of regression techniques.
However, the independent or explanatory variables are called exogenous variables (e.g. X1, Xz, X3) in
path analysis, and the dependent variables are called endogenous variables (e.g. Y).

Figure 3 Path analysis of economic, social and ecological determinants for crops to biofuel
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Source: adopted from Acosta-Michlik et al. 2011

Depending on the complexity of the path relations, there may be a need to proceed from path
analysis to structural equation model (SEM). Figure 3b presents a case where the probability of land
use conversion is determined not directly by the observable determinants or measured variables (i.e.
Xi,...Xs) but by some unobservable factors (i.e. Y1, Y2, and Ys), which in turn are defined by the
relationships between the relevant measured variables. These unobservable factors are referred to
as latent variables and considered as endogenous variables because they are estimated in SEM. SEM
is thus a hybrid model with both multiple determinants for each latent variable and specific paths
connecting to the latent variables. It is considered a useful technique because it can deal with
several directions of influence between variables (Van Acker et al. 2007), both measured and latent.
Inclusion of latent variables could be useful for considering simultaneously a number of measures
for the same construct and for reducing unreliability of measured variables especially those with
qualitative data (Norman & Streiner 2003). Following the sustainability concept in section 3, the

13




latent variables are represented by economic stability (Y1), social equity (Y2), and resource
productivity (Ys). They are assumed to have direct paths to the probability of land use conversion
and thus serve as intervening variables to the measured variables (i.e. determinants). Moreover,
because they could influence each other, they also have indirect paths to the probability of land use

conversion. The total effect to the probability of land use conversion is thus the additive values of all
n

a and B coefficients (i.e. Zai +B;=p,;). In addition to the path coefficients, the model
i=1

specification will generate estimates not only for the probability of land use conversion (pa), but also

for economic stability (p1), social equity (p2), and resource productivity (ps). These latter three

estimates provide a measure of the influence of the sustainability pillars on the bioenergy potentials.

We used the SmartPLS to conduct the path and SEM analysis (Ringle et al. 2015).

Multi-criteria analysis

Multi-Criteria Analysis (MCA) is a decision tool that is applicable to solving problems that are
characterised as a choice among alternatives with multiple criteria. MCA provides measures of
judgement consistency and identifies priorities among alternatives and their criteria. The
alternatives are evaluated with respect to each criterion, and the criteria are weighted according to
the stakeholders’ assessment of their importance (Mustajoki & Marttunen 2013). The criteria consist
of the magnitude and direction of interrelationships between the relevant sustainability indicators
based on expert opinion (Figure 4-6). The following MCA steps were followed (DCLG 2009): (1)
Establish the decision context; (2) Identify the options; (3) Identify the objectives and criteria that
reflect the value associated with the consequences of each option; (4) Describe the expected
performance of each option against the criteria; (5) Assess the value (i.e. score) associated with the
consequences of each option; and (6) Assign weights for each of the criteria to reflect their relative
importance to the decision. The decision context is the importance of the sustainability indicators for
assessing bioenergy production.

The three main criteria used to assess bioenergy sustainability include, economic sustainability,
social sustainability and ecological sustainability. The economic sustainability of bioenergy
production using a particular type of biomass will depend on three important economic conditions
(Figure 4):

1. Contributions of bioenergy to energy security

2. Progress in technology for bioenergy

3. Quality of market structure for bioenergy
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Figure 4 Criteria for economic sustainability

The social sustainability of bioenergy production using a particular type of biomass will depend on
three important social conditions (Figure 5):

1. Impacts of bioenergy on food security

2. Contributions of bioenergy to social welfare

3. Impacts of bioenergy on social justice

p— N
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Social
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Figure 5 Criteria for social sustainability
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Finally, the environmental sustainability of bioenergy production using a particular type of biomass
will depend on three important environmental conditions (Figure 6):

1. Potential for increasing biomass production for bioenergy

2. Impacts of bioenergy production on natural (i.e. land, water) resources

3. Land management to improve land productivity

Main Main T
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Figure 6 Criteria for ecological sustainability

The survey instrument further provides determinants of each of the sub-criteria. For example,
domestic energy demand, domestic energy supply and foreign energy trade constitute the
determinants of energy security. Similarly in case of other sub-criteria, the survey instrument lists
out the determinants. The respondents have been asked to provide ratings for sub-criteria as well as
the determinants of the each sub-criterion. The respondents have also been asked to comment on
adequacy of the sub-criterion and their determinants in analysing bioenergy sustainability. Further,
the respondents have also been requested to comment on the divergence (or lack of divergence) of
their weighing scheme with that obtained from a broader survey involving multiple stakeholders of
bioenergy.

We followed the Analytic Hierarchy Process (AHP) method for the MCA which generates ratios scales
from paired comparisons of the criteria and applied the AHP Excel template with multiple inputs
developed by (Goepel 2013). The template provides information on weights and ranks of the criteria,
level of stakeholder consensus, Eigen value lambda, consistency ratios, and criterion matrix.

2.4 Project Management

The project leader from the Philippines was responsible for the overall project administration,
ensuring that the activities are implemented on time and finding solutions to the unexpected
challenges. The scientific coordinator from Germany was responsible for giving guidance on the
implementation of the methods and analysis of the results. The project partners from India and
China were responsible for coordinating data collection and providing thematic expertise for the
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case studies in their respective counties. For the Philippines, this was a joint responsibility of the
project leader and scientific coordinator. The kick-off meeting was conducted in the Philippines in
2013 to prepare the team members on the procedure for data collection and build capacity on the
data analysis (Appendix 3, 4, 5 and 6). The framing workshop was conducted in China in 2014 to
discuss results of initial analysis and find solutions to the barriers on data collections (Appendix 9, 10,
11 and 12).

3.0 Results & Discussion
3.1 Policy Context and Preferences
3.1.1 Bioenergy Policies

Although global biofuel production has significantly increased in recent years, the volume of
production in Asia and its neighbouring Pacific countries remain small in comparison to countries in
Europe and America (insert references). Taking into account, however, the available productive
resources and development policies for bioenergy, Asia is expected to increase its share in global
bioenergy production. There was a significant increase in bioethanol and biodiesel production in the
last decade and the types of feedstock used in major producing countries in Asia. China and India
were the 4th and 5th largest producers, respectively, of global bioethanol after the United States (54
billion litres), Brazil (26 billion litres) and Europe (5 billion litres) in 2014 (Acosta et al. 2016). At the
same time, however, China and the Philippines have become major global importers of bioethanol.
The case of the Philippines is interesting because it is the only country in the world that mainly uses
coconut oil (more superior to palm oil in terms of impacts on climate, i.e. clean air, and ecosystem,
i.e. agro-forest system) as feedstock for biodiesel production. Various policies are implemented in
Asia to respond not only to international call for climate mitigation but also to the growing world
demand for biofuels. The following discussion highlights that there is an increasing pressure to
expand feedstock production and ensure domestic supply to meet the blending targets in China,
India and the Philippines. Although there was a significant increase in biofuel production in these
countries, the pressure continues as a consequence of government policies to promote domestic
bioenergy sector.

Philippines

The Philippine Biofuels Act was signed as a law in January 2007, mandating the government agencies
like the Department of Energy, Department of Environment and Natural Resources, Bureau of
Products Standards, and Department of Science and Technology to promote the bioenergy sector.
Moreover, a number of objectives had been formulated under the National Biofuels Feedstock
Program of the Department of Agriculture including the production of sufficient amount of
feedstock to meet the demand for biofuels, augmentation of farmers’ income, generation of rural
employment, and development of idle and marginal lands. The Program’s incentives and promotion
include government financing, credit facilitation services from selected local banks, tax incentives
(exemption from value-added taxes for raw materials or feedstock like coconut, sugarcane, jatropha,
cassava, and sweet sorghum), market development services, social amelioration, manpower
development, seminars, conferences and workshops, tri-media information and web access.

The Philippine Biofuels Act followed multi-stage strategy to promote local production and

consumption of biofuels:

e Within three months from the effectivity of the Act, a minimum of one percent biodiesel was
required to be blended into all diesel engine fuels sold in the member economy;
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e Within two years from the effectivity of the Act, the feasibility of mandating a minimum of 2
percent blend of biodiesel was assessed taking into account considerations including but not
limited to domestic supply and availability of locally-sourced biodiesel component;

e Within two years from the effectivity of the Act, at least 5 percent bioethanol was to comprise
the annual total volume of gasoline fuel sold and distributed by all oil companies in the country;

e Within four years from the effectivity of the Act, the feasibility of mandating a minimum of 10
percent blend of bioethanol into all gasoline fuel distributed and sold by all oil companies was
also assessed; and

e According to National Biofuels Plan 2013-2030, the blending requirements for both biodiesel and
bioethanol are to be increased to 20 percent by 2030.

Although it is envisioned that all biofuels to be blended with liquid fuels are to be sourced
domestically, the Act also allows oil companies to import biofuels until 2010 to meet these blending
targets. Moreover, biomass for bioenergy production is exempted from value added tax and biofuel
companies with 60 percent local ownership are provided financial assistance (Zhou & Thomson
2009). Whilst there were no reported obstacles during the transition to a higher biodiesel blend due
to adequate local supply (Corpuz 2009), the bioethanol situation was less stable. To comply with the
bioethanol mandates, local companies continue to import bioethanol due to supply scarcity, price
volatility and lack of competitiveness. In 2014, the Philippines had still one of the lowest domestic
bioethanol production of 110 million litres. Despite concerns about the impacts of importing
bioethanol on local production, the government continue to approve further imports which
correspond to about 70% of the total volume required to meet the blending targets (Pacini et al.
2013).

India

India’s biofuel policy regime is influenced broadly by: (a) energy security concerns — ever increasing
energy demand necessitates search for renewable energy alternatives given India’s limited fossil fuel
reserves; (b) environmental concerns — growing local pollution and climate change concerns make it
imperative to search for environmentally friendly alternatives; (c) wasteland utilization — biofuel
feedstock cultivation could bring wastelands and other unproductive lands for effective utilization;
and (d) enhance rural livelihood options. The National Policy on Biofuels adopted in 2009 envisaged
strengthening India’s energy security by encouraging use of renewable energy resources to
supplement transport fuels. The policy aims to replace 20 percent of transport petrol and diesel
fuels with biofuels (bioethanol and biodiesel) by the end of 2017 (USDA 2012). The policy
emphasized use of degraded land and waste land not suitable for agriculture to raise bioenergy
feedstock to avoid food versus fuel dilemma. In addition to setting-up of a National Biofuel Fund for
providing financial incentives, including subsidies and grants for new and second generation
bioenergy feedstock, the policy also advocated establishing minimum support price mechanism to
ensure fair price for bioenergy feedstock growers. There is also a basic model for jatropha cultivation
that are supported by both public-private and private initiatives in India. In either case the
cultivation is done in contract farming mode with the farmer leasing out his/her land for jatropha
cultivation (since the cultivation requires 3-4 years to provide yields) and subsequently selling the
jatropha seeds to the contracted company. The farmer is assured a fixed annual income till the crop
starts giving yield. Qil extraction is done at one of oil extraction units (over 10 units exist in the state)
and supplied to either national or international market.

The feasibility analysis of meeting blending targets outlined in the National Biofuel Policy raises
important issues regarding land availability in case of biodiesel production, and the need for
identifying alternative feedstock in case of bioethanol production. While Singhal & Sengupta (2012)
show that about 37.38 million hectares of wasteland suitable for jatropha cultivation is available in
India. However, a significant number of rural population is dependent on miscellaneous tree growth
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on this so-called wastelands for their food and livelihood. Also, the overall area under foodgrains has
remained static in India over past decade or so. In such context use of wasteland for fuel purposes
remains debatable. This acquires further importance in the context of South Asian Enigma of
stagnant per-capita food consumption (compared to North Africa and West Asia) despite impressive
growth registered in terms of per-capita income. In case of ethanol blending, the growing demand
for alcohol from the potable and chemical sector (growing at 3-4 percent per annum) and the
highest available alcohol from molasses pegged at 2.3 billion liters, there will be a shortage of
alcohol even for 10 percent blending (Basavaraj et al. 2013). If molasses alone has to meet the entire
requirement of 10 percent blending, an area covering approximately 10.5 million ha with 736.5
million tons of sugarcane has to be cultivated which translates into doubling of both area and
production. Lack of technological inputs and infrastructures are considered the major hurdles for
implementing such intervention. Further, it is not possible to increase the area under sugarcane
beyond certain limit given that sugarcane is highly water intensive with a requirement of 20,000—
30,000 cubic metre per ha per crop. Increasing the area under sugarcane will be at the cost of
diverting land from other staple food crops (Raju et al. 2012).

China

The rapid growth of China’s economy (nearly 10% annually in the last three decades) also led to a
rapid rise in demand for energy, which also gave rise to mounting concerns in the country about its
national energy security. Despite the rapid growth of domestic energy production, demand has
grown even faster. China has shifted from being a net energy exporter to being an importer since the
late 1990s and is becoming one of the largest importers in the world in recent years (Qiu et al. 2010).
Despite rapid development of energy demand, many Chinese rural households still depend heavily
on traditional biomass energy for heating and cooking (Démurger & Fournier 2011). China is facing
increasing energy pressure. Given the energy security concerns, the search for alternative sources of
energy has become a top policy priority of the Government of China (Qiu et al. 2010). Renewable
Energy and Energy Efficiency (REEE) policies become a national priority for the Chinese government,
particularly since 2005 in six sectors: electricity, industry, transportation, buildings, and local
government. The Chinese central government’s sound financial position allows significant
investment in REEE (e.g. energy conservation and environmental protection; large capacity wind
farms, biomass power plants, and transfer technology from biomass to liquid fuel; demonstration
and industrialization project for jatropha; etc.) (Lo 2014).

China’s biofuel industry has expanded rapidly since early 2000s. Bioethanol production reached by
69 percent from 1,647 in 2006 to 2,787 million litres in 2014. Four large-scale state-owned
bioethanol plants in Heilongjiang, Jilin, Henan, and Anhui provinces were constructed in 2001. The
total annual bioethanol production capacity of these four plants, which mainly use corn as feedstock,
is approximately 1.5 million tons. In 2007, China set up another bioethanol plant based on cassava in
Guangxi Province, which started operation in early 2008. The annual production capacity of this
plant in the initial stage is 0.2 million tons. The Chinese government has established the medium and
long-term development plan until 2020 (Liu et al. 2013). By the end of 2007, there were about 10
biodiesel plants operating in China. Most of them use industrial waste oil and waste cooking oil as
feedstock. The total annual production capacity for all of these plants is less than 0.2 million tons.
Biodiesel production needs a stable supply of lipid or vegetable oil, but China is short of those
feedstocks.

The major support policies during the implementation of the pilot testing program are as follows:

e First, the 5% consumption tax on all bioethanols under the E10 program was waived for all
bioethanol plants;

e Second, the value-added tax (normally 17%) on bioethanol production was refunded at the end
of each year;
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e Third, all bioethanol plants received subsidized ““old grain” (grains reserved in national stocks
that are not suitable for human consumption) for feedstock. This subsidy is jointly provided by
the central and local governments;

e Fourth, a subsidy was offered by the central government to ensure a minimum profit for each of
bioethanol plants. That is, if despite all three support mechanisms described above, any
bioethanol plant were to record a loss in the production and marketing of bioethanol, it would
receive a subsidy from the Government that equals the gap between marketing revenues and
production costs plus a reasonable profit that the firm could have obtained from an alternative
investment. This subsidy is estimated for each plant at the end of each year.

In addition to these four support policies, the Government of China also ensured markets for the
bioethanol produced by these state-owned plants. Bioethanol produced by private plants was not
allowed to enter the market. While there are several potential feedstock crops available for
bioethanol production, lack of land for feedstock production is one of major constraints in China’s
bioethanol expansion.

3.1.2 Policy Preferences!

While the online survey facilitated analysis of conjoint preferences of various respondents from
different professions in different regions in the Philippines, India and the Philippines, the CAPI survey
focused on specific case study areas to provide information particularly on farmers’ preferences
(Figure 7). In the Philippines, the farmer respondents were located in the provinces of Batangas and
Quezon, which are main producers of sugarcane and coconut in the Calabarzon region. Calabarzon
has a total land area of 1,664,403 hectares which comprise 5% of the Philippine Archipelago and the
most populated region of the country with a population of 12,609,803 (BAS 2015). A total of 250
respondents were interviews in the Philippines, 60% of them are working in agriculture related
profession (Figure 8). In India the CAPI survey with the farming community was carried out among
farmers cultivating jatropha in Tamil Nadu. Tamil Nadu (Southern India) is one of the earliest states
to have promoted biofuel promotion in India. The state started promotion of jatropha cultivation
way back in 2002, ahead of the launch of National Biofuel Mission in 2003. Agriculture accounts for
about 56% of the 160 respondents who were surveyed in India. In China, the Qu County in the
province of Sichuan was chosen as the case study to do offline survey with local farmers. Qu County
occupies about 2,000 km? including more than 60 villages with 1.48 million residents. It is an
important county in Sichuan with its agricultural products, but remains a least developing area in
China. The number of survey respondents in China is 168, only 31% is working in agriculture related
profession. More than half of the respondents in China are working in academe and research (Figure
8). The respondents working in private and non-government organisations dominate the survey in
India, while respondents are almost equally distributed in different work locations in the Philippines.

1 Refer to Acosta et al. (2016) for more detailed analysis of the results. Parts of this section are excerpt from
this article, which is published deliverable of the project.
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Figure 7 Location of the case study sites for the CAPI surveys in China, India and the Philippines

o o e ||
50 a0 -

60% 60%
40% 40%
20% 20%
0% 0% -
Philippines India China Philippines India China
B Agriculture B Non-agriculture W Public agency M Private/NGO Field/Farm Academe/research B Others
(a) (b)

Figure 8 Profession of the respondents by type (a) and location (b)

Figure 9 presents the preference weights generated from choice-based conjoint analysis for the
different sustainability determinants (i.e. conjoint attributes). For all three dimensions of bioenergy
(i.e. economic stability, social equity and ecological balance), the types of biomass turned out to be
most important factor for sustainable development in India, with preference weights of more than
40 percent. We emphasised here to consider the conjoint results for India with care due to lack of
geographical diversity of and lack of enthusiasm on choice-based conjoint part of the survey among
respondents. In contrast to the general perception on sugar-rich crops, which was considered
important feedstock for the economic growth in India, the logit results in Table 2 reveals that this
feedstock has negative preference estimates. But the other first generation starch-rich and oil-rich
crops have also negative preferences and thus conform to the general perceptions of the
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respondents in India. Similarly, farm/forest residues and fast-growing trees have generally positive
preferences not only for economic but also for social and ecological dimensions of sustainability.
These also conform to the respondents’ perceptions on the contribution of various bioenergy
feedstock in India. Unlike in India, the types of biomass are not the most important factors affecting
the preferences of respondents in the Philippines and China (Figure 9). Table 2 shows that only few
of the first and second generation bioenergy feedstock have statistically significant preference
estimates in these two countries. Contrary to the general perceptions in the Philippines, oil-rich
crops turned out not to have significant preferences except for ecological balance, but only among
NON-AGRI respondents. Sugar-rich and starch rich crops have negative preferences for promoting
ecological balance among the AGRI respondents. Corresponding to the general perceptions, the
preference estimates for farm and forest residues are high and statistically significant for the
Philippines, albeit only for economic stability. Perennial grasses received negative preferences for
economic stability and ecological balance from both professional segments. In China, while the
conjoint preferences for the second generation bioenergy feedstock conform more or less to the
general perceptions, this is not the case for the first generation.
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Figure 9 Preferences for the different conjoint attributes of bioenergy sustainability

Table 2 Logit estimates for utilities of the different types of biomass, by country.

Philippines India China

Attribute Levels Estimate t-ratio Estimate t-ratio Estimate t-ratio

(Xs) (Xs) (Xs)
Economic Stability
AGRI
Sugar-rich crops -0.12 -1.08 1.04%** 7.04 -0.21 -1.11
Starch-rich crops -0.08 -0.70 -0.65*** -3.51 -0.11 -0.58
Qil crops -0.02 -0.19 -0.84%** -4.26 0.01 0.07
Agri/Forest residues 0.38*** 3.64 0.59%** 3.87 0.27* 1.57
Fast-growing trees 0.20** 1.88 1.39%** 8.97 0.08 0.43
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Perennial grasses -0.35%*** -3.06 -1.54%*** -6.19 -0.04 -0.23
Non-AGRI

Sugar-rich crops -0.01 -0.10 0.46%** 2.81 -0.10 -0.80
Starch-rich crops -0.06 -0.42 -0.64%** -3.08 -0.06 -0.45
Oil crops -0.16 -1.12 -0.60%** -3.09 -0.15 -1.22
Agri/Forest residues 0.48%** 3.65 0.93%** 5.65 0.37%** 3.18
Fast-growing trees 0.16 1.19 0.56%** 3.39 0.21** 1.75
Perennial grasses -0.41*** -2.78 -0.71%** -3.52 -0.26** -2.03
Social equity

AGRI

Sugar-rich crops -0.25 -2.05 1.06*** 7.02 0.06 0.30
Starch-rich crops 0.03 0.26 -0.87*** -4.51 -0.04 -0.24
Oil crops 0.00 -0.01 -0.71*** -3.78 -0.22 -1.11
Agri/Forest residues 0.13 1.11 0.43%** 2.85 0.27* 1.50
Fast-growing trees 0.17* 1.49 1.26%** 7.98 -0.09 -0.50
Perennial grasses -0.08 -0.68 -1.17%** -5.45 0.03 0.18
Non-AGRI

Sugar-rich crops 0.02 0.11 0.15 0.85 -0.15 -1.2
Starch-rich crops -0.19 -1.18 -0.71%x* -3.53 0.06 0.48
QOil crops 0.32%* 2.07 -0.47*** -2.52 -0.28** -2.11
Agri/Forest residues 0.01 0.06 1.08*** 6.18 0.29%** 2.43
Fast-growing trees 0.00 0.01 0.80*** 4.84 0.21* 1.74
Perennial grasses -0.16 -1.01 -0.85*** -3.99 -0.13 -1.02
Ecological Balance

AGRI

Sugar-rich crops -0.19* -1.54 1.09%*** 7.33 0.09 0.50
Starch-rich crops -0.18* -1.48 -0.57*** -3.12 0.01 0.05
QOil crops 0.14 1.26 -0.87*** -4.54 -0.20 -1.05
Agri/Forest residues 0.14 1.24 0.52*** 3.47 0.26* 1.48
Fast-growing trees 0.40%** 3.43 1.33%** 8.50 0.22 1.22
Perennial grasses -0.32%** -2.58 -1.50*** -6.33 -0.38** -1.92
Non-AGRI

Sugar-rich crops -0.06 -0.38 0.43%** 2.58 -0.23** -1.73
Starch-rich crops -0.07 -0.49 -0.95*** -4.13 0.00 -0.03
QOil crops 0.22%* 1.56 -0.49*** -2.49 -0.20* -1.50
Agri/Forest residues -0.09 -0.60 1.30*** 7.71 0.21%** 1.79
Fast-growing trees 0.26** 1.68 0.88*** 5.25 0.28%** 2.34
Perennial grasses -0.26** -1.69 -1.17%** -4.81 -0.06 -0.51
Number of

respondents 250 160 168

Note: Mean estimates with standard errors in parentheses. Asterisks indicate coefficients significantly different from zero
at a =0.01 (***), a =0.05 (**), and a = 0.10 (*), respectively. The utilities are measures of preferences where (1) utilities
with positive values are preferred over those with negative values, and (2) for positive utilities, the larger the utility values
the higher the preference level. The signs and values of the utilities together thus measure the respondents’ willingness to
trade-off less desirable attribute level for more desirable one.

In terms of economic stability, energy security is considered a key factor for bioenergy development
in India and China (Figure 9). Market structure like incentives, infrastructure and trade are more
relevant factors for enhancing sustainable bioenergy in the Philippines. In terms of social equity,
there is high preference for taking into account food security in bioenergy development in India. This
is not the case for the other countries where social welfare have high preferences in the Philippines
and also social justice in China. These results reveal the general socio-economic condition in these
countries: decrease food supply in India due to large land conversion for bioenergy by private
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investors, lack of better livelihood from bioenergy in the Philippines because farmers continue to be
only raw material (feedstock) producer, people displacement in China due to land conversion not
only for bioenergy but also industrial purposes. In terms of ecological balance, production potential,
ecosystem capacity and land management generally received equal preferences by the respondents
in each country, except for the NON-AGRI respondents in China who have less preference for
production potential.

3.2 Bioenergy Trade-offs
3.2.1 Sustainability Trade-offs

The time-series data on economic, social and ecological indicators at the national and subnational
levels were analysed using fuzzy analysis. Figure 10 presents the results of the analysis at the
national level, which used the same set of data for the various indicators to allow cross-county
comparisons. Overall, China has shown highest level of sustainability for bioenergy production since
the 1980s particularly in terms of ecological balance, but also in economic stability and social equity
since the mid-1990s. The trend in social equity was relatively erratic as compared to the other
sustainability determinants throughout the last two decades, with economic stability turning
irregular only in the early 1990s. The Philippines had the lowest level of ecological sustainability at
only around 0.3 from the 1980s. India has the highest social equity in the 1980s, but dwindled in the
following decades. From the 1990s, India had the lowest level of economic and social sustainability.

Figure 11 presents the results of the fuzzy analysis at the subnational level. Not all indicators have
the same set of data across the country due to difference in reporting and availability of data.
Overall there was a variation in the level of bioenergy sustainability across regions or provinces in
the three countries. For the Philippines, the level of sustainability was between 0.30 and 0.70, with
the highest levels found in the regions in Mindanao. During the period 2000-2010 the lowest level of
sustainability were found in the National Capital Region (NCR) and Central Visayas, where the two of
the largest cities in the Philippines are located (i.e. Manila and Cebu). For India, the level of
sustainability had a range of 2.5 and 6.5. A significant decline in level of sustainability were found in
Bihar and Uttar Pradesh in 2010. Himachal Pradesh and Karnataka had the highest level of
sustainability, with the latter showing the highest increase from 2000 to 2010. For China, the level of
sustainability was between 0.35 and 0.70. Xinjiang showed the lowest sustainability, while Hubei and
Zhejiang the highest. Sustainability continued to increase in Hubei, but decreased in Zhejiang in 2010.
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Figure 11 Sustainability indices at sub-national level in the Philippines, India and China, 2001-2010.
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3.2.2 Land use Trade-offs

At the global level, there was a significant transition in land use from 1970 to 2010 (Figure 12),
particularly for agricultural land with an increase in area of about 26 million hectares. The shift in
cultivation all types of land to biofuels was about 1.28 million hectares, with the shift from
agricultural land was highest at 160,000 hectares. These values could be higher because some
agricultural crops can be directly used as feedstock for biofuels such as corn, soybean, etc. In the
Philippines, the shift from all land use types to agriculture was about 110,000 hectares, half of which
was from forest lands. The maps in Figure 12 do not show any transition to biofuels in the
Philippines from 1970 to 2010. The cultivation of jathropa was promoted, but the area covered was
too small to be captured in the maps. The production of biofuels in the Philippines was mainly from
the use of already existing agricultural crops. In India, there was a transition from all land use types
to biofuels of about 20,000 hectares, mainly to jathropa. Biofuels were also produced from
agricultural crops. The agricultural land expanded by 620,000 hectares in 2010, mainly from forest
lands. In China, there was also an increase in area used for biofuels of about 20,000 hectares. But
like in other two countries, biofuels were mainly produced from traditional agricultural crops. The
transition to agricultural land in China was about 6.2 million hectares, mainly from forest lands.
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Figure 12 Historical changes in global land use

Note: The source of data for maps was the IMAGE Model. Change was computed by the authors.

Figure 13 presents the changes in pattern of crop diversity at the subnational level in the Philippines,
India and China from the early to late 2000s. The analysis of crop diversity is very relevant for
bioenergy sustainability because land and environment in many Asian countries were degraded due
to the monoculture of bioenergy crops. In the Philippines and India, most of the regions showed a
decline in crop diversity in 2010. There was more than 10% decline in two regions in the Philippines
and three regions in India. The Bicol region in the Philippines showed a 10% increase in crop diversity,
while the region of Kerala in India by almost 30%. In China, almost half of the provinces showed a
decrease in crop diversity and the other half an increase. The increase in largest diversity was found
in Shanghai, which is a large city. There are two important issues to consider in the analysis of
diversity in China; first, there were only few types of crops considered in the analysis, and second;
the values in the figure refers to the change and not the actual level of diversity.
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Figure 13 Changes in crop diversity index at sub-national level

3.3 Development Pathways

3.3.1 Sustainability Pathways

Using the economic and social sustainability indices from fuzzy logic analysis and crop diversity
indices from land use analysis, we investigated the relationship of the former to the changes in the
latter using path analysis (Figure 14). The indicators of economic stability has higher links to crop
diversity than social equity in the Philippines and India, but not in China. There was positive
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relationship between economic stability and crop diversity only in the Philippines. In India, both
economic and social sustainability indicators were found to have negative relationship to the crop
diversity. The impacts of all socio-economic indicators on crops diversity were highest in India
(0.688) and the Philippines (0.519), and lowest in China at only 0.219. Energy security turned out to
have the very high impact on economic stability in the three countries. Social justice had the highest
relevance for social equity in the Philippines and India, while it was food security for China.
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Figure 14 Path analysis of sustainability indicators for the Philippines
3.3.2 Sustainability Criteria

The statistical analysis can only provide partial understanding of the relationship between social,
economic and ecological indicators on the sustainability of bioenergy, particularly on transition and
diversity of land use for feedstock production. To validate the relevance of these indicators for
analysis of bioenergy sustainability, we conducted expert dialogue and multi-criteria decision
analysis (i.e. AHP). In this analysis, we used the indicators as criteria for sustainability. First we,
compared the results of the multi-stakeholder survey (see section 3.1.2) to the opinion of the
experts (Figure 15). Opinions on the relevance of social equity are relatively the same for survey
respondents and experts in the Philippines, economic stability in India, and ecological balance in
China. Significant divergence of opinions are observed in market organization and land management
as criteria for bioenergy sustainability in the Philippines. The respondents of the survey in the
Philippines give higher ranks on these criteria than the experts. The opinion of the experts
corresponds closer to the results of the path analysis, with market organization contributing only
0.281 to economic stability (Figure 14). The opinions of both respondents and experts on the relative
importance of social welfare to bioenergy sustainability are contrary to results of path analysis. In
India, while the survey gave primary importance to food security (above 50 per cent weight), the
experts gave equal importance to food security and social welfare aspects of bioenergy (with about
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35 per cent weight to each criteria). Both respondents and experts consider energy security as the
most important criteria for bioenergy sustainability (Figure 15), confirming the results of the path
analysis (Figure 14). Like in the Philippines, social welfare is considered for social sustainability of
bioenergy for both respondents and experts. Again, this was not the case for the path analysis,
which gave highest path coefficients to social justice (0.951). In China, the ratings given to criteria for
social equity showed large divergence, with respondents giving more importance on social justice
and experts giving more importance on food security (Figure 15). The experts confirmed the
importance of energy security as the most important criteria for economic stability. The path
coefficients for energy security was highest at 0.951 (Figure 14).
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Figure 15 Comparisons on opinion on bioenergy sustainability between respondents and experts?

Second, we computed the weights given by the experts on the criteria for bioenergy sustainability
and measured the level of consensus on these weights (Table 3). For the criteria on economic
stability, the weights given were very diverse in the three countries. In the Philippines, highest
weights were given to energy supply, R&D investment, and market incentives. The consensus among
the Philippines experts were low for the criteria of technology diffusion at only 60%. The have more
similar opinion on the weights for criteria on market organization. The consensus for technology
progress was higher in India than in the Philippines, but lower than in China. Chinese experts have
91.5% consensus on the importance of technology progress for promoting economic sustainability of
bioenergy. Despite these diverse level of consensus, experts in all three countries consider R&D
investment as the most important criteria for technology diffusion. In China, the experts gave as high
as 60.5% for R&D investment, the highest weights given to any criteria across determinants and
countries.

2 Additional policy analysis and results of expert consultation in India are presented in Appendix 13
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Table 3 Analytic Hierarchy Process analysis of the expert opinion on sustainability of bioenergy

_ Philippines India China
Indicators Weights Consensus Weights Consensus | Weights | Consensus
Economic Stability
Energy security
Domestic energy demand 47.6 68.5 46.0 68.7 43.7 56.7
Domestic energy supply 49.6 40.9 24.6
Foreign energy trade 12.9 13.1 31.7
Technology progress
R&D investment 45.1 60.6 58.4 69.4 60.5 91.5
Technology deployment 25.5 19.5 20.1
Energy efficiency 29.5 22.1 19.4
Market organisation
Market incentives 46.1 77.5 51.9 76.6 33.0 78.4
Market infrastructure 28.2 315 53.5
Trade constraints 25.7 16.5 135
Social Equity
Food security
Food self-sufficiency 53.6 73.9 69.0 74.8 38.7 61.8
Purchasing power 25.0 16.2 27.5
Affordability of food 214 23.8 33.8
Social welfare
Livelihood sources 44.7 77.0 49.7 81.7 35.0 61.1
Job opportunities 39.1 33.9 27.5
Household lifestyle 16.2 16.3 37.5
Social justice
Equal property rights 30.6 78.8 25.9 59.9 20.2 70.8
Home displacement 31.7 39.3 24.5
Land dispossession 37.8 34.8 55.3
Ecological Balance
Production potential
No potential 15.7 60.8 8.4 84.7 10.8 81.7
Potential 36.0 26.8 29.2
Potential depends on feedstocks 48.3 64.7 60.1
Resource capacity
Population pressure 37.7 72.9 18.0 65.2 18.0 61.5
Pressure on natural resources 27.2 48.8 41.0
Effects landscape and species diversity 35.1 333 40.0
Land management
Effects on nature conservation 50.8 61.7 56.6 76.0 25.5 79.6
Compatibility with organic farming 14.0 16.2 30.7
Availability of good farming practices 353 27.2 43.8
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For social equity, the consensus among experts was relatively the same for all criteria in the
Philippines (Table 3). Food self-sufficiency and livelihood sources were considered most important
criteria for social equity not only in the Philippines but also in India. The consensus among experts in
India on relative importance of livelihood resources was very high at 81.7%, the highest level for
social equity criteria. In China, the most important criteria for social sustainability of bioenergy
production is land dispossession with a weight of 55.3% and a consensus of 70.8%. Land
dispossession turned out to be an important concern in the Philippines but with lower weight of
37.8%. In India, home displacement is considered more problematic by the experts than land
dispossession. The consensus among experts on this is however quite low at only 59.9%.

For ecological balance, experts in the three countries all suggest that potential of bioenergy
production depends a lot on the type of feedstocks (Table 3). The consensus on this was very high in
India and China at more than 80%, but low in the Philippines at only 60.8%. In the Philippines, the
experts are of the opinion that population pressure is an important constraint to the sustainability of
bioenergy production. This was not case in India and China, where the experts believe that the
resource capacity for bioenergy depend on many other pressures on the natural resources. The
consensus is however not very high with only 65.2% in India and 61.5 in China. The experts in the
Philippines and India suggest that the effects of bioenergy on nature conservation will influence the
sustainability of bioenergy production, with weights of more than 50%. In China, the experts are of
the opinion that availability of good farming practices for bioenergy is more important than effects
on nature conservation. The Chinese experts’ consensus on this is relatively high at 79.6%.

4.0 Conclusions

The project combined various types of data (i.e. literature, survey, land use maps, time-series
statistics, stakeholder dialogue, expert opinion) and applied complementary analytical tools (i.e.
descriptive analysis, cluster and conjoint analysis, fuzzy logic analysis, path analysis, multi-criteria
analysis) to provide answers to the three key questions on the sustainability of bioenergy production
based on the policy, community and science perspectives.

What are the main drivers for the implementation of bioenergy policies and significant barriers for
bioenergy sustainability in the Philippines, India and China?

Government policies on promoting use of bioenergy feedstock and obligatory biofuel blending
targets have resulted to significant increase in bioenergy production in the Philippines, India and
China. In 2014, China and India were the 4th and 5th largest producers, respectively, of global
bioethanol after the United States, Brazil and Europe. The Philippines is the only country in the world
that mainly uses coconut oil (more superior to palm oil in terms of impacts on climate, i.e. clean air,
and ecosystem, i.e. agro-forest system) as feedstock for biodiesel production. Bioenergy policies in
China and India were significantly driven by the governments’ objective of achieving energy security
to support the stable growth in the economies. Rural livelihood development has been an important
objective for pursuing bioenergy policy in the Philippines as well as in India. Various institutional and
resource constraints limit the potential of bioenergy to contribute these socio-economic objectives
in these countries. Despite the programs to enhance supply of and demand for domestically
produced feedstock, the Philippines, India and China have become major global importers of
biofuels. Increase dependence on imported biofuels contradicts the energy security and rural
development objectives of the bioenergy policies. The main limiting factor for meeting domestic
demand for biofuels is the lack of available land resources for bioenergy production. Moreover, in
the Philippines, the demand for feedstock for bioethanol production competes with other industrial
uses of sugarcane, which offers higher prices than bioethanol.
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What are the economic, social and ecological indicators that communities consider to be important
for the sustainability of bioenergy production?

Bioenergy has been actively pursued by governments in the Philippines, India and China, with
policies that support and provide incentives for the production and processing of bioethanol and
biodiesel. These policies may have provided general perceptions in the society about the economic
benefits from bioenergy. Moreover, the debate over fuel and food conflicts has been well discussed
in the media, internet and academe, which are among the main sources of information of the
respondents in these countries. Consequently, the surveyed communities perceived the first
generation feedstocks, which are currently used and promoted by the government for the
production of biofuels, as important for sustainable bioenergy production. The survey results further
showed that crops, which are not widely used and do not offer alternative household use (e.g.,
perennial grasses), are not perceived as important and not preferred bioenergy feedstock. The
preferred role of bioenergy for sustainable development reflects the social and economic concerns
in the respective Asian countries, e.g., energy security in China, food security in India, and ecosystem
degradation in the Philippines. This implies that the society expects that bioenergy development
could contribute to solving these socio-economic problems. Overall, there is also significant
awareness on the effects of bioenergy on ecological balance not only in the Philippines but also in
other two Asian countries as revealed by the preferences on the determinants such as ecosystem
capacity and land management. The comparison of conjoint preferences between energy security,
food security and ecosystem capacity also revealed trade-offs that are largely linked to major
sustainability concerns in the respective Asian countries. The high preference for energy security as
in the case of China may thus overshadow other sustainability issue such as ecosystem degradation.
Thus, policy should carefully weigh the impacts of bioenergy development on sustainability aspects
that are closely interlinked (e.g. energy-food-ecosystem nexus) because if the society favour one or
two sustainability aspects then it needs to pay high cost for another aspect.

Do the paths for bioenergy development based on scientific evidence confirm the preferences of
communities and opinion of experts?

The analysis of statistical data confirms the significance of energy security for the development paths
for bioenergy in China and India. These results conform to the preferences of communities in China
but not in India. In India, the opinions of both communities and experts on the relative importance
of social welfare to bioenergy sustainability are contrary to results of path analysis. While the
communities gave primary importance only to food security, the experts gave equal importance to
food security and social welfare aspects of bioenergy. In the Philippines, opinions on the relevance
of social equity are relatively the same for communities and experts, but significant divergence of
opinions are observed in market organization and land management as criteria for bioenergy
sustainability in the Philippines. For many social and ecological sustainability factors, the preferences
of communities and opinion of experts diverge with the results of scientific investigations. There is
also not very high consensus among scientific experts on the role of various sustainability factors on
bioenergy development. The divergence in evidence and opinions on the development paths for
bioenergy may have implications in reducing barriers to and choosing the more appropriate
feedstock for sustainable bioenergy production.

5.0 Future Directions

There are some challenges that researchers should consider when applying integrated sustainability
assessment model that requires different datasets. In the case of choice-based conjoint analysis,
while web-based survey offers a wider geographical coverage at lesser costs, it is more difficult to
implement because respondents usually do not respond to survey invitations, unless the respondent
know the person who is sending the invitation. This was the case for India where the survey
respondents have not been very enthusiastic in the topic given the low level of policy interest on the
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biofuels compared to other renewable energy sources like wind and solar. As a result, it is not easy
to ensure the representativeness of respondents for different parts of the society (e.g. government,
academe, private sector, etc.). But the information collected from conjoint survey are very essential
to understanding the perceived role of bioenergy in the lives of the people. When conducting similar
study, it is thus worth investing more time and money to ensure survey representativeness. In the
case of historical land use maps, available GIS data are not of appropriate high resolution to capture
land use transitions that are useful for path analysis at the sub-national level. Investment on the
development of such historical land use maps will be very useful for the countries in Asia. But crop
diversity indices could be a valuable alternative for conducting path analysis of bioenergy
sustainability. So in the case of time-series statistics, while data on area of production by commodity
types are available for computation of crop diversity indices, government agencies could already
include them as part of historical statistical database. Finally, funds are necessary to support regional
research initiatives that apply integrated assessments to thoroughly investigate the sustainability
debates that are relevant not only for policy and science but also for communities.
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Appendix 1 Questionnaire for the Web-based and CAPI Survey

SURVEY ON THE SUSTAINABILITY OF BIOENERGY

Welcome to our survey!

This survey is part of a research project that aims to know people's opinion on the sustainability of
bioenergy production. It is conducted by the Potsdam Institute for Climate Impact Research (PIK) in
Germany in collaboration with the University of the Philippines at Los Banos (UPLB), Ateneo de Davao
University and Visayas State University (VSU) in the Philippines.

But first, what is "sustainability"?
Sustainability is the potential for long-term maintenance of economic, social and environmental well-
being.

Sustainability of bioenergy is not simple because its production involves different products (e.g. food
and non-food crops), interacts with different sectors (e.g. energy, environment, food), and occurs at
different levels (i.e. local, national, international). The promotion of bioenergy production through
various policies has thus the potential not only to improve the well-being of the society, but also to
cause economic, social and environmental problems due to this complex production structure.
Experiences in recent years showed that bioenergy policies in one country can have impacts not only
on its own but also on other countries’ social, economic and environmental sustainability.

In this survey, we thus would like to ask you few questions that will help us assess your opinion on
how sustainable is the production of bioenergy in your country. We are conducting the survey in
different countries, thus it is important that you take into consideration the current economic, social
and environmental condition in your own country when answering these questions. There are no
‘right’ or ‘wrong’ answers; we are simply interested in your opinion.

The survey will take approximately 10 minutes. It is important that you complete the survey until the
last page otherwise your answers will not be recorded in our research database.

To proceed, please enter your e-mail address or a username: |

You can request for a username by sending an e-mail to bioenergy-survey@pik-potsdam.org and using "Username
Request"” as subject in your e-mail message.

IMPORTANT:
If you log in using your e-mail address, make sure to use a unique e-mail address. If you use a shared e-mail
address and another person has already used it to log in to the survey, you will be denied access to the survey.

-

Potsdam Institute for Climate Impact Research (PIK), Germany
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

There are two main types of energy -- Fossil and Renewable.

1. Fossil energy includes petroleum, coal, and natural gas.
2. Renewable energy includes solar, wind, hydro, geothermal, and bioenergy.

Bioenergy is a renewable energy from materials derived from biological sources (e.g. crops, trees, and residues). These
biological materials are also known as "biomass".

How will you rate the potential contribution of the different energy sources in promoting economic growth in
your country?

SOURCES OF ENERGY Very low

-

ow High Very high Do not know
Fossil energy
Bioenergy

Other renewables

Combined fossil and
renewable energy

Oagg
0Oagg
Ogagg
Ogagag

0
0
0
0

Do you think the use of biomass from food crops for bioenergy production increases food prices and thus
affects food security (i.e. food affordability and availability) in your country?

G yes
O no

O do not know

duj=)

0% I 100%
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

There are two types of bioenergy -- First generation and Second generation.

1. First generation uses biomass from food crops including sugar- and starch-rich crops to produce bioethanol and oil-rich crops
to produce biodiesel. Technologies for first generation bioenergy are well developed and widely applied in countries like Brazil,

USA, EU, etc.

2. Second generation uses biomass from non-food products including agriculture and forest residues, fast-growing trees,
perennial grasses, and algae to produce biofuels (bioethanol or biodiesel). Technologies for second generation bioenergy are

less developed and expected to mature only in 2020.

How will you rate the potential contribution of the following food crops for the sustainable production of first
generation bioenergy in your country?

FOOD CROPS Very low Low High Very high Do not know

sugar-rich crops (e.g. D G G [] D

sugarcane, sugar beets)

maize, Sorghum. wheat, ® ® 0 0 0

potato, cassava)

oil-rich crops (e.g. soybean, [] [] D D D

rapeseed, palm, coconut)

How will you rate the potential contribution of the following non-food crops for the sustainable production of
second generation bioenergy in your country?

NON-FOOD CROPS Very low Low High Very high Do not know

agriculture and forest O D D O D

residues (e.g. stalks, leaves)

e s e 0 0 0 0| @

jathropa)
perennial grasses (e.g.
switchgrass, miscanthus, D G G [] D
bermudagrass)

duj=)

0% I 100%
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

Economic Sustainability
Let us assume that the government would like to promote the production of bioenergy in your country today.

Let us further assume that the economic sustainability of bioenergy production using a particular type of biomass will depend
on three important economic conditions:

1. Contributions of bioenergy to energy security

2. Progress in technology for bioenergy

3. Quality of market structure for bioenergy

In this part of the survey, we provide you different imaginary economic conditions to develop bioenergy production. Given
these conditions, which type of biomass would you choose to produce bioenergy in order to support economic
development in your country?

Please choose one option:

TYPES OF BIOMASS Sugar-rich crops Qil crops Fast-growing trees

1. Energy security Low domestic energy demand High domestic energy demand Low domestic energy supply
2. Technology progress High R&D investment Low R&D investment High technology deployment
3. Market structure High market incentives Low market incentives Good market infrastructure

0 A O

For example, if you think that sugar-rich crops have the potential to produce bioenergy in your country because energy
consumption is low, R&D investments to develop technology are high, and market incentives are high, then you will

choose the first option in the table.

Potsdam Institute for Climate Impact Research (PIK), Germany
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

Economic Sustainability

Below are again different imaginary economic conditions to develop bioenergy production. Given these conditions, which
type of biomass would you choose to produce bioenergy in order to support economic development in your country?

Please choose one option:

TYPES OF BIOMASS Fast-growing trees

1. Energy security High energy export abroad
2. Technology progress High technology deployment

3. Market structure Low market incentives

o

Please choose one option:

TYPES OF BIOMASS Agriculture/Forest residues

1. Energy security High domestic energy demand
2. Technology progress Low technology deployment

3. Market structure Poor market infrastructure

0

Perennial grasses
Low energy import abroad
High energy efficiency

Low trade constraints

o

Starch-rich crops
Low domestic energy supply
Low R&D investment

High trade constraints

Q

Sugar-rich crops
Low domestic energy demand
High R&D investment

High market incentives

|

Oil crops
High domestic energy supply
Low energy efficiency

Good market infrastructure

0

Note: These conditions are computer-generated, so some options may be inconsistent or contradictory. So kindly
choose the best option based on the importance of each economic condition for your country.

duj=)
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

Economic Sustainability

Below are again different imaginary economic conditions to develop bioenergy production. Given these conditions, which
type of biomass would you choose to produce bioenergy in order to support economic development in your country?

Please choose one option:

TYPES OF BIOMASS Fast-growing trees

1. Energy security Low energy import abroad
2. Technology progress Low technology deployment

3. Market structure High market incentives

0

Please choose one option:

TYPES OF BIOMASS Agriculture/Forest residues

1. Energy security High domestic energy supply
2. Technology progress High technology deployment

3. Market structure High trade constraints

O

Perennial grasses
High domestic energy demand
High R&D investment

Low market incentives

Q

Starch-rich crops
Low domestic energy demand
Low energy efficiency

Low trade constraints

Q

Oil crops
High energy export abroad
High energy efficiency

Poor market infrastructure

@

Sugar-rich crops
Low domestic energy supply
Low R&D investment

Good market infrastructure

0|

Note: These conditions are computer-generated, so some options may be inconsistent or contradictory. So kindly
choose the best option based on the importance of each economic condition for your country.

duj=)

0%
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

Social Sustainability

Let us assume this time that the social sustainability of bioenergy production using a particular type of biomass will depend on
three important social conditions:

1. Impacts of bioenergy on food security
2. Contributions of bioenergy to social welfare
3. Impacts of bioenergy on social justice

In this part of the survey, we provide you different imaginary social conditions that will result from bioenergy production.

Given these conditions, which type of biomass would you choose to produce bioenergy in order to support social well-
being in your country?

Please choose one option

TYPES OF BIOMASS Starch-rich crops Agriculture/Forest residues Perennial grasses

1. Food security Increase food self-sufficiency Increase purchasing power Increase affordability of food
2. Social welfare Increase livelihood sources Increase job opportunities Improve household lifestyle
3. Social justice Hinder equal property rights Cause home displacement Cause land dispossession

o o O

For example, if you think that it is important to increase purchasing power and job opportunities in your country to
improve social well-being, then you will choose the second option (i.e. Agriculture/Forest residues) in the table
although it will cause home displacement of affected people. You will thus trade-off one condition over the other
depending on what you think is more important for your country.

duj=)
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

Social Sustainability

Below are again different imaginary social conditions resulting from bioenergy production. Given these conditions, which
type of biomass would you choose to produce bioenergy in order to support social well-being in your country?

Please choose one option

TYPES OF BIOMASS
1. Food security
2. Social welfare

3. Social justice

Fast-growing trees
Decrease affordability of food
Increase job opportunities

Support equal property rights

0

Please choose one option

TYPES OF BIOMASS
1. Food security
2. Social welfare

3. Social justice

Agriculture/Forest residues
Decrease food self-sufficiency
Decrease job opportunities

Prevent home displacement

O

Perennial grasses
Increase affordability of food
Improve household lifestyle

Prevent land dispossession

Q

Starch-rich crops
Increase purchasing power
Decrease livelihood sources

Cause land dispossession

Q

Sugar-rich crops
Increase food self-sufficiency
Increase livelihood sources

Hinder equal property rights

@

Qil-rich crops
Decrease purchasing power
Worsen household lifestyle

Cause home displacement

0|

Note: These conditions are computer-generated, so some options may be inconsistent or contradictory. So kindly
choose the best option based on the importance of each social condition for your country.
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

Social Sustainability

Below are again different imaginary social conditions resulting from bioenergy production. Given these conditions, which
type of biomass would you choose to produce bioenergy in order to support social well-being in your country?

Please choose one option

TYPES OF BIOMASS
1. Food security
2. Social welfare

3. Social justice

Fast-growing trees
Increase affordability of food
Decrease job opportunities

Hinder equal property rights

o

Please choose one option

TYPES OF BIOMASS
1. Food security
2. Social welfare

3. Social justice

Agriculture/Forest residues
Decrease purchasing power
Increase job opportunities

Cause land dispossession

0

Perennial grasses
Decrease food self-sufficiency
Increase livelihood sources

Support equal property rights

o

Starch-rich crops
Increase food self-sufficiency
Worsen household lifestyle

Prevent land dispossession

Q

Qil-rich crops
Decrease affordability of food
Improve household lifestyle

Prevent home displacement

|

Sugar-rich crops
Increase purchasing power
Decrease livelihood sources

Cause home displacement

0

Note: These conditions are computer-generated, so some options may be inconsistent or contradictory. So kindly
choose the best option based on the importance of each social condition for your country.
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

Environmental Sustainability

Finally, let us assume that the environmental sustainability of bioenergy production using a particular type of biomass will
depend on three important environmental conditions:

1. Potential for increasing biomass production for bioenergy

2. Impacts of bioenergy production on natural (i.e. land, water) resources

3. Availability of land management to improve land productivity

In this part of the survey, we provide you different imaginary environmental conditions to develop bioenergy production.
Given these conditions, which type of biomass would you choose to produce bioenergy in order to protect the environment
in your country?

Please choose one option

TYPES OF BIOMASS Qil-rich crops Fast-growing trees Sugar-rich crops
1. Production potential Very high potential Moderate potential Very low potential
2. Resource capacity Potential affected by Put more pressure on natural Improve landscape and species
population pressure resources diversity
3. Land management Support nature conservation Compatible with organic Available good farming
farming practices

0 A 0|

For example, if you think that your country have very high potential to produce oil-rich crops for bioenergy without
degrading the environment because its production can support nature conservation, then you will choose the first
option in the table. Choosing this option, you assume that the potential will remain high even though its production will

be affected by population pressure.

Potsdam Institute for Climate Impact Research (PIK), Germany
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

Environmental Sustainability

Below are again different imaginary environmental conditions to develop bioenergy production. Given these conditions,
which type of biomass would you choose to produce bioenergy in order to protect the environment in your country?

Please choose one option

TYPES OF BIOMASS Fast-growing trees Perennial grasses Sugar-rich crops

1. Production potential No potential Very low potential Very high potential

2. Resource capacity Put more pressure on natural Improve landscape and species Potential affected by
resources diversity population pressure

3. Land management Conflict with nature No available good farming Support nature conservation
conservation practices

0 0 0|

Please choose one option

TYPES OF BIOMASS Agriculture/Forest residues Starch-rich crops Qil-rich crops

1. Production potential High potential Moderate potential Low potential

2. Resource capacity Put less pressure on natural Potential not affected by Destroy landscape and species
resources population pressure diversity

3. Land management Incompatible with organic Available good farming Compatible with organic
farming practices farming

0 a O

Note: These conditions are computer-generated, so some options may be inconsistent or contradictory. So kindly
choose the best option based on the importance of each environmental condition for your country.

duj=)
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

Environmental Sustainability

Below are again different imaginary environmental conditions to develop bioenergy production. Given these conditions,
which type of biomass would you choose to produce bioenergy in order to protect the environment in your country?

Please choose one option

TYPES OF BIOMASS
1. Production potential

2. Resource capacity

3. Land management

Fast-growing trees
Very low potential

Put less pressure on natural
resources

Support nature conservation

0

Please choose one option

TYPES OF BIOMASS
1. Production potential

2. Resource capacity

3. Land management

Agriculture/Forest residues
Low potential

Put more pressure on natural
resources

Available good farming

practices

Perennial grasses
High potential

Potential affected by
population pressure

Conflict with nature
conservation

Q

Starch-rich crops

Very high potential

Destroy landscape and species
diversity

No available good farming

practices

Qil-rich crops
No potential

Improve landscape and species
diversity

Incompatible with organic

farming
o

Sugar-rich crops
Moderate potential

Potential not affected by
population pressure

Compatible with organic

farming
o

Note: These conditions are computer-generated, so some options may be inconsistent or contradictory. So kindly
choose the best option based on the importance of each environmental condition for your country.

duj=)
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

Sustainability of Bioenergy

Following the previous questions on economic, social and environmental sustainability, we now define here sustainable
bioenergy production according to three sustainability dimensions:

1. Economic stability which depends on energy security, technology progress, and market structure

2. Social equity which depends on food security, social welfare, and social justice

3. Resource productivity which depends on production potential, resource capacity, and land management

Assuming that the government would like to make financial investment on the bioenergy sector to achieve sustainable
bioenergy production, how do you think should the money be allocated to these three sustainability dimensions in your
country?

percent to increase economic stability

percent to promote social equity
percent to enhance resource productivity

total investment (100%b)

For example, 20 percent to increase economic stability, 30 percent to promote social equity, and 50 percent to
enhance resource productivity.

NOTE: The total investment should equal to 100%. The use of decimals (e.g. 20.50) is allowed.

duju)
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SURVEY ON THE SUSTAINABILITY OF BIOENERGY

You have successfully completed the survey.

Contact Persons

Dr. Lilibeth Acosta-Michlik
Potsdam Institute for Climate Impact Research (PIK)
Telegraphenberg A62, 14473 Potsdam, Germany
E-Mail: bioenergy-survey@pik-potsdam.org
Website: http://www.pik-potsdam.de/

Dr. Damasa B. Magcale-Macandog
Institute of Biological Sciences,
University of the Philippines Los Banos
College, Laguna 4031, Philippines
Website: http://www.ibs-uplb.org

Details on this study are available in:

Acosta-Michlik L, et al. Integrated assessment of sustainability trade-offs and pathways for global bioenergy
production: Framing a novel hybrid approach. Renewable and Sustainable Energy Reviews 15 (2011) 2791-2809.
We thank you for your kind support!
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Appendix 2 Questionnaire for the expert consultation

PHILIPPINES: EXPERT CONSULTATION ON SUSTAINABILITY OF BIOENERGY

Expert:
Name / position: /
Organisation:
Field(s) of expertise:

Objective:

The Consultation aims to gather expert judgement on the ...

e relevance of the criteria used for measuring bioenergy sustainability
e suggestions to improve the structure of criteria

e reasons for the respondents’ choices on the criteria

Economic sustainability

Let us assume that the government would like to promote the production of bioenergy in your country
today. Let us further assume that the economic sustainability of bioenergy production using a particular type
of biomass will depend on three important economic conditions:

1. Contributions of bioenergy to energy security

2. Progress in technology for bioenergy

3. Quality of market structure for bioenergy

Please rate the relevance of the criteria by providing values between 0 and 100% for the main and sub-
criteria and provide some reasons to explain your ratings.

Main Criteria Please rate main Sub-criteria Please rate sub-
criteria criteria

A. Energy security Al. Domestic energy demand
A2. Domestic energy supply
A3. Foreign energy trade

Total should be

0,
2. Reason for the rating: 100%.

B. Technology progress B1. R&D investment
B2. Technology deployment
B3. Energy efficiency

Total should be

0,
3. Reason for the rating: 100%.

C. Market organisation C1. Market incentives
C2. Market infrastructure
C3. Trade constraints

0,
Total should be 100% Total should be

100%.

1. Reason for the rating: 4. Reason for the rating:
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Do you think the criteria and sub-criteria are suitable to measure economic sustainability of bioenergy? If no,
can you provide suggestions on how to improve them?

Social sustainability

Let us assume this time that the social sustainability of bioenergy production using a particular type of
biomass will depend on three important social conditions:

1. Impacts of bioenergy on food security

2. Contributions of bioenergy to social welfare

3. Impacts of bioenergy on social justice

Please rate the relevance of the criteria by providing values between 0 and 100% for the main and sub-
criteria and provide some reasons to explain your ratings.

Main Criteria Please rate main Sub-criteria Please rate sub-
criteria criteria

A. Food security Al. Food self-sufficiency
A2. Purchasing power
A3. Affordability of food

Total should be

0,
2. Reason for the rating: 100%.

B. Social welfare B1. Livelihood sources
B2. Job opportunities
B3. Household lifestyle

Total should be

0,
3. Reason for the rating: 100%.

C. Social justice C1. Equal property rights
C2. Home displacement
C3. Land dispossession

0,
Total should be 100% Total should be

100%.

1. Reason for the rating: 4. Reason for the rating:

Do you think the criteria and sub-criteria are suitable to measure social sustainability of bioenergy? If no, can
you provide suggestions on how to improve them?




Ecological sustainability
Finally, let us assume that the environmental sustainability of bioenergy production using a particular type of
biomass will depend on three important environmental conditions:
1. Potential for increasing biomass production for bioenergy
2. Impacts of bioenergy production on natural (i.e. land, water) resources
3. Availability of land management to improve land productivity
Please rate the relevance of the criteria by providing values between 0 and 100% for the main and sub-
criteria and provide some reasons to explain your ratings.

Main Criteria Please rate main Sub-criteria Please rate sub-

criteria criteria

A. Production potential Al. No potential

A2. With potential

A3. potential depend on
feedstocks

Total should be

0,
2. Reason for the rating: 100%.

B. Resource capacity B1. Effects of population
pressure

B2. Pressure level on natural
resources

B3. Effects landscape and
species diversity

Total should be

0,
3. Reason for the rating: 100%.

C. Land management C1. Effects on nature
conservation

C2. Compatibility with organic
farming

C3. Availability of good
farming practices

0,
Total should be 100% Total should be

. 100%.
1. Reason for the rating: 4. Reason for the rating:

Do you think the criteria and sub-criteria are suitable to measure ecological sustainability of bioenergy? If
no, can you provide suggestions on how to improve them?




We have conducted a survey with 250 respondents to identify the importance of the sustainability criteria:

Questionnaire Results

Economic Sustainability
Let us assume that the government would like to promote the production of bicanergy in your country today.

Let us further assume that the economic sustainability of bioenergy production using a particular type of biomass will depend Economic sustainability
on three important economic conditions:

1. Contributicns of bicenergy to energy security
2. Progress in technology for bioenergy
3. Quality of market structure for bioenergy

In this part of the survey, we provide you different imaginary economic conditions to develop bioenergy production. Given
these conditions, which type of biemass would you choose te produce bioenergy in order te support economic
development in your country?

Please choose one option:

TYPES OF BIOMASS Sugar-rich crops 0il crops Fast-growing trees

1. Energy security Low domestic energy demand  High domestic energy demand  Low domestic energy supply
2. Technology progress High RED investment Low RE&D investment High technology deployment
3. Market structure High market incentives Low market incentives Good market infrastructure

d ® a

For example, if you think that sugar-rich crops have the potential to produce bioenergy in your country because energy
consumption is low, R&D investments to develop technology are high, and market incentives are high, then you will
choose the first option in the table.

Social Sustainability

Let us assume this time that the social sustainability of bioenergy production using a particular type of biomass will depend on
three important social conditions:
1. Impacts of bioenergy on food security

In this part of the survey, we provide you different imaginary social conditions that will result from bicenergy production.
Given these conditions, which type of biomass would you choose to produce bioenergy in order to support social well-
being in your country?

Please choose one option

TYPES OF BIOMASS Starch-rich crops Agriculture/Forest residues Perennial grasses

1. Food security Increase food self-sufficiency  Increase purchasing power Increase affordability of foad
2. Sacial welfare Increass livelihood sources Increase job oppertunities Improve househald lifastyle
3. Social justice Hinder equal property rights Cause home displacement Cause land dispossassion

a 4 ®)

For example, if you think that it is important to increase purchasing power and job opportunities in your country to
improve social well-being, then you will choose the second option (i.e. Agriculture/Forest residues) in the table
although it will cause home displacement of affected people. You will thus trade-off one condition over the other
depending on what you think is more impertant for your country.

il 1 inability

2. Contributions of bieenergy to sacial welfare Social sustainability
Finally, let us that the i 1 inability of bis production using a particular type of biomass will
depend on three important environmental conditions:

3. Impacts of bioenergy on social justice
1. Potential for increasing biomass production for bioenergy

2. Impacts of bioenergy production on natural (i.e. land, water) resources Ecological sustainability
3. Availability of land to improve land productivity

In this part of the survey, we provide you different ¥ to p bioenergy pr
Given these conditions, which type of biomass would you choose to produce bioenergy in order to protect the environment
in your country?
Please choose one option
TYPES OF BIDMASS Oil-rich crops Fast-growing trees Sugar-rich crops
1. Production potential Very high potential Modarate potential Very low potential
2. Resource capacity Potential affected by Put more pressure on natural Improve landscape and species
population prassure resources diversity
3. Land management Support nature conservation Compatible with organic Available good farming
farming practices

® ® ®)

For example, if you think that your country have very high potential to produce oil-rich crops for bioenergy without
degrading the envircnment because its production can suppert nature conservation, then you will choose the first
option in the table. Choosing this option, you assume that the potential will remain high even though its production will
be affected by population pressure.

Are your previous responses to the main criteria of economic, social and ecological sustainability differ a lot from the
survey responses? If yes, what do you think could explain the difference of the respondents’ response from yours?




What are the government policies or programs to promote bioenergy/biofuel production in the Philippines that you
are familiar with?

In your opinion, what are the contributions or impacts of these policies and programs on the economic, social and
ecological condition in the country?

Policy/Program Impacts




INDIA: EXPERT CONSULTATION ON SUSTAINABILITY OF BIOENERGY

Expert:
Name / position: /
Organisation:
Field(s) of expertise:

Objective:

The Consultation aims to gather expert judgement on the ...

e relevance of the criteria used for measuring bioenergy sustainability
e suggestions to improve the structure of criteria

e reasons for the respondents’ choices on the criteria

Economic sustainability

Let us assume that the government would like to promote the production of bioenergy in your country
today. Let us further assume that the economic sustainability of bioenergy production using a particular type
of biomass will depend on three important economic conditions:

1. Contributions of bioenergy to energy security

2. Progress in technology for bioenergy

3. Quality of market structure for bioenergy

Please rate the relevance of the criteria by providing values between 0 and 100% for the main and sub-
criteria and provide some reasons to explain your ratings.

Main Criteria Please rate main Sub-criteria Please rate sub-
criteria criteria

A. Energy security

Q

. Domestic energy demand
b. Domestic energy supply
. Foreign energy trade

(e}

Total should be
100%.

N

. Reason for the rating:

. R&D investment
. Technology deployment
. Energy efficiency

B. Technology progress

Q

[on

(e}

Total should be
100%.

w

. Reason for the rating:

. Market incentives
. Market infrastructure
. Trade constraints

Q

C. Market organisation

[on

(e}

Total should be 100% Total should be

. 100%.
1. Reason for the rating: 4. Reason for the rating:




Do you think the criteria and sub-criteria are suitable to measure economic sustainability of bioenergy? If no,
can you provide suggestions on how to improve them?

Social sustainability

Let us assume this time that the social sustainability of bioenergy production using a particular type of
biomass will depend on three important social conditions:

1. Impacts of bioenergy on food security

2. Contributions of bioenergy to social welfare

3. Impacts of bioenergy on social justice

Please rate the relevance of the criteria by providing values between 0 and 100% for the main and sub-
criteria and provide some reasons to explain your ratings.

Main Criteria Please rate main Sub-criteria Please rate sub-
criteria criteria

A. Food security a. Food self-sufficiency
b. Purchasing power
c. Affordability of food

Total should be

0,
2. Reason for the rating: 100%.

B. Social welfare a. Livelihood sources
b. Job opportunities
c. Household lifestyle

Total should be
100%.

W

. Reason for the rating:

C. Social justice a. Equal property rights
b. Home displacement
c. Land dispossession

0,
Total should be 100% Total should be

. 100%.
1. Reason for the rating:

N

. Reason for the rating:

Do you think the criteria and sub-criteria are suitable to measure social sustainability of bioenergy? If no, can
you provide suggestions on how to improve them?




Ecological sustainability
Finally, let us assume that the environmental sustainability of bioenergy production using a particular type of
biomass will depend on three important environmental conditions:
1. Potential for increasing biomass production for bioenergy
2. Impacts of bioenergy production on natural (i.e. land, water) resources
3. Availability of land management to improve land productivity
Please rate the relevance of the criteria by providing values between 0 and 100% for the main and sub-
criteria and provide some reasons to explain your ratings.

Main Criteria Please rate main Sub-criteria Please rate sub-

criteria criteria

A. Production potential a. No potential

b. With potential

c. potential depend on
feedstocks

Total should be

0,
2. Reason for the rating: 100%.

B. Resource capacity a. Effects of population
pressure

b. Pressure level on natural
resources

c. Effects landscape and
species diversity

Total should be

0,
3. Reason for the rating: 100%.

C. Land management a. Effects on nature
conservation

b. Compatibility with organic
farming

c. Availability of good farming
practices

Total should be 100% Total should be

. 100%.
1. Reason for the rating: 4. Reason for the rating:

Do you think the criteria and sub-criteria are suitable to measure ecological sustainability of bioenergy? If
no, can you provide suggestions on how to improve them?




We have conducted a survey with 160 respondents to identify the importance of the sustainability criteria:

Questionnaire Results

Economic Sustainability
Let us assume that the government would like to promote the production of bicenergy in your country today.

Let us further assume that the economic sustainability of biocenergy production using a particular type of biomass will depend Economic SUStBInabIIIty
on three important economic conditions:

1. Contributions of bicenergy to energy security
2. Progress in technology for bioenergy

3. Quality of market structure for bioenergy

In this part of the survey, we provide you different imaginary economic conditions to develop bioenergy production. Given
these conditions, which type of biemass would you choose te produce bioenergy in order to support economic
development in your country?

Please choose one option:

TYPES OF BIOMASS Sugar-rich crops 0il crops Fast-growing trees

1. Energy security Low domestic energy demand High domestic energy demand Low domestic energy supply
2. Technology progress High RED investment Low RE&D investment High technology deployment
3. Market structure High market incentives Low market incentives Good market infrastructure

d ® a

For example, if you think that sugar-rich crops have the potential to produce bioenergy in your country because energy
consumption is low, R&D investments to develop technology are high, and market incentives are high, then you will
choose the first option in the table.

Social Sustainability

Let us assume this time that the social sustainability of bioenargy production using a particular type of biomass will depend on
three important social conditions:

1. Impacts of bioenergy on food security . . i
. Errmsrmme o e = i crel) o8 s Social sustainability
3. Impacts of bioenergy on social justice

In this part of the survey, we provide you different imaginary social conditions that will result from bicenergy production.
Given these conditions, which type of biomass would you choose to produce bioenergy in order to support social well-
being in your country?

Please choose one option

TYPES OF BIOMASS Starch-rich crops Agriculture/Forest residues Perennial grasses

1. Food security Increase food self-sufficiency  Increase purchasing power Increase affardability of food
2. Social welfare Increase livelihood sources Increase job opportunities Imprave househald lifestyle
3. Social justice Hindar equal property rights Cause home displacement Cause land dispossassion

a a ®)

For example, if you think that it is important to increase purchasing power and job opportunities in your country to
improve social well-being, then you will choose the second option (i.e. Agriculture/Forest residues) in the table
although it will cause home displacement of affected people. You will thus trade-off one condition over the other
depending on what you think is more important for your country.

Envi - inability

Finally, let us that the envi 1 inability of bi production using a particular type of biomass will

depend on three important environmental conditions:

1. Potential for increasing biomass production for bicenergy . . .

2 Impacts of bioenergy production on natural (i.e. land, water) resources ECOlOglCal Sustalnablllty
. ity of land to imp land productivity

1In this part of the survey, we provide you different o bioenergy pr
Given these conditions, which type of biomass would you dloos. to produce bioenergy in order to protect the environment
in your country?

Please choose one option

TYPES OF BIOMASS Oil-rich crops Fast-growing trees Sugar-rich crops

1. Production potential  Very high potantial Moderate potential Very low potential

2. Resource capacity Potential affected by Put more pressure on natural  Improve landscape and species
population pressure resources diversity

3. Land management Support nature conservation Compatible with organic Available good farming

farming practices

o ® a

For example, if you think that your country have very high potential to produce oil-rich crops for bicenergy without
degrading the environment because its production can support nature conservation, then you will choose the first
option in the table. Choosing this option, you assume that the potential will remain high even though its production will
be affected by population pressure.

Are your previous responses to the main criteria of economic, social and ecological sustainability differ a lot from the
survey responses? If yes, what do you think could explain the difference of the respondents’ response from yours?




We have conducted exactly same survey in China and the Philippines. As compared to these other Asian countries,
there was very low response rate or lack of interest in participating in the survey in India. In your opinion, what could
be the reasons for the lack of interest on bioenergy debates in India?




EXPERT CONSULTATION ON SUSTAINABILITY OF BIOENERGY

Expert:
Name / position: /
Organisation:
Field(s) of expertise:

Objective:

The Consultation aims to gather expert judgement on the ...

e relevance of the criteria used for measuring bioenergy sustainability
e suggestions to improve the structure of criteria

e reasons for the respondents’ choices on the criteria

Economic sustainability

Let us assume that the government would like to promote the production of bioenergy in your country
today. Let us further assume that the economic sustainability of bioenergy production using a particular type
of biomass will depend on three important economic conditions:

1. Contributions of bioenergy to energy security

2. Progress in technology for bioenergy

3. Quality of market structure for bioenergy

Please rate the relevance of the criteria by providing values between 0 and 100% for the main and sub-
criteria and provide some reasons to explain your ratings.

Main Criteria Please rate main Sub-criteria Please rate sub-
criteria criteria

A. Energy security Al. Domestic energy demand
A2. Domestic energy supply
A3. Foreign energy trade

Total should be

0,
2. Reason for the rating: 100%.

B. Technology progress B1. R&D investment
B2. Technology deployment
B3. Energy efficiency

Total should be

0,
3. Reason for the rating: 100%.

C. Market organisation C1. Market incentives
C2. Market infrastructure
C3. Trade constraints

Total should be 100% Total should be
100%.

1. Reason for the rating: 4. Reason for the rating:




Do you think the criteria and sub-criteria are suitable to measure economic sustainability of bioenergy? If no,
can you provide suggestions on how to improve them?

Social sustainability

Let us assume this time that the social sustainability of bioenergy production using a particular type of

biomass will depend on three important social conditions:

1. Impacts of bioenergy on food security

2. Contributions of bioenergy to social welfare

3. Impacts of bioenergy on social justice

Please rate the relevance of the criteria by providing values between 0 and 100% for the main and sub-

criteria and provide some reasons to explain your ratings.

Main Criteria Please rate main Sub-criteria Please rate sub-
criteria criteria

A. Food security Al. Food self-sufficiency
A2. Purchasing power
A3. Affordability of food

Total should be

0,
2. Reason for the rating: 100%.

B. Social welfare B1. Livelihood sources
B2. Job opportunities
B3. Household lifestyle

Total should be

0,
3. Reason for the rating: 100%.

C. Social justice C1. Equal property rights
C2. Home displacement
C3. Land dispossession

0,
Total should be 100% Total should be

100%.

1. Reason for the rating: 4. Reason for the rating:

Do you think the criteria and sub-criteria are suitable to measure social sustainability of bioenergy? If no, can
you provide suggestions on how to improve them?




Ecological sustainability
Finally, let us assume that the environmental sustainability of bioenergy production using a particular type of
biomass will depend on three important environmental conditions:
1. Potential for increasing biomass production for bioenergy
2. Impacts of bioenergy production on natural (i.e. land, water) resources
3. Availability of land management to improve land productivity
Please rate the relevance of the criteria by providing values between 0 and 100% for the main and sub-
criteria and provide some reasons to explain your ratings.

Main Criteria Please rate main Sub-criteria Please rate sub-

criteria criteria

A. Production potential Al. No potential

A2. With potential

A3. potential depend on
feedstocks

Total should be

0,
2. Reason for the rating: 100%.

B. Resource capacity B1. Effects of population
pressure

B2. Pressure level on natural
resources

B3. Effects landscape and
species diversity

Total should be

0,
3. Reason for the rating: 100%.

C. Land management C1. Effects on nature
conservation

C2. Compatibility with organic
farming

C3. Availability of good
farming practices

Total should be 100% Total should be

. 100%.
1. Reason for the rating: 4. Reason for the rating:

Do you think the criteria and sub-criteria are suitable to measure ecological sustainability of bioenergy? If
no, can you provide suggestions on how to improve them?




We have conducted a survey with 168 respondents to identify the importance of the sustainability criteria:

Questionnaire Results

Economic Sustainability
Let us assume that the government would like to promote the production of bicenergy in your country today.

Let us further assume that the economic sustainability of biocenergy production using a particular type of biomass will depend Economic sustalnablllty
on three important economic conditions:

1. Contributions of bicenergy to energy security
2. Progress in technology for bioenergy

3. Quality of market structure for bioenergy

In this part of the survey, we provide you different imaginary economic conditions to develop bioenergy production. Given
these conditions, which type of biemass would you choose te produce bioenergy in order to support economic
development in your country?

Please choose one option:

TYPES OF BIOMASS Sugar-rich crops 0il crops Fast-growing trees

1. Energy security Low domestic energy demand High domestic energy demand Low domestic energy supply
2. Technology progress High RED investment Low RE&D investment High technology deployment
3. Market structure High market incentives Low market incentives Good market infrastructure

d ® a

For example, if you think that sugar-rich crops have the potential to produce bioenergy in your country because energy
consumption is low, R&D investments to develop technology are high, and market incentives are high, then you will
choose the first option in the table.

Social Sustainability

Let us assume this time that the social sustainability of bicenergy production using a particular type of biomass will depend on
three important social conditions:

1. Impacts of bioenergy on food security . . .
2. Contributions of bioenergy to sacial welfare Social sustainability
3. Impacts of bioenergy on social justice

In this part of the survey, we provide you different imaginary social conditions that will result from bicenergy production.
Given these conditions, which type of biomass would you choose to produce bioenergy in order to support social well-
being in your country?

Please choose one option

TYPES OF BIOMASS Starch-rich crops Agriculture/Forest residues Perennial grasses

1. Food security Increase food self-sufficiency  Increase purchasing power Increase affardability of food
2. Social welfare Increase livelihood sources Increase job opportunities Imprave househald lifestyle
3. Social justice Hindar equal property rights Cause home displacement Cause land dispossassion

a a ®)

For example, if you think that it is important to increase purchasing power and job opportunities in your country to
improve social well-being, then you will choose the second option (i.e. Agriculture/Forest residues) in the table
although it will cause home displacement of affected people. You will thus trade-off one condition over the other
depending on what you think is more important for your country.

Envi - inability

Finally, let us that the i I inability of bi production using a particular type of biomass will

depend on three important environmental conditions:

1. Potential for increasing biomass production for bicenergy

2 Impacts of bioenergy production on natural (i.e. land, water) resources Ecological sustainability
X ity of land to improve land productivity

1In this part of the survey, we provide you different o bioenergy pr
Given these conditions, which type of biomass would you dloos. to produce bioenergy in order to protect the environment
in your country?

Please choose one option

TYPES OF BIOMASS Oil-rich crops Fast-growing trees Sugar-rich crops

1. Production potential  Very high potantial Moderate potential Very low potential

2. Resource capacity Potential affected by Put more pressure on natural  Improve landscape and species
population pressure resources diversity

3. Land management Support nature conservation Compatible with organic Available good farming

farming practices

o ® a

For example, if you think that your country have very high potential to produce oil-rich crops for bicenergy without
degrading the environment because its production can support nature conservation, then you will choose the first
option in the table. Choosing this option, you assume that the potential will remain high even though its production will
be affected by population pressure.

Are your previous responses to the main criteria of economic, social and ecological sustainability differ a lot from the
survey responses? If yes, what do you think could explain the difference of the respondents’ response from yours?




What are the government policies or programs to promote bioenergy/biofuel production in China that you are
familiar with?

In your opinion, what are the contributions or impacts of these policies and programs on the economic, social and
ecological condition in the country?

Policy/Program Impacts
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8:00 am - 8:30 am

8:30 am — 9:00 am

9:00 am — 9:15 am

0:20 am — 9:40 am

9:45 am — 10:00 am

10:00 am — 10:40 am

10:45 am — 11:25 am

11:30 am — 11:55 am

12:00 nn — 1:30 pm

1:30 pm — 2:10 pm

Program

Tuesday, June 11, 2013

Arrival in the Philippines
Check-in at:

Continuing Education Center (CEC), UPLB
Contact Details: (049) 536-2286; cecuplb@gmail.com

Wednesday, June 12, 2013

Registration and Reception

Opening Ceremony
Welcome Remarks

Message

Opening Remarks

15t Session:

Introduction on the LCI-APN
project

Objectives of LCI-APN Call for

Proposals

PIC-STRAP - Concept and Methods
Coffee Break

2nd Session:

Preference Assessment and
Data Collection

Conjoint Analysis
Discussion
Methods in Conducting Surveys

Discussion

Experience in conducting conjoint
survey in the Philippines

Lunch

3rd Session:
Spatial Data Analysis

Land-Use Analysis
Discussion

Prof. Dr. Maria Victoria O. Espaldon
Prof. Dr. Nina M. Cadiz

Prof. Dr. Damasa B. Magcale-
Macandog

Ms. Paula Beatrice M. Macandog and
Mrs. Elena A. Eugenio

Prof. Dr. Lilibeth Acosta-Michlik

Prof. Dr. Lilibeth Acosta-Michlik

Prof. Dr. Damasa B. Magcale-
Macandog

Mr. Edwin R. Abucay



2:15 pm — 2:55 pm Remote Sensing and GIS Mr. Arnold Salvacion

3:00 pm — 3:40 pm Inverse Modeling Dr. Xuefeng Cui
Discussion

3:45 pm — 4:00 pm Coffee Break

4t Session:
Trade-offs Analysis

4:00 pm — 4:40 pm Fuzzy Logic Analysis Prof. Dr. K. S. Kavi Kumar
Discussion

4:45 pm — 5:25 pm Logistic Analysis Prof. Dr. Lilibeth Acosta-Michlik
Discussion

5:30 pm End of today’s sessions

Thursday, June 13, 2013

Project Planning

15t Discussion:

Identification of data to be
collected

8:00 am — 9:25 am Identification of Case Study Areas
9:30 am — 10:00 am Coffee Break
10:00 am — 11:25 am  2nd Discussion:
Allocation of tasks
Detailed Time Plan
11:30 am — 1:00 pm Lunch
1:00 pm — 3:25 pm 3rd Discussion:
Survey Plans

Population Size and Sampling

Online Survey (Training of use of
conjoint questionnaire)

Draft Questionnaire
3:30 pm — 4:00 pm Coffee Break

4:00 pm — 4:55 pm 4% Discussion:
Installation of Online Survey
Program in Laptops

5:00 pm End of today’s discussions



Friday, June 14, 2013

9:00 am — 11:00 am  Meeting with UPLB-FI
Agenda:
Administration of project
Signing of documents with UPLB-FI

11:00 am — 12:00nn  Short Tour in UPLB and IRRI
12:00 nn — 1:00 pm Lunch (IRRI)

Afternoon session:
1:00 pm — 2:55 pm Conjoint Analysis software training

3:00 pm — 3:30 pm Coffee Break
3:30 pm — 4:55 pm Fuzzy Logic software training

5:00 pm End of today’s activities

Saturday, June 15, 2013

Field Trip to Quezon Province



Participants

Country Participant Affiliation and Position Contact Information
Germany Prof. Dr. Lilibeth Acosta- ' Senior Scientist lilibeth@pik-potsdam.de
Michlik Potsdam Institute for Climate
Impact Research (PIK)
Philippines | Prof. Dr. Damasa B. Professor demi macandog@yahoo.com
Magcale-Macandog Institute of Biological Sciences,
University of the Philippines Los
Bafios

Prof. Dr. Maria Victoria | Vice-Chancellor for Research  mvoespaldon@uplb.edu.ph

O. Espaldon and Extension
University of the Philippines
Los Banos
Prof. Dr. Nina M. Cadiz | Director nmecadiz@yahoo.com

Institute of Biological Sciences,
University of the Philippines Los
Bafios

Mr. Edwin R. Abucay Assistant Professor edwin abucay@yahoo.com

College of Human Ecology,
University of the Philippines Los
Bafios

Mr. Arnold Salvacion Assistant Professor arnold salvacion@yahoo.com

College of Public Affairs,
University of the Philippines Los
Bafios

Ms. Paula Beatrice M. MS Agricultural Economics yula macandog@yahoo.com
Macandog Student and Research Assistant

College of Economics and
Management, University of the
Philippines Los Bafos

Mrs. Elena Eugenio Research Assistant eugenio.elena@yahoo.com
University of the Philippines Los
Bafios
India Prof. Dr. K. S. Kavi Professor kavi@mse.ac.in
Kumar Madras School of Economics
China Dr. Xuefeng Cui Professor xuefeng.cui@bnu.edu.cn

College of Global Change and
Earth System Science, Beijing
Normal University

Mr. Lijuan Miao Research Assistant 871909771@qqg.com

College of Global Change and
Earth System Science, Beijing
Normal University
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Mr. Feng Zhu Research Assistant zhufeng314@163.com

College of Global Change and
Earth System Science, Beijing
Normal University
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Group discussion during the kick-off meeting at the UPLB
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Visit to traditional distillery for Nipa, a potential bioenergy feedstock, in Quezon
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i ONLINE SURVEY

STEP 1: Identification of respondents

1. Search In Internet for names and e-mail addresses

2. Find local contact in the region who can give
names and e-mail addresses of their colleagues,
friends and families

3. Request the respondents to send the link to the
online survey to their colleagues, friends and
families

Groups of respondents: (1) public agency, (2) private
company, (3) agriculture/farm, (4) academe/research,
and (5) others

NOTE: farmers are interviewed using offline survey



ONLINE SURVEY

STEP 2: Send e-mail invitation

Subject: PIK Online Survey on Bioenergy Sustainability

Dear {Title and Name of respondent},

The Potsdam Institute for Climate Impact Research (PIK), a renowned research institution in Germany,
in collaboration with the Visayas State University (VSU), University of the Philippines in Los Banos
(UPLB), and Ateneo de Davao University are currently conducting an online survey to assess opinions
on the sustainability of bioenergy production in the Philippines. The survey respondents do not need to
be professionally engaged with bioenergy, because the research attempts to assess opinions from people
with diverse professional backgrounds.

We would like to get opinions of professionals from the {Institution of respondent}, so it would be great
if you could support this project by taking few minutes to complete the survey. You can find it here:

http://pik-potsdam.org/survey-philippines/BioenergyProject PHILIogin.html

You could further help us by forwarding this email to other officials in your office as well as to your
friends and relatives. If you do so, please include this email address (bioenergy-survey@pik-
potsdam.org) as a carbon copy, so afterwards | can contact those people myself, taking the burden of
you receiving and checking plenty of emails.

Should you encounter some technical problems with or have any question on this survey, please do not
hesitate to contact me through the same e-mail address (bioenergy-survey@ pik-potsdam.orqg)

We look forward to your kind support!
Best regards,

Elena Eugenio, Survey Coordinator
(On behalf of Bioenergy Team)

Prof. Dr. Lilibeth Acosta-Michlik (PIK)
Prof. Dr. Eutiquio E. Sudaria (VSU)
Prof. Dr. Damasa Macandog (UPLB)
Prof. Engr. Nelson Enano Jr. (Ateneo)



ONLINE SURVEY

STEP 3: Check survey website administration

e complete survey
e incomplete survey
* no response or did not log-in

SS1 Web - Admin Module

BioenergyProject_FPHIL

Study Summary Study Summary

Download Data

iew All Data Cwalified f Complete: 384

Search Data Disqualified: O

Marginals Incomplete: 87 (in progress or abandoned)

Fassword Reports

Incompletes Report

Test Mode study Message
Close Survey
Reset Web Survey Anerror log has been generated for this study.

There may be an errorwith one or more of your respondent data recards, ar one of vour respondents has seen a "Sawtaath
Internal File Error message. Ifyou have just uploaded the survey there might have been errars generated as you were
setting permissions and configuring the senver.

Please contact Sawtooth Software (or your Sawtooth Software representative) for further assistance.

Thank you.
Download Error Log Delete Error Log



ONLINE SURVEY

STEP 3: Check survey website administration

551 Web - Admin Module

BioenergyProject_PHIL

Study summary
Download Data
YWiew All Data
Search Data
harginals
Password Reports
Incompletes Report
Test Made

Close Survey
Feset Web Sunvey

View Data - Search

Data Record Search Options

Respondent Status: (Al v

Variable Name P”E‘“f'ewcnmp'em erator Valle

ncomplete
| Disqualiied v | | v |
| vl v L &
| v v ¥
| vl o v L ¥
| vl v

Search




ONLINE SURVEY

STEP 3: Check survey website administration

SSIWeb - Admin Module

BioenergyProject_PHIL

study Summary View Data
Download Data

Yiew All Data Data Records Found
search Data 2 A Wiew Selected Records

Marginals = Delete Selected Records

Fassword Reports [ Do MOT allow deleted respondents to restant

Incompletes Repart
Test Mode

Close Survey
Reset YWeb Survey

Select Al

Listed by Internal Respondent Murmber from oldest to newest




ONLINE SURVEY

STEP 3: Check survey website administration

SSIWeb - Admin Module

BioenergyProject_PHIL

Study Summary View Data
Download Data
Yiew All Data Edit Delate Mext Record

Search Data :
izeneral Information

Marginal
e Internal Respondent Number 484
Fassword Reports S
tat
Incompletes Report ats Complete
Test Mode Respondent Computer Browser = Chrome 27.0.1453.110

Javascript = Yes

Close Survey Operating System = Windows NT 6.2
Reset Web Survey |F. Address = 12560156 247
Time Interview Began Todun-2013 2:3909 GhT
Time Last Accessed T-oJdun-2013 25047 GMT
Question Response
Username betlsu2004@yahoo com
Waorkplace 1 {government office)
Workfield_1 1 (agriculture)

Workfield 2 1 (forest/environment)



ONLINE SURVEY

STEP 3: Check survey website administration

SSI1Web - Admin Module

BioenergyProject_PHIL

Study Summary View Data
Download Data
Wiew All Data Edit Deleta Mext Record

Search Data :
izeneral Information

Marginals
g Internal Respondent Number AR

Fassword Reports

Status
Incompletes Report Incomplete

Test Mode Respondent Computer Browser = Chrome 27.0.1453 94
Javascript = Yes

Close Survey Operating Systern = Windows 7)
Reset Web Survey AppleWWebkitS37 36 (KHTML, like Gecko
| P Address = 121 96 255 126
Time Interview Began Sodun- 2013 115632 GMT
Time Last Accessed S-Jdun- 2013 12:01:33 GMT
Question Fesponse
Username ldestorninos@yahoo.com
Workplace 1 {government office)
Workfield_1 0 (agriculture)

Workfield_2 0 {forestfemdronment)



ONLINE SURVEY

STEP 4: Send e-mail reminder for incomplete
surveys

Subject: FOLLOW-UP: PIK Online Survey on Bioenergy Sustainability

Dear {Title and Name of respondent},

Recently you have started answering the online survey on the bioenergy conducted by the Potsdam
Institute for Climate Impact Research (PIK), Visayas State University (VSU), University of the
Philippines in Los Banos (UPLB) and Ateneo de Davao University to assess opinions on the
sustainability of bioenergy production in the Philippines.

We are kindly asking you to visit the following website again, as we cannot use the incomplete data.
Please, if you have 5 minutes to spare, finish the survey.

http://pik-potsdam.org/survey-philippines/BioenergyProject PHILIogin.html

To continue the survey from where you stopped last time, you have to use the same e-mail address or
username.

Should you encounter some technical problems with or have any question on this survey, please do not
hesitate to contact me through the same e-mail address (bioenergy-survey@pik-potsdam.orq)

We look forward to your kind support!
Best regards,

Elena Eugenio, Survey Coordinator
(On behalf of Bioenergy Team)

Prof. Dr. Lilibeth Acosta-Michlik (PIK)
Prof. Dr. Eutiquio E. Sudaria (VSU)
Prof. Dr. Damasa Macandog (UPLB)
Prof. Engr. Nelson Enano Jr. (Ateneo)



ONLINE SURVEY

STEP 5: Send e-mail reminder for no-logins

Subject: REMINDER: PIK Online Survey on Bioenergy Sustainability
Dear {Title and Name of respondent},

We recently invited you to participate in the online survey which is being conducted by the Potsdam
Institute for Climate Impact Research (PIK), Visayas State University (VSU), University of the
Philippines in Los Banos (UPLB) and Ateneo de Davao University to assess opinions on the
sustainability of bioenergy production in the Philippines.

I am writing to remind you about this academic study and encourage your participation. We are kindly
asking you to visit the website below and help us with our scholar work. The link we have previously
provided is not anymore valid, so please use the following website to start the survey.

http://pik-potsdam.org/survey-philippines/BioenergyProject PHILIogin.html

In case you start it, but do not have time to finish, you can always go back to your answers and continue
with this survey. Please use the same e-mail address or username the next time you log-in to continue
the survey.

Should you encounter some technical problems with or have any question on this survey, please do not
hesitate to contact me through the same e-mail address (bioenergy-survey@pik-potsdam.orq)

We look forward to your kind support!
Best regards,

Elena Eugenio, Survey Coordinator
(On behalf of Bioenergy Team)

Prof. Dr. Lilibeth Acosta-Michlik (PIK)
Prof. Dr. Eutiquio E. Sudaria (VSU)
Prof. Dr. Damasa Macandog (UPLB)
Prof. Engr. Nelson Enano Jr. (Ateneo)



ONLINE SURVEY

STEP 6: Check status of online survey

SSIWeb - Admin Module

BioenergyProject_PHIL

Study Summary
Download Data
Wiew All Data
Search Data
Marginals
Fasawaord Reparts
Incompletes Repart
Test Made

Close Survey
Reset Web Survey

Marginals

Gluestion: Workplace

Value
1
2
3

Label
government office
private company
farm, field

Universityresearch
nstitution

others

Count
119
114

96
93

Summary

Percent
2748%
26.32%
1.38%

22.17%

22.63%



ONLINE SURVEY

STEP 6: Check status of online survey
SSIWeb - Admin Module

BioenergyProject_PHIL

Study Surmmary Marginals
Download Data
YWiew All Dat , .

S Cuestion: Workregion
oearch Data
Marginals
Password Reports Yalle Label Count Percent
Incampletes Report 1 Luzon J 3.64%
Test Mode 2 Visayas i 26.34%
Close Survey 3 Mindanao 168 65.01%
Reset YWeb Surey

Summary

NOTE: There are about 168 respondents in Luzon. This is not reflected above
because the question “Workregion” was not included in the first stage of the survey.
But this does not affect the analysis because the database considers respondent
without a question on “Workregion” as equivalent to Luzon.



!'_ Thanks for your attention!
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i Conjoint in PIC-STRAP

1.Contribute to an understanding of trade-
off decisions on different determinants of
sustainable bioenergy

2.Apply conjoint analysis to elicit
preferences on sustainability of bioenergy
production

3. Show the utility of preference weights in
Integrated assessments of sustainable
trade-offs and pathways



Framework

DIMENSIONS

Figure 1 Sustainability Concept

DETERMINANTS

Economic
Stability

INDICATORS

domestic energy demand

domestic energy supply

foreign energy trade

R&D investment

technology deployment

energy efficiency

market incentives

Social
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Methods

Case study: Philippines

1.

continuing increase in the prices of petroleum
prompted consumers to utilize energy in more
prudent ways

. energy demand declined, energy supply continued

to increase, albeit at a slow rate of 0.4 percent per
year

. renewable energy such as geothermal energy and

biomass are important indigenous sources of
energy

. energy from biomass from forest and agriculture

residues is mainly used for traditional household
cooking



Methods

Philippines: Case study area

Imported ethanol 0.10
%

Oil (2.40%)
B oo

Natural gas (8.10%)

Imported oil
31.60 %

Indigenous energy Geothermal (22.40%)
59.20%

Hydro (6.10%)
Wind/Solar (0.01%)

Biomass (13.60%)
CME/Ethanol (0.30%)

Imported coal
9.10 %

Figure 2 Primary energy supply mix in the Philippines, 2009



Methods

Conjoint Analysis

Also known as choice models or experiments, it is a
practical technique for measuring preferences and
assessing trade-off decisions.

Respondents’ choices were analysed using a Hierarchical
Bayes Choice-based Conjoint (HCBC) approach to capture
(1) preferences of individuals and (2) groups of individuals
(or segmentation).

The preferences, also known as utilities or path-worths,
were estimated using logit models. In these models, the
dependent variables are discrete values representing the
responses from the choice tasks. The independent
variables are a matrix of attribute levels.



Methods

Conjoint Analysis

From the segmented conjoint utilities generated from logit models, the
preference weights (w), which measure the relative importance of the
various attribute levels (R) were computed as follows:

o; =| R /; R |*100

Rij — @Irjnax . @ir}un

Where

| refers to attribute levels

j refers to the segments
wj are preference weights



Methods

Conjoint Questions

In this part of the survey, we provide you different imaginary economic conditions to develop bioenergy production.
Given these conditions, which type of biomass would you choose to produce bioenergy in order to support economic
development in your country?

Choice
Tasks

Please choose one option:

TYPES OF BIOMASS Sugar-rich crops il crops Fast-growing trees

1. Energy security Low domestic energy demand High domestic energy demand Low domestic energy supply

2. Technology progress High R&D investment Low R2:D investrment High technology deployment

2. Market structure High market incentives Low market incentives Good market infrastructure
() (] (]

In this part of the survey, we provide you different imaginary social conditions that will result from bioenergy production.
Given these conditions, which type of biomass would you choose to produce bioenergy in order to support social well-

being in your country?

- e choose one option
Attributes o

S OF BIOMASS Starch-rich crops AgriculturefForest residues Perennial grasses

ood security Increase food self-sufficiency Increase purchasing power Increase atfordability of food

2. 50 1 welfare Increase livelihood sources Increase job opportunities Improve household life

3. Social justice Hinder equal property rights Zause home displacement Cause land dispossession
1 1] 1 1] 1 ]
p— _— M’

In this part of the survey, we provide you different imaginary environmental conditions to develop bioenergy production.
Given these conditions, which type of biomass would you choose to produce bioenergy in order to protect the
environment in your country?

Please choose one option

TYPES OF BIOMASS Cil-rich crops Fast-growing trees Sugar-rich crops
1. Production potential very high potential Moderate potential wary low potential
2. Resource capacity Potential affected by Put more pressure on natural Improve landscape and species
population pressure resources diversity
2. Land management Support nature conservation Compatible with organic Available good farming
farming practices

Attribute
Levels




Methods

Attribute Levels

Types of biomass:

« Sugar-rich crops « Agriculture/Forest residues
« Starch-rich crops  Fast growing trees
* Oil crops * Perennial grasses

How will you rate the potential contribution of the following food crops for the sustainable production of first
generation bioenergy in your country?

FOOD CROPS Very low Low High Very high Do not know
sugar-rich crops (e.qg.
sugarcane, sugar beets) [] [] [] D D

starch-rich crops (e.qg.

maize, sorghum, wheat, D D O G D

potato, cassava)

it oo (so sevben [ 0 0 e (]

How will you rate the potential contribution of the following non-food crops for the sustainable production of
second generation bioenergy in your country?

NON-FOOD CROPS Very low Low High Very high Do not know
agriculture and forest
residues (e.g. stalks, leaves) D D D D D

fast-growing trees (e.qg.

eucalyptus, poplars, [] O G G O

jathropa)

perennial grasses (e.g.

switchgrass, miscanthus, D D [] [] D

bermudagrass)



Methods

Attribute Levels

ECONOMIC STABILITY

1. Energy security

 Low domestic energy demand
» High domestic energy demand
 Low domestic energy supply

« High domestic energy supply

* Low energy import abroad

« High energy export abroad

2. Technology progress

« High R&D investment
 Low R&D investment

« High technology development
« Low technology development
« High energy efficiency

« Low energy efficiency

3. Market structure

High market incentives
Low market incentives
Good market infrastructure
Poor market infrastructure
High trade constraints

Low trade constraints



Methods

Attribute Levels

SOCIAL EQUITY

1. Food security 3. Social justice

Increase food self-sufficiency
Decrease food self-sufficiency
Increase purchasing power
Decrease purchasing power
Increase affordability of food
Decrease affordability of food

. Social welfare

Increase livelihood sources
Decrease livelihood sources
Increase job opportunities
Decrease job opportunities
Improve household lifestyle
Worsen household lifestyle

Hinder equal property rights
Support equal property rights
Cause home displacement
Prevent home displacement
Cause land dispossession
Prevent land dispossession



Methods

Attribute Levels

RESOURCE PRODUCTIVITY

1. Production potential 3. Land management

« Very high potential « Support nature conservation

« High potential « Conflict with nature conservation

* Moderate potential « Compatible with organic farming

* Low potential * Incompatible with organic farming

« Very low potential * Available good farming practices

* No potential * No available good farming practices

2. Resource capacity

« Potential affected by population pressure

« Potential not affected by population pressure
« Put more pressure on natural resources

« Put less pressure on natural resources

« Improve landscape and species diversity

« Destroy landscape and species diversity




Results
Production profile
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Figure 4 Crops related to the work of the respondents



Results

Segmentation

Private Company Agriculture Farm
23% 20%

Public Academe/
Agency Research

22% Others 18%
17%

Figure 3 Distribution of survey response by group of respondents



Results

Preference weights Respondent groups

Attributes Public Private  Agriculture/ Academe/

Agency Company Farm Research Others
Economic Stability
Type of biomass 33.46 30.21 32.36 28.77 28.10
Energy security 20.06 21.36 21.68 21.84 20.77
Technology progress 18.76 18.91 19.77 19.35 19.66
Market structure 27.72 29.53 26.19 30.04 31.47
Social Equity
Type of biomass 23.27 20.42 29.77 20.21 20.97
Food security 22.93 23.10 23.10 22.89 23.94
Social welfare 29.49 31.97 26.15 31.61 31.17
Social justice 24.31 24.51 20.98 25.29 23.92
Resource productivity
Type of biomass 19.41 17.83 25.83 17.32 18.19
Production potential 25.57 26.00 22.67 27.19 26.11
Resource capacity 26.50 25.83 25.84 25.97 25.75
Land management 28.53 30.33 25.66 29.52 29.95

Note: The preference weights (ij) are in percent and the numbers in parenthesis are its standard deviation.

Table 6 Average preference weights of the different sustainability
attributes, by respondents



Results

. sustainability of bioenergy production depends on the
choice of biomass feedstock and these choices
depend on people’s perceptions, which are influenced
by profession and experience

. flow of knowledge between policy and business, either
through work relations or media contributes to a
common perception and thus awareness of the
sustainability problem

. farmers remain disconnected from this information
network due to their lack of interactions with policy,
science and business

. farmers give most importance to type of biomass
because they make direct decisions on land use;
organic farming is also an important indicator for
resource productivity



Results

Preference weights

Market Types of o Types of Land Types of
organisation biomass Social justice biomass management biomass
29% 31% 4% 239% 29% 20%

Production

Technology Energy Social weffare Food security Resourlce potental
progress security 30% 23% capacly 25%
19% o, 2%
Economic Stability Social Equity Resource Productivity

Figure 6 Distribution of preference weights among the different
sustainability attributes



Survey

Design/administration

= Conducted from April to June 2011; Sent out 312 WEB-
surveys and carried out 53 CAPI-surveys* with a response
rate of 57% (208 survey)

= Segmentation: (1) government officials and employees, (2)
academic and research professionals, (3) private company
managers and workers, (4) farm owners and workers, and
(5) “others” (e.g. students, residents, etc.)

» SSIWeb Sawtooth software was used to analyse the
responses of the respondents (i.e. compute utilities and
preference weights) and to construct the choice tasks and
prepare the conjoint guestionnaire

*Computer Aided Personal Interview



!'_ Thanks for your attention!
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Structure

* Biofuelsin India — Broad Overview
* Fuzzy Inference System — Overview



Biofuels in India - 1

* Significant concern regarding food security

— Fischer et al. (2008) argue that an additional 140 to 150 million
people may be at the risk of hunger by 2020 due to biofuel
expansion in South Asia

— Though the second generation biofuels may reduce the adverse
impacts on food security, the indirect impact of biofuels on food
security through adverse influence on biodiversity are often
considered high

— Msangi and Rosegrant (2011) argue that biofuel expansion will
result in substantive increase in market prices and hence lead to
food security concerns

— They further argue that the South Asian countries may have to
increase their crop yields by an additional 1 percent per year up
to 2030 to overcome the stress induced by the biofuel
expansion



Additional People at Risk of Hunger
under various Biofuel Scenarios

Rest of World

Additional people at risk of hunger (millions) M. East &
North Africa

Latin America
Asia, South
" B Asia, East
Africa

WEO-VI WEO-V2 TAR-VI TAR-V3

(Source: Fischer et al., 2008)
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Biofuels in India - 3

* National Biofuel Mission (2003) initiatives include
— Ethanol Blended Petrol Program and Biodiesel
Blending Program, with time-bound targets for
blending 5, 10 and 20 percent

* Several national and state-level policies provide
support for achieving these targets — minimum
purchase price for ethanol and minimum support
price for jatropha seeds

* National Biofuel Policy (2009) also links biofuel
expansion with social goals such as employment
generation, poverty alleviation etc.



Biofuels in India — 4

* Ethanol program
— Economic viability not clear

— Long-term sustainability of molasses based
ethanol blending uncertain
* To reach 10% blending target by 2016-17, production of

737 million tons (covering area of 10.5 million ha) of
sugarcane would be required

 That implies more than doubling of production and
area — will have adverse implications for water demand

e Reaching 20% blending target will require large-scale
ethanol imports!



Biofuels in India =5

* Biodiesel program

— Reaching targets requires resolving uncertainty
regarding transfer of ownership of community and
government owned wastelands

— Main hindrance is under-developed value-chain of
jatropha

— Accounting for all marginal lands, the annual biodiesel
production is estimated at only 8.83 million tons in
2020 — enabling about 8% of blending

— Major technological breakthrough in lignocellulosic
liquid biofuels is required to meet huge demands of
biodiesel



Fuzzy Inference System — 1

* Fuzzy logic is a way of ‘doing science without
math’ (Prof. Bart Kosko)

* |t's a branch of machine intelligence that tries to
make computers think the way people think and
not the other way around

* Simply putting one may not write equations for
washing clothes. Instead a chip is loaded with
vague rules like “if the wash water is dirty, add
more soap,”’ and “if very dirty, add a lot more”



Fuzzy Inference System — 2

input . output
inference -
X fuzzifier |~ engine — = defuzzifier ——
rule base

* Professor Ebrahim Mamdani of London University built one of
the first fuzzy systems in 1975 to control a steam engine and
boiler combination. He applied a set of fuzzy rules supplied by

experienced human operators.



Fuzzy Inference System — 3

 Consider a simple example involving two inputs (research
funding, x; and project staffing, y) and one output (risk of
running an unbalanced project budget, z)

— X can take three values: adequate, marginal and inadequate
— Y can take two values: small and large
— Z can take three values: low, normal and high

* One may have few ‘rules’ to characterize the input-output
combinations here

— Rule 1: If research funding is adequate or project staffing is
small Then risk is low

— Rule 2: If research funding is marginal and project staffing is
large Then risk is normal

— Rule 3: If research funding is inadequate Then risk is high



Fuzzy Inference System — 4

e Fuzzification




Fuzzy Inference System — 5

e Rule Evaluation

B1]
» OR »
R = (max)

Rule 1 uses
Rule 1: IF x is A3 (0.0) OR yis B1 (0.1) THEN zis C1 (0.1) ‘or’; max(0

0.1)=0.1

Rule 2 uses
Rule 2: IF x is A2 (0.2) AND yis B2 (0.7) zis C2 (0.2) ‘and’;

min(0.2,

Cl1 2N C3
SIEAACN /LG 0.7)=0.2

Rule 3: TF x is A1 (0.5) zis C3 (0.5)



Fuzzy Inference System — 6

e Rule Evaluation

e Defuzzification

(0+10+20)x0.1+(30+40+50+60)x0.2+(70+80+90+100)x0.5
0.1+0.1+0.1+40.2+0.2+0.2+0.2+0.5+0.5+0.5+0.5

COG = =67.4




FIS for Vulnerability Assessment —1

* Vulnerability (to stress) is often considered to
address (IPCC, 2001)

— Risk (Exposure)
— Characteristics of the entity (Sensitivity)

— Capacity to react (Adaptive Capacity)

e Empirical analyses through indicator-based
approach (Moss et al.,, 2001; Brenkert and
Malone, 2004; Acosta-Michlik et al., 2008;
O’Brien et al., 2004)



FIS for Vulnerability Assessment — 2

* Indicator-based approaches — typically
adopt simple aggregation (e.g., HDI)

* Fuzzy tools could be more appropriate

— For modeling outcomes that are ambiguous

— For making quantitative inferences from
linguistic statements

— For analyzing interaction among several
indicators and developing aggregate index



FIS for Vulnerability Assessment — 3

 Developing aggregate vulnerability index using
fuzzy models involves
— Fuzzification
— Fuzzy-inference
— Defuzzification

e Maps well with description (fuzzification),
aggregation and inference (fuzzy-inference)
phases — capability approach (Chiappero-
Martinetti, 2000; 2006)

* Focus here on vulnerability rather than on well-
being assessment



FIS for Vulnerability Assessment — 4

 Fuzzification * Poverty
| high .
152 & analysis
. Cerioli and
s, Membership t Zani (1990);
= function low and .
.-g 2 »| function high Chell and
& g mf; (low) = 0.7 :
S i) 03 Lemmi (1995)
mf; (high) = 0.
0 : o i
—f— . Vulner.ablllty
analysis
Literacy Rate Q|Z|IbaSh
* Allows several levels of ‘outcome’ (2002)

* Assigns ‘degree of association’ of
observed outcome  through
membership functions



FIS for Vulnerability Assessment —5

Rule 1: If literacy is low and share of educational expend

is low then human capability is low.
low medium high

—
>

mf;(low) = min [ mf; (low); mf,(low) ]

Rule 2: If literacy is low and share of educational
expenditure is high then human capability is medium.

mf;(medium) = min [ mf; (low); mf,(high) ]

Membership-function mf;

Rule 3: If literacy is high and share of educational

expenditure is low then human capability is medium.

mf;(medium) = min [ mf; (high); mf,(low) ] Output value

Rule 4: If literacy is high and share of educational
expenditure is high then human capability is high.

mf,(high) = min [ mf, (high); mf,(high) ]



FIS for Vulnerability Assessment — 6

Rule 1: If literacy is low and share of educational expend
is low then human capability is low.

low medium high

mf;(low) = min [ mf; (low); mf,(low) ]

mf;(low) = min[0.7, 0.4) = 0.4

Rule 2: If literacy is low and share of educational
expenditure is high then human capability is medium.

mf;(medium) = min [ mf; (low); mf,(high) ]

Membership-function mf;

Rule 3: If literacy is high and share of educational
expenditure is low then human capability is medium.

mf;(medium) = min [ mf, (high); mf,(low) | Output value

Rule 4: If literacy is high and share of educational
expenditure is high then human capability is high.

mf;(high) = min [ mf; (high); mf,(high) ]



FIS for Vulnerability Assessment — 7

Rule 1: If literacy is low and share of educational expend is
low then human capability is low.

mf;(low) = min [ mf; (low); mf,(low) ] , low medium high
e A
E
=
Rule 2: If literacy is low and share of educational £
expenditure is high then human capability is medium. §
ey
mf;(medium) = min [ mf; (low); mf,(high & /_\ /\

3( ) [ mf; (low); mf,(high) | £ X a—
mf;(medium) = min[0.7, 0.6) = 0.6 Fq;,‘ ” —/ \\ // \
Rule 3: If literacy is high and share of educational % 7 \ 7/ \
expenditure is low then human capability is medium. = T N N\
mf;(medium) = min [ mf; (high); mf,(low) ] 0

Output value

Rule 4: If literacy is high and share of educational
expenditure is high then human capability is high.

mf;(high) = min [ mf; (high); mf,(high) ]



FIS for Vulnerability Assessment — 8

Rule 1: If literacy is low and share of educational expend is
low then human capability is low.

mf;(low) = min [ mf; (low); mf,(low) ]

low medium high
o 1 £

ey

&
Rule 2: If literacy is low and share of educational ,§
expenditure is high then human capability is medium. "g

=
mf;(medium) = min [ mf; (low); mf,(high) ] "'& / \ 7\

= / \ / AN

o / \ / AN

Y / \ / \
Rule 3: If literacy is high and share of educational = // \\ // \
expenditure is low then human capability is medium. é I/ \W \
mf;(medium) = min [ mf; (high); mf,(low) ] 0
mf;(medium) = min[0.3, 0.4) = 0.3 Output value

Rule 4: If literacy is high and share of educational
expenditure is high then human capability is high.

mf;(high) = min [ mf; (high); mf,(high) ]



FIS for Vulnerability Assessment — 9

Rule 1: If literacy is low and share of educational expend is
low then human capability is low.

mf;(low) = min [ mf;(low); mf,(low) ]

low medium high

) 1 A

oy

&
Rule 2: If literacy is low and share of educational =
expenditure is high then human capability is medium. £

=
mf;(medium) = min [ mf; (low); mf,(high) ] '43 /A N\

Q.

< / \ / N\

& / \ / AN

: - : S / \ / N\
Rule 3: If literacy is high and share of educational = / \ y4 N\
expenditure is low then human capability is medium. § // \\ / \\
v A4

mf;(medium) = min [ mf; (high); mf,(low) ] 0

Output value

Rule 4: If literacy is high and share of educational
expenditure is high then human capability is high.

mf;(high) = min [ mf; (high); mf,(high) ]
mf;(high) = min[0.4, 0.6) = 0.4



FIS for Vulnerability Assessment — 10

Rule 1: If literacy is low and share of educational expend is
low then human capability is low.

mf;(low) = min [ mf;(low); mf,(low) ]

—

mf;(low) = min[0.7, 0.4) = 0.4

Rule 2: If literacy is low and share of educational
expenditure is high then human capability is medium.

mf;(medium) = min [ mf; (low); mf,(high) ]
mf;(medium) = min[0.7, 0.6) = 0.6

Rule 3: If literacy is high and share of educational
expenditure is low then human capability is medium.

Membership-function mf;

mf;(medium) = min [ mf; (high); mf,(low) ]
mf;(medium) = min[0.3, 0.4) = 0.3

Rule 4: If literacy is high and share of educational
expenditure is high then human capability is high.

mf;(high) = min [ mf, (high); mf,(high) ]
mf;(high) = min[0.4, 0.6) = 0.4

low

medium

high

>

Center of

Gravity 4
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N 4
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Typology of Farmers’ Awareness on Sustainability of
Alternative Bioenergy Feedstocks in the Philippines

Outline:
1. Overview: Bioenergy development and potential
2. Objectives of the study
3. Case study areas: Calabarzon, Central Visayas and Davao
4. Methods: Survey, Descriptive, Factor and Cluster analyses
5. Results
5.1 Regional comparisons of survey respondents
5.2 Factors related to knowledge and opinion on bioenergy
5.3 Typology of farmers’ awareness on bioenergy sustainability
6. Conclusions
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Bioenergy Development

Bioenergy or biofuels are renewable energy and carbon neutral so that they
are considered sustainable.

Two kinds of biofuels:
= Biodiesel - extracted from oil-rich crops
= Bioethanol - from starch- or sugar-rich crops.

Sources of feedstocks or raw materials for producing bioenergy:
First generation — mainly based on food crops

= sugar-rich crops (e.g. sugarcane, sugar beets)

= starch-rich crops (e.g. corn, sorghum, wheat, potato, cassava)
= oil-rich crops (e.g. soybean, rapeseed, palm, coconut)

Second generation — mainly based on non-food

= agriculture and forest residues (e.g. stalks, leaves)

= fast-growing trees (e.g. eucalyptus, poplars, jathropa)

* perennial grasses (e.g. switchgrass, miscanthus, bermudagrass)




Bioenergy Potential

= Philippines is 2nd largest coconut (15,667 billion tons) and 7th largest sugarcane
(32.5 million tons) producer in the world (FAOSTAT 2012).

= According to DOE, Domestic industries produced 133 million liters biodiesel and 4
million liters bioethanol in 2011, but existing production capacity is even higher

CAPACITY

BIODIESEL PROPONENT (In Million Liters/year) LOCATION

Chemrez Technologies, Inc. 75 Pasig City

Mt. Holly Coco Industrial Co., Ltd. 50 Lucena City, Quezon
Pure Essence International, Inc. 60 Pasig City
Golden Asian Oil International, Inc. 60 Pasig City
Bioenergy 8 Corporation 30 Davao City
Tantuco Enterprises 30 Tavabas, Quezon
Freyvonne Milling Services 15.6 Davao City
Phil. Biochem Products, Inc. 12 Muntinlupa City
JINJ Oleochemicals, Inc. 60 Lucena City, Quezon

CAPACITY

BIOETHANOL PROPONENT (In Million Liters/year) LOCATION
Leyte Agri Corp. 9.0 Ormoc, Leyte
San Carlos Bioenergy Corp. 40.0 Negros Occidental
Roxol Bioenergy Corp. 30.0 Negros Occidental
Green Future Innovations, Inc. 54.0 Isabela Province

Total: 133.0
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Objectives

n

Data / Model Inputs

‘ 1.a Field data (Interviews/Surveys)

|
PrOject titl e: ‘ 1.b Historical spatial data (GIS maps) ‘
|
|

Integrated sustainability assessment [0 Lteratre on converson technologles
of bioenergy potentials in Asia:

An application of a hybrid approach

on trade-offs and pathways (PIC-STRAP)

‘ 1.d Statistical time-series data (Indicators)

Sustainability Concept ’

Economic Social Ecological
Stability Equity Balance

Funding source: APN Low Carbon
Initiatives (LCI) Programme

2nd Generation Bioenergy
State of conversion technologies
salegap UoNINPOId [9N-4/poo
ABl1auaolg uoljelauas 1ST

$901042 ANjiqeurelsns Jo sasAeue juioluo) e-z"\

S99UB.9Jald A2110d ® uondadlad [e190S

Project objective:

Develop sustainable transition criteria
towards low-carbon societies using Biosnergy Tradewoff ndices
hybrid analytical tools that allows 3_bi‘ii'z"y'.icg??222&1‘15?2‘5‘322‘%&L“ﬁii{fﬁors
systematic investigation of trade-offs it togrte analyss of land s o

3.c Spatial logistic analysis of land use changes
and pathways in the development.

Spatial Biophysical Characteristics
3.a Overlay analysis of high-resolution GIS maps

|

Bioenergy Development Pathways
4.a Path analysis of trade-off parameters

Other project partners: Potsdam Institute

siuawssasse Aaljod Aloredidiued -z
anBojelp % UOIRINSUOD Jap|oyaxeIs

Svariabies B 5,
for Climate Impact Research in Germany, :

Criteria for sustainable transition
4.b Multi-criteria decision analysis

Madras School of Economics in India, and
Beijing Normal University in China

This paper contributes to PIC-STRAP Project through analysis of: <«
= Awareness of farmers on bioenergy production and its sustainability
= Socio-economic factors affecting their opinions on different bioenergy feedstock
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3. Case study areas:
Calabarzon, Cer «;‘:‘5 /isayas and Davao



Case study areas

> M Arable land, crops mainly cereals and sugar
uezon & Built-up Area .
M Closed canopy, mature trees covering = 50 percent
¥ Coconut plantations
CAL_ABARZON Crop land mixed with coconut plantation
Region 1 Crop land mixed with other plantation
M Cultivated Area mixed with brushland/grassland
[ Eroded area
[1 Grassland, grass covering » 70 percent
M Mangrove vegetation
M Marshy area and swamp
[ Mossy forest
% Open canopy, mature trees covering < 50 percent
M Other barren land
M COther plantations
M Pine forest
Central Visayas Region Davao Region

Compostella Valley

Davao Oriental

Davao del Sur
Siquijor
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Methods

Data collection:

= Survey was conducted with 234 farmers in 2012-2013 in selected
provinces in Calabarzon (i.e. Batangas, Quezon), Central Visayas (e.g.
Bohol, Cebu) and Davao (i.e. Davao City, Davao del Norte).
= Questionnaire asked for four types of information on

(1) Socio-economic characteristics (X1)

(2) Sources of information on bioenergy (X2)

(3) Knowledge and opinion on bioenergy (X3)

(4) Preferences on bioenergy feedstock (X4)

Survey in Davao



Methods

Descriptive analysis — to compare the different case
study regions according to the four factors.

Factor analysis — to identify the most important
variables in each factor category. Only the most
important variables will be used as input variables to
the cluster analysis.

Cluster analysis — to classify the farmers’ into groups
= have common characteristics within a group
= have diverse characteristics across groups




Survey Questions

Factor X1 - Socio-Economic Characteristics
(1) Gender (2) Age (3) Education (4) Domicile (5) Work location

Factor X2 - Sources of information on bioenergy

(1) media (TV, newspaper) (2) internet (3) family members and friends
(4) work colleagues (5) neighbors (6) public officials
(7) academe/science (8) business partners

Factor X3 - Knowledge and opinion on bioenergy

(1) Familiarity on bioenergy (2) relation of work to bioenergy
(3) opinion on bioenergy impact on country (good or bad)

(4) opinion on effect of using food crops on food security

Factor X4 - Preferences on bioenergy feedstock

Rate potential contribution of (1) sugar-rich crops, (2) starch-rich crops,

(3) oil-rich crops, (4) agriculture and forest residues, (5) fast-growing trees,
(6) perennial grasses accordingly as very low, low, high, very high, and do not
know
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Descriptive Analysis

Regional comparisons

Socio-Economic Characteristics
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Descriptive Analysis

Regional comparisons

Most important sources of information on bioenergy

80% @ Calabarzon B Central Visayas O Davao
70%

60%

50% -

40%
30% -

20% -

10% 4

O% T T T T T T



Descriptive Analysis

Regional comparisons

Knowledge and opinion on Bioenergy

100% —+ @ Calabarzon B Central Visayas O Davao

90%

80%

70%

60%

50% -

40% A

30% A

20%

10% -
0% n T

Familiar with bioenergy Work related to bioenergy Bioenergyis good for Bioenergy affects food
country security

R




Descriptive Analysis

Regional comparisons

Opinion on potential of first and second generation bioenergy
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sugar-rich crops
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crop residues

fast-growing trees
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5. Results
5.2 Factors related to knowledge and
opinion on bioenergy



Factor Analysis

Factors related to knowledge and opinion

Socio-economic factors (X1)

Scree Plot

Age level

1.50

Location of domicile

1.00-

Eigenvalue

0.50

T T T T T
1 2 3 4 5
Component Number

Knowledge and opinion on bioenergy (X3)

Scree Plot

1,50

Familiar with bioenergy

T
1

Work related to bioenergy

1,00

Eigenvalue

e
=
0

|

0,50

T T T T
1 2 3 4
Component Number

Eigenvalue

Eigenvalue

Sources of information (X2)

Scree Plot

Information from family
and friends

T T T T T T T T
1 2 3 4 5 [ 7 8
Component Number

Choices on bioenergy feedstock (X4)

Scree Plot

Perennial grasses as
bioenergy feedstock

Component Number




Factor Analysis

Factors related to knowledge and opinion

Initial Eigenvalues

Factors*™

Total
Factor X1
a) Age level 1.558
b) Location of domicile 1.099
Factor X2
a) Information from family and 4.935
friends
Factor X3
a) Familiar with bioenergy 1.430
b) Work related to bioenergy 1.036
Factor X4
a) Perennial grasses as bioenergy 3.697

feedstock

% of

Variance

31.152
21.983

61.693

35.758

25.909

61.620

Cumula-
tive %

31.152
53.136

61.693

35.758

61.667

61.620

Statistical tests

KMO**

0.54

0.91

0.50

0.84

Notes: * These factors were used as input variables to the cluster analysis.

**Kaiser-Meyer-Olkin Measure

Chi-
Square

61.21

1126.56

47.381

689.02

Sig.

0.000

0.000

0.000

0.000



5. Results
5.3 Typology of farmers’ awareness on
bioenergy sustainability



Cluster Analysis

Typology of farmers by cluster

Clusterl Cluster 2 Cluster 3 Cluster 4
“Unaware” “Informed” “knowledgeable” | “Misinformed”
Age

Close to retire Young Middle aged Retirement and
(51-60 yrs old) (30 yrs old and (31-40 yrs old) retired age
below) (51-70 yrs old)
Location of Rural Urban Rural Rural
Domicile
Information Yes Yes No No
from family and
friends
Familiar with Very unfamiliar  Most familiar Familiar Average
Bioenergy familiarity
Works related to No No Yes Yes
Bioenergy
Perennial Very good Very good high Good potential No potential
grasses as potential potential
Bioenegy

feedstocks



Cluster Analysis

Main characteristics of famers according to cluster groups

Distribution of farmers, by typology Distribution of farmers, by typology and region

0%

0%

10%

30%

0%

) l
0% [ , ,

Calabarzon Central Visayas Davao

B Unaware ®Informed OKnowledgeable O Misinformed OUnaware BInformed OKnowleageable O Misinformed

» Calabarzon is characterized by large number of uninformed farmers and
Davao by unaware farmers. Central Visayas has the largest number of
informed farmers. Knowleageable farmers are almost equally represented
in all three regions.



Conclusions

Central Visayas
= INFORMED typology
= High support for bioenergy production
= Limited capacity to produce bioethanol from sugarcane (79 M liters/year )
= Potential of bioethanol production to:
- increase agricultural wage
- decrease poverty incidence

CALABARZON

= MISINFORMED typology

*= Highest potential for bioenergy production (347M liters/year of biodiesel
and 54 M liter/year of bioethanol)

Davao

= UNAWARE typology

= First in coconut production

" Importantto raise awareness on potential for biodiesel production
- contributes only 12% capacity for biodiesel production
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Context

* India’s imports of crude and petroleum products
have been growing at more than 7% since 2006

* Vehicle population is growing at 8-10 percent
annually, with two-wheelers constituting 72
percent of total number of registered motor
vehicles

 Diesel meets an estimated 73 percent of fuel
demand from transport sector

— Combined demand of diesel and petrol is expected to
grow by over five percent over coming years



India’s Biofuel Policy

National Policy on Biofuels (2009) proposed an
indicative target to replace 20 percent of petroleum
fuel consumption with biofuels (bioethanol and
biodiesel) by the end of 12t Five Year Plan (i.e., 2017);
biofuel expansion is also linked with social goals such
as employment generation, poverty alleviation etc.

— Ethanol blending with gasoline — revised target of 5%
mandatory blending; below 3% achieved in 2013

— Most biodiesel units operating in India have shifted to

alternative feed stocks such as edible oil waste, animal fat
etc.

— Biodiesel units are utilizing about 40% of existing capacity



Biofuels in India - 1

* Significant concern regarding food security

— Fischer et al. (2008) argue that an additional 140 to 150 million
people may be at the risk of hunger by 2020 due to biofuel
expansion in South Asia

— Though the second generation biofuels may reduce the adverse
impacts on food security, the indirect impact of biofuels on food
security through adverse influence on biodiversity are often
considered high

— Msangi and Rosegrant (2011) argue that biofuel expansion will
result in substantive increase in market prices and hence lead to
food security concerns

— They further argue that the South Asian countries may have to
increase their crop yields by an additional 1 percent per year up
to 2030 to overcome the stress induced by the biofuel
expansion



Biofuels in India — 2

* Ethanol program
— Economic viability not clear

— Long-term sustainability of molasses based
ethanol blending uncertain
* To reach 10% blending target by 2016-17, production of

737 million tons (covering area of 10.5 million ha) of
sugarcane would be required

 That implies more than doubling of production and
area — will have adverse implications for water demand

e Reaching 20% blending target will require large-scale
ethanol imports!



Jatropha Cultivation — Macro and
Micro Concerns

 Potential competitiveness of jatropha
cultivation vis-a-vis food and non-food crops
across various states in India
— Analysis based on cost of cultivation data for
various years (2004-05, 2007-08 and 2010-11)
* Implications for rural livelihoods due to
jatropha cultivation

— Insights from field survey in six districts of Tamil
Nadu



Biodiesel Demand and Land
Requirement

Integrated Energy Policy (2006) projected India’s
HSD requirement to grow from 52.3 million tons
in 2006-07 to 190.2 million tons in 2031-32

For 20% blending target envisaged in NBP (2009),
biodiesel demand would be 38.04 million tons

Considering plant density of 2500 per ha and a
vield of 1.5 kg per tree, jatropha yield is
envisaged at 3.75 ton of seeds per ha

Since 3.28 kg seeds give 1 kg of biodiesel, 38.04
million tons of biodiesel would require 33.2
million hectares of land!



Where is the ‘waste land’?

 Wasteland is described as “degraded land which can be
brought under vegetation cover with reasonable effort, and
which is currently under-utilized and/or land which is
deteriorating for lack of appropriate water and soil
management or on account of natural causes. Wastelands
can result from inherent/imposed disabilities such as by
location, environment, chemical and physical properties of
the soil or financial or management constraints” (GOI, 2005).

 The overall area under foodgrains has remained static in
India over the past decade or so. The use of ‘waste land’ for
fuel purposes remains debatable in the context of South
Asian Enigma of stagnant per-capita food consumption
(compared to North Africa and West Asia) despite
impressive growth registered in terms of per-capita income.



Wastelands in India Million

hectares

1 Gullied and/or Ravenous land* 1.90
2 Land with or without scrub™ 18.79
3 Waterlogged and Marshy land 0.97
4 Land affected by Salinity/Alkalinity 1.20
5 Shifting cultivation* 1.88
6 Under-utilised/Degraded Notified Forest land* 12.66
7 Degraded pastures/grazing land* 1.93
8 Degraded land under plantation crops* 0.21
9 Sands (riverine/coastal/desert) 3.40
10 Mining and Industrial Wasteland 0.20
11 Barren rocky area 5.77
12 Steep sloping areas 0.91
13 Snow covered and/or Glacial area 5.43
Total wastelands 55.27

Wastelands suitable for jatropha cultivation 37.38*

Notes: The categories with asterisk sign above are considered suitable for jatropha cultivation in India.

Source: Department of Land Resources, 2005; GOI, 2005 and TERI, 2005 cited in Biswas et al (2010)




Assessing Competitiveness of Jatropha

 The analysis is based on three relevant determinants of
agricultural land use:

— Paid out costs (A2): - It is a sum total of all actual expenses (in
cash and kind) incurred by a farmer in production and rent paid
for leased in land.

— Profit margin: It is a measure of earnings accruing to a farmer
per Rupee of expenditure incurred by him/her in farm
operations. It is defined as the ratio of Gross Value of Output to
Paid out cost.

— Ground rent: It is defined as the difference between Gross
Value of Output for a crop and Cost C1 incurred by a farmer.
Cost C1 is a sum total of all actual expenses (in cash and kind)
incurred by the farmer in production, interest on value of
owned fixed capital assets (excluding land) and imputed value of
family labour.



Data and Approach

Cost of cultivation data for the years 2004-05, 2007-08 and
2010-11 for various states of India is utilized

Jatropha oilseeds price that is competitive to a principal crop
is referred as the price level at which the per hectare ground
rent earnings from jatropha — if sown on the same piece of
land — will be equal to the earnings from the principal crop it
is to replace.

Using the competing jatropha seed price, one can estimate
the critical biodiesel price which is the minimum price of
biodiesel for which returns to a farmer are just sufficient to
cover the opportunity cost of diverting land from cultivating a
principal crop to jatropha cultivation.

Using the energy parity of biodiesel and HSD, one can further
estimate the critical HSD price.



Jatropha — Cost of Cultivation

Paramathma et al (2004) and Goswami et al (2011) provide
some estimates of cost of jatropha cultivation. For the
purpose of comparison similar cycle is considered in both
cases — 14 years of cultivation, with maturity yield resulting
from 5% year; 12.5% interest rate is applied for present
value calculations

PV of paid-out costs (A2) range between Rs. 19850 — Rs.
44715.

Under a range of yield assumptions (1000 to 2000 kg/ha)
and seed price of Rs. 9 per kg, profitability ratio works out
to about 2 for different paid out cost scenarios.

The corresponding ground rent values (per ha) range
between Rs. 27000 and Rs. 37000.



Paddy
Wheat
Maize
Jowar
Bajra
Ragi
Barley

Gram
Tur

Groundnut
Rapeseed & Mustard
Soybean

Sesamum

Sunflower

Cotton
Jute

Sugarcane

Critical HSD Price Range (Rs. per litre)

20.47
17.56
15.54
13.81
13.74
13.92
15.53

16.23
16.40

15.53

17.23

15.24

15.68

14.30

18.37
13.94

28.67

2004-05

13.15
12.65
12.64
13.02
13.37
12.55
11.22

13.74
13.64

12.81

12.91

13.74

13.63

13.74

12.39
13.26

13.74

24.36
21.95
16.40
14.64
14.51
17.13
18.05

19.19
13.74

17.84

23.29

17.12

15.95

15.84

21.21
15.53

28.09

2007-08

13.25
12.53
13.24
12.82
13.51
11.88
13.74

13.74
13.74

13.74

13.74

13.74

13.74

13.74

13.74
13.71

13.74

25.61
21.77
21.93
16.41
14.47
16.38
16.80

20.80
13.74

20.32

22.15

18.05

16.56

15.39

32.20
23.09

48.13

2010-11

11.21
11.97
12.38
12.12
13.32
10.73
13.74

13.74
13.74

13.74

13.36

13.74

13.74

13.74

13.74
13.74

13.74



AP

Assam
Bihar
Chhatisgarh
Gujarat
Haryana

HP
Jharkhand
Karnataka
Kerala
Maharashtra
MP

Orissa
Punjab
Rajasthan
TN

upP
Uttarkhand
WB

2004-05

Avg Critical
Biodiesel Price

14.8
12.5
14.0
13.2
14.4
16.4
12.7
12.7
14.6

13.8
13.4
12.9
16.8
13.9
14.1
14.3
13.9
13.4

Ccv

15.6
1.3
6.7
3.8
7.9

26.4
1.2
7.8

31.3

25.0
8.9
1.1

10.8

10.1

19.8

16.2

27.4
9.1

2007-08

Avg Critical
Biodiesel Price

15.9
13.1
15.5
14.8
16.5
17.6
12.8
13.2
15.2

13.6
14.6
13.4
20.6
14.9
15.7
15.7
16.7
14.0

cv

15.2
3.8
6.4

11.8

16.7

19.9
3.2

12.2

21.5

9.6
12.0
4.1
10.0
14.0
25.9
15.7
24.5
4.5

2010-11

Avg Critical
Biodiesel Price

18.3
13.2
16.7
14.3
18.1
21.0
13.5
12.8
17.0

15.6
16.4
15.2
23.0
15.9
18.2
17.0
23.8
15.9

cv

34.6
6.6
18.3
8.7
29.9
33.7
8.7
19.7
54.5

38.5
20.7
15.4
11.8
31.2
44.5
26.4
42.2
20.8



Inferences..

* A lower CV makes food and other agricultural products
vulnerable to a competitive threat from energy crop
cultivation (such as jatropha) if the estimated critical
prices of HSD are lower than the prevailing HSD prices.
— The estimates are based on lower cost of cultivation

assessment for jatropha and also higher expected vyield.

Hence the critical prices of HSD estimated could be
considered as under-estimates.

 For comparison it may be noted that storage point
price of HSD was Rs. 38.05 per litre as of April 2013.

e States such as Orissa, HP, Assam appear to be
vulnerable as the CV is below 10%.



Jatropha Cultivation —
Ground Reality in Tamil Nadu

State started promotion of jatropha way back in 2002,
ahead of the launch of National Biofuel Mission in 2003

TN has established a CoE in biofuels at TNAU

TN was the third largest cultivator of jatropha in India in
2008 with over 20000 ha cultivated

During 2007-12, the TN government aimed to bring 100000
ha under jatropha with a 50% subsidy on seedlings

Jatropha promotion was envisaged mainly through contract
farming

Six districts were covered in the field survey to assess
present status of jatropha cultivation in TN -
Kancheepuram, Coimbatore, Thiruvannamalai, Villupuram,
Tirunelveli, and Viruthunagar



Jatropha in Kudankulam -
inadequate water supply has
resulted in stunted growth with
few leaves (and seeds)




Another plot in Kudankulam — plants closer to the residential area
survived due to seepage of water supplied to coconut trees



Field Survey — Insights

Far lower yields with inadequate supply of water acting as major
constraint

High initial investment requirements favoring larger land holders
compared to small and marginal land holders

Government initiatives cast shadow on the notion of wastelands —
especially because at the village level the wastelands are often CPRs
utilized by multiple stakeholders

Government agencies viewed jatropha cultivation broadly similar to
several other tree plantation programs!

Lack of employment opportunities make jatropha less attractive —
especially compared to prosopis

The land targeted for jatropha is occupied by prosopis — historically
promoted by several governments (starting from Anna Durai’s
period)



Field Survey - Insights

* Prosopis is used as feedstock in several small
industries  and provides employment
opportunity (cutting etc.) for landless poor

* Ambiguous definition of wasteland and
inadequate understanding of use of wasteland
has led to concerns regarding the feasibility of
achieving biodiesel production targets. It has
also compromised the livelihood options of
rural population.



Conclusions

* Only 0.5 million hectares has been covered under
jatropha cultivation in India

— Since a large portion of biodiesel requirement is going to

be met through jatropha oilseeds, the potential yield from

existing jatropha cultivation could meet a mere 0.01
percent of total biodiesel required for 5 percent blending!

 Reaching targets requires resolving uncertainty regarding
transfer of ownership of community and government owned
wastelands

* Main hindrance is under-developed value-chain of jatropha

* Major technological breakthrough in lignocellulosic liquid
biofuels is required to meet huge demands of biodiesel



Thank youl!
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Sunday, 20 July 2014

Arrival in Beijing

Contact Details: Wuming Ma, Assitant of Dr.Xuefeng Cui
Tel: 0086-10-58802701; 0086-186-10299367

Email: mingwo009021 @gmail.com

Monday, 21 July 2014

9:00 am — 9:30 am

9:30 am — 10:00 am
10:00 am — 10:30 am
10:30 am — 11:00 am

11:00 am — 12:00 am

12:00 pm — 1:30 pm
1:30 pm — 2:30 pm

2:30 pm — 3:30 pm

3:30 pm — 4:00 am
4:00 pm — 5:00 pm

5:00 pm

Case study reporting session
Welcome Remarks

Self-introduction of workshop
participants

Background on the project and
summary of completed/pending
activities in year 1

Instruction on the workshop sessions
and planned project activities in year 2
Coffee Break

Report on collected data and data
analysis, Philippine case study
Discussion

Lunch

Report on collected data and data
analysis, Indian case study
Discussion

Report on collected data and data
analysis, Chinese case study
Discussion

Coffee Break

Report on spatial analysis of crop
suitability for all case study countries
Discussion

End of today’s sessions

Moderator for the session, minutes of
the meeting

Dr. Xuefeng Cui (China, Project
Collaborator and Host)

Prof. Dr. Damasa B. Magcale-
Macandog (Philippines, Project Leader)

Prof. Dr. Lilibeth Acosta-Michlik
(Germany, Scientific Coordinator)

Ms. Paula Beatrice M. Macandog and
Mrs. Elena A. Eugenio (Philippines,
Research Associates)

Prof. Dr. K. S. Kavi Kumar (India, Project
Collaborator)

Dr. Xuefeng Cui (China, Project
Collaborator)

Mr. Arnold Salvacion (Philippines,
Honorary Project Member)

TBD (China, Research Assistant)

Tuesday, 22 July 2014

9:00 am — 9:45 am

9:45 am — 10:30 am

10:30 am — 11:00 am
11:00 am — 12:00 am

12:00 pm — 1:30 pm
11:30 am — 12:00 pm

1:30 pm — 2:00 pm

2:30 pm — 3:00 am
3:00 pm — 4:30 pm
4:30 pm

Model application session 1

Conjoint analysis application for the
Philippines, India and China
Discussion

Fuzzy logic analysis application for
India

Discussion

Coffee Break

Fuzzy logic analysis application for the
Philippines and China, developing
common “fis” files

Discussion

Lunch

Data issues for fuzzy logic analysis
(depending on data collection status)
Discussion

Data issues for conjoint analysis
(depending on data collection status)
Discussion

Coffee Break

Joint publication plans for the project
End of today’s sessions

Moderator for the session, minutes of
the meeting

Prof. Dr. Lilibeth Acosta-Michlik
(Germany, Scientific Coordinator)

Prof. Dr. K. S. Kavi Kumar (India, Project
Collaborator)

Prof. Dr. Lilibeth Acosta-Michlik
(Germany, Scientific Coordinator)

Prof. Dr. Damasa B. Magcale-
Macandog (Philippines, Project Leader)

Mrs. Elena A. Eugenio (Philippines,
Research Associate)
All project collaborators

Ms. Paula Beatrice M. Macandog
(Philippines, Research Associate)
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Wednesday, 23 July 2014

9:00 am — 9:10 am

9:10 am — 9:15 am

9:15 am — 9:30 am

9:30 pm — 10:15 pm

10:15 pm — 10:30 pm
10:30 am — 11:00 am

11:00 am — 12:00 am

12:00 nn — 1:30 pm
1:30 pm — 5:00 pm

Thursday, 24 July 2014

9:00 am — 9:45 am

9:45 am — 10:45 am

10:45 am — 11:15 am
11:15 am — 12:00 am

12:00 nn — 1:30 pm
1:30 am — 2:30 am

2:30 pm — 3:00 pm
2:30 pm — 3:40 pm
3:30 pm — 4:30 am

2:30 pm — 3:30 pm

5:30 pm

Friday, 25 July 2014

9:00 am — 5:00 pm
7:00 pm — 9:00 pm

Seminar for Students

Introduction of PIC-STRAP project
members

PIC-STRAP concept and methods —
Sustainability trade-offs and pathways
for bioenergy

Biofuel Feedstock Cultivation in India:
Implications for Food Security

Land use reconstruction using
participatory rural appraisal

Crop suitability model and analytical
methods

Coffee Break

Land use modelling and integrated
analysis

Discussion

Lunch

Sightseeing in the city

Model application session 2

Dr. Xuefeng Cui (China, Beijing Normal

University)
Prof. Dr. Lilibeth Acosta-Michlik

(Germany, Potsdam Institute for Climate

Impact Research)

Prof. Dr. K. S. Kavi Kumar (India,
Madras School of Economics)

Prof. Dr. Damasa B. Magcale-

Macandog (Philippines, University of the

Philippines Los Banos)
Mr. Arnold Salvacion (Philippines,
University of the Philippines Los Banos)

Dr. Xuefeng Cui and colleagues (China,

Beijing Normal University)

Project team

Participatory rural appraisal for Andap Ms. Paula Beatrice M. Macandog

village in Davao, Philippines
Discussion

Reconstruction of land use for the
Philippines, possible method
Discussion

Coffee Break

Reconstruction of land use, method
development in China

Discussion

Lunch

Overlay analysis of GIS maps for the
Philippines, India and China
Planning for logistic and pathway
analyses

Website updates and future
development

Coffee Break

Planning for logistic and pathway
analyses

Discussion

End of today’s sessions

Moderator for the session, minutes of
the meeting

Team cultural activity

Trip to the Great wall of China
Project team dinner

(Philippines, Research Associate)
Mr. Arnold Salvacion (Philippines,
Honorary Project Member)

Dr. Xuefeng Cui (China, Project
Collaborator)

Mr. Arnold Salvacion and Dr. Xuefeng

Cui
Prof. Dr. Lilibeth Acosta-Michlik
(Germany, Scientific Coordinator)

Ms. Jemimah Mae Eugenio (Philippines,

Honorary Project Member)

Prof. Dr. Lilibeth Acosta-Michlik
(Germany, Scientific Coordinator)

Mrs. Elena A. Eugenio (Philippines,
Research Associate)

All team members

Interested team members

Saturday/Sunday, 26/27 July 2014

Individual sightseeing activities in
and/or departure from Beijing

9:00 am — 5:00 pm



Workshop Participants

Country
Germany

Philippines

India

China

Participant

Prof. Dr. Lilibeth Acosta-
Michlik

Prof. Dr. Damasa B.
Magcale-Macandog

Mr. Arnold Salvacion

Ms. Paula Beatrice M.
Macandog

Mrs. Elena A. Eugenio

Ms. Jemimah A. Eugenio

Prof. Dr. K. S. Kavi Kumar

Dr. Xuefeng Cui

Prof. Fan Ying

Prof. Xu Xia

Mr. Lijuan Miao

Mr. Feng Zhu

Affiliation and Position

Senior Scientist
Potsdam Institute for Climate
Impact Research (PIK)

Professor

Institute of Biological Sciences,
University of the Philippines Los
Bafios

Assistant Professor

College of Public Affairs,
University of the Philippines Los
Bafios

MS Agricultural Economics and
Research Associate

College of Economics and
Management, University of the
Philippines Los Bafios

MS Environmental Science
Student and Research Associate
School of Environmental Science
and Management, University of
the Philippines Los Bafios

BS Mathematics Student and
Project Website Manager

Institute of Mathematical Sciences

and Physics, University of the
Philippines Los Bafios
Professor

Madras School of Economics
Professor

College of Global Change and
Earth System Science, Beijing
Normal University

Professor

College of Global Change and
Earth System Science, Beijing
Normal University

Professor

College of Global Change and
Earth System Science, Beijing
Normal University

Research Assistant

College of Global Change and
Earth System Science, Beijing
Normal University

Research Assistant

College of Global Change and
Earth System Science, Beijing
Normal University

Contact Information
lilibeth @ pik-potsdam.de

demi_macandog@yahoo.com

arnold _salvacion@yahoo.com

yula_macandog@yahoo.com

lena.eugenio18 @gmail.com

jmaeugenio@gmail.com

kavi@mse.ac.in

xuefeng.cui@bnu.edu.cn

vfan@bnu.edu.cn

xuxia@bnu.edu.cn

871909771@gqg.com

zhufengl314@163.com
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Group photo of the team from the Philippines and Germany at the Beijing Normal University

Discussion during the framing workshop at the Beijing Normal University
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PIC-STRAP Framing Workshop
College of Global Change and Earth System Science
Beijing Normal University, China
21-24 July 2014


Lilibeth
Typewritten Text
Appendix 10 Presentation on analytical framework during PIC-STRAP framing workshop


i PIC-STRAP Team

Integrated sustainability assessment of bioenergy
potentials in Asia: An application of a hybrid approach on
trade-offs and pathways (PIC-STRAP)

1.

Philippines (University of the Philippines Los Banos) —
Dr. Damasa B. Magcale-Macandog, E.A. Eugenio,
P.B.M. Macandog (A. Salvacion, J.M.A. Eugenio)

. India (Madras School of Economics) — Dr. K. S. Kavi

Kumar, R. Manivasagan

. China (Beljing Normal University) - Dr. Xuefeng Cui, L.

Miao, F. Zhu

. Germany (Potsdam Institute for Climate Impacts

Research) - Dr. Lilibeth Acosta-Michlik



Outline

1. Background
2. Methods for sustainability
assessments
3. Hybrid approach - STRAP
» Sustainability concept
» Parametirisation (fuzzy, conjoint,
and logit analyses)
» Pathways and Path analysis
4. lllustration of applications
5. Summary: Data requirements
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1.

Bioenergy or biofuels are renewable
energy and carbon neutral so that they
are considered sustainable.

Two kinds of biofuels

Bioethanol is a form of ethanol, a light
alcohol, produced by fermenting
carbohydrates from starch- or sugar-rich
crops

Biodiesel is a fuel extracted from oil-rich
crops. It is a natural hydrocarbon with
little sulfur content, and can be used in
diesel engines with very little or without
any need for engine modification



Background

Global contribution to bioenergy production

2012 Global Biofuels Production by Nation from BP Statistical Review
of World Energy 2013

Other
18%
China u.s.
3% us Brazil
Germany 5 459, Argentina
o France
3%, Germany
F ,
rance 4% China
Other
Argentina
22%
Brazil

(Graph by Big Picture Agriculture)

Source: http://www.bigpictureagriculture.com



Background

Top 5 producers of biofuels

Country Ethanol
@ United States 34 billion litres
@ Brazil 27 billion litres
@ France 1.2 billion litres
@ Germany 0.5 billion litres
@ China 1.9 billion litres

Sources: F.O. Licht, Werld Ethanel and Bicfuels Report.

Biodiesel

2.0 billion litres

1.2 billion litres

1.6 billion litres

2.2 billion litres

0.1 billion litres



Background

Sources of biomass feedstocks

1. First generation — mainly based on food crops
» sugar-rich crops (e.g. sugarcane, sugar beets)

» starch-rich crops (e.g. corn, sorghum, wheat, potato,
cassava)

» oil-rich crops (e.g. soybean, rapeseed, palm, coconut)
2. Second generation — mainly based on non-food

> agriculture and forest residues (e.g. stalks, leaves)

» fast-growing trees (e.g. eucalyptus, poplars, jathropa)

» perennial grasses (e.g. switchgrass, miscanthus,
bermudagrass)

Second generation bioenergy are argued to be more
sustainable:

>  they do not use food crops and thus not affect food
security

>  they can be planted in marginal areas or less productive
land (e.g. grasses)



*Methods

Life cycle Assessment (LCA) - Effects on GHG
emissions, Techno-economic perspective

- End User
&'

’ b ...‘-

' 3 Biofuels
{ Life Cycle



i Methods

Challenge on sustainability

~ Competing resources (i.e. land, water) between
food and fuel production, and between first and
second generation bioenergy products

Finding optimal scale of production (i.e. local
versus commercial scale) to promote rural
development

Creating a balance between domestically
produced and imported biomass products and
their feedstocks

Competing conversion technologies due to
diverse range of options available to use and
develop bioenergy (effect on GHG emission)
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Methods

STRAP Approach — Effects on society, Social-
Economic-Ecological perspective

Data / Model Inputs l
l ‘ GIS data ‘ ‘ Literature ‘ ‘ Statistics ‘ ‘ Survey ‘
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Trade-off Parameters

Sustainability Pillars Trade-off
(Fuzzy logic analysis)

Production Activities Trade-off
(Spatiotemporal logit analysis)

l

Bioenergy Pathways
(Path analysis)

Components:
- Variables

- Arrows

- Coefficients

Themes: [ | Sustainability Concept  [[] Data / Model Inputs
[ ] Trade-off Parameters [ ] Bioenergy Pathways



i STRAP Approach

STRAP - Sustainability TRade-offs And Pathways

Trade-offs

. IS used in various fields as a concept to frame
knowledge discords and a tool to analyse alternative
options

Pathways

... a pathway defines the probability of converting land use
for bioenegy production as a function of the
Interrelationships between the social, economic and
ecological pillars of sustainability

... pathways are a “logical” analysis of the trade-offs among
economic, social and ecological determinants of
sustainability




Data / Model Inputs
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Spatial Biophysical Characteristics
(e.g. land use, soil, and topography maps)

» | GIS data | | Literature | | Statistics Survey
Sustainability Concept
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Sustainability concept

Sustainability of Bioenergy Production

DIMENSIONS

DETERMINANTS

INDICATORS

domestic energy demand

domestic energy supply

Economic
Stability

foreign energy trade

R&D investment

technology deployment

energy efficiency

market incentives

market infrastructure

trade constraints

food self-sufficiency

purchasing power

Social
Equity

food affordability

livelihood resources

job opportunities

household lifestyle

equal property rights

Energy [
Security L
—|

—1

Techonology I
Progress |
—]

—

Market I
Organisation 1
—

—

Food I
Security L
—|

—

Social T
Welfare L
—

—

Social I
Justice L

home displacement

land dispossession

Production

feedstock sources

Ecological
Balance

potential level

population pressure

resources pressure

biodiversity

nature conservation

organic farming

Potential
—
Resource I
Capacity L
—|
—
Land I
Management 1
L

farm practices
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Fuzzy Logic analysis

Degree of membership

(HA)
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Social Sustainability Economic Sustainability

Ecological Sustainability

Fuzzy logic analysis

Determinants Parameters

Economic
Stability

Market

Organisation

Welfare

Contribution

Social
Equity

Social
Exclusion

Feedstock
Supply

Resource
Capacity

Resource
Productivity

Land
Management

Indicator... n

A

1st Procedure | Inference rules between input indicators R&D investment (A) and deployment (B)
rule 1: If Ais low and B is low then C is low

[ rule2: If Ais low and B is medium then C is low |
rule 3: If Ais low and B is high then C is medium
rule 4: If Ais medium and B is low then C is low
rule 5: If Ais medium and B is medium then C is medium
rule 6: If Ais medium and B is high then C is high
rule 7; If Ais high and B is low then C is medium

[ rule8: If A is high and B is medium then C is high |
rule 9: If Ais high and B is high then C is high

2 Procedure | Deducted degree of membership of the output index Technology diffusion (C)
rule 1: HC(low) = min {0, 0.2} HC(low) =0
rule 2: HC(low) = min {0, 0.5} HC(low) =0
rule 3; HC(medium) = min {0, 0} C(medium) =0
rule 4: HC(low) = min {04, 0.2} HC(low) =0.2
rule 5; HC(medium) = min {0.4, 0.5} C(medium) = 0.4
rule 6: {C(high) = min {0.4, 0} 1C(high) = 0
rule 7: HC(medium) = min {0.8, 0.2} HC(medium) = 0.2
rule 8: HC(high) = min {0.8, 0.5} {C(high) = 0.5
——H6fhigh}-=-iR{8-8-0} .. WC(high)=0

Legend: m fuzzy model

Note: Weight of indicator A is 70% and indicator B is 30%.

Conjoint analysis

Asia-Pacific Network for Global Change Research
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Fuzzy logic analysis
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Conjoint Analysis

A
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Attributes Levels
Bioenergy
Other renewables (e.g. wind, solar
Type of Energy Fossil fuels (¢9 )

Mixed types (i.e. both fossil and renewables including bioenergy)

Source of Energy

Local production
Imported energy (raw or finished product)
Mixed sources (i.e. both local and imported sources)

Economic Stability

Achieve energy security
Promote technology diffusion
Develop market infrastructure

Social Equity

Ensure food security
Promote welfare
Reduce social exclusion

Resource productivity

Increase feedstock supply
Enhance resource capacity

ONRON2WON 2N 2R ON 2

Improve land management

i

Which of the following options would you choose, taking into account the given situations in (a) and (b)?

Resource productivity

Increase feedstock

Improve management

Enhance resources

Attributes Option1 Option 2 Option 3 Option 4
Type of energy Bioenergy Other renewables Fossil fuels Mixed types
Source of energy Imported energy Local production Mixed sources Local production
Economic Stability Promote technology | Energy security Develop market Energy security
Social Equity Promote welfare Reduce exclusion Food security Promote welfare

Improve management

(a) Past policies and current development condition in your country?
(b) Future policy strategies and development plans in your country?

Conjoint analysis: U; =v+o X, +...+ o, X +¢




Conjoint Analysis

Philippines China
Sustainability dimensions |dealist Ambivalent  Realist |dealist  Ambivalent  Realist
Y (cluster 1) (cluster2) (cluster3) (cluster1) (cluster2) (cluster3)

Economic stability

Types of biomass 19,89 20,53 18,25 33,87 29,68 29,35
1. Energy security 23,5 15,48 14,95 24,86 28,16 28,30
2. Technology progress 9,24 25,34 21,33 17,06 17,64 17,02
3. Market structure 47,38 38,65 45,47 24,21 24,52 25,33
Social equity

Types of biomass 11,9 13,14 9,67 2212 25,06 22,97
1. Food security 24,71 28,18 26,48 17,94 19,29 17,92
2. Social welfare 37,54 34,93 32,02 30,11 27,96 30,23
3. Social justice 25,85 23,74 31,83 29,22 27,69 28,88
Ecological balance

Types of biomass 13,74 14,02 16,34 22,79 22,42 21,09
1. Production potential 26,37 26,5 24,64 18,67 18,18 19,09
2. Resource capacity 19,86 14,94 25,85 28,46 21,82 29,30
3. Land management 40,03 44,53 33,18 30,07 31,58 30,52

Results of cluster and conjoint applications in the Philippines and China



Logistic analysis
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Path analysis

Energy
< X1 Security
Technology
€) Xz Diffusion
Market 3

X3 Organisation

Y

P(CR-BP=1)
Y e from Cropsto
Biofuel plantations

N7

P

Technology

X1 Diffusion
(b) <
Market

X2 Organisation

P(CR-BP=1)

E .

X nergy B—3> Y i.e. from Crops to
3 Security : :

Biofuel plantations

oy

Market Bl Technology Bz N Energy Bs P(CR-BP=1)
(C) X1 Organisation Xz Diffusion X3 Security Y e from Crop§ to
Biofuel plantations

Ccomponents

1. Variables, representing the statistically relevant determinants

2. Arrows, showing the direction of relationships between these
variables

3. Coefficients, showing the magnitude of influence of these
relationships to the probabilities of land use conversion
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Path analysis -
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i Data Requirements

1.Time-series data of the indicators of
sustainability

2.Policy data related to bionergy
production and technologies

3.GIS maps of land use, sall,
topography, climate, temperature, etc.

4.Survey data on bioenergy feedstock
preferences



Thank you for your attention!
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Typology of Farmers’ Awareness
on Sustainability of Alternative
Bioenergy Feedstocks in the
Philippines

Elena A. Eugenio, Lilibeth A. Acosta, Nelson H. Enano Jr.,
Damasa M. Macandog, Paula Beatrice M. Macandog

and Joan Pauline P. Talubo
University of the Philippines in Los Banos, Philippines

PIC-STRAP Project Framing Workshop
Beijing, 21-24 July, 2014


Lilibeth
Typewritten Text
Appendix 11 Presentation on Phil survey results during PIC-STRAP framing workshop


Typology of Farmers’ Awareness
on Sustainability of Alternative
Bioenergy Feedstocks in the Philippines

Outline:
1. Overview: Bioenergy development, policy and potential
2. Objectives of the study
3. Case study areas: CALABARZON, Central Visayas and Davao
4. Methods: Survey, Descriptive, Factor and Cluster analyses
5. Results
5.1 Regional comparisons of survey respondents
5.2 Factors related to knowledge and opinion on bioenergy
5.3 Typology of farmers’ awareness on bioenergy sustainability
6. Conclusions




1. Overview:

Bioenergy Development, Policy and
Potential



Bioenergy Development

Bioenergy or biofuels are renewable energy and carbon
neutral so that they are considered sustainable.

Two kinds of biofuels:

1. Biodiesel - extracted from oil-rich crops, a natural
hydrocarbon with little sulfur content

2. Bioethanol - form of ethanol, a light alcohol,
produced by fermenting carbohydrates from starch-
or sugar-rich crops.




Bioenergy Development

Sources of feedstocks or raw materials for producing
bioenergy:

First generation — mainly based on food crops

= sugar-rich crops (e.g. sugarcane, sugar beets)

= starch-rich crops (e.g. corn, sorghum, wheat, potato, cassava)
= oil-rich crops (e.g. soybean, rapeseed, palm, coconut)

Second generation — mainly based on non-food

= agriculture and forest residues (e.g. stalks, leaves)

= fast-growing trees (e.g. eucalyptus, poplars, jathropa)

= perennial grasses (e.g. switchgrass, miscanthus, bermudagrass)




Bioenergy Policy

Biofuels Act of 2006 - mandatory use of biofuels to support the
government’s goal in reducing dependence on imported fuels

Objectives of Biofuels Act:
1. develop and utilize indigenous renewable and sustainably-

sourced clean energy sources to reduce imports of oil
2. mitigate toxic and greenhouse gas (GHG) emissions
3. increase rural employment and income
4. ensure availability of alternative and renewable clean energy
without the detriment to ecosystem, biodiversity & food reserves

DOE Plans:

" up to year 2010 — Use of other feedstock and technology, 10%
biodiesel and 20% ethanol fuel blends

" up to year 2030 - At least 20% biodiesel and 20-85% ethanol fuel
blends




Bioenergy Potential

= Philippinesis 2nd largest coconut (15,667 billion tons) and 7th largest
sugarcane (32.5 million tons) producer in the world (FAOSTAT 2012).

=" Domestic industries produced 133 million liters biodiesel and 4 million
liters bioethanol in 2011, but existing production capacity is even higher

CAPACITY
BIODIESEL PROPONENT (In Million Liters/year) LOCATION

Chemrez Technologies, Inc. 75 Pasig City
Mit. Holly Coco Industrial Co., Ltd. 50 Lucena Citv, Quezon
Pure Essence International, Inc. 60 Pasig City
Golden Asian Oil International, Inc. 60 Pasig City
Bioenergy 8 Corporation 30 Davao City
Tantuco Enterprises 30 Tavabas, Quezon
Freyvonne Milling Services 15.6 Davao City
Phil. Biochem Products, Inc. 12 Muntinlupa City
JNJ Oleochemicals, Inc. 60 Lucena City, Quezon

BIOETHANOL PROPONENT CAPACHY LOCATION

(In Million Liters/year)

Leyte Agri Corp. 9.0 Ormoc, Leyte
San Carlos Bioenergy Corp. 40.0 Negros Occidental
Roxol Bioenergy Corp. 30.0 Negros Occidental
Green Future Innovations, Inc. 540 Isabela Province

Total: 133.0



2. Objectives of the Study



Objectives

Data / Model Inputs

‘ 1.a Field data (Interviews/Surveys)

|
PrOject titl e: ‘ 1.b Historical spatial data (GIS maps) ‘
|
|

Integrated sustainability assessment [0 Lteratre on converson technologles
of bioenergy potentials in Asia:

An application of a hybrid approach

on trade-offs and pathways (PIC-STRAP)

‘ 1.d Statistical time-series data (Indicators)

Sustainability Concept ’

Economic Social Ecological
Stability Equity Balance

Funding source: APN Low Carbon
Initiatives (LCI) Programme

2nd Generation Bioenergy
State of conversion technologies
salegap UoNINPOId [9N-4/poo
ABl1auaolg uoljelauas 1ST

$901042 ANjiqeurelsns Jo sasAeue juioluo) e-z"\

S99UB.9Jald A2110d ® uondadlad [e190S

Project objective:

Develop sustainable transition criteria
towards low-carbon societies using Biosnergy Tradewoff ndices
hybrid analytical tools that allows 3_bi‘ii'z"y'.efg??EL"JES?;FF;'J‘SZLL';%&L“ﬁii{fﬁm
systematic investigation of trade-offs it togrte analyss of land s o

3.c Spatial logistic analysis of land use changes
and pathways in the development.

Spatial Biophysical Characteristics
3.a Overlay analysis of high-resolution GIS maps

|

Bioenergy Development Pathways
4.a Path analysis of trade-off parameters

Other project partners: Potsdam Institute

siuawssasse Aaljod Aloredidiued -z
anBojelp % UOIRINSUOD Jap|oyaxeIs

Neranies 2 v,
° . - Coefficients P(C-B
for Climate Impact Research in Germany, rows ———

Criteria for sustainable transition
4.b Multi-criteria decision analysis

Madras School of Economics in India, and
Beijing Normal University in China

This paper contributes to PIC-STRAP Project through analysis of: <
= Awareness of farmers on bioenergy production and its sustainability
= Socio-economic factors affecting their opinions on different bioenergy feedstock




3. Case Study Areas:

CALABARZON
Central Visayas
Davao



Case study areas

M Arable land, crops mainly cereals and sugar
o EBuilt-up Area
M Closed canopy, mature trees cowvering = 50 percent
M Coconut plantations
CAL_ABARZON Crop land mixed with coconut plantation
Region 2 Crop land mixed with other plantation
M Cultivated Area mixed with brushland/grassland
[ Eroded area
(1 Grazsland, grass cowating > 70 percent
M Mangrove vegetation
M Marshy area and swamp
71 Mossy forest
M Open canopy, mature trees covering < 50 percent
W Other barren land
M Other plantations
M Pine forest
Central Visayas Region Davao Region

Compostella Valley

Davao del Norte
: 2 ()

Davao Oriental

Bohol

Davao del Sur
Siquijor
\

Negros Oriental




Case study areas

Characteristics Calabarzon Central Visayas Davao
Population in 2010 (Growth from 2000) 12,609,803 3.07% 6,800,180 1.77%  4.468.563  1.97
GRDP million PhP (Share agric. to GRDP) 1,030,165 6.25% 36,638 7.81% 224.849 18.87%
Agric. land area (Share to total area) 588,516 35.0% 522,433  33.0% 758335 37.0%
Agric. employment (Share to total employment) 742,000 16.0% 905,000 31.0% 746000 41.0%
Daily agric. wage (Poverty incidence) 269.00 10.3% 173,76 30.2% 182.03  25.6%

* GRDP = Gross Regional Domestic Product at constant 2000 prices

Calabarzon Central Visayas

1% 1%

0 Temporary Crop Land Blidle Land
O Meadows Pasture M Forest Land

Davao

1% 1%

O Permanent Crop Land
O Other Land



Case study areas

% Biodiesel production capacity in liters per vear

Philippines — 392 million (9 companies)
Luzon — 347 million (7 companies)
Visayas — 0

Mindanao — 45.6 million (2 companies)

Y Bioethanol production capacity in liters per year

CALABARZON

Region Philippines — 133 million (4 companies)

Luzon — 54 million (1 company)
Visayas — 79 million (3 companies)

Mindanao — O

Rank in production

Region Coconut Sugar
Calabarzon 5th rank 4th rank
C. Visayas 3rd rank
Davao 1st rank



4. Methods:

Survey
Descriptive Analysis
Factor Analysis
Cluster Analysis



Methods

Data collection:

= Survey was conducted with 234 farmers in 2012-2013 in selected
provinces in Calabarzon (i.e. Batangas, Quezon), Central Visayas (e.g.
Bohol, Cebu) and Davao (i.e. Davao City, Davao del Norte).
= Questionnaire asked for four types of information on

(1) Socio-economic characteristics (X1)

(2) Sources of information on bioenergy (X2)

(3) Knowledge and opinion on bioenergy (X3)

(4) Preferences on bioenergy feedstock (X4)

Survey in Davao



Survey Questions

Factor X1 - Socio-Economic Characteristics
(1) Gender (2) Age (3) Education (4) Domicile (5) Work location

Factor X2 - Sources of information on bioenergy

(1) media (TV, newspaper) (2) internet (3) family members and friends
(4) work colleagues (5) neighbors (6) public officials
(7) academe/science (8) business partners

Factor X3 - Knowledge and opinion on bioenergy

(1) familiarity with bioenergy (2) relation of work to bioenergy,
(3) opinion on bioenergy impact on country (good or bad)

(4) opinion on effect of using food crops on food security

Factor X4 - Preferences on bioenergy feedstock

Rate potential contribution of (1) sugar-rich crops, (2) starch-rich crops,

(3) oil-rich crops, (4) agriculture and forest residues, (5) fast-growing trees,

(6) perennial grasses, accordingly as very low, low, high, very high, and do not
know




Methods

Descriptive analysis

* to compare the different case study regions according to
the four factors.

Factor analysis

e to identify the most important variables in each factor
category. Only the most important variables will be used
as input variables to the cluster analysis.

Cluster analysis

* to classify the farmers’ into groups so that farmers
within a group have common characteristics and farmers
in different groups have diverse characteristics.

The results of the analysis will be used to develop typology
on farmers’ awareness on bioenergy



5. Results

5.1 Regional Comparisons
of Survey Respondents



Descriptive Analysis

Regional comparisons

Socio-Economic Characteristics
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Descriptive Analysis
Regional comparisons

Most important sources of information on bioenergy
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Descriptive Analysis

Regional comparisons

Knowledge and opinion on Bioenergy
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Familiar with bioenergy Work related to bioenergy Bioenergyis good for Bioenergy affects food
country security



Descriptive Analysis Regional comparisons

Opinion on potential of first and second generation bioenergy
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5. Results

5.2 Factors Related to Knowledge
and Opinion on Bioenergy



Factor Analysis

Factors related to knowledge and opinion

Socio-economic factors (X1)

Scree Plot

1.50-

1.25-

Eigenvalue
a
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Age level

Location of domicile
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1 z 3 4 5
Component Number

Knowledge and opinion on bioenergy (X3)

Scree Plot

1,50

1,257

1,007

Eigenvalue

0,50

Familiar with bioenergy

Work related to bioenergy
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1 2 3 4
Component Number

Eigenvalue

Eigenvalue

Sources of information (X2)

Scree Plot

Information from family
and friends

T T T T T T T T
1 2 3 4 5 [ 7 8
Component Number

Choices on bioenergy feedstock (X4)

Scree Plot

Perennial grasses as
bioenergy feedstock

Component Number




Factor Analysis

Factors related to knowledge and opinion

Initial Eigenvalues Statistical tests
Factors* % of Cumula- Chi- .
[t Variance tive % A~ Square >Ig:
Factor X1
a) Age level 1.558 31.152 31.152
b) Location of domicile 1.099 21.983 53.136 e e
Factor X2
a) Information from family and 4.935 61.693 61.693 0.91 1126.56 0.000
friends
Factor X3
a) Familiar with bioenergy 1.430 35.758 35.758 0.50 47.381 0.000
b) Work related to bioenergy 1.036 25.909 61.667
Factor X4

a) Perennial grasses as bioenergy 3.697 61.620 61.620 0.84 689.02
feedstock

Notes: * These factors were used as input variables to the cluster analysis.
**Kaiser-Meyer-Olkin Measure

0.000



5. Results

5.3 Typology of Farmers’ Awareness
on Bioenergy Sustainability



Cluster Analysis
Typology of farmers by cluster

o || G2 | cusirs | _curt

Age level Close to Young Middle aged Retirement and
retirement retired age

Loca.t|?n 2l Rural Urban Rural
domicile

Information

from family Yes Yes No

and friends

F?m'har L Very unfamiliar Most familiar Familiar v?fag.e
bioenergy familiarity

Wor.k related No No Yes Yes
to bioenerg

Perennial

grasses as Very good Very good
bioenergy potential potential

Not good

Good potential ootential

feedstock

Typology Knowledgeable




Cluster Analysis

Main characteristics of famers according to cluster groups

Distribution of farmers, by typology Distribution of farmers, by typology and region

60%

50%

40%

30%

20%

. l
0% [ , ,

O Unaware M Informed [OKnowledgeable 0O Misinformed Calabarzon Central Visayas Davao

OUnaware MInformed OKnowleageable O Misinformed

= Farmers in all three regions are well distributed in the four cluster typologies.

= Calabarzon is characterized by large number of uninformed farmers and
Davao by unaware farmers. Central Visayas has the largest number of informed

farmers. Knowleageable farmers are almost equally represented in all three
regions.



Conclusions

Central Visayas
= |INFORMED typology
= High support for bioenergy production
* Limited capacity to produce bioethanol from sugarcane (79 M liters/year )
= Potential of bioethanol production to:
- increase agricultural wage
- decrease poverty incidence

CALABARZON

= MISINFORMED typology

= Highest potential for bioenergy production (347M liters/year of biodiesel
and 54 M liter/year of bioethanol)

Davao

= UNAWARE typology

= First in coconut production

= |mportant to raise awareness on potential for biodiesel production
- contributes only 12% capacity for biodiesel production



Thank You
for your attention!
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Biofuel Feedstock Cultivation in India:
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Context

* India’s imports of crude and petroleum products
have been growing at more than 7% since 2006

* Vehicle population is growing at 8-10 percent
annually, with two-wheelers constituting 72
percent of total number of registered motor
vehicles

 Diesel meets an estimated 73 percent of fuel
demand from transport sector

— Combined demand of diesel and petrol is expected to
grow by over five percent over coming years



India’s Biofuel Policy

National Policy on Biofuels (2009) proposed an
indicative target to replace 20 percent of petroleum
fuel consumption with biofuels (bioethanol and
biodiesel) by the end of 12t Five Year Plan (i.e., 2017);
biofuel expansion is also linked with social goals such
as employment generation, poverty alleviation etc.

— Ethanol blending with gasoline — revised target of 5%
mandatory blending; below 3% achieved in 2013

— Most biodiesel units operating in India have shifted to

alternative feed stocks such as edible oil waste, animal fat
etc.

— Biodiesel units are utilizing about 40% of existing capacity



Biofuels in India - 1

* Significant concern regarding food security

— Fischer et al. (2008) argue that an additional 140 to 150 million
people may be at the risk of hunger by 2020 due to biofuel
expansion in South Asia

— Though the second generation biofuels may reduce the adverse
impacts on food security, the indirect impact of biofuels on food
security through adverse influence on biodiversity are often
considered high

— Msangi and Rosegrant (2011) argue that biofuel expansion will
result in substantive increase in market prices and hence lead to
food security concerns

— They further argue that the South Asian countries may have to
increase their crop yields by an additional 1 percent per year up
to 2030 to overcome the stress induced by the biofuel
expansion



Biofuels in India — 2

e Ethanol program
— Economic viability not clear

— Long-term sustainability of molasses based ethanol
blending uncertain

* To reach 10% blending target by 2016-17, production of 737
million tons (covering area of 10.5 million ha) of sugarcane would
be required (Shinoj et al., 2011)

* That implies more than doubling of production and area — will
have adverse implications for water demand

 Reaching 20% blending target will require large-scale ethanol
imports!
— Several studies highlighted the need for alternative
feedstock such as sweet sorghum (Basavaraj et al., 2012)



Biofuel Feedstock Cultivation — Macro
and Micro Concerns

 Potential competitiveness of jatropha and
sweet sorghum cultivation vis-a-vis food and
non-food crops across various states in India

— Analysis based on cost of cultivation data for
various years (2004-05, 2007-08 and 2010-11)

* Implications for rural livelihoods due to
jatropha cultivation

— Insights from field survey in six districts of Tamil
Nadu



Biodiesel Demand and Land
Requirement

Integrated Energy Policy (2006) projected India’s
HSD requirement to grow from 52.3 million tons
in 2006-07 to 190.2 million tons in 2031-32

For 20% blending target envisaged in NBP (2009),
biodiesel demand would be 38.04 million tons

Considering plant density of 2500 per ha and a
vield of 1.5 kg per tree, jatropha yield is
envisaged at 3.75 ton of seeds per ha

Since 3.28 kg seeds give 1 kg of biodiesel, 38.04
million tons of biodiesel would require 33.2
million hectares of land!



Where is the ‘waste land’?

 Wasteland is described as “degraded land which can be
brought under vegetation cover with reasonable effort, and
which is currently under-utilized and/or land which is
deteriorating for lack of appropriate water and soil
management or on account of natural causes. Wastelands
can result from inherent/imposed disabilities such as by
location, environment, chemical and physical properties of
the soil or financial or management constraints” (GOI, 2005).

 The overall area under foodgrains has remained static in
India over the past decade or so. The use of ‘waste land’ for
fuel purposes remains debatable in the context of South
Asian Enigma of stagnant per-capita food consumption
(compared to North Africa and West Asia) despite
impressive growth registered in terms of per-capita income.



Wastelands in India Million

hectares

1 Gullied and/or Ravenous land* 1.90
2 Land with or without scrub™ 18.79
3 Waterlogged and Marshy land 0.97
4 Land affected by Salinity/Alkalinity 1.20
5 Shifting cultivation* 1.88
6 Under-utilised/Degraded Notified Forest land* 12.66
7 Degraded pastures/grazing land* 1.93
8 Degraded land under plantation crops* 0.21
9 Sands (riverine/coastal/desert) 3.40
10 Mining and Industrial Wasteland 0.20
11 Barren rocky area 5.77
12 Steep sloping areas 0.91
13 Snow covered and/or Glacial area 5.43
Total wastelands 55.27

Wastelands suitable for jatropha cultivation 37.38*

Notes: The categories with asterisk sign above are considered suitable for jatropha cultivation in India.

Source: Department of Land Resources, 2005; GOI, 2005 and TERI, 2005 cited in Biswas et al (2010)




Assessing Competitiveness of Biofuel
Feedstock Cultivation

 The analysis is based on three relevant determinants of
agricultural land use:

— Paid out costs (A2): - It is a sum total of all actual expenses (in
cash and kind) incurred by a farmer in production and rent paid
for leased in land.

— Profit margin: It is a measure of earnings accruing to a farmer
per Rupee of expenditure incurred by him/her in farm
operations. It is defined as the ratio of Gross Value of Output to
Paid out cost.

— Ground rent: It is defined as the difference between Gross
Value of Output for a crop and Cost C1 incurred by a farmer.
Cost C1 is a sum total of all actual expenses (in cash and kind)
incurred by the farmer in production, interest on value of
owned fixed capital assets (excluding land) and imputed value of
family labour.



Data and Approach

Cost of cultivation data for the years 2004-05, 2007-08 and 2010-11 for
various states of India is utilized

Jatropha oilseeds price that is competitive to a principal crop is referred as
the price level at which the per hectare ground rent earnings from
jatropha — if sown on the same piece of land — will be equal to the
earnings from the principal crop it is to replace.

Using the competing jatropha seed price, one can estimate the critical
biodiesel price which is the minimum price of biodiesel for which returns
to a farmer are just sufficient to cover the opportunity cost of diverting
land from cultivating a principal crop to jatropha cultivation.

Using the energy parity of biodiesel and HSD, one can further estimate the
critical HSD price.

Similar approach can be adopted for sweet sorgham cultivation.



Jatropha — Cost of Cultivation

Paramathma et al (2004) and Goswami et al (2011) provide
some estimates of cost of jatropha cultivation. For the
purpose of comparison similar cycle is considered in both
cases — 14 years of cultivation, with maturity yield resulting
from 5% year; 12.5% interest rate is applied for present
value calculations

PV of paid-out costs (A2) range between Rs. 19850 — Rs.
44715.

Under a range of yield assumptions (1000 to 2000 kg/ha)
and seed price of Rs. 9 per kg, profitability ratio works out
to about 2 for different paid out cost scenarios.

The corresponding ground rent values (per ha) range
between Rs. 27000 and Rs. 37000.



Sweet Sorghum Cultivation

Price of Sweet

Paid-out cost

Profitability Ratio

Ground Rent

Sorghum Stalk in | (Rs. Per hectare) (Rs/hectare)
(Rs/tonne)
600 12414 1.484 6018
700 12414 1.6 7818
800 12414 1.774 9618
1200 12414 2.35 16818

Source: Calculations based on cost of cultivation data
provided in Reddy et al., 2013.




Paddy
Wheat
Maize
Jowar
Bajra
Ragi
Barley

Gram
Tur

Groundnut
Rapeseed & Mustard
Soybean

Sesamum

Sunflower

Cotton
Jute

Sugarcane

Critical HSD Price Range (Rs. per litre)

20.47
17.56
15.54
13.81
13.74
13.92
15.53

16.23
16.40

15.53

17.23

15.24

15.68

14.30

18.37
13.94

28.67

2004-05

13.15
12.65
12.64
13.02
13.37
12.55
11.22

13.74
13.64

12.81

12.91

13.74

13.63

13.74

12.39
13.26

13.74

24.36
21.95
16.40
14.64
14.51
17.13
18.05

19.19
13.74

17.84

23.29

17.12

15.95

15.84

21.21
15.53

28.09

2007-08

13.25
12.53
13.24
12.82
13.51
11.88
13.74

13.74
13.74

13.74

13.74

13.74

13.74

13.74

13.74
13.71

13.74

25.61
21.77
21.93
16.41
14.47
16.38
16.80

20.80
13.74

20.32

22.15

18.05

16.56

15.39

32.20
23.09

48.13

2010-11

11.21
11.97
12.38
12.12
13.32
10.73
13.74

13.74
13.74

13.74

13.36

13.74

13.74

13.74

13.74
13.74

13.74



AP

Assam
Bihar
Chhatisgarh
Gujarat
Haryana

HP
Jharkhand
Karnataka
Kerala
Maharashtra
MP

Orissa
Punjab
Rajasthan
TN

up
Uttarkhand
WB

Coefficient of Variation of Critical Biodiesel Prices Across Indian States

2004-05

Avg Critical
Biodiesel Price

(Rs./1)
14.8
12.5
14.0
13.2
14.4
16.4
12.7
12.7
14.6

13.8
13.4
12.9
16.8
13.9
14.1
14.3
13.9
13.4

cv
15.6
1.3
6.7
3.8
7.9
26.4
1.2
7.8
31.3

25.0
8.9
1.1

10.8

10.1

19.8

16.2

27.4
9.1

2007-08

Avg Critical
Biodiesel Price

(Rs./l)
15.9
13.1
15.5
14.8
16.5
17.6
12.8
13.2
15.2

13.6
14.6
13.4
20.6
14.9
15.7
15.7
16.7
14.0

Ccv
15.2
3.8
6.4
11.8
16.7
19.9
3.2
12.2
21.5

9.6
12.0
4.1
10.0
14.0
25.9
15.7
24.5
4.5

2010-11

Avg Critical
Biodiesel Price

(Rs./1)
18.3
13.2
16.7
14.3
18.1
21.0
13.5
12.8
17.0

15.6
16.4
15.2
23.0
15.9
18.2
17.0
23.8
15.9

cv
34.6
6.6
18.3
8.7
29.9
33.7
8.7
19.7
54.5

38.5
20.7
15.4
11.8
31.2
44.5
26.4
42.2
20.8



Inferences..

* A lower CV makes food and other agricultural products
vulnerable to a competitive threat from energy crop
cultivation (such as jatropha) if the estimated critical
prices of HSD are lower than the prevailing HSD prices.
— The estimates are based on lower cost of cultivation

assessment for jatropha and also higher expected vyield.

Hence the critical prices of HSD estimated could be
considered as under-estimates.

 For comparison it may be noted that storage point
price of HSD was Rs. 38.05 per litre as of April 2013.

e States such as Orissa, HP, Assam appear to be
vulnerable as the CV is below 10%.



Critical Ethanol Blended Prices in 2010-11 for Select Crops

Crops Competing SS Median Critical Bio- Median Critical EBP Median EBP
Price Range Compet-ing | ethanol Price | Critical Bio- Price Range Price
SSPrice Range Ethanol
Price

Paddy 2.10-32.95 13.97 23.67 -48.15 33.09 23.82 -48.45 33.30
Wheat 3.71-24.72 16.46 2495 -41.62 35.06 25.11 -41.89 35.29
Maize 4.61-25.06 8.28 25.66-41.89 28.57 25.82-42.16 28.75
Jowar 4.04-13.27 6.63 25.21-32.53 27.26 25.37-32.74 27.43
Bajra 6.61 -9.08 7.20 27.25-29.21 27.72 27.42 -29.39 27.82
Ragi 1.77 -13.16 6.18 23.40-32.45 26.91 23.55-32.65 27.08
Barley 13.81 -14.08 13.95 32.96-33.18 33.07 33.17-33.39 33.28
Gram 8.87-22.64 13.01 29.04-39.97 32.32 29.22 -40.22 32.53
Groundnut 8.48 -21.61 16.34 28.73-39.15 34.97 28.91 -39.40 35.19
Sunflower 8.91-11.05 9.73 29.07-30.77 29.72 29.25-30.97 29.91




CV of Critical EPB Price in 2010-11

States No. of Crops Average Critical EBP | CV
Price (Rs/L)

Andhra Pradesh 13 29.28 46.05
Assam 3 28.87 5.51
Bihar 8 31.99 43.03
Chatisgarh 5 30.96 7.43
Gujarat 10 28.02 54.72
Haryana 7 20.08 97.47
Himachal Pradesh 4 22.03 67.15
Jharkhand 4 29.74 16.76
Karnataka 14 23.64 55.65
Madhya Pradesh 12 30 33.79
Maharashtra 16 29.6 31.9
Orissa 9 32.7 12.35
Punjab 3 31.3 88.07
Rajasthan 12 28.9 34.67
Tamil Nadu 10 25.5 54.16
Uttar Pradesh 13 28.2 45.43
Uttarakhand 3 25.1 86.6
West Bengal 7 22.7 68.83




Inferences..

* The refinery gate price of ethanol has been fixed at Rs.
27 per litre for the oil marketing companies
— With the exception of cereals, other crops are not

vulnerable to competitive threat from sweet sorghum
cultivation

— Ragi and Jowar — crops with lowest critical bio-ethanol
prices — are likely to be vulnerable

— Of course, the choice of crop cultivation depends on agro-
climatic conditions and other incentives available to
farmers

* The states of Assam, Chatisgarh, Orissa and Jharkhand
may face greater threat to cultivation of food crops as
farmers in these states can in principle be attracted to
the cultivation of sweet sorghum

— This in turn could raise food security concerns



Jatropha Cultivation —
Ground Reality in Tamil Nadu

State started promotion of jatropha way back in 2002,
ahead of the launch of National Biofuel Mission in 2003

TN has established a CoE in biofuels at TNAU

TN was the third largest cultivator of jatropha in India in
2008 with over 20000 ha cultivated

During 2007-12, the TN government aimed to bring 100000
ha under jatropha with a 50% subsidy on seedlings

Jatropha promotion was envisaged mainly through contract
farming

Six districts were covered in the field survey to assess
present status of jatropha cultivation in TN -
Kancheepuram, Coimbatore, Thiruvannamalai, Villupuram,
Tirunelveli, and Viruthunagar



Jatropha in Kudankulam -
inadequate water supply has
resulted in stunted growth with
few leaves (and seeds)




Another plot in Kudankulam — plants closer to the residential area
survived due to seepage of water supplied to coconut trees



Field Survey — Insights

Far lower yields with inadequate supply of water acting as major
constraint

High initial investment requirements favoring larger land holders
compared to small and marginal land holders

Government initiatives cast shadow on the notion of wastelands —
especially because at the village level the wastelands are often CPRs
utilized by multiple stakeholders

Government agencies viewed jatropha cultivation broadly similar to
several other tree plantation programs!

Lack of employment opportunities make jatropha less attractive —
especially compared to prosopis

The land targeted for jatropha is occupied by prosopis — historically
promoted by several governments (starting from Anna Durai’s
period)



Field Survey - Insights

* Prosopis is used as feedstock in several small
industries  and provides employment
opportunity (cutting etc.) for landless poor

* Ambiguous definition of wasteland and
inadequate understanding of use of wasteland
has led to concerns regarding the feasibility of
achieving biodiesel production targets. It has
also compromised the livelihood options of
rural population.



Conclusions

Only 0.5 million hectares has been covered under jatropha
cultivation in India

— Since a large portion of biodiesel requirement is going to be met
through jatropha oilseeds, the potential yield from existing
jatropha cultivation could meet a mere 0.01 percent of total
biodiesel required for 5 percent blending!

Reaching targets requires resolving uncertainty regarding transfer of
ownership of community and government owned wastelands

Main hindrance is under-developed value-chain of jatropha

With regard to bio-ethanol, sole dependence on sugar cane could
lead to environmental concerns. Sweet sorghum can provide
alternative option for EBP.

From food security perspective, cultivation of jatropha and sweet
sorghum may divert land from coarse cereal cultivation in few
states such as Orissa and Assam leading to food security concerns.

Major technological breakthrough in lignocellulosic liquid biofuels is
required to meet huge demands of biodiesel and bio-ethanol.



Thank youl!



Appendix 13 Policy context and analysis of expert opinions on bioenergy in India

Bioenergy in India — Issues and Prospects

K.S. Kavi Kumar
Madras School of Economics, Chennai

With its growing energy demand, India is the fourth largest consumer of crude and petroleum
products behind United States, China and Japan. India’s oil consumption is expected to reach
more than 8 million barrels per day by 2035. Given its high dependence on imports, the energy
security concerns are quite significant for India. The climate change concerns and the need to
reduce carbon footprint make the search for alternative energy options more relevant and urgent.

Policy Context

India’s biofuel policy regime is influenced broadly by: (a) energy security concerns — ever
increasing energy demand necessitates search for renewable energy alternatives given India’s
limited fossil fuel reserves; (b) environmental concerns — growing local pollution and climate
change concerns make it imperative to search for environmentally friendly alternatives; (c)
wasteland utilization — biofuel feedstock cultivation could bring wastelands and other
unproductive lands for effective utilization; and (d) enhance rural livelihood options.

The Government of India (GOI) formulated the National Policy on Biofuels on December 24,
2009. The policy encourages use of renewable energy resources as alternate fuel to supplement
transport fuels and had proposed an indicative target to replace 20 percent of petroleum fuel
consumption with biofuels (bioethanol and biodiesel) by 2017, the end of 12th Five-Year Plan.
Subsequently the Government has taken several other initiatives to strengthen the biofuel policy
in India including, Ethanol Blending Program, National Biofuel Coordination Committee etc.
India’s biofuel policy aims to meet the growing energy needs of India while stimulating rural
development, creating employment opportunities, and reducing global carbon footprint. Though
the blending targets envisaged in the biofuel policy are hardly met — with as of date only about 2
percent blending of bioethanol in gasoline and negligible blending of biodiesel in diesel, the
Government has reiterated its resolve to promote the green transport alternatives in India through
a series of measures approved by the Union Cabinet in June 2015. Some of the proposed
measures include: (a) bringing biofuels under the ambit of ‘Declared Goods’ to facilitate smooth
movement across states; (b) setting-up of National Biofuel Steering Committee under direct
supervision of the Prime Minister; (c) allowing 100 percent foreign equity for biofuel
technologies and projects to attract foreign direct investment; and (d) proposing to consider
setting up National Biofuel Fund in due course for promoting second generation feedstocks and
technologies.

Biofuels in India — Present Status

The biofuels in India so far are centred on first generation feedstocks such as molasses for
bioethanol and non-edible vegetable oils (e.g., jatropha) for biodiesel. As the tables below show,
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both these options could not make any significant contribution towards the biofuel policy target,
largely due to non-availability of raw material as well as inadequate manufacturing capacity. In
case of bioethanol, excessive dependence on molasses meant that more and more area needed to
be brought under sugarcane production to meet the blending targets. This in turn raised concerns
about depletion of natural resources given water intensive nature of the sugarcane cultivation.
The bioethanol had competing uses in industries also. For biodiesel production, there was
significant emphasis on jatropha — introduced and promoted almost as a wonder crop. However,
poor yields coupled with threat its cultivation posed for food crops meant that the hype around
jatropha did not translate into tangible output. Further, both these feedstocks fared poorly in
terms of carbon reduction (in terms of life cycle assessment) and hence were not strictly green
alternatives.

Use of Ethanol in India

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Production (Mill. Lit) 2,150 | 1,073 | 1522 | 1,681 | 2,154| 2,057 | 2,002 | 2,292 | 2,085
Fuel Consumption (Mill. Lit) 280 100 50 365 305 382 350 685 600
Capacity Use (%) 143 72 101 112 108 103 100 115 102
Blend Rate (%) 1.8 0.6 0.3 1.8 1.4 1.6 1.4 2.3 1.9

Note: Ethanol is also used in industries and hence production is higher than the consumption

Use of Biodiesel in India

2010 2011 2012 2013 2014 2015 2016
Production (Mill. Lit) 90 102 115 120 130 135 140
Fuel Consumption (Mill. Lit) 52 60 70 75 80 90 100
Capacity Use (%) 20 22.7 25 25.8 27.1 28.1 28
Blend Rate (%) 0.06 0.07 0.07 0.08 0.08 0.08 0.09

Present Scenario of Biofuels — Expert Views

In an effort to understand the sustainability of biofuels in India, an expert consultation was
carried out using primary survey instrument. The experts were asked to weigh different criterion
that determine the bioenergy sustainability in India and also express views on policy gaps. Figure
below summarizes the relative importance attributed by the experts to different criterion.




Economic Sustainability Social Sustainability

P S

Ecological Sustainability

Relative Importance of Different Criterion Determining Bioenergy Sustainability in India

The critical issues that emerged from the primary survey of the experts are summarized below:

There is significant lack of awareness about importance of bioenergy in meeting India’s
energy needs in future — especially among the general public.

The experience with jatropha has not been very enriching, especially among the farmers.
Based on many myths and false claims, the large scale experiment to cultivate jatropha
on the so-called ‘waste lands’ led to not only economic losses to the farmers but also in
insignificant contribution to biodiesel production. The jatropha experience at least made
it imperative that the R&D has to improve considerably to make bioenergy sustainable.
Indian experience in the context of molasses based bioethanol production highlighted that
a working model in one country may not pay dividends in another. While ethanol
production from sugarcane worked for Brazil, it has not yielded significant results in
India as the yield levels are considerably lower in India compared to Brazil and the
competing uses of the crop are high in India.

Middle-class India (which with its significant vote share determines the shape and
direction of public policies) seems to be in the thrall of growth mania and is appearing to
develop a notion of Indian exceptionalism, which minimizes importance of important
environmental issues in many policies, including energy policies.

In the portfolio of renewable energy options in India, bioenergy is less attractive given
the concerns about its impact on food security and the requirement for land, compared to
competing technologies such as solar and wind.



e The attention on bioenergy swings with the fossil fuel prices. It gets attention whenever
the oil prices soar high. Consistent and coherent policy to promote bioenergy is
conspicuous by its absence in India.

e At a broad level, sustainability of bioenergy depends crucially on effective dissemination
of information, consistent policy, and widespread capacity building at various levels.

Shift towards Second Generation Biofuels

Given not so significant contribution made by the first generation biofuels, the focus has slowly
shifted towards the second generation feedstocks and technologies. The second generation
biofuels are derived from wastes — such as agricultural waste and municipal solid waste, and
hence in principal do not have impact on human and/or animal food chains. Also, these biofuels
provide significant carbon reductions compared to emissions from conventional hydrocarbon
based fuels.

Though the second generation biofuel technologies have not yet reached commercial stage, there
seems to be significant scope for commercialization soon. While there are eight second-
generation-ethanol production plants that are in commercial demonstration stage in the world,
adoption of the same to Indian conditions is not straight forward due to variety of reasons
including, feedstock specific nature of the technology, high capital costs involved, and high
capacity plants needed for availing scale advantages. In India due to small land holding size and
inadequate transport infrastructure, it is desirable to have small or medium scale plants (i.e.,
plants that operate with capacities such as 100-200 tonnes biomass per day). Similarly, it is
desirable to have technology that is insensitive to feedstock and technology that involves low
capital expenditure. In India, the initiatives taken by the Department of Biotechnology (DBT)
since 2008 have resulted in setting-up of demonstration scale plant of 10 tonnes biomass per day
capacity by a private company (India Glycols Ltd.) in April 2016. This is a major step forward as
India has significant amount of agricultural residues that can be converted to biofuels using 2™
generation biofuel technologies. A recent study by UNEP has estimated that future crop residue
in India can produce approximately 50 billion litres of biofuels by 2030-31. In addition, another
study estimates that more than 150 million tonnes of municipal solid waste collected in large to
small cities can produce over 40 million tonnes of biofuel using the second generation biofuel
technologies. These options when materialized have the potential to meet India’s blending
targets and put it firmly on the green energy path.



Bioenergy Sustainability Survey — Indian Experts

Key Findings

To contribute to the ongoing debate about bioenergy sustainability, a brief survey of experts has
been undertaken to learn about the importance, relevance and structure of sustainability criteria
for bioenergy systems in India. The bioenergy sustainability has been structured around three
primary criteria — namely, economic, social and ecological sustainability of bioenergy. Two
levels of sub-criteria have been used to further understand the determinants of each of these
dimensions. The specific objectives of the survey include:

¢ relevance of the criteria used for assessing bioenergy sustainability

¢+ suggestions to improve the structure of criteria

% reasons for the respondents’ choices on the criteria
The survey was undertaken to cross verify the findings from an earlier survey involving multiple
stakeholders associated with bioenergy in India. The survey instrument was administered on a
select list of experts familiar with bioenergy/biofuel scenario in India. The experts — drawn from
universities and think tanks — have been asked to weigh various criteria and sub-criteria
determining the bioenergy sustainability and have also been asked to provide reasons to
substantiate their weighing schemes. Given the limited scope of the survey, a select list of 23
experts working in the board fields of energy and environment are approached. More than 50 per
cent of experts responded to the survey despite tight deadline.

1.0 Description of the Survey Instrument

As mentioned above, the three main criteria used to assess bioenergy sustainability include,
economic sustainability, social sustainability and ecological sustainability. Each of these criteria

are explained further below.

Economic sustainability
The economic sustainability of bioenergy production using a particular type of biomass will
depend on three important economic conditions:

1. Contributions of bioenergy to energy security

2. Progress in technology for bioenergy

3. Quality of market structure for bioenergy



Social sustainability
The social sustainability of bioenergy production using a particular type of biomass will depend
on three important social conditions:

1. Impacts of bioenergy on food security

2. Contributions of bioenergy to social welfare

3. Impacts of bioenergy on social justice
Ecological sustainability
Finally, the environmental sustainability of bioenergy production using a particular type of
biomass will depend on three important environmental conditions:

1. Potential for increasing biomass production for bioenergy

2. Impacts of bioenergy production on natural (i.e. land, water) resources

3. Land management to improve land productivity
The survey instrument further provides determinants of each of the sub-criteria. For example,
domestic energy demand, domestic energy supply and foreign energy trade constitute the
determinants of energy security. Similarly in case of other sub-criteria, the survey instrument
lists out the determinants. The respondents have been asked to provide ratings for sub-criteria as
well as the determinants of the each sub-criterion. The respondents have also been asked to
comment on adequacy of the sub-criterion and their determinants in analyzing bioenergy
sustainability. Further, the respondents have also been requested to comment on the divergence
(or lack of divergence) of their weighing scheme with that obtained from a more broader survey
involving multiple stakeholders of bioenergy. The following sections discuss briefly the main

findings of the expert survey.



2.0 Economic Sustainability — Determinants

Figures below respectively illustrate the main and sub-criterion used in understanding the

economic sustainability of bioenergy in India, and the weighing scheme given by the experts.
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When compared with the rating provided by the multi-stakeholder survey, the rating given by the
experts for energy security, technological progress and market structure are more or less similar.

The energy security concerns to a large extent and the technological progress to some extent
determine the economic sustainability of bioenergy.



3.0 Social Sustainability — Determinants

Figures below respectively illustrate the main and sub-criterion used in understanding the social

sustainability of bioenergy in India, and the weighing scheme given by the experts.

Main Main L
Category Criteria Sub Criteria

<E

S‘m-al \“H-! , -
‘
‘4-
‘

Souial

Sustainability

— \ﬁ



Food self-
Equal property sufficiency
rights /

/ " S Affordability of £
Land - ST N i food
dispossession ) i i >

_\ Purchasing
power

Social
Sustainability

3

i Livelihood

‘EL sources
3 40
i

Household Z__

Job
lifestyle

opportunities

Expert Rating on Main and Sub-criterion for Social Sustainability of Bioenergy

When compared with the rating provided by the multi-stakeholder survey, the rating given by the
experts for food security, social welfare and social justice are significantly different. While the
multi-stakeholder survey gave primary importance to food security (above 50 per cent weight),

the experts gave equal importance to food security and social welfare aspects of bioenergy (with
about 35 per cent weight to each criteria).



4.0 Ecological Sustainability — Determinants
Figures below respectively illustrate the main and sub-criterion used in understanding the

ecological sustainability of bioenergy in India, and the weighing scheme given by the experts.
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When compared with the rating provided by the multi-stakeholder survey, the rating given by the
experts for production potential, resource capacity and land management are significantly
different. While the multi-stakeholder survey gave more or less equal importance to all the three

criterion, the experts gave relatively more emphasis to resource capacity (with about 39 per cent
weight).
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Abstract

The paper presents an analysis of bioenergy potential in the Philippines by understanding farmers’
perceptions on sustainable bioenergy production. It focuses on the opinions of farmers for both first
generation (i.e. sugar-rich crops, starch-rich crops and oil-rich crops) and second generation (i.e.
agriculture/forest residues, fast-growing trees, and perennial grasses) bioenergy crops, which are
being or can be used for the production of biodiesel and bioethanol. Such an assessment is critical for
many developing countries including the Philippines due to its impact on food security, particularly as
a result of the negative effects of bioenergy feedstock production and processing on increasing water
scarcity and agricultural land pressure. Moreover, farmers play a key role in the production of
biomass feedstock for bioenergy, so it is important to understand their level of awareness on the
effects of bioenergy on food security and economy. Field survey was conducted with farmers in three
regions including Calabarzon, Central Visayas and Davao. The paper presents the results of the
cluster analysis, which was applied to determine the socio-economic profiles that characterize the
opinions of the farmers. The survey results showed that there are differences in the level of
awareness of the farmers in the different regions in the Philippines and these were categorized into
four typologies, such as unaware, less awareness, moderate awareness and high awareness. Farmers
with unaware typology were located in Calabarzon and Davao, large number of farmer with low to
moderate awareness were found in Calabarzon and farmers with high awareness were located in
Central Visayas.

Keywords: Bioenergy, biofuels, cluster analysis, first and second generation bioenergy, food security,
Philippines



1. Introduction

The global production and consumption of biofuels have increased dramatically in the past
few years, primarily due to intensifying concerns about national energy security, increasing
oil prices, environmental considerations (i.e. climate change mitigation), and efforts to
revitalize rural communities. The question today is not whether biofuels will be a part of the
energy mix, but rather what economic, social, and environmental implications they will have
[2, 34].

Biofuels or bioenergy are renewable energy and carbon neutral so that they are considered
sustainable. As is generally known, there are two kinds of biofuels- biodiesel and bioethanol.
Biodiesel is a fuel extracted typically from oils of coconut and oil palm. It is a natural
hydrocarbon with little sulfur content, and can be used in diesel engines with very little or
without any need for engine modification. Bioethanol, on the other hand, is a form of ethanal,
a light alcohol, produced by fermenting carbohydrates, such as starch or sugar, in vegetable
matter. Sources of bioethanol being explored are corn, sugarcane, cassava, and sweet
sorghum [18, 25].

Due to unstable and increasing energy prices as well as increasing worldwide energy
demand, many countries has perceived bioenergy as an attractive alternative or addition to
meet their current and future energy needs [22]. Interest in liquid biofuels production and
consumption has increased worldwide as part of government policies to address the growing
scarcity of fossil fuels, and, at least in theory, to help mitigate adverse global climate change.
The existing biofuels markets are dominated by U.S. ethanol production based on cornstarch
(34,069 M liters/year), Brazilian ethanol production (24,500 M liters/year) based on
sugarcane, and European biodiesel production (e.g..Germany with 2,819 and France with
1,972 in thousands of tonnes/year) based on rapeseed oil [24, 31].

Like in many other countries, the Philippines is implementing various bioenergy policies to
reduce dependence on imported oil, enhance economic growth, contribute to climate change
mitigation and promote rural development [1]. The Philippines has a large potential in
producing bioenergy because crops that are used as feedstocks for the production of
bioenergy are indigenous or locally grown (i.e. traditional) in the country. Other benefits that
can be achieved by growing traditional crops as bioenergy is that, increase utilization of
agricultural land, promote investment, and create jobs. Biofuels will give the otherwise
traditional crops a boost towards value added processing. It will encourage investments,
create jobs, and increase farmgate prices although production should be established. In the
Philippines, production of biodiesel mainly uses domestic raw materials from coconut and
bioethanol is mainly produced from sugarcanes. Other feedstocks under consideration by the
Philippine government are jathropa, sweet sorghum, cassava and corn. However, corn as a
biofuel feedstock has issues and threats on the supply of feeds for livestock. Currently, the
Department of Agriculture (DA) is focused in using sugarcane as feedstock and the use of
other crops like sweet sorghum and cassava remains in the R&D stage [14].

According to Department of Energy (DOE), domestic fuel industries in the Philippines
produced 132.99 million liters of biodiesel and 4.14 million liters of bioethanol in 2011. These
industries have much higher capacities (i.e. 393 and 133 million liters biodiesel and
bioethanol, respectively) hence the country has more potential to produce biofuels
domestically [10, 16]. However, since 2007, the Philippines have been importing bioethanol
to meet the mandated level of 10% blending of bioethanol. In 2013 the bioethanol imports
were as high as 248 million liters, which is about 83% of the required bioethanol blending by
the government. The main reasons given for the dependence on bioethanol imports despite
the available capacity for domestic production are due to inadequate capacity of existing
sugarcane distilleries, low productivity, and high production costs erode the competitiveness
of locally grown sugarcane [10].



Recent empirical study by Acosta et al. [1] revealed that an important barrier to the
sustainability of bioenergy production in the Philippines is the lack of awareness among the
farmers, who play key role as producers of feedstocks. They developed cluster typologies
(i.e. Idealist, Ambivalent, Realist) based on their perceptions and opinions on bioenergy. The
focus of their analysis was however not only the farmers but also respondents from the
academe, private companies and public institutions in selected case study areas in Luzon in
Mindanao. This paper aims to substantiate the findings on the lack of awareness of famers
on bioenergy by (1) focusing analysis only on farmers; (2) expanding the case study areas to
cover Visayas, largest producer of sugarcane for bioethanol; and (3) developing typologies
on the level of farmers’ awareness. In this paper, we also analyze the preferred crops by the
farmers for the production of bioenergy and their knowledge on the impacts of bioenergy on
food security and economic growth. The paper is structured as follows: section 1 describes
the development of bioenergy in the Philippines; section 2 discusses the methods used to
collect and analyse the survey data; section 3 presents the results of the factor and cluster
analyses; and section 4 provides conclusions.

2. Philippine bioenergy development

The growing focus towards a cleaner and greener environment has directed the Philippine
government to search for more alternative renewable sources of fuel and energy. With the
recent enactment into law of the RA 9367 otherwise known as the Biofuels Act of 2006 last
January 12, 2007, the mandatory use of biofuels shall be enforced in support to the
government’'s goal in reducing dependence on imported fuels with due regard to the
protection of public health, the environment and natural [14]. The DOE likewise promulgated
the Implementing Rules and Regulations (IRR) in 17 May 2007. The Biofuels Act is formally
entitled “An act to direct the use of biofuels establishing for this purpose the biofuels
program, appropriating funds therefore, and for other purposes.” The IRR covers the
“production, blending, storage, handling, transportation, distribution, use, and sale of
biofuels, biofuel-blends, and biofuel feedstock in the Philippines” [15, 22].

According to the DA, the objectives of Biofuels Act are as follows: (1) developing and utilizing
indigenous renewable and sustainably-sourced clean energy sources to reduce dependence
on imported oil; (2) mitigating toxic and greenhouse gas (GHG) emissions; (3) increasing
rural employment and income; and (4) ensuring the availability of alternative and renewable
clean energy without the detriment to the natural ecosystem, biodiversity and food reserves
of the country [1, 5, 14, 15, 17]. The Biofuels Act also provides an incentive of a zero-rated
specific tax on the biofuels component of blended gasoline or diesel. Other incentives include
an exemption from value-added tax for the sale of raw materials in the production of biofuels,
exemption from wastewater charges under the Clean Water Act, and the extension of
financial assistance from government financial institutions for the production, storage,
handling, and blending of biofuels [9].

To support and comply with the provisions of the Biofuels Act, the DA has been pursuing the
Biofuel Feedstock Program, which provides (1) production support services, (2) extension
support, education and training services, (3) credit facilitation, (4) research and development,
(5) irrigation support services, other infrastructure and postharvest & development services,
and (6) marketing development to promote the use of coconut and jathropa for biodiesel and
sugarcane, cassava, and sweet sorghum for bioethanol [1].

The biofuel Acts emphasized the use of coconut as the major feedstock for biodiesel
production. Its product Coconut Methyl Ester (CME), derived from coconut oil (CNO),
possesses characteristics of superior quality and of competitive standards. Biodiesel is the
name given to these esters when they are intended for use as transportation fuel [2]. The



Philippines success in biodiesel is primarily due to its being the world’s top coconut oil (CNO)
producer [9, 10]. Out of the 79 provinces which comprise the country, 68 provinces produce
coconuts. The total land area planted to coconut is 3.5 million hectares, in which Luzon
covers 1.14 M ha, Visayas with 0.67 M has and Mindanao with 1.76 M has, about 25% of the
agricultural lands, thus, more than 344 million nut-bearing trees were planted in the country,
where Luzon has 105.50 M trees, Visayas has 68.76 M trees and Mindanao has 170.11 M
trees, which produces more than 15.86 M metric tons for the 3 regions, where 3.18 M metric
tons, 2.70 M metric tons and 9.44 M metric tons, respectively [4]. About one-third of the
country's population depends directly or indirectly on the coconut industry as a source of
income and a means of employment and livelihood, employing 2.6 million farmers and 1.9
million farm workers [14]. Developing coconut industry for sustainable biodiesel production
will thus have great impact on rural development.

While palm oil is now the main feedstock for producing biodiesel in Malaysia and Indonesia
[31], there are only few pilot plantations growing oil palm in the Philippines. The government
also supports the cultivation of jatropha, a second generation bioenergy crop, for the
production of biodiesel. According to Acosta et al. (2013) the Philippines thus have the
potential to develop a sustainable bioenergy sector using bioenergy crops that does not
compete with food crops and agricultural lands. In the past years, the government has
launched massive propagation and cultivation of jathropa seeds covering around 2 million
hectares of unproductive, marginal and idle public and private lands all over the country. This
effort was aimed to produce about 5,600 million liters of biofuel in the next 10 to 12 years [2,
9]. Jathropa can be planted in any soil types, even in marginal lands, and grows well under
tropical and subtropical climate and is found throughout the country [18, 20, 29]. The jathropa
cultivation was however encouraged also in productive lands, thus encouraging farmers to
shift cultivation from other food crops. Moreover, farmers were not able to sell their jathropa
harvest due to lack of awareness about its market.

The National Biofuels Program recognizes the vital role of the sugarcane industry as the
major supplier of feedstock for the production of bioethanol. The sugar industry is currently
producing more than 10% surplus sugar that could very well supply a good portion of the
country’s initial needs for bioethanol. Sugarcane provides the highest yield of ethanol per
hectare compared to other crops (with the possible exception of sweet sorghum, the worth as
feedstock of which remains to be proven locally). Nonetheless, sweet sorghum and cassava
are additional ethanol feedstocks considered by the government for increasing future
bioethanol production [2]. According to Sugar Regulatory Administration (2008), sugarcane
industry will have to grow from the 398,872 hectare cropped for sugar on year 2007-08,
which is about 18% in excess of the area needed for domestic sugar self-sufficiency, to an
aggregate hectare that will supply feedstock for both sugar and bioethanol starting crop year
2008-09 as needed, without affecting sugar self-sufficiency. Sugarcane farmers in the
Philippines are approximately 58,996 and around 5 million people are employed in the
industry and other sugar-related activities [28].

The government considers it as the most reliable feedstock due to its well-established
farming technologies and the highest yield per hectare compared to other feedstock (corn,
cassava, and sweet sorghum). The Sugar Regulatory Administration (SRA) already identified
237,748 hectares of new sugar fields, mostly in Mindanao, that can be tapped to produce
fuel ethanol [2]. At present, however, bioethanol sector is confronted by many structural
problems and competition with sugar production resulting to large bioethanol imports.

3. Methods

3.1 Case study areas



The study was conducted in three regions that are currently major producers of coconut and
sugarcane in the three main islands in the Philippines, i.e.Calabarzon in Luzon, Central
Visayas in Visayas and Davao in Mindanao (Figure 1). CALABARZON, designated as
Region IV-A and has 5 adjoining provinces in southern Tagalog region region including
Cavite, Laguna, Batangas, Rizal and Quezon. Central Visayas is designated as region VII
and composed of four island provinces including Negros Oriental, Cebu, Bohol and Siquijor.
Davao region is designated as Region Xl, consisting of four provinces including Compostela
Valley, Davao del Norte, Davao Oriental and Davao del Sur. Calabarzon has large
monoculture coconut plantations, large forest of various trees. Central Visayas has large
arable land with cereals and sugar, large cultivated area with grass, whereas, Davao has
large diversified coconut plantations, large cultivated area with grass. Climate is relatively
variable in the different regions. There are generally four climates types in the country — Type
[, I, Il and IV. Type | has two pronounced seasons, dry from November to April, and wet
during the rest of the year. Maximum rain period is from June to September. Type Il has no
dry season but has a pronounced maximum rain period from December to February. There is
not a single dry month. Minimum monthly rainfall occurs during the period from March to
May. Type Ill has no very pronounced maximum rain period, with a short dry season lasting
only from one to three months, either during the period from December to February or from
March to May. This climate type resembles type | since it has a short dry season. Type |V,
rainfall is more or less evenly distributed throughout the year. This climate type resembles
the second type more closely since it has no dry season. We describe the main differences
not only in biophysical but also socioeconomic features in the three case study regions [12,
21].

FIGURE 1 Philippine map showing the location of the different case study regions
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CALABARZON

CALABARZON has a total land area of 1,622,861 hectares which comprise 5% of the
Philippine Archipelago and the most populated region of the country with population of
12,609,803 (Table 1). The four climate types are represented in this region. From the period
1971 - 2000 the measured average annual rainfall is 4,150.1 millimeters. [4, 6, 12, 21, 27].

The study sites for conducting survey in CALABARZON are in Infanta, Quezon and
Batangas. Infanta, Quezon is a first class municipality in the province of Quezon, has a
population of 648,181 (2010 census), situated at the northern part of Quezon province. The
town has a total land area of 34,276 hectares. Half of the residents of Infanta rely on tertiary
types of economic activity such as wholesale and retail, transportation, storage and
communication, finance, insurance, real estate and business service, community, social and
personal services. The other half earns through primary and secondary types of livelihood.
Twenty-eight percent of the residents are still practicing agriculture, hunting and forestry and
fishing, while 22% have ventured into mining and quarrying, manufacturing, electricity, gas
and water and construction. Batangas is a first class province located on the southwestern
part of Luzon with a total land area of 316,581 hectares and have a population of 2,377,395
[27]. Batangas is a combination of plains and mountains, as well as the world's smallest
volcano, Mt. Taal, with an elevation of 600 meters, located in the middle of the Taal Lake.
Other well-known peaks are Mt. Makulot with an elevation of 830 m, Mt. Talamitan with 700
m, Mt. Pico de Loro with 664 m, Mt. Batulao with 811 m, Mt. Manabo with 830 m, and Mt.
Daguldol with 672 m. Batangas also has many islands, including Tingloy, Verde Island (Isla
Verde), Fortune Island of Nasugbu. The Municipality of Nasugbu is the home of the
plantation of Central Azucarera Don Pedro, the Philippines' largest producer of sugar and
other sugarcane products. Batanguefios are indeed fond of drinking. This is of no surprise
since it lies in what is called the coconut belt that is the raw material for the local liqueurs, the
“lambanog” with 90% proof alcohol and the “tuba” which is made of 5.68% alcohol and 13%
sugar [3].

Table 1 Description of social-economic and biophysical characteristics in case study areas

Characteristics Calabarzon Central Visayas Davao

Population in 2010 (Growth from 2000) 12,609,803 3.07% 6,800,180 1.77%  4.468.563 1.97%
GRDP million PhP (Share agric. to GRDP) 1,030,165  6.25% 36,638 7.81% 224.849 18.87%
Agric. land area (Share to total area) 588,516  35.0% 522,433  33.0% 758335  37.0%
Agric. employment (Share to total employment) 742,000 16.0% 905,000 31.0% 746000 41.0%
Daily agric. wage (Poverty incidence) 269.00 10.3% 173,76  30.2% 182.03  25.6%

* GRDP = Gross Regional Domestic Product at constant 2000 prices
National Statistics Office (NSO), 2010

Central Visayas

Central Visayas Region lies at the center of the Philippine archipelago between the two main
islands of Luzon and Mindanao. It is the sixth smallest region in the country with a total land
area of 1.58 million hectares. The population is also relatively small at 6,800,180 (Table 1).
The region has Type Il climate classification [4, 26]. The climate of the region is tropical-
monsoonal. The tropical condition can be attributed to the location of Region VII which is
about 100 to 110 north of the equator. The monsoonal condition, on the other hand, refers to
two seasonal wind regimes, the northeasterly winds and the southwesterly winds. The mean
annual temperature in the region is 27 °C, hottest months are February, March and April and
the coldest month is January. Due to high temperature and the surrounding bodies of water,
the region, as in the case of the Philippines as a whole, has a high relative humidity with
mean of 82%.



With the exception of Bohol, the topography of Central Visayas is rugged and is
characterized by highlands dominating the interior of the provinces, with narrow strips of
arable land lining the coast. Of the region's total land area, the hilly to mountainous areas
(those with slopes above 18%) constitute about 62 percent and the level to rolling lands
account for the remaining 38 percent.

The survey in Central Visayas region was conducted in Bohol and Cebu. Bohol has an area
of 411,726 hectares. The province is the 10th largest island in the country.Unlike the other
three provinces, Bohol is generally flat. Forty-seven (47) percent of the area has a slope of
between 0-18 percent. It is not surprising thus, that Bohol should have vast tracts of
agricultural lands which are found mostly in the interior of the province. In the interior region
are found numerous haycock hills popularly known as the “Chocolate Hills, which have
become tourism attractions. One of the larger islands is Panglao located off Tagbilaran City
which today has become a major tourist destination in the country.

Cebu province is composed of islands and islets, the largest of which are Mactan, Bantayan,
and Camotes. The province has a total land area of 508,840 hectares which is 34 percent of
the region's total area. The province's terrain is rugged and mountainous with low peaks
forming a mountain range that stretches in the center of the island from the southern tip of
Santander to Medellin in the north. The surface is characterized by sharp ridges. Osmefia
Peak at 1,034 meters is the highest point of the island. The hilly to mountainous areas (slope
of 18 percent and above) account for 68 percent of the province's total land area [26].

Davao

Davao is located on the southeastern portion of Mindanao with a total land area of 2,035,742
ha. And has a population of 4,468,563 (Table 1). Davao has highest GDRP and highest
share of employment in agriculture. It encloses the Davao Gulf and its regional center is
Davao City. The region has Type Il climate classification [4]. Agriculture is the main
economic activity in the region and banana is the primary agricultural product produced. In
2007, the region produced a total of 3.1 metric tons - the highest among the regions. Other
primary products include rice, corn, coconut, coffee, pineapple, sugarcane, durian, root
crops, vegetables, livestock and poultry, fishing, timber and cut flowers. While the region's
economy is predominantly agri-based, it is now developing into a centre for agro-industrial
business, trade and tourism. Aside from its forestland and fertile fields, the region is famous
for its rich mineral resources. The study sites for the survey in Davao region were mainly in
Davao City and Davao del Norte [4, 26].

The Province of Davao del Norte is situated at the southeastern part of the region. It has a
rugged, mountainous and moderately to steeply sloping areas on the western part and a
wide alluvial plain on the central lowland area. A major portion of the alluvial plain is a flat
tract of land; however, some places are gently undulating and exhibit a rolling topography. Its
local commodities were abaca, banana (Cavendish/Cardava), cacao, coffee, durian, mango,
vegetables, rubber tree, among others [12]. It has a population of 945,764 [27].

Davao City is the center of Metro Davao and has an area of 244,000 hectares, or 8% of the
land area of Region XI. It is located in the southeastern part of Mindanao and the Southern
Gateway more particularly to and from the neighbouring countries like Indonesia, Malaysia,
Brunei, Australia, among others.

A substantial part of Davao City is mountainous characterized by extensive mountain ranges
with uneven distribution of plateaus and lowlands. The mountain range that delimits the
western boundary of the city extends as far down to South Cotabato. This mountain range
nurses the highest peak in the Philippines, which is Mt. Apo located at the boundaries of



North Cotabato, Davao del Sur and Davao City. Mt. Apo has an elevation of about 10.311
feet (3,144 meters) above sea level. It has been considered as semi-active volcano.

Davao City enjoys a mild tropical climate. Compared with other parts of the Philippines in
which there is a district hot and wet season. The city is outside the typhoon belt and lacks
major seasonal variation. A surrounding mountain chain protect the city effectively from
strong winds [11]. The city has a population of 1,449,296, making it the most populous in
Mindanao and fourth-most populous city in the country [27].

3.2 Data collection and analyses

Survey design

A household survey was conducted with 234 farmers in 2012-2013 in selected provinces in
Calabarzon (i.e. Batangas, Quezon), Central Visayas (e.g. Bohol, Cebu) and Davao (i.e.
Davao City, Davao del Norte).

Questionnaire were constructed based on four types of information on (1) Socio-economic
characteristics, (2) Sources of information on bioenergy, (3) Knowledge and opinion on
bioenergy, and (4) Preferences on bioenergy feedstock.

Socio-economic characteristics are answers to the following questions:

= What is your gender?

= How old are you?

= What is your level of education?
(1) grade school, (2) secondary school, (3) undergraduate (bachelor), (4) graduate
(master/doctor), (5) technical training, (6) others

= How will you describe the location of your domicile/home?
(1) urban area/city, (2) suburban area/close to city, (3) industrial/commercial area, (4)
mountain/forest area, (5) farm/agriculture area, (6) riverside/coastal area, (7) others

= Where are you presently working? (1) Luzon, (2) Visayas, (3) Mindanao

Sources of information on bioenergy are answers to the following question:

How important are the following sources of information in building your opinion on
bioenergy? Please choose from the following: (1) Least important, (2) Relatively important,
(3) Most important, and (4) Not important.
= media (television, newspaper)

= internet

= family and friends

= work colleagues

neighbours

public officials
academe/science
business partners

Knowledge and opinion on bioenergy are answers to the following questions:

Please answer (1) Yes or (2) No

= Are you familiar with the term “bioenergy” (also known as biofuels)?

= Is your work related to bioenergy?

= |n your opinion, is bioenergy good or bad for your country?

= Do you think the use of biomass from food crops for bioenergy production increases food
prices and thus affects food security (i.e. food affordability and availability) in your
country?

Preferences on bioenergy feedstock are answers to the following questions:

How will you rate the potential contribution of the following food crops (and non-food) for the
sustainable production of first (and second) generation bioenergy in your country? Please
choose from the following: (1) Very low, (2) Low, (3) High, (4) Very high, (5) Do not know



= sugar-rich crops (e.g. sugarcane, sugar beets)

= starch-rich crops (e.g. corn, sorghum, wheat, potato, cassava)

= oil-rich crops (e.g. soybean, rapeseed, palm, coconut)

= agriculture and forest residues (e.g. stalks, leaves)

= fast-growing trees (e.g. eucalyptus, poplars, jathropa)

= perennial grasses (e.g. switchgrass, miscanthus, bermudagrass)

Factor analysis

We applied factor analysis to identify the most important variables across all four types of
information, i.e. those with largest contribution to the variance (i.e. difference or spread) in
farmers’ responses to the survey questions. Only the most important variables were used as
input variables to the cluster analysis (see below). Factor analysis is a multivariate analysis
procedure that tries to identify underlying variables, or factors, that explain the pattern of
correlations within a set of observed variables. It is often used to reduce data to categorize a
small number of factors that explain most of the variance that is observed in a much larger
number of manifest variables.

To determine if data is appropriate for factor analysis, we should verify if the sampling is
adequate for analysis using diagnostic tests, such as Anti-Image Correlation Matrix, Bartlett's
Test of Sphericity and Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO). The KMO
measures appropriateness of factors in the analysis; only values not below 0.50 are
acceptable, otherwise, unacceptable which means that the factor group is not good and
individual variables should be examined (i.e. using anti-image correlation matrix) to eliminate
unnecessary variables. Chi-square statistic was used to investigate whether distributions of
categorical variables differ from one another. It is a test of goodness-of-fit of the data
included in the factor analysis. If significance level of the chi-square statistic is higher than
0.05, then the data included in the factor analysis has goodness-of-fit, meaning they are
appropriate and acceptable. Associations will enable “loading” of variables into factor
components (e.g. rotated component matrix). To check how well the variables have loaded
(or bundled) together, we used the Bartlett's Test of Sphericity to determine the level of
significance of the correlation matrix. Loading of variables is only possible if Bartlett's Test is
statistically significant. The criteria for acceptability of a factor solution were based on
exclusion of items with factor loadings less than 0.60. The Bartlett's test, which shows that
variables in specific factor analysis are correlated and thus belongs together in the factor
group, is statistically significant.

The next step in the factor analysis is to extract the factors and the most popular method is
called a principal component analysis (developed by Hotelling, 1933), which determines how
well the factors explain the variation. The goal here is to identify the linear combination of
variables that account for the greatest amount of common variance [23]. The extraction is
based on eigenvalues. Eigenvalues is the total variance explained by each factor. The value
of total eigenvalue should be at least 1.00. A factor with less than 1.00 does not have enough
variance to represent a unique factor, in this case, the factor should not be considered in the
analysis. Screen plots were also evaluated to determine how many factors to include in the
succeeding clustering model. The screen plot is a graphical illustration of the incremental
variance contributed by each factor in the model. It determines the number of factors in the
model such that when the screen plot or factors start to level off, these factors are usually or
need to be excluded from the model. Finally, we used the rotated component matrix to
identify the variables that loaded together or could be combined and if any variable should be
dropped. The method used for the factor rotation is varimax, which minimizes the number of
variables that have high loading on each factor. The rotated component matrix presents the
variables according to their variance contribution, i.e. largest at the top of the list, thus
allowing identification of the most important variables.



Cluster analysis

Cluster analysis groups data objects based only on information found in the data that
describes the objects and their relationships. The goal is that the objects within a group be
similar (or related) to one another and different from (or unrelated to) the objects in other
groups. The greater similarity (or homogeneity) within a group and the greater difference
between groups, the better or more distinct the clustering [7]. Cluster analysis does not
identify a particular statistical method or model, as do discriminant analysis, factor analysis,
and regression. No need to make any assumptions about the underlying distribution of the
data but it forms groups of related variables, similar to that of factor analysis [8].

In this paper, cluster analysis aimed to categorize farmers’ into clusters and determine how
many clusters, so that farmers within a cluster have common characteristics and farmers in
different clusters have diverse characteristics. The results of the analysis were used to
develop typology on farmers’ awareness on bioenergy. The component variables generated
from the factor analysis were used as input to the cluster analysis, which follow two-step
approach - hierarchical and K-means clustering.

Hierarchal cluster analysis is the main statistical approach for finding homogeneous clusters
of cases based on measured characteristics. The method used was between-groups linkage
based on squared Euclidian distance. A hierarchical tree diagram, called a dendrogram on
SPSS was used to determine the linkage points or a graphic visualization of the results of the
hierarchical clustering procedure. It gives an idea of how great the distance was between
cases (i.e. respondents) that are clustered (i.e. the closer the distances, the smaller the
differences in between the cases, and vice versa). These differences can be traced from the
branches of the dendogram so that cases interconnected in a branch are expected to be
closely similar and thus belong to a specific cluster. Similarly, those that closely gather
around other branches make the other groups of clusters. Next is K-means clustering, a
procedure that doesn't require computation of all possible distances. It differs from
hierarchical clustering in several ways. You have to know in advance the number of clusters
you want. You can't get solutions for a range of cluster numbers unless you rerun the
analysis for each different number of clusters. The algorithm continually reassigns cases to
clusters, so the same case can move from cluster to cluster during the analysis. The
algorithm is called k-means, where k is the number of clusters you want; since a case is
assigned to the cluster for which its distance to the cluster mean is the smallest [7].

4. Results and discussion
4.1 Factors and their regional variation

Figure 2 shows the screen plot where there are five component factors generated from 22
variables with eigenvalue greater than 1.00. The results of the KMO and Bartlett’s test that
are imbedded in this figure show that the results of factor analysis are statistically significant.
The Kaiser-Meyer-Olkin (KMO) which measures the appropriateness of factors analysis has
value of 0.829, thus exceeding very much the minimum requirement of 0.50. Bartlett's test is
another indication of the strength of the relationship among variables. The principal
component analysis requires the probability associated with Bartlett's Test of Sphericity be
less than the level of significance. The probability associated with the Bartlett's test is <0.001
which satisfies the requirement. Bartlett's Test of Sphericity, is used to determine the level of
significance of the correlation matrix

10



FIGURE 2 Screen plots of input variables
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The description of the five component factors is presented in Table 2, which shows the name
of variables that loaded together in a component and the variance of their eigenvalues. The
first factor component consists of variables that measure sources of opinion on bioenergy
and all these variables are highly correlated with this factor; second factor is sources of
bioenergy feedstock; third is socio-economic factors including age, domicile and education;
fourth is familiarity with and work related to bioenergy; and fifth factor is food security and
energy source. The variables for each factor are highly correlated to their designated factor.
The eigenvalues of all five component factors are more than 1.00. For the % of variance, we
present results from the rotation sums of squared loadings, the values of which characterized
the distribution of the variance after the varimax rotation. The varimax rotation tries to
maximize the variance of each of the factors, so the total amount of variance accounted for is
reallocated across the extracted factors. Each row contains the percent of total variance
accounted for by each factor, wherein, the first factor accounts for 22.817% of the variance,
the second 17.469%, the third 7.257%, the fourth 6.679% and the fifth 5.501%. For
cumulative %, this column contains the cumulative percentage of variance accounted for by
the current and all previous factors. For this analysis, the fifth row has a value of 59.719,
which suggests that the first five factors collectively account for 59.719% of the total
variance.

Table 2 Rotated component matrix and variance of rotation sums of squared loadings

Component Rotation Sums of Squared Loadings
Variables 1 2 3 4 5 Total % of Cumulative
Eigenvalues | Variance %
Work colleagues 859
Family and friends .859
Academel/science 839
Public officials 831
Neighbours =99 5.020 22.817 22.817
Media (TV, newspaper) | .690
Business partners 684
Internet 639
Sugar-rich crops 839 3.843 17.469 40.287
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Perennial grasses 821

Starch-rich crops 816

Fast growing trees 803

Oil-rich crops 165

Agr_lculture & forest 568
residues

Age 751

Domicile 631 1.595 7.252 47.539

Education -.558

Familiar with bioenergy .809

Bioenergy work related .808 1.469 6679 >4.218

Affects food security 797

1.210 5.501 59.719

Bioenergy source 486

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

Table 3 compares the different case study regions according to the most important variables
identified from factor analysis. Large number of famers in Central Visayas considers many
important sources of information on bioenergy. The most important source for the three
regions is media (TV, newspaper), while internet is the least source of information because
most of the farmers live in farm, where internet is not that accessible in the area. Only media
is considered most important by half of surveyed famers in Davao. Perceptions on potential
on sources of bioenergy feedstock, for both first and second generation, tend to be similar
across all three case study areas, i.e. high potential level, except for perennial grasses in
Calabarzon where it has low potential as feedstock source. Second generation bioenergy
feedstocks are argued to be more sustainable because they do not use food crops and thus
not affect food security, and they can be planted in marginal areas or less productive land
(e.g. grasses). Most farmers in Central Visayas are still very young, highly educated and
mostly live in urban/sub-urban area. Farmers in Calabarzon are in their retirement and retired
age and live in rural area, while farmers in Davao are in their middle and retirement age and
great number of farmers live in rural area.

Table 3 Regional comparisons of most important variables

Factors | Calabarzon | Central Visayas | Davao
Source of information
Work colleagues 45.69 % 65.52 % 41.67 %
Family & friends 47.41 % 63.79 % 45.00 %
Academe/science 55.17 % 56.90 % 36.67 %
Public officials 55.17 % 56.90 % 45.00 %
Neighbors 31.03 % 67.24 % 41.67 %
Media (TV, Newspaper) 56.90 % 75.86 % 51.67 %
Business partners 23.28 % 56.90 % 41.67 %
Internet 18.97 % 39.66 % 35.00 %
High potential for production
Sugar-rich crops 52.59 % 100.00 % 85.00 %
Perennial grasses 42.24 % 96.55 % 85.00 %
Starch-rich crops 58.62 % 100.00 % 85.00 %
Fast growing trees 52.59 % 96.55 % 85.00 %
Qil-rich crops 74.14 % 98.28 % 85.00 %
Agriculture/forest residues 58.62 % 100.00 % 85.00 %
Age
<30 | 6.03% | 37.93% | 11.67 %
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31-40 16.38 % 44.83 % 20.00 %

41-50 12.93 % 6.90 % 31.67 %

51-60 33.62 % 10.34 % 26.67 %

> 60 31.03 % 0.00 % 10.00 %

Domicile

Urban/sub-urban 4.31 % 55.17 % 10.00 %

Mountain/forest 12.93 % 0.00 % 0.00 %

Farm/agriculture area 68.10 % 44.83 % 86.67 %

Riverside/coastal area 11.21% 0.00 % 0.00 %
Education

Primary/Grade School 25.86 % 17.24 % 43.33 %

Secondary 50.86 % 27.59 % 31.67 %

Undergraduate

(Bachelor) 14.66 % 43.10 % 20.00 %

Graduate 1.72 % 12.07 % 5.00 %
(Master/Doctor)
Familiar w/ bioenergy 43.10 % 55.17 % 68.33 %
Work related to bioenergy 30.17 % 0.00 % 5.00 %
Food security 57.76 % 87.93 % 63.33 %
Energy source- Bioenergy

Low 5.17% 1.72% 10.00%

Medium 20.68% 12.07% 5.00%

High 39.66% 50.00% 30.00%

Very high 28.43% 36.21% 41.67%

Do not know 6.03% 0.00% 13.33%
Work Region 49.57% 24.79% 25.64%
Gender

Male 50.86 % 51.72 % 58.33 %

Female 49.14 % 48.28 % 41.67 %
Bioenergy is good 98.28% 100.00% 100.00%

Familiarity with “bioenergy” or “biofuels” is highest in Davao and lowest in Calabarzon,
however works of farmers in Calabarzon is somehow related to bioenergy compared to
Davao and Central Visayas where work were not totally connected. Concerning with their
perception if bioenergy is good or bad for the country, all or almost all farmers in the three
regions consider that bioenergy is useful but, thus, affect food security when biomass from
food crops will be used for bioenergy production. Largest number of farmers who links
bioenergy and food security is in Central Visayas. Farmers in three regions also assessed
the potential contribution of bioenergy, in comparison with other energy sources (i.e.
renewable energy and fossil fuel) in promoting economic growth in the country and Central
Visayas gave the highest potential and lowest in Davao. Most of the surveyed farmers were
male except for Calabarzon were gender of farmers were almost equal. On this matter,
female should also have knowledge or awareness on bioenergy because they are also part
of country’s economic growth or development.

3.2 Clusters and their typologies

A dendrogram, Figure 3, reviews the hierarchical agglomeration process. Objects (i.e.
farmers) that group together earlier tend to be more similar in terms of the proximity measure
defined. By drawing a line through the dendrogram we can determine which objects belong
to which cluster. The further to the right of the dendrogram we draw the line, the fewer
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clusters will be extracted. The dendogram indicates that the farmers can be grouped into four
clusters.

FIGURE 3 Dendogram of the surveyed farmers based on the most important variables
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Table 4 interprets the mean case summary for each cluster. Cluster 2 gave the least
importance in sources of information in building their opinion on bioenergy but they are
educated on bioenergy feedstocks while the other 3 clusters were not; moreover, in socio-
economic factors, cluster 2 gave least significance for this factor because most of the
farmers, in the other 3 clusters, live in rural areas, average education and, ages were close
to retire and retired ages. In relation to familiarity and work related to bioenergy, cluster 4 got
negative value because farmers here answered the least who are not familiar with bioenergy
(they are the most farmers who are familiar with bioenergy) and almost all farmers are work
related to bioenergy; whereas in cluster 2, some farmers are not familiar with bioenergy, for
the reason that farmers in cluster 2 are very familiar with bioenergy though works were not
related; while in cluster 3, almost all of the farmers are not familiar with bioenergy that's why
they got the highest value; same as well in cluster 1 where great number of farmers are not
also familiar and at the same time, they consider that their jobs, in cluster 1 and 3, were not
also related to bioenergy. For food security and bioenergy source, cluster 2 and 3, who
happened to have negative values, gave the least answer that it will not affect food security
but in fact, they do believe that the production of bioenergy can affect food security, cluster 4
were really undecided or no idea if it will affect food security; and cluster 1, who got the
highest value, well, in fact think that it will not affect food security.

Table 4 Mean cluster summary

Factors Cluster 1 Cluster 2 Cluster 3 Cluster 4
Sources of information 0.146 -0.240 0.167 0.167
Choices on feedstocks -0.093 0.499 -0.390 -0.482
Socio-economic 0.101 -0.747 0.753 0.486

Familiar and work

related with bioenergy 0572 0.024 0.739 -1.810

Food security and

. 1.631 -0.335 -0.581 0.157
bioenergy source
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Based on the responses of the farmers in each cluster on the questions related to the five
components factors (Appendix 1), we analyzed the profiles of the clusters which give some
indications on the typologies based on the level of awareness. These typologies, which we
describe as unaware, low awareness, moderate awareness and high awareness, are as
follows:

= Cluster 1 consists of farmers whose age is near to retire, residence is mainly rural area
and most important sources of information on bioenergy are other farmers. They think oil-
rich crops have high potential contribution for the sustainable production of bioenergy.
They have low familiarity with bioenergy and consider their work as not related to
bioenergy. On the other hand, they believe that bioenergy does not affect food security
but they are not sure if bioenergy can contribute to economic growth. The level of
awareness of farmers in this cluster can be considered extremely low and can thus be
characterized as “unaware”.

= Cluster 2 consists of farmers who are middle aged, live in rural areas and highly
educated. Media, e.g. TV and newspaper, and internet are relatively important sources of
information. They counted non-food crops, such as perennial grasses, agriculture and
forest residues, as feedstock to have very high potential contribution for the sustainable
bioenergy production. They are the largest proportion of respondents who thinks potential
is between high and very high for both non-food crops. They are very familiar with
bioenergy although their work is not related to it. They believed that bioenergy will affect
food security however it has very high potential for economic growth. As compare to the
farmers in other clusters, those in this cluster can be considered very informed and thus
have a typology of “high awareness”.

= Cluster 3 consists of farmers whose age is close to retirement, residence in rural areas,
and most important sources of information are family and friends. They consider only oil-
rich crops to have high potential as bioenergy feedstock. They are not familiar with and
consider their work as not related to bioenergy. Famers in this cluster have thus very
close characteristics with those in cluster 1. However, in contrast to cluster 1 farmers,
they believe that bioenergy has high potential for the economy but then will affect food
security. These farmers can thus be considered to have a typology of “low awareness”.

= Cluster 4 consists of farmers who are in retirement and retired age, live in rural area,
educated and neighbors are relatively important source of information. They consider
fast-growing trees have average potential for the second bioenergy feedstock. They are
most familiar and largely think that their works are related to bioenergy and considered
that bioenergy has average potential for economic growth. Regarding food security,
farmers in this cluster are not sure about it because half of the total respondents
answered that it will affect and other half answered that it will not. The level of awareness
of the farmers can thus be considered moderate or typology corresponding to “moderate
awareness”.

Figure 4 shows how the farmers are distributed into the four typologies. The largest number
of farmers has a typology of high awareness (40%); quarter of them is clustered in low
awareness; and almost equal proportion of farmers has typology unaware and moderate
awareness. Farmers with high awareness were found predominantly in Central Visayas, next
is Davao. Only few farmers are unaware in Central Visayas, while Davao has the least
number of farmers who has low awareness. Calabarzon is where greatest number of farmers
who has low to moderate awareness were located, also few farmers has high awareness.
Unaware or extremely low awareness farmers have equal distribution in Calabarzon and
Davao. No single farmer in Central Visayas has moderate awareness.
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Figure 4 Distribution of farmers by typology and region
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4. Discussion and conclusions

This study presents the awareness of farmers on sustainability of alternative bioenergy
feedstock and results show that there is variation on farmer’s awareness from different case
study areas in the country Clustering of farmers from different region where categorized
according on their knowledge on bioenergy. Farmer awareness varies from unaware, low
awareness, moderate awareness to high awareness typologies. The greatest number of
farmers with high awareness typology is located in Central Visayas, followed by Davao while
Calabarzon has the least number of farmers with high awareness on bioenergy.

Farmers with high awareness is greatest in Central Visayas for the reason that many farmers
are still in their young age, age that still have the time and interest to explore or learn new
ideas; highly educated, where they have supplementary knowledge from their
schools/universities; and mostly reside in urban area were information reaches farmers
ahead of time, are the significant factors that give farmers the additional information and
knowledge, while farmers in Calabarzon and Davao mostly reside in rural areas and already
in their retirement and retired age. Socio-economic factors have great impact on farmer’s
knowledge, together with farmer’s sources of information and farmers with high awareness
thinks media and internet as important sources and Central Visayas considers many sources
of information. Farmers in this typology, though their work was not related to bioenergy, see
non-food crops to have potential for bioenergy to be sustainable.

Farmers with unaware typology were found mostly in Calabarzon and Davao where they
have the same proportion of farmers. And farmers, in this typology, source of information
came also from other farmer, consider oil-rich crops to have high potential as feedstock’s and
believes that it will not affect food security but if this can contribute to country’s economic
growth is uncertain for them.

The largest numbers of farmers with low to moderate awareness were located in Calabarzon.
Farmers most important sources of information came from their family, friends and
neighbors. Farmers with low awareness typology are not familiar with bioenergy; consider oil-
rich crops as feedstock and it can contribute to economic growth because for them this will
not affect food security. Farmers with moderate awareness are mostly familiar with bioenergy
and consider second-generation bioenergy feedstock, fast-growing trees, for the country to
grow or develop but vague if it will affect food security.
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Farmers should have understanding on this issue in view of the fact that they are the primary
sector that will be involved whenever mass production of biofuels in the country will start off.
Sustainability of feedstock for first and second generation bioenergy must be studied
holistically to have sustainable production so that farmers will benefit most for they are the
producer of bioenergy feedstock. Therefore, overview on bioenergy feedstock and production
must be introduced to farmers for them to be familiar and aware.
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Abstract

Biofuels are acquiring importance due to their potential to mitigate greenhouse gas emissions.
The two most important biofuels — viz., bio-ethanol and bio-diesel, are largely considered
supplementary to the transport fuels. India has extensive programs and aims to blend 20 percent
of transport fuels with biofuels by 2017. This paper focuses on three aspects in the context of
biofuel production and policy in India. First, the paper looks at feasibility of meeting the biofuel
blending targets envisaged. While jatropha remains as the main feedstock for biodiesel
production, sweet sorghum could be considered as alternative feedstock to sugarcane for
bioethanol production. Secondly, the paper analyzes the competitiveness of jatropha and sweet
sorghum using the cost of cultivation data for a number of crops grown in major states of India
during the decade of 2000s. The results suggest that both jatropha and sweet sorghum could pose
threat to coarse cereals production. Lastly, the paper critically analyzes the viability of jatropha
plantations based on insights from field survey conducted in the Southern state of Tamil Nadu.
The paper argues that despite aggressive approach adopted by the Government of India,
inadequate attention paid to the institutional issues has resulted in unsatisfactory progress in
achieving the bio-diesel blending targets.
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1.0 Introduction

India is the fifth largest primary energy consumer and the fourth largest petroleum
consumer in the world. The growing population, increasing per capita income, infrastructural
development and rapid socio-economic development have spurted an increase in energy
consumption across all the major sectors of the Indian economy. Currently, India’s energy
demand is primarily met through non-renewable energy sources such as fossil fuels (coal, natural
gas and oil). Being short in domestic production, India mainly depends on crude oil imports that
have risen from 57.8 million tons in 1999-2000 to 172 million tons in 2011-12 which accounts
for 4 times of the domestic production which stand at 38 million tons in 2011-2012 (Gol, 2012).
The Crude oil prices imported from the international market has sharply risen from 26.65
USD/bbl to 111.12 USD/bbl in 2011-2012 (Gol, 2012). Given the limited domestic energy
resources, escalating crude oil prices, and growth in domestic consumption of petroleum
products, India’s oil import bill has inflated considerably (see figure 1). In the near future the
imports are slated to rise further with no major breakthrough in domestic oil production and the
phenomenal rise in vehicular population, as evident from the domestic sales that has rapidly
grown from 9.6 million vehicles in 2008 to over 17 million vehicles in 2013. India’s energy
policy has primarily focused on providing energy security to sustain high economic growth rate.
The “energy security” is broadly interpreted as adequate, clean and efficient supply of energy for
the input requirements of various producing sectors and the basic needs of households, along
with insurance against the risk of a disruption in supply or volatility of prices (Gol, 2006). Oil
being the dominant fuel in the world, like any other net oil-importing developing country, India’s
energy insecurity is centred on the uncertainty surrounding oil prices and its supply. Since oil,
like any other fossil fuel, is non-renewable, India faces increasingly difficult challenges in

ensuring energy security.

Among all end-uses, the scope for fuel substitution is highly restricted in the transport
sector, which is a very vital one because of its role in ensuring the mobility of goods and people.
The vehicular population is growing at 8-10 percent annually in India, with two-wheelers
constituting 72 percent of the total registered motor vehicles. Among the various petroleum
products, diesel meets an estimated 73 percent of fuel demand from transport sector. Figure 1

shows the increasing trend of high speed diesel consumption in India. With growing concerns of



vehicular exhaust being one of the major causes of global environmental pollution, the global
community is seeking non-petroleum-based alternative fuels, along with more advanced energy
technologies, to increase energy use efficiency. Thus, there has been a worldwide search for
alternative renewable fuels to mitigate the problem of energy insecurity and India has been
exploring the feasibility of developing biofuels that can reduce the dependence on petroleum

products for transport.

The use of a biotic resource, however, may involve some change in the land use pattern if
it is derived from a cultivated crop, as is in the case of bioethanol and biodiesel, from sugar cane
and oilseeds respectively. Since changes in land use may threaten the security of food or other
agrarian supplies, this paper focuses on assessing the profitability and competitiveness of
jatropha cultivation for biodiesel production and sweet sorghum cultivation for bioethanol
production. Given the close linkages between land use pattern and rural livelihoods, the paper
also looks at the implications of jatropha cultivation on rural livelihood options.
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Figure 1. Petroleum Production Consumption and Import Dependence in India



2.0 India’s Biofuel Policy Context

India’s biofuel policy regime is influenced broadly by: (a) energy security concerns —
ever increasing energy demand necessitates search for renewable energy alternatives given
India’s limited fossil fuel reserves; (b) environmental concerns — growing local pollution and
climate change concerns make it imperative to search for environmentally friendly alternatives;
(c) wasteland utilization — biofuel feedstock cultivation could bring wastelands and other
unproductive lands for effective utilization; and (d) enhance rural livelihood options. The
National Policy on Biofuels adopted in 2009 envisaged strengthening India’s energy security by
encouraging use of renewable energy resources to supplement transport fuels. The policy aimed
at achieving 20 percent blending of transport fuels petrol and diesel with bioethanol and bio-
diesel by 2017. The policy emphasized use of degraded land and waste land not suitable for
agriculture to raise biofuel feedstock to avoid food versus fuel dilemma. In addition to setting-up
of a National Biofuel Fund for providing financial incentives, including subsidies and grants for
new and second generation biofuel feedstock, the policy also advocated establishing minimum

support price mechanism to ensure fair price for biofuel feedstock growers.

Though the National Policy on Biofuels attempted to stay clear of food versus fuel
dilemma, a number of studies have cautioned against zealous promotion of biofuels. Fischer et
al. (2008) argue that an additional 140 to 150 million people may be at the risk of hunger by
2020 due to biofuel expansion in India and other South Asian countries. The authors further
observe that even though the second generation biofuels may reduce adverse impacts on food
security, the indirect impact of biofuels on food security through adverse influence on
biodiversity could be considerably high. Msangi and Rosegrant (2011) argue that biofuel
expansion will result in substantive increase in market prices and hence lead to food security
concerns. They further argue that the South Asian countries, including India, may have to
increase their crop yields by an additional 1 percent per year up to 2030 to overcome stress

induced by the biofuel expansion.

The feasibility analysis of meeting blending targets outlined in the National Biofuel
Policy raises important issues regarding land availability in case of biodiesel production, and the
need for identifying alternative feedstock in case of bioethanol production. Based on the

Integrated Energy Policy projections, India’s high speed diesel (HSD) requirement would reach



190 million tons by 2031-32. Twenty percent blending target outlined in the National Biofuel
Policy 2009 translates to biodiesel demand of about 38 million tons by 2031-32. With a yield of
around 3.75 tons per ha, cultivating jatropha in 33.2 million hectares of land would meet the
biodiesel demand. Singhal and Sengupta (2012) show that about 37.38 million hectares of
wasteland suitable for jatropha cultivation in available in India. However, as discussed further in
the fourth section below, the wasteland is not strictly wasteland with significant rural population
dependent on miscellaneous tree growth supported by such lands. Also, the overall area under
foodgrains has remained static in India over past decade or so. In such context use of wasteland
for fuel purposes remains debatable. This acquires further important in the context of South
Asian Enigma of stagnant per-capita food consumption (compared to North Africa and West

Asia) despite impressive growth registered in terms of per-capita income.

The bioethanol blending target set by the policy will need additional production capacity
and hence more bioethanol production plants, as well, require more sugar cane cultivation, if
molasses is used as primary feedstock. In the case of bioethanol production, molasses may have
to be diverted from other uses such as the alcohol or pharmaceutical industries. The availability
of molasses to meet blending mandates depends on cane and sugar production that are cyclical in
nature. Lower molasses availability will put pressure on molasses prices and availability of
molasses for ethanol production. Owing to the cyclical nature of sugarcane production in the
country, the processing industry experience periodic market glut of sugarcane and molasses
impacting prices. For example, the molasses prices in the last decade have fluctuated between Rs
1000 and Rs 5000 per ton (Shinoj et al., 2011). Additionally, ethanol produced has many other
alternative uses such as potable alcohol, and the chemical and pharmaceutical industry. During
the constrained ethanol supply periods, the utilization tends to be more towards potable and
industrial uses due to inability of the Oil Marketing Companies to procure the required amount
of fuel ethanol bending at prevailing market prices (Shinoj et al., 2011). Import of ethanol for
fuel usage is currently restricted through policy and even if made free, would cost the exchequer
very dearly, as the international markets for ethanol are already very tight due to demand from
other biofuel-consuming countries. Given the scenario of 10% blending requirement, the
growing demand for alcohol from the potable and chemical sector (growing at 3-4% per annum)
and the highest available alcohol from molasses pegged at 2.3 billion liters, there will be a

shortage of alcohol for blending (Basavaraj et al., 2012).



If molasses alone has to meet the entire requirement of 10% blending, an area covering
approximately 10.5 million ha with 736.5 million tons of sugarcane has to be cultivated (around
20-23% in excess of what is required for meeting the corresponding sugar demand) which
translates into doubling of both area and production. Presently, the country lacks both technology
and infrastructure required to implement this. Further, it is not possible to increase the area under
sugarcane beyond certain limit given that sugarcane is highly water intensive with a requirement
of 20,000-30,000 cubic metre per ha per crop. Increasing the area under sugarcane will be at the
cost of diverting land from other staple food crops (Shinoj et al., 2011). Hence, ethanol
production has to be augmented from alternative feedstocks. One such alternative is sweet

sorghum which is both resource saving and sustainable.
3.0 Biofuel Feedstock Cultivation — Competitiveness Analysis

For the purpose to assessing whether the cultivation of biofuel feedstock would become
competitive for other food and non-food crops being cultivated in a region the following

approach:

a) Biofuel feedstock price that is competitive to a principal crop is referred as the price level
at which the per hectare ground rent earnings from the biofuel feedstock — if sown on the

same piece of land — will be equal to the earnings from the principal crop it is to replace.

b) Using the competing biofuel feedstock price, one can estimate the critical
bioethanol/biodiesel price which is the minimum price of biofuel for which returns to a
farmer are just sufficient to cover the opportunity cost of diverting land from cultivating a
principal crop to biofuel feedstock cultivation.

c) Using the energy parity of bioethanol and petrol, and biodiesel and HSD, one can further
estimate the critical petrol and HSD prices.

d) Comparison of the computed critical petrol and HSD prices with the domestic storage
point prices reveal whether the food/non-food crops could be threatened by the biofuel

feedstock cultivation.

It is important to acknowledge here that cultivation of biofuel feedstock also crucially
depends, among other things, on agro-climatic conditions and soil quality. The approach adopted



here does not account for such bio-physical suitability assessment of biofuel feedstock
cultivation. For the purpose of implementing the above outlined approach the following

determinants of agricultural land use reported in the cost of cultivation data are utilized:

a) Paid out costs (A2): - It is a sum total of all actual expenses (in cash and kind)
incurred by a farmer in production and rent paid for leased in land.

b) Profit margin: It is a measure of earnings accruing to a farmer per Rupee of
expenditure incurred by him/her in farm operations. It is defined as the ratio of Gross
Value of Output to Paid out cost.

c) Ground rent: It is defined as the difference between Gross Value of Output for a crop
and Cost C1 incurred by a farmer. Cost C1 is a sum total of all actual expenses (in
cash and kind) incurred by the farmer in production, interest on value of owned fixed

capital assets (excluding land) and imputed value of family labour.

Competitiveness of jatropha and sweet sorghum are assessed using the approach outlined
above. The cost of cultivation data across various crops in all major states of India for the years
2004-05, 2007-08 and 2010-11 is utilized for this purpose. The competitiveness of jatropha and
sweet sorghum has been assessed against, (a) cereals — rice, wheat, jowar, bajra, maize, ragi and
barley; (b) pulses — gram, urad, and moong; (c) oilseeds — groundnut, rapeseed, soybean,
sunflower, and sesamum; (d) fibres — cotton and jute; and (e) other crops including sugar cane,
onion etc. Analysis is confined to 19 major states of India, namely, Andhra Pradesh, Assam,
Bihar, Chhattisgarh, Gujarat, Haryana, Himachal Pradesh, Jharkhand, Karnataka, Kerala,
Madhya Pradesh, Maharashtra, Orissa, Punjab, Rajasthan, Tamil Nadu, Uttar Pradesh,
Uttarakhand and West Bengal.

Cost of Cultivation Data for Biofuel Feedstock

Paramathma et al. (2004) and Goswami et al. (2011) provided some estimates of cost of
cultivation of jatropha. Jatropha being a plantation crop, its comparison with other annul crops
poses slight conceptual difficulty. Taking a specific life time for the jatropha plant and interest
rate for present value calculations, the paid out costs and revenue over life time of the plant are
converted to their annual cost equivalents. For the purpose of the calculations the life time is

taken here as 14 years and the interest rate is considered as 12.5 percent. Based on data provided



in Paramathma et al. (2004) and Goswami et al. (2011) the equivalent annual cost of jatropha
cultivation per hectare is estimated to be in the range of Rs. 17000 to Rs. 20000. With the seed
priced at Rs. 9 per kg, the equivalent annual revenue per hectare from jatropha cultivation is
estimated to be in the range of Rs. 65000 to Rs. 70000. Thus the ground rent per hectare ranges
between Rs. 48000 and Rs. 50000. The profitability ratio correspondingly would range between
3.5and 4.0.

Sweet sorghum is similar to grain sorghum but possesses sugar-rich stalks, with higher
juice content. Because of its rapid growth, high sugar accumulation, high biomass production
potential and wider adapt ability, sweet sorghum can be grown in different agro-climatic
conditions. The sugar content in the juice extracted from sweet sorghum varies from 16-23%
Brix. It has good potential for jaggery and syrup production besides ethanol. The grain can be
used as food and the bagasse after extraction of juice from stalks is an excellent livestock feed. In
view of the potential benefits of sweet sorghum as a feedstock for bioethanol production, a pilot
value chain model of sweet sorghum as a food-feed-fodderfuel was tested in Andhra Pradesh,
India, to augment incomes of farmers while developing a sustainable sweet sorghum—ethanol
value chain under ICRISAT-NAIP (ICAR) Sweet Sorghum Value Chain Project by linking

sweet sorghum farmers to ethanol industry.

The source of farm input data was the farmers cultivating sweet sorghum under the project
and data were collected for the crop years 2008-09, 2009-10 and 2010-11 from Ibrahimbad
village in Medak district of Andhra Pradesh. The data collected was analyzed for various costs,
gross and net returns and input-output ratios of the crops. The costs of cultivation that were
covered include both paid-out costs and imputed costs. Paid-out costs included hired labor
(human, animal and machinery); expenses on material inputs such as seed, fertilizer, manure,
pesticides and irrigation; and rent paid for leased in land. Since some of the inputs used in the
production process came from family sources, the value of these inputs was imputed. The
method of imputing these costs was on the basis of the prevailing market rates for labor and
materials and postharvest prices of the main product and by-product. However, in calculating the
net returns to crop cultivation only cost concept A1l was considered, i.e, the value of paid-out
costs such as hired labor and expenses on materials while the imputed cost of family labor was

not included. All the costs and returns were based on the actual area reported by the farmers.



Yields were calculated based on the measured area that was found to be less in most cases
compared to the actual area reported by the farmers. For the purpose of this analysis actual area
reported by farmers was considered along with the data corresponding to 2010-11. Based on
Reddy et al. (2013), the cost of sweet sorghum cultivation excluding family labour is taken as
Rs. 9496 per hectare. Including family labour and materials, the cost of production is estimated
to be around Rs. 12414. Table 1 reports the profitability ratio and ground rents associated with

sweet sorghum cultivation under various assumptions about the price of sweet sorghum stalk.

Table 1: Paid-out Cost, Profit Margin and Ground Rent Earnings: Sweet Sorghum Cultivation

Price of Sweet Sorghum Paid-out cost Profitability Ground Rent (Rs/hectare)
Stalk in (Rs/tonne) (Rs. Per Ratio
hectare)
600 12414 1.484 6018
700 12414 1.6 7818
800 12414 1.774 9618
1200 12414 2.35 16818

Critical HSD Price Range

Using the equivalent annual cost of jatropha cultivation and the ground rent of a crop that
jatropha could potentially replace, the critical biodiesel price is estimated. The bio-refinery cost
of producing biodiesel from raw jatropha oil is taken as Rs. 9.50 per kg of biodiesel (Singhal and
Sengupta, 2012). Taking into account the energy content of biodiesel and HSD, the critical HSD
price is also estimated. Table 2 reports the estimated critical HSD prices for the years 2004-05,
2007-08 and 2010-11 for several food and non-food crops.



Table 2: Critical HSD Price Range (in Rs. Per litre)

2004-05 2007-08 2010-11

Crop Max Min Max Min Max Min

Paddy 20.47 13.15 24.36 13.25 25.61 11.21
Wheat 17.56 12.65 21.95 12.53 21.77 11.97
Maize 15.54 12.64 16.40 13.24 21.93 12.38
Jowar 13.81 13.02 14.64 12.82 16.41 12.12
Bajra 13.74 13.37 14.51 13.51 14.47 13.32
Ragi 13.92 12.55 17.13 11.88 16.38 10.73
Barley 15.53 11.22 18.05 13.74 16.80 13.74
Gram 16.23 13.74 19.19 13.74 20.80 13.74
Tur 16.40 13.64 13.74 13.74 13.74 13.74
Groundnut 15.53 12.81 17.84 13.74 20.32 13.74
Rapeseed & Mustard 17.23 12.91 23.29 13.74 22.15 13.36
Soybean 15.24 13.74 17.12 13.74 18.05 13.74
Sesamum 15.68 13.63 15.95 13.74 16.56 13.74
Sunflower 14.30 13.74 15.84 13.74 15.39 13.74
Cotton 18.37 12.39 21.21 13.74 32.20 13.74
Jute 13.94 13.26 15.53 13.71 23.09 13.74
Sugarcane 28.67 13.74 28.09 13.74 48.13 13.74

The storage point price of HSD in April 2013, for instance, was Rs. 38.05 per litre. In
comparison, the critical HSD prices across almost all crops (with the exception of sugarcane in
2010-11) for the three time periods considered are lower. This suggests that jatropha could
compete with all food crops. However two caveats must be noted — first, the crucial HSD prices
are probably under-estimates due to high yield predictions considered in Paramathma et al.
(2004); second the crop cultivation may not entirely depend on cost considerations and as

mentioned above agro-climatic conditions and soil quality matter significantly.

Aggregating the data across the states the coefficient of variation of critical biodiesel
price of each state across different crops that jatropha could compete in that state is calculated. A
lower coefficient of variation makes food and other agricultural products vulnerable to a

competitive threat from energy crop cultivation Table 3 reports the estimated coefficient

variation values across 19 states for the three years.




Table 3: State-wise Coefficient of Variation (CV) of Critical Biodiesel Prices

2004-05 2007-08 2010-11
Avg Critical Avg Critical Avg Critical
Biodiesel Biodiesel Biodiesel
State Price cv Price cv Price cv
AP 14.8 15.6 15.9 15.2 18.3 34.6
Assam 12.5 1.3 131 3.8 13.2 6.6
Bihar 14.0 6.7 15.5 6.4 16.7 18.3
Chhatisgarh 13.2 3.8 14.8 11.8 14.3 8.7
Gujarat 14.4 7.9 16.5 16.7 18.1 29.9
Haryana 164 26.4 17.6 19.9 21.0 33.7
HP 12.7 1.2 12.8 3.2 13.5 8.7
Jharkhand 12.7 7.8 13.2 12.2 12.8 19.7
Karnataka 14.6 31.3 15.2 215 17.0 54.5
Maharashtra 13.8 25.0 13.6 9.6 15.6 38.5
MP 134 8.9 14.6 12.0 164 20.7
Orissa 12.9 1.1 134 4.1 15.2 154
Punjab 16.8 10.8 20.6 10.0 23.0 11.8
Rajasthan 13.9 10.1 14.9 14.0 15.9 31.2
TN 14.1 19.8 15.7 25.9 18.2 445
up 14.3 16.2 15.7 15.7 17.0 26.4
Uttarkhand 13.9 27.4 16.7 24.5 23.8 42.2
WB 13.4 9.1 14.0 4.5 15.9 20.8

The estimates show that states such as Orissa, Himachal Pradesh, and Assam are
particularly vulnerable as the coefficient of variation is consistently lower than that of other

states.
Critical Ethanol Blended Petrol

The sweet sorghum stalk price that is competitive to a principal crop would refer to the
price level at which the per hectare GR earnings from Sweet Sorghum, if sown on the same piece
of land, will be equal to the earnings from the principal crop it is to replace. The competing
sweet sorghum price vis-a-vis every principal crop in a state is to be estimated as covering the
opportunity cost of cultivating sweet sorghum, replacing a specific crop. Such an opportunity

cost-based price would be derived from the cost of cultivation (Cost C1) of sweet sorghum plus



the GR of the crop replaced in the state concerned. The competing GVO for sweet sorghum (in
Rupees per hectare) against ith principal crop in jth state would thus be equal to the Cost C1 of
cultivating sweet sorghum plus GR (or opportunity cost of land use) from the ith principal crop
in jth state. Using the above estimated competing GVVO for Sweet Sorghum, along with the yield
of bio-ethanol syrup per tonne of stalk will provide the competing sweet sorghum stalk price
range in per kg terms. The estimated crop-wise stalk price value will thus be sufficient to cover

the opportunity cost of diverting the agricultural land for sweet sorghum cultivation.

Further, the equivalent value in per litre term of estimated value of one kg of salk
corresponding to a specific crop and the bio-refinery cost of converting raw syrup into bio-
ethanol taken together gives an estimate of the critical bio-ethanol price that would induce a
reallocation of resources in agriculture. The bio-refinery cost of producing bio-ethanol from
straw (excluding the cost of raw material) is estimated to be Rs 22 per litre (Reddy et al., 2013).
The critical bioethanol price calculated is the minimum price of bioethanol for which returns to a
farmer are just sufficient to cover the opportunity cost of diverting land from cultivating a

principal crop to sweet sorghum cultivation.

A farmer will be induced to divert his land for sweet sorghum cultivation if the ex-
refinery gate price of bioethanol exceeds the critical price level. On the basis of the GR earnings
for principal crops and a range of stalk prices, the median competing stalk price for each
principal crop is calculated (see Table 4). The critical bioethanol price for a particular
agricultural crop is estimated taking into account the competing sweet sorghum stalk price
corresponding to that crop and the bio-refinery cost of producing bioethanol from raw sweet
sorghum oil. The suitable use of low energy-consumption integrated technology for ethanol
production from sweet sorghum shall yield 91.9 kg of ethanol for a tonne input of sweet sorghum
stalk (Li et al., 2013). This yield of ethanol in kg per hectare is used to get the competing price of
Sweet Sorghum in Rs./kg. Adding the cost of raw material and the bio refinery cost (taken as Rs.
22 per litre as mentioned above) gives an estimate of the value of one kg of bioethanol. Using the
conversion factor of one kg of sweet sorghum stalk will yield to 1.26 litres of syrup, the price
bioethanol in rupees per litre is estimated. On an energy parity basis, the corresponding critical
EBP price is estimated. The calorific values of one litre of commercial ethanol and one litre of

bioethanol are taken respectively as 5074 kilocalories and 5042 kilocalories.



It must be emphasized here that the choice of the crop sown depends on the agriculture

season, whether it is the rabi or kharif season. As a result farmer may grow more than one crop

in an agricultural year. Similarly, some of the varieties of sweet sorghum have a short gestation

period of 3~4 months, and hence the farmers can adopt the crop rotation method in order to

maximize their benefits. But, for estimating the GR earnings for principal crops we have

assumed that farmers cultivate only one principal crop a year.

Table 4: Critical Ethanol Blended Petrol Price Range: 2010-11

Median Median :
crops | Compeng | Comper | U | cria | S| Ve
Range |ng- Price Range Bio-Ethanol Range Price
SS Price Price
Paddy 2.10-32.95 13.97 23.67 - 48.15 33.09 23.82 - 48.45 33.30
Wheat 3.71-24.72 16.46 24.95 - 41.62 35.06 25.11-41.89 35.29
Maize 4.61- 25.06 8.28 25.66- 41.89 28.57 25.82-42.16 28.75
Jowar 4.04-13.27 6.63 25.21- 32.53 27.26 25.37-32.74 27.43
Bajra 6.61 - 9.08 7.20 27.25-29.21 27.72 27.42 - 29.39 27.82
Ragi 1.77-13.16 6.18 23.40- 32.45 26.91 23.55-32.65 27.08
Barley 13.81-14.08 13.95 32.96- 33.18 33.07 33.17-33.39 33.28
Gram 8.87- 22.64 13.01 29.04- 39.97 32.32 29.22 - 40.22 32.53
Urad 11.22 - 15.87 12.81 30.91- 34.59 32.23 31.10- 34.81 32.43
Moong 10.44 - 13.08 10.44 30.28- 32.38 30.28 30.47- 32.58 30.47
Groundnut 8.48 -21.61 16.34 28.73- 39.15 34.97 28.91 - 39.40 35.19
R&M 6.70- 25.54 20.38 27.32- 42.27 38.17 27.49 - 42.54 38.41
Soyabean 9.15- 16.75 11.04 29.26- 35.29 30.76 29.44 - 3551 30.96
Sesamum 8.31- 13.55 12.49 28.59- 32.75 31.91 28.78 - 32.96 32.12
Sunflower 8.91- 11.05 9.73 29.07- 30.77 29.72 29.25 - 30.97 29.91




Nigerseed 0.00- 0.00 9.30 22.00- 22.00 29.38 22.14-22.14 29.57
Safflower 8.43-11.89 10.16 28.69- 31.44 30.06 28.87 - 31.64 30.25
Cotton 24.98 - 47.07 30.28 41.83-59.36 46.03 42.09 - 59.74 46.33
Jute 7.97 -27.54 14.12 28.32- 43.86 33.20 28.50 - 44.14 33.41
Sugarcane | 42.73-66.09 59.43 55.91- 74.45 69.77 56.27 - 74.93 69.61
Potato 27.44 - 66.00 40.07 43.78-74.38 53.80 44.05 - 74.85 54.14
Arhar 10.55 - 23.54 13.79 30.38- 40.68 32.94 30.57 - 40.94 33.15
Lentil 10.67 - 20.61 15.65 30.47- 38.36 34.42 30.66 - 38.60 34.64
Peas 10.09 - 12.67 11.38 30.01- 32.05 31.03 30.20 - 32.26 31.23
Onion 26.3- 117 32.45 42.9-114.9 47.76 43.2 -115.7 48.06

The Refinery Transfer Price (RTP) on landed cost basis for unblended petrol is fixed at
Rs 46.46 per litre on May 2014, while the 2013 price was pegged at Rs 44.12 on account of
rising demand and fluctuations in crude oil prices in the international market. In comparison to
ex-refinery unblended petrol price levels, the estimated critical blended-petrol prices are on a
lower side. Except the four crops - sugar cane, cotton potato and onion, the highest estimated
median critical EBP price is Rs38.41 per litre for R&M cultivation and the lowest median price
is Rs 27.08 per litre for ragi cultivation. Thu, potentially sweet sorghum cultivation could

compete with many crops.

To promote the use of EBP as a transport fuel across states, the EGoM has fixed the
interim refinery gate price of ethanol at Rs.27 per litre for the oil marketing companies.
Excluding for sugarcane, the highest estimated median critical bioethanol price is Rs. 53.80 for
potato and the lowest Rs26.91 per litre for ragi cultivation. In comparison with the prevailing
government fixed price of Rs27 per litre, the imputed critical prices of bio-ethanol or EBP are
higher than the regulated price, hence, except the cereals, other agro products are not vulnerable
to competitive threat from sweet sorghum cultivation as alternative feedstock for bio-ethanol.
Ragi and Jowar, with lowest critical bio-ethanol price, are at the margin, hence, are likely to be
vulnerable, however, as mentioned earlier, the choice of the crop cultivation depends on the

climatic conditions and as well, incentives available to farmers.




With the given uncertainty over the availability of low-cost crude oil reserves in the near
future and the rising trend in the crude oil prices & petroleum products such as unblended petrol,
these low estimates of critical bio-ethanol and EBP prices are of great significance. With the
petroleum-based fuels becoming expensive, the customers will have incentive to switch their
choices to the substitutes, creating demand for bio-based fuels. With the given fluctuations in the
foreign currency exchange rates and volatility in the international crude oil prices, the OMCs
will have incentive to look for alternative fuel sources to maintain profitability. This eventually
lead to rise in demand for bio-ethanol, and given the increasing cost of sweet sorghum
cultivation, is likely to put pressure on the bio-ethanol procurement Price, creating a likely
scenario for Government to open up the bio-fuel industry to be acted upon by market forces.
Only with the rise in the bio-ethanol procurement prices, farmers of food crops may find sweet
sorghum cultivation more profitable, thus have an incentive to switch to energy crops, posing a
threat to food security. However, whether the government would like to allow the OMCs to
retain the higher margin or whether it would prefer the margin to be passed on to Sweet Sorghum
farmers through higher support prices are issues that it needs to look into. In the alternative
scenario, if the present policy regime prevails, it would thus be difficult for the industry to take-
off under the current scenario of ethanol price, feedstock price and conversion rate (feedstock to

ethanol conversion).

Across crops state-wise critical EBP prices are analyzed to estimate the coefficient of
variation to assess the vulnerability of specific states to competitive threat from sweet sorghum
cultivation (see Table 5). Note that, CV for kerala could not be estimated as paddy is the only
crop considered for that state based on the cost of cultivation data. In states such as Assam,
Chatisgarh, Orissa, and Jarkhand the CV values are very low which implies that there is a greater
threat to the cultivation of food crops as farmers are more attracted to the cultivation of the sweet
sorghum. Additionally, in similar lines with the earlier vulnerability analysis based on critical
EBP Prices, here as well one can see that cereals, particularly paddy cultivated in all the four
above mentioned states is found to be vulnerable. For remaining of the states, though farmers
shall be persuaded to cultivate sweet sorghum in interest of biofuel feedstock, the estimated high
CV implies that sweet sorghum as a cultivation crop is not a threat to the principal crops

cultivated in these states.



Table 5: State-wise Coefficient of Variation (CV) of Critical EPB Price: 2010-11

Average

S.no States No. of Crops Critical EBgP Price cv
1 Andhra Pradesh 13 29.28 46.05
2 Assam 3 28.87 5.51
3 Bihar 8 31.99 43.03
4 Chatisgarh 5 30.96 7.43
5 Gujarat 10 28.02 54,72
6 Haryana 7 20.08 97.47
7 Himachal Pradesh 4 22.03 67.15
8 Jharkhand 4 29.74 16.76
9 Karnataka 14 23.64 55.65
11 Madhya Pradesh 12 30 33.79
12 Maharashtra 16 29.6 31.9
13 Orissa 9 32.7 12.35
14 Punjab 3 31.3 88.07
15 Rajasthan 12 28.9 34.67
16 Tamil Nadu 10 25.5 54.16
17 Uttar Pradesh 13 28.2 45.43
18 Uttarakhand 3 25.1 86.6
19 West Bengal 7 22.7 68.83

4.0 Biofuel Feedstock Cultivation — Implications for Livelihoods

As highlighted in Section 2 above, the National Biofuel Policy emphasized use of
wastelands and unproductive lands for the cultivation of biofuel feedstock, especially the
feedstock for biodiesel generation. Considering the promotion of jatropha cultivation, this
section highlights its implications for rural livelihoods. The discussion presented here is based on
field survey conducted in six districts of Tamil Nadu, India. The southern state of Tamil Nadu
had started promotion of jatropha cultivation way back in 2002, ahead of the launch of National
Biofuel Mission in 2003. The state had also established a Centre of Excellence in biofuels at
Tamil Nadu Agricultural University to promote research and facilitate effective dissemination of
knowledge to the farmers. With around 20000 ha under jatropha cultivation, Tamil Nadu was the
third largest cultivator of biofuel feedstock in 2008. During the period 2007-2012, the Tamil
Nadu Government aimed to bring 100000 ha under jatropha cultivation in the state. The state

government promotion program involved provision of 50 percent subsidy on seedling and inputs



on cultivation practices. The jatropha cultivation was mainly envisaged through contract

farming, mostly on unproductive and wastelands.

During December 2013 and January 2014 a field survey was carried out in six districts of
Tamil Nadu to assess the present status of jatropha cultivation in Tamil Nadu. The six districts
covered are — Kancheepuram, Coimbatore, Thiruvannamalai, Villupuram, Tirunelveli, and
Viruthunagar. The field study indicated that barring a few isolated cases, the jatropha cultivation
has significantly declined in the recent years. The main reasons for declined interest in jatropha
cultivation include: (a) significantly lower realized yields on the fields compared to what have
been achieved in the research plots; (b) substantially high irrigation requirements for achieving
good yields — which again differed from what has been shown on research plots. High initial
investment requirements favoured larger land holders compared to small and marginal land

holders. This in turn undermined the very objective of the Biofuel Policy.

The Tamil Nadu governments’ initiatives for jatropha promotion cast shadow on the
notion of ‘wasteland’, especially because at the village level the wastelands are often common
property resources utilized by multiple stakeholders. The land targeted for jatropha cultivation is
largely occupied by prosopis — which in turn was historically promoted by several earlier
governments as a means of providing alternative livelihood opportunity for the rural households.
Prosopis is used as feedstock in small industries in rural areas and it provides significant
employment opportunity for landless poor (for cutting etc.). In comparison to prosopis, jatropha
cultivation with very less employment opportunities became less attractive. On its part, the
Government agencies viewed jatropha cultivation similar to other tree planting programs. As a

result the value chain has not developed and the cultivation targets remained elusive.

In sum, ambiguous definition of wasteland and inadequate understanding of use of
wastelands has led to concerns regarding feasibility of achieving biodiesel production targets. It
has also compromised the livelihood options of rural population. At all India level, with only 0.5
million hectares under jatropha cultivation, a mere 0.01 percent of total biodiesel required for 5
percent blending is achievable from the existing jatropha production. Reaching higher levels of
production (and blending targets) requires resolving uncertainty regarding transfer of ownership
of community and government owned lands and developing the value-chain of jatropha
production.



5.0 Conclusions

For a variety of reasons, the need for finding alternative energy sources to meet
justifiably growing energy demands in India is real and urgent. While jatropha remains as the
main feedstock for biodiesel production, sweet sorghum could be considered as alternative
feedstock for bioethanol production. The analysis presented in this paper suggests that from a
competitive perspective both jatropha and sweet sorghum could pose threat to food crops.
However, choice of crops for cultivation will depend on variety of other factors including

climatic and soil condition which have not been incorporated in the analysis presented here.

For India, it has been estimated that by dedicating 33 mha of degraded lands at a woody
biomass productivity of 4 tonnes per ha per year, 100 TWh of electricity could be produced
annually, meeting most of the rural electricity needs as well as providing carbon mitigation
benefit of 40 MtC annually. Actual availability of land for biofuel cultivation however would
depend on a number of factors including climatic and soil conditions, access to infrastructure
such as roads and electricity, as well as the ownership of the land. The available information
about wasteland suitability for oilseed plantations is sketchy and a proper wasteland mapping

exercise should precede any major biodiesel development program in India (Gunatilake, 2011).

Ethanol production from sugarcane offers significant potential to substitute for fossil fuel.
However, area under sugarcane needs to be stepped up substantially to meet the increasing
ethanol demand under different scenarios of ethanol blending with petrol. Schaldach et al. (2011)
estimated that the area for sugarcane production in India increases by 46% (5% blending
scenario), 79% (10% blending) and 144% (20% blending) under various blending scenarios.
Expansion in sugarcane area is at the expense of the extent of natural land, which
correspondingly decreases by 45%, 47% and 51%. However, adoption of yield increasing
technologies such as drip-fertigation has huge potential to increase the existing yield levels of
sugarcane and hence area expansion could be minimized if these technologies are adequately

supported through public policy.

There are also apprehensions that prolonged dependence on first generation crops for

biofuels will result in increased risk of deforestation with associated consequences of substantial



greenhouse gas emissions and loss of biodiversity. Thus extensive monitoring of deforestation

and other land use changes is essential.
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1 Introduction

The concept of low-carbon society (LCS) has recently become an important instrument to
limiting global temperature increase below 2°C. LCS should be compatible with the
principles of sustainable development, contribute to global reduction in greenhouse gases
(GHG) emissions, promote use of low-carbon energy sources and production technologies,
and adopt low-energy consumption behaviour (Skea & Nishioka 2008). Renewable energy
resources and technologies are important to achieving LCS visions (Nakata et al. 2011).
However, the relative contribution of the different renewable energy sources to a sustainable
transition to LCS depends on the complexity of the systems. An energy system has three
levels including the energy resources forming the primary energy, conversion technologies
supplying secondary energy, and energy demand sectors comprising different energy
consumers. Among the renewable energy sources, bioenergy presents an enormous policy
challenge for sustainable transition to LCS due to inevitable trade-offs at different levels
(Acosta-Michlik et al. 2011): (i1)) Competing land use between food and fuel production,
biodiversity protection and bioenergy production, and first and second generation feedstock
production; (ii) Competing sources between domestically produced and imported biomass
products and their feedstock; and (iii) Competing conversion technologies due to diverse
range of options available to use and develop bioenergy. The trade-offs result in diverging
social perception on and policy strategies for bioenergy sustainability due to contextual
differences across countries. Moreover, bioenergy’s complex system involves not only
alternative products and competing sectors, but also diverse actors interacting at and across
different levels. As a result, bioenergy production not only provides opportunities but also
causes conflicts in the course of fulfilling any diverging private and public interests along and
within these inter-linkages (Faaij 2006).

A better understanding of human perception on the sustainability issues confronting
bioenergy system, i.e. feedstock resources, conversion technologies, and energy demand, will
help develop appropriate policy for complex but promising renewable energy sources. PIC-



STRAP (Integrated sustainability assessment of bioenergy potentials in Asia: An application
of a hybrid approach on trade-offs and pathways) project contributes to this challenging task
through application of integrated and trans-disciplinary approach, highlighting social
perception and policy preferences that affects transition to low carbon and sustainable
societies. PIC-STRAP adopts a novel hybrid approach called STRAP (Sustainability TRade-
offs and Pathways), which is guided by the hypothesis that trade-off decisions on achieving a
balance among economic, social and ecological goals are necessary conditions for assessing
development pathways in bioenergy (Acosta-Michlik et al. 2011). The overall aim of the PIC-
STRAP project is to develop sustainable transition criteria towards low-carbon societies using
hybrid analytical tools that allows systematic investigation of trade-offs and pathways in the
development of first- and second generation bioenergy in Asia, in particular China, India and
the Philippines. This paper presents the results of sustainability trade-offs in the Philippines
and China using cluster and conjoint analyses. Its main objective is to compare the knowledge
and opinions of local people on the contribution of bioenergy to economic stability, social
equity and ecological balance in these two Asian countries. The paper is structured as follows:
Section 2 highlights bioenergy policy and trends in the Philippines and China; Section 3
presents the methods used for data collection and analyses; and Section 4 discusses the results
of the cluster and conjoint analyses.

2 Bioenergy policy and trends
2.1 Philippines

Energy demand in the Philippines was growing at an average annual rate of negative 0 .3
percent from 24.4 to 23.8 MTOE (i.e. Million Tons of Oil Equivalent) from 1999 to 2009
(DOE 2009) despite the increase in gross domestic product (GDP) and population (NSCB
2009). The economy has been growing at an average annual rate of 4.5 percent, with GDP
increasing from 918.2 to 1,432.0 billion Pesos from 1999 to 2009. The average annual growth
rate of the population was 2.1 percent, increasing from 74.7 million to 92.2 million for the
same period. The negative growth in energy demand is also reflected in the constant decline
in energy (-4.0 percent), oil (-6.4 percent) and electricity (-0.4 percent) intensity over the
same period. The declining trend in energy consumption and intensity has been mainly
contributed to the decline in energy demand in residential applications and in agriculture,
which showed an average annual growth rate of -2.8 and -2.1 percent, respectively. The
continuing increase in the prices of petroleum prompted the consumers to utilize energy in
more prudent ways (Salire 2007). After the transport sector (36.5 percent), the residential
sector (26 percent) accounted for the largest share in total domestic energy demand. Whilst
energy demand declined, energy supply continued to increase, albeit at a slow rate of 0.4
percent per year from 38.1 to 39.6 MTOE. The self-sufficiency level in energy increased from
48.6 percent in 1999 to 59.2 percent in 2009 as a result of the increase in indigenously
supplied energy. Renewable energy such as geothermal energy and biomass are important
indigenous sources of energy in the Philippines. The energy from biomass, which is mostly
derived from forest and agriculture residues, and bagasse, is mainly used for traditional
household cooking. Thus, there is a potential for increasing household welfare through
improvement in the use of biomass (Samson et al. 2001).

Like in many other countries, the Philippines is implementing various bioenergy policies to
reduce dependence on imported oil, enhance economic growth, increase energy efficiency and
contribute to climate change mitigation. The most prominent policy is the Biofuels Act of
2006, which mandates a 2 percent blend of biodiesel into all diesel fuel in 2008 and 10



percent blend of bioethanol into all gasoline fuel in 2010. According to the DA, the objectives
of Biofuels Act are as follows: (1) developing and utilizing indigenous renewable and
sustainably-sourced clean energy sources to reduce dependence on imported oil; (2)
mitigating toxic and greenhouse gas (GHG) emissions; (3) increasing rural employment and
income; and (4) ensuring the availability of alternative and renewable clean energy without
the detriment to the natural ecosystem, biodiversity and food reserves of the country (Bento
2008, Naylor et al 2007, Clancy 2008, Sydorovych and Wossink 2008). The Biofuels Act also
provides an incentive of a zero-rated specific tax on the biofuels component of blended
gasoline or diesel. Other incentives include an exemption from value-added tax for the sale of
raw materials in the production of biofuels, exemption from wastewater charges under the
Clean Water Act, and the extension of financial assistance from government financial
institutions for the production, storage, handling, and blending of biofuels (Ceccon and
Miramontes 2008).

To support and comply with the provisions of the Biofuels Act, the DA has been pursuing the
Biofuel Feedstock Program, which provides (1) production support services, (2) extension
support, education and training services, (3) credit facilitation, (4) research and development,
(5) irrigation support services, other infrastructure and postharvest & development services,
and (6) marketing development to promote the use of coconut and jathropa for biodiesel and
sugarcane, cassava, and sweet sorghum for bioethanol (Bento 2008). The Act also allows oil
companies to import biofuels until 2010 to meet these policy targets. Whilst there were no
reported obstacles during the transition to a higher biodiesel blend due to adequate local
supply (Corpuz 2009), the bioethanol situation was less stable. To comply with the bioethanol
mandates, local companies have been importing bioethanol due to supply scarcity and price
volatility. In 2009 ethanol accounted for 0.30 percent of the total indigenous energy supply
and 0.10 percent of the total domestic energy supply. Despite concerns about the impacts of
importing bioethanol on local production, the government approved further imports in 2011 to
meet its biofuel blending targets (DA-BAR 2011). The local supply of biodiesel and
bioethanol is largely produced from coconut and sugarcane; both are traditional crops in the
Philippines. Other potential biomass for bioenergy production includes jathropa for biodiesel,
and cassava and sweet sorghum for bioethanol. The ethanol yields per hectare per year are
4,550 liters for sugarcane, 1,395 liters for cassava, and 6,000 liters for sweet sorghum (SRA
2008). The biodiesel yields per hectare are 630 liters for coconut and 1,892 liters for jatropha
(DOE 2010). The government supports the production of jatropha for biodiesel because it is a
non-staple crop and grows on marginal lands.

2.2 China

China’s economy has experienced remarkable growth since economic reforms initiated in
1978. Annual average growth rate of gross domestic product (GDP) reached nearly 10% in
the last three decades. The rapid growth of China’s economy also led to a rapid rise in
demand for energy that also gave rise to mounting concerns in the country about its national
energy security. Despite the rapid growth of domestic energy production, demand has grown
even faster. China has shifted from being a net energy exporter to being an importer since the
late 1990s and is becoming one of the largest importers in the world in recent years (Qiu,
Huang et al. 2010). Despite rapid development of energy demand, many Chinese rural
households still depend heavily on traditional biomass energy for heating and cooking
(Démurger and Fournier 2011). China is facing increasing energy pressure. Given the energy
security concerns, the search for alternative sources of energy has become a top policy
priority of the Government of China (Qiu, Huang et al. 2010).



Renewable energy and energy efficiency (REEE) policies become a national priority for the
Chinese government, particularly since 2005 in six sectors: electricity, industry, transportation,
buildings, and local government. Fortunately, unlike many other national governments, the
Chinese central government is blessed with a sound financial position, which allows
significant investment in REEE. In 2012, spending on energy conservation and environmental
protection totaled 200 billion RMB (Lo 2014). S&T program funds and investment in energy
related areas make it possible for Chinese researchers to cooperate with their international
partners in various ways. The MOST and NDRC also cooperate to promote the development
of energy. The National Development and Reform Commission (NDRC) NDRC and MOST
Ministry of Science and Technology (MOST) of China co-fund several international
cooperation energy projects. In 2007, the “Renewable and New Energy International
Cooperation Program” was launched by the NDRC and MOST together. It focuses on large
capacity wind farms, biomass power plants, and transfer technology from biomass to liquid
fuel. In 2007, MOST and the Italian Environment Protection Foundation initiated the
“Demonstration and Industrialization Project of Producing Biodiesel from Jatropha curcas L.
in Sichuan” and has established several pilot plantations of Jatropha curcas L. in the Sichuan
province (Lo 2014).

China’s biofuel industry has expanded rapidly since early 2000s. Bioethanol production
reached 1.35 million tons in 2007. Four large-scale state-owned bioethanol plants in
Heilongjiang, Jilin, Henan, and Anhui provinces were constructed in 2001. The total annual
bioethanol production capacity of these four plants, which mainly use maize as feedstock, is
approximately 1.5 million tons. In 2007, China set up another bioethanol plant based on
cassava in Guangxi Province, which started operation in early 2008. The annual production
capacity of this plant in the initial stage is 0.2 million tons. Chinese government has
established the medium and long-term development plan, at the end of 2020 (Liu, Liu et al.

2013). By the end of 2007, there were about 10 biodiesel plants operating in China. Most of

them use industrial waste oil and waste cooking oil as feedstock. The total annual production

capacity for all of these plants is less than 0.2 million tons. Biodiesel production needs a

stable supply of lipid or vegetable oil as feedstock, but China is short of those feedstocks.

These two policy documents specified the following major support policies during the

implementation of the pilot testing program:

= First, the 5% consumption tax on all bioethanols under the E10 program was waived for
all bioethanol plants;

* Second, the value-added tax (normally 17%) on bioethanol production was refunded at the
end of each year;

» Third, all bioethanol plants received subsidized ‘‘old grain” (grains reserved in national
stocks that are not suitable for human consumption) for feedstock. 1 This subsidy is
jointly provided by the central and local governments;

» Fourth, a subsidy was offered by the central government to ensure a minimum profit for
each of bioethanol plants. That is, if despite all three support mechanisms described above,
any bioethanol plant were to record a loss in the production and marketing of bioethanol,
it would receive a subsidy from the Government that equals the gap between marketing
revenues and production costs plus a reasonable profit that the firm could have obtained
from an alternative investment. This subsidy is estimated for each plant at the end of each
year. Besides these four support policies, the Government of China also ensured markets
for the bioethanols produced by these state-owned plants. Bioethanol produced by private
plants was not allowed to enter the market.



China is now the third largest bioethanol producer in the world after the United State and
Brazil. While there are several potential feedstock crops available for bioethanol production,
lack of land for feedstock production is one of major constraints in China’s bioethanol
expansion.

3 Methods
3.1 Segmentation of conjoint preferences

Segmentation seeks to combine homogeneous population into a group with similar
preferences or to segregate heterogeneous population into groups with dissimilar preferences.
Although there is no single segmentation approach, it can generally be described as forward
or backward and a-priori or post-hoc (Andrews and Currim 2003). The initial foci of
segmentation in forward approach are the respondents’ basic characteristics (e.g.
demographics) or distinct attitude towards an issue, and in backward approach are the
preferences from conjoint analysis. In both approaches, segmentation can be determined using
expert judgement (i.e. a-priori approach) or clustering techniques (i.e. post-hoc approach). A-
priori segmentation is also referred to as conceptual approach where the grouping criteria are
known in advance, whilst post-hoc segmentation is data-driven approach requiring
quantitative techniques to analyse the data (Dolnicar 2002). Cluster analysis is the most
widely adopted technique for post-hoc segmentation (e.g. Hoek et al. 1996, Dolnicar 2002,
Dillon and Mukherjee 2006), which is thus often referred to as cluster-based segmentation
(Green et al. 2001).

According to Andrews and Currim (2003), when segmentation is based on cluster analysis of
conjoint part worths (or utilities) then one is following a backward post-hoc approach. In this

paper, we followed a forward post-hoc approach where we use information on respondents’

perception on bioenergy to create well-defined segments of conjoint preferences. Specifically,

the heterogeneity in the population is captured in covariates describing the knowledge and

opinions of the respondents on the effects of bioenergy on food security and economic growth.
These covariates are used in the model as segments to define utility (i.e. preference/part-worth)
structures of respondents who have similar knowledge and opinions. In cluster-based

segmentation, Green et al. (2001) explained that the data are allowed to speak for themselves

in terms of finding groups who share similar needs, attitudes, trade-offs, or benefits. The

cluster analysis follows the two-step approach described in Hair et al. (1995), which combines

both hierarchical and non-hierarchical clustering procedures to arrive at the most realistic

cluster solution for the data set. The two-step approach is the most appropriate method for

clustering population using categorical variables (Shih et al. 2010, Dymnicki & Henry 2011).

These variables are the responses of the respondents to the following survey questions:

Question: Response variables:
Are you familiar with the term “bioenergy” (also known as 1 =yes

biofuels)? 2=no

In your opinion, is bioenergy good or bad for the economy in your 1 =yes

country? 2 =no

Do you think the use of biomass from food crops for bioenergy 1=yes

production increases food prices and thus affects food security (i.e. 2=no

food affordability and availability) in your country? 3 = do not know



The number of clusters for segmentation was identified by running different cluster analyses
for different cluster numbers and comparing the cluster quality based on the measure of
cohesion and separation (SPSS 2007). After identifying the optimal number of clusters from
the two-step clustering approach using SPSS software, matrix scoring' was carried out to
identify the cluster attributes or typologies of the segmented population. Conjoint analyses
were then applied to each population segment, which represent a distinct typology.

Conjoint analysis (also known as choice models or experiments) is a practical technique for
measuring preferences that is widely used in different scientific fields including psychology,
transport, economics, and environment. Farber & Griner (2000) provide a summary of the
application of conjoint analysis for environmental valuation. Considerable attention has been
given to this technique both in academe and industry to measure preferences through utility
trade-offs among products and services (Lee et al. 2006, Green & Srinivasan 1990),
particularly in agro-environments (e.g. Tano et al. 2003, Stevens et al. 2002, Moran et al.
2007, Blamey et al. 2000). Conjoint technique is suitable for analysing human decisions,
particularly for understanding the process by which individuals develop their preferences for
products or services (Sayadi et al. 2005). The preferences are assumed to be influenced, on
the one hand, by the individual’s subjective perceptions on the presented choices and, on the
other hand, by its economic, social and cultural environment. Conjoint measurement assumes
that a product can be described according to the levels of a set of attributes, and the
consumer’s overall judgement with respect to that product is based on these attribute levels
(Sayadi et al. 2009). In choice-based conjoint (CBC) analysis, a set of attributes and their
respective levels define the respondents’ choices. Specifically, the combinations of attribute
levels define the choice tasks in conjoint surveys. A conjoint study leads to a set of part-
worths or utilities that quantify respondents’ preferences for each level of each attribute
(Orme 2010). It is a measure of relative desirability or worth so that the higher the utility, the
more desirable is the attribute level (Orme 2006).

In this paper, the responses from the survey were analysed using a Hierarchical Bayes Choice-
based Conjoint (HCBC) model that is able to capture preferences of individuals (i.e.
respondent level) and groups of individuals (i.e. segment level) (Orme 2009):

(DY, =XB; +¢
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Where in the first equation ¥; is a vector of the responses from the choice tasks, X; is a matrix
of the attribute levels, f; is the p-dimensional vector of regression coefficients representing
the utilities, and &; is a p-dimensional vector of random error terms. In the second equation, ®
is a p by ¢ matrix of regression coefficients (i.e. utilities), z; is a g-dimensional vector of
covariates and 0; is a p-dimensional vector of random error terms. The HCBC model is called
hierarchical because it models respondents’ preferences as a function of a lower- or
individual-level (within-respondents) model and an upper-level (pooled across respondents)
model (Orme & Howell 2009). According to Lenk et al. (1996), hierarchical Bayes analysis
creates the opportunity to recover both the individual-level part-worths and heterogeneity in
part-worths, even when the number of responses per respondent is less than the number of
parameters per respondent. The parth-worths were calculated using HB/CBC module of the

! Matrix scoring is a method to synthesize the collected survey data and a common technique that has been
widely used in participatory research for assessing the relative importance of different activities in people’s
livelihoods (DFID 2002).



SSIWeb Sawtooth software (Orme 2010). Using the part-worths or utilities, we also
calculated the importance of each attribute by dividing the utility range with the sum of the
attributes’ utility ranges, where the range is the difference between the highest and lowest
utility.

3.2 Survey framework and design

Following the STRAP framework, we characterise sustainability using three dimensions —
economic stability, social equity, and resource productivity (Table 1). These dimensions are
represented by determinants, which are issues or phenomena that significantly influence the
nature of sustainability. For determinants that are not directly measurable, indicators provide a
benchmark to quantify and simplify the concept or idea they represent. A more detailed
discussion on the interconnections and interdependencies between the different determinants
and indicators of social, economic and ecological dimensions of sustainability is available in
Acosta-Michlik et al. (2011). In the context of bioenergy development, economic stability
depends on energy security, technology progress and market organisation, social equity is
influenced by food security, social welfare and social justice, and resource productivity is
associated with production potential, resource capacity and land management. These
determinants represent economic, social, and environmental issues, which many policies aim
to address to attain sustainability. The focus of the policies may not necessarily represent the
preferences of the society, and these social preferences are manifested on the perceived
importance of the individual indicators for each determinant. These indicators are related to
human basic needs affecting energy, food, income, property rights, productivity, etc.

The determinants of economic stability, social equity and resource productivity represent the
attributes and the indicators for these sustainability determinants represent the attribute levels
in the survey design. In the discussion of the results, we will also refer to the sustainability
determinants as attributes and sustainability indicators as attribute levels to conform to the
terminologies that are used in conjoint analysis. Each attribute level is further defined
according to its desirability for the society, which aims to make the respondents decide on
trading-off between more and less desirable levels of the sustainability indicators (Table 1).
Each attribute has a total of 6 levels — 3 desirable and 3 undesirable attribute levels. The
possible combinations of the different attribute levels make up the different options in a
choice task. Table 2 presents an example of a choice task for the different sustainability
dimensions. In the survey questionnaire, the respondents were given 5 choice tasks (1 fixed
task and 4 random tasks) for each of the sustainability dimensions. In each choice task the
respondents were asked to choose only one among three options. The options are linked to a
given type of biomass, which can be either first generation (i.e. sugar-rich crops, starch-rich
crops and oil-rich crops) or second generation (i.e. agriculture/forest residues, fast-growing
trees, and perennial grasses) bioenergy crops. We used the feedstock attribute levels as
reference for each option so that the respondents can explicitly link their choice decisions to
the types of biomass.



Table 1 Dimension, Determinants and indicators of bioenergy sustainability

Indicators
(Attribute levels)

Determinants
(Attributes)

Level of desirability

More desirable

Less desirable

1. Economic Stability

1. Domestic energy demand
Energy security 2. Domestic energy supply

3. Foreign energy trade
Technol 1. R&D investment

re(f reZSOgy 2. Technology deployment

prog 3. Energy efficiency

1. Market incentives
Marke;t . 2. Market infrastructure
organisation 3

. Trade constraints
2. Social Equity

. Food self-sufficiency
. Purchasing power
. Affordability of food

. Livelihood sources
. Job opportunities
. Household lifestyle

Food security

Social welfare

W N = W

1. Equal property rights
Social justice 2. Home displacement
3. Land dispossession

3. Resource Productivity

1. Potential level

Production
potential 2. Feedstock sources*
1. Effects of population pressure
iesa(l)cuii;e 2. Pressure on natural resources
P 3. Effects landscape and species
diversity
1. Effects on nature conservation
2. Compatibility with organic
Land farming
management 3. Availability of good farming
practices

Low

High

Low import
High

High

High

High

Good

Low

Increase
Increase
Increase

Increase
Increase
Improve

Hinder
Prevent
Prevent

Very high

High

Moderate
Crop/forest residues
Fast-growing trees
Perennial grasses

Production potential
unaffected

Put less pressure
Improve diversity

Support
Compatible

Available

High
Low
High export

Low
Low
Low

Low
Poor
High

Decrease
Decrease
Decrease

Decrease
Decrease
Worsen

Support
Cause
Cause

Very low
Low
No potential

Starch-rich crops
Sugar-rich crops
Oil-rich crops

Production potential
affected

Put more pressure
Destroy diversity

Conflict
Incompatible

Not available

*Following the sustainability concept for bioenergy (Acosta-Michlik et al. 2011), first generation crops are less

desirable than second generation crops as sources of feedstock for bioenergy production.



Table 2 Example of a choice task in the conjoint survey on sustainability of bioenergy

Sustainability
Dimension

Types of Biomass

Sugar-rich crops

Oil crops

Fast-growing trees

Economic Stability

1. Energy security

2. Technology
progress

3. Market
organisation

Choose one option:
Social Equity

1. Food security
2. Social welfare

3. Social justice

Choose one option:

Resource
Productivity

1. Production
potential

2. Resource capacity

3. Land management

Choose one option:

Low domestic
energy demand

High R&D
investment

High market
incentives

O

Increase food self-
sufficiency

Increase livelihood
sources

Hinder equal
property rights
m

Very high potential

Potential affected
by
population pressure

Support nature
conservation

High domestic energy
demand

Low R&D investment

Low market incentives

Increase purchasing
power

Increase job
opportunities

Cause home
displacement

0

Moderate potential

Put more pressure on
natural resources

Compatible with
organic
farming

m

Low domestic energy
supply

High technology
deployment

Good market
infrastructure

O

Increase affordability
of food

Improve household
lifestyle

Cause land
dispossession

O

Very low potential

Improve landscape and
species diversity

Available good
farming

practices

The SSIWeb Sawtooth software was used not only to analyse the responses of the respondents
(i.e. compute utilities and importance), but also to construct the choice tasks and prepare the
conjoint questionnaire. We use complete enumeration as a random tasks generation method
and traditional full profile design. Moreover, the software package includes a statistical test
(i.e. logit efficiency) to validate the survey design prior to its implementation. It is useful to
validate the survey design to identify the optimal number of options and choice tasks as well
as number of questionnaire versions that will yield statistically significant results for a given
number of respondents. The different versions of the questionnaire have different sets of
options and choice tasks, except for the fixed task. The WEB-platform of the software was
used to conduct the survey through the internet. For respondents who do not have access to
internet, we converted the same survey into CAPI (Computer Aided Personal Interview)
module, which refers to data collection using a laptop or a personal computer not connected to
the internet. The survey was pre-tested in the field using the CAPI module, which enabled the
interviewers to collect suggestions on how to improve the questionnaire. For example, the



pre-testing revealed that linking the options to specific type of biomass helps to reduce the
level of abstraction of the conjoint choices. In addition to the choice tasks presented in Table
2, the survey includes questions about (1) the respondents’ personal and employment
background, (2) opinion and general knowledge on the bioenergy sector, and (3) the crops
which are relevant to their work. Moreover, the respondents were asked to rate the potential
contribution of not only bioenergy crops, but also other sources of energy (i.e. fossil, other
renewables) in promoting economic growth in the country.

4 Results and discussion
4.1 Respondents’ categories and opinions

Figure 1 shows the distribution of the respondents according to demographic categories
including age, education, work, domicile, and region. The demographic characteristics of
respondents in the Philippines and China are very similar, except for the fields of work.
Around 60 percent of the respondents are below 31 years old and less than 3 percent are
above 60 years old. The participation of respondents with high education (i.e. university level)
is very high in both countries at approximately 80 percent. This can be explained by the
nature of the survey, where educated persons can be easily access online. The field survey
allowed us to reach less educated respondents, particularly farmers with no access to internet.
They represent about 20 percent of the total respondents who have reached only secondary
school. At least 60 percent of the Philippine and Chinese respondents live in urban and
suburban areas and 25-30 percent in agricultural areas. Only negligible number of respondents
has their domicile in forest or mountain areas and in industrial or commercial areas. The
respondents work in public agency, private company, farm/agriculture, and academe/research.
Those that do not fall in any of these work categories are included in “others”. There is
relatively similar distribution of the Philippine respondents according to these five work
categories. The Chinese respondents are dominated by professionals from the academe. The
respondents were asked in the survey to identify the crops that are relevant to their work and
the results for this question is summarised in Figure 2. The work of the surveyed respondents
is related to many crops, which are either currently used (i.e. sugar, coconut, rapeseed) or
have the potentials (i.e. jathropa, sorghum, cassava) as biomass feedstock for bioenergy
production in Asia. The crops related to the work of respondents in the Philippines are mainly
coconut and rice, while those in China are trees, farm/forest residues and potato.

Figure 1 Distribution of respondents according to different demographic categories

Philippines China
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Figure 2 Crops related to the work of the respondents
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Table 3 presents the differences in the knowledge and opinions of respondents according to
their demographic categories. Knowledge and opinions on bioenergy vary not only according
to the demography but also country. In the Philippines, when asked if their work is related to
bioenergy, only 15.61 percent of the respondents answered “yes”. For respondents who work
in agriculture or farm, only seven percent thinks that their work is related to bioenergy. This is
somehow contradictory to the share of respondents who are engaged in the production of
bioenergy feedstock (Figure 2). The reasons for this include the weak link between the actors
(i.e. biomass producers, biofuel companies) along the bioenergy production chain and the lack
of knowledge of the biomass producers on their role in the bioenergy production system.
Discussions with respondents during CAPI surveys revealed that the coconut producers,
which represent 28 percent of total respondents, have not established either contact or contract
with biofuel producers. Moreover, although some of the sugar producers (i.e. farmers) are
already in contact or negotiating with biofuel processing companies, the farmers still do not
consider their work as related to bioenergy production. They consider themselves as sugar
producers, who can supply raw materials to any processing companies (i.e. not only biofuels)
that need sugar products.

The number of Philippine respondents who are familiar with bionergy is also lowest among
farmers or farm workers with only 13.35 percent (Table 3). There is thus a general lack of
awareness on bioenergy in the farm sector. But overall, familiarity with bionergy is high with
91 percent of all respondents who answered “yes” to the question “Are you familiar with the
term bioenergy?” In terms of age, most young respondents with age below 31 years are
familiar with bioenergy although their work is not related to it. Less than half of them think
that bioenergy production does not affect food security and almost all think that it is good for
the country. Overall, most respondents across all age categories (94 percent) are convinced
about the positive effects of bioenergy on the Philippine economy. The descriptive analysis of
the survey data shows that awareness on bioenergy is very much dependent on the level of
education and profession. Respondents with lower level of education (i.e. up to secondary
school) are less familiar with bioenergy. Almost all the respondents with graduate levels (i.e.
Master, Doctoral), who account for a significant share in the number of total respondents (37
percent), are familiar with bioenergy. Many of them are working in academe and research. In
all fields of work, there is a general opinion that bioenergy affects food security. Only 33
percent of all respondents think otherwise. In Mindanao, the number of respondents who
thinks that bioenergy does not affect food security is much lower at only about 27 percent.
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Table 3 Knowledge and opinions of respondents on bioenergy, percent of total respondents in each demographic category

Philippines China
Demographic Knowledge on bioenergy Opinion on bioenergy Knowledge on bioenergy Opinion on bioenergy
categories Work is Familiar with Bioenergy Bioenergy is Work is Familiar with Bioenergy Bioenergy is
related to the term does not good for the related to the term does not good for the
bioenergy “bioenergy” affect thOd economy bioenergy “bioenergy” affect f.OOd economy
security security
Years of age
Less than 31 7,41 53,4 20,15 53,16 16,13 65,26 21,05 92,63
Between 31and 40 2,65 17,48 7,04 17,72 100,00 61,54 23,08 92,31
Between 41 and 50 2,38 10,68 3,16 12,14 50,00 9,52 0,00 100,00
Between 51 and 60 2,38 8,5 1,94 8,74 100,00 16,67 16,67 100,00
More than 60 0,79 1,7 0,97 2,67 0,00 0,00 0,00 50,00
Levels of education
Secondary school 2,12 17,03 5,84 20,19 50,00 25,00 25,00 100,00
Undergraduate 5,31 35,28 14,36 36,5 18,18 57,89 19,30 91,23
Graduate 7,43 36,25 12,17 34,55 15,22 76,67 25,00 93,33
Technical training 0,8 1,46 0,24 1,46 0,00 100,00 0,00 100,00
Others 0 1,7 0,49 1,7 0,00 0,00 0,00 100,00
Areas of domicile
Urban/sub-urban 10,08 59,61 21,41 57,18 25,67 61,02 20,56 94,24
Industrial/commercial 1,06 3,89 1,46 4,38 0,00 100,00 0,00 100,00
Forest/mountain 1,86 4,62 1,95 4,38 0,00 83,33 33,33 100,00
Farm/agriculture 2,39 20,68 7,3 25,3 9,09 26,19 7,14 92,86
River/coastal etc. 0,27 2,92 0,97 3,16 16,67 58,33 33,33 91,67
Fields of work
Public agency 4,23 17,72 6,8 16,99 40,00 62,50 25,00 100,00
Private company 2,12 23,54 8,98 24,27 11,11 56,25 18,75 93,75
Agriculture/farm 1,06 13,35 4,61 17,48 0,00 0,00 0,00 100,00
Academe/research 5,29 16,5 5,34 15,53 10,53 68,67 21,69 91,57
others 2,91 20,63 7,52 20,15 50,00 71,43 28,57 92,86
All categories 15,61 91,75 33,25 94,42 17,28 54,00 18,00 94,00
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In China, although overall only 17.28 percent of the respondents (i.e. less than 2 percent
higher than in the Philippines) think that their work is related to bioenergy, the variance
across demographic categories much larger than in the Philippines. None of the respondents
working in agriculture thinks that their work is linked to bioenergy, although farmers account
for significant share in crop-related work (Figure 2), e.g. potato 28 percent, sorghum 29
percent, other wheat 58 percent, sugar 10 percent and crops residues 47 percent of all
respondents. Moreover, none of the farmers is familiar with bioenergy. Hence like in the
Philippines, farmers are not aware of the potential link of their work to bioenergy sector. All
farmer respondents think that bioenergy affects food security, but it is nonetheless good for
the Chinese economy. Note that on the question on food security (see section 3.1) the issue of
increase in food prices was also raised. Obviously, there is little understanding on the link of
food prices to, on the one hand, purchasing power of communities and, on the other hand,
economic growth.

Like the farmers, all respondents working in public agency also think that bioenergy can
contribute to economic growth in China. Moreover, majority of the respondents (i.e. above 90
percent) from other professions also think the same. This is in contrast to the Philippines
where, regardless of the profession, only less than 25 percent of the respondents think that
bioenergy is good for the Philippine economy. The favourable opinion of Chinese
respondents can be attributed to the strong policy support for bioenergy, making China the
world’s third largest bioethanol producer. As a result, most respondents regardless of
demographic characteristics think that bioenergy is good for the economy. Nonetheless, only
relatively small proportion of the respondents thinks that bioenergy does not affect food
security. Significant share of Chinese respondents whose work is related to bioenergy are with
ages 31-40 and 51-60 years, but familiarity to bioenergy is relatively low particularly for the
older group of respondents. The case is however the opposite for other demographic
categories of respondents, with familiarity being high although work is not related to
bioenergy. This include respondents with age less than 31 years, education of at least
undergraduate, domicile outside farm or agriculture, and work in private company and
academe.

4.2 Respondents’ cluster typologies

To create the segments for the conjoint analysis, we used three variables in clustering the
respondents including familiarity with bionergy and opinion on the effects of bioenergy on
food security and economy. The relationship of the respondents’ work to bioenergy was
excluded because it turned out to be an irrelevant variable in the cluster analysis. This can be
explained by the low number of the respondents (i.e., below 20 percent) who indicated that
their work is related to bioenergy (Table 3). Three clusters were identified from the two-step
cluster approach with a total respondent share of 30.1, 22.3 and 47.6 percent in the
Philippines and 23.3, 48.0 and 28.7 percent in China (Figure 3). There is thus relatively equal
distribution of respondents not only among the three clusters but also between the two
countries. The cluster with the largest number of respondents is cluster 3 in the Philippines
and cluster 2 in China. The fit of the model for the Philippines is better than China, which can
be explained by the larger number of observations in the former country.
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Figure 3 Respondent distributions from the two-step cluster analysis
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Figure 4 shows the distribution of the input variables in the three clusters. Cluster 1 is
characterised by respondents who are familiar with bioenergy and thinks that its production is
good for the economy. Moreover, all Philippine respondents and half of the Chinese
respondent in cluster 1 have the opinion that bioenerggy does not affect food security in the
Philippines. We describe the respondents in cluster 1 as “idealist” typology because of their
optimistic opinions on bioenergy production. Like in cluster 1 the respondents in cluster 3 in
both the Philippines and China are convinced about its positive effect on the economy. All
Philippine respondents in cluster 3 are all familiar with bioenergy, but none of the Chinese
respondents in this cluster think so. However, all respondents in both countries have the
opinion that bionergy affects food security. We thus describe the respondents in cluster 3 as
“realist” typology because they recognise the existing land use competition between
bioenergy and food production. Cluster 2 is a combination of the other two clusters and shows
almost similar pattern in the Philippines and China. Not all respondents in cluster 2 are
familiar with bioenergy, with only about 60 percent of respondents in both countries. More
than 70 percent of Philippines respondents and more than 80 percent of Chinese respondents
think that bioenergy is good for the economy. Only about 14 percent of both Philippine and
Chinese respondents in cluster 2 are concerned about bioenergy’s negative effect on food
security. We describe the respondents in this cluster as “ambivalent” typology because they
do not have a clear opinion on the effects of bioenergy on food security and economy.

Figure 4 Knowledge and opinion of respondents on bioenergy by cluster typologies
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The results of the matrix scoring reveal the characteristics of the three cluster typologies
(Table 4). The idealist typology in the Philippines and China consists mainly of respondents
whose age is less than 40 and live in urban and suburban areas. Significant number of idealist
respondents in China is working in the academe. But they are represented in various
professions in the Philippines. Common characteristic of idealist typology in both countries is
the importance of science as source of information on bioenergy. Idealist respondents in
China consider fossil as the most important source of energy to promote economic growth,
while those in the Philippines think otherwise. In the latter country, fossil combined with
renewable energy including bioenergy is considered good source of energy. Overall, higher
share of Philippine respondents with idealist typology consider first and second generation
bioenergy feedstocks as important energy sources.

Like the idealist typology, ambivalent typology is characterized by respondents with age less
than 40 and domicile in urban and suburban areas in the Philippines and China. There are very
few Chinese respondents with age above 40 years in this cluster. The Philippine respondents
with ambivalent typology have mainly undergraduate and lower level of education.
Ambivalent typology in China is dominated by respondents with academic profession. Whilst
farmers are largely represented in ambivalent typology in the Philippines, no single farmer
has ambivalent typology in China. After academe and science, media and internet are very
important for respondents with ambivalent typology not only in the Philippines but also in
China. They thus have very similar sources of information with the idealist typology. The
respondents with ambivalent typology consider fossil as important source of energy not only
in China but also in the Philippines. The proportion of respondents with this opinion is
however lower in the latter (33.70 percent) than in the former (52.78 percent) country. About
20 percent of both Philippine and Chinese respondents with ambivalent typology think that
bioenergy is important for the economy.

The Chinese respondents with realist typology have very different characteristics from those
with other typologies. They have age above 40 years and domicile in farm and forest. There is
far larger number of respondents with undergraduate and secondary education. A significant
number of respondents (67.44 percent) with realist typology in China are farmers and whose
main sources of information are their family, friends and neighbours. The share of
respondents who think favourably of fossil fuel in promoting Chinese economy is much lower
for realist typology than the other two typologies. Nonetheless, hardly any of them think that
bioenergy feedstocks are useful for the economy. In the Philippines, realist typology has
relatively similar knowledge and opinion with the idealist and ambivalent typologies, albeit
with different proportion of respondents. This is particularly evident on their opinions on
energy sources. Compared with ambivalent typology, there are more respondents with realist
typology who consider fossil combined with renewable energy including bioenergy is
considered good source of energy. In contrast to idealist typology, respondents with realist
typology strongly prefer fossil and strongly reject bioenergy as sustainable sources of energy.
This conforms to the opinion of all respondents in the realist typology that bioenergy affects
food security. When given the choices between the different sources of biomass feedstock,
they think that sugar-rich crops and fast growing trees have very high potential to contribute
to sustainable production of bioenergy.
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Table 4 Characteristics of the respondents according to cluster typologies

Philippines China

Idealist Ambivalent Realist Idealist Ambivalent Realist
(cluster 1)  (cluster 2) (cluster 3)  (cluster 1) (cluster 2) (cluster 3)

Personal information

Age is less than 40 years 83.87 68.48 72.45 97.14 97.22 39.53
Age is more than 40 years 16.13 31.52 27.55 2.86 2.78 60.47
Domicile is urban/sub-

urban/industrial 71.54 58.70 66.33 74.29 75.00 30.23
Domicile is

farm/agriculture/forest 25.20 38.04 30.61 17.14 18.06 67.44

Education is
secondary/undergraduate

level 57.72 67.39 56.12 45.71 48.61 86.05
Education is

graduate/technical level 40.65 30.43 42.35 54.29 50.00 13.95
Field and location of

work

Public agency 21.77 17.39 17.86 5.71 6.94 2.33

Private company 28.23 21.74 25.51 5.71 13.89 9.30

Agriculture/farm 10.48 29.35 17.35 0.00 0.00 67.44
Academe/research 16.13 13.04 18.88 77.14 65.28 20.93
Source of information

Media&Internet 64.92 45.11 63.01 37.14 39.58 13.95
Public officials 45.97 31.52 54.08 11.43 13.89 9.30

Academe/science 79.03 64.13 76.02 62.86 62.50 25.58
Family/friends/neighbours 26.21 19.02 29.08 8.57 9.72 31.40
work colleagues/partners 41.77 28.98 44.49 12.86 7.64 4.65

Opinion on energy

sources

Fossil 27.42 33.70 47.45 51.43 52.78 18.60
Fossil and renewables 46.77 28.26 49.49 22.86 19.44 4.65

Bioenergy 49.19 19.57 0.51 22.86 19.44 4.65

- sugar-rich 37.10 19.57 37.76 11.43 12.50 4.65

- starch-rich 39.52 21.74 33.16 28.57 23.61 4.65

- oil-crops 44.35 26.09 40.82 11.43 16.67 6.98

- agric/forest resideues 37.90 19.57 30.61 22.86 11.11 2.33

- fast growing trees 39.52 14.13 34.69 14.29 8.33 0.00

- perennial trees 29.84 13.04 28.06 17.14 11.11 0.00

4.3 Conjoint preferences of bioenergy sustainability

The results of the logit analysis to estimate the preferences (or utilities) between the different
types of biomass in each sustainability dimension (i.e. economic stability, social equity and
resource productivity) are presented in Table 5. The preferences for the first- and second-
generation biomass vary among sustainability dimensions, across cluster typologies and
between countries. In terms of economic dimension of sustainability the respondents with
idealist typology favour the use of second-generation feedtocks like farm/forest residues and
fast-growing trees for bioenergy production in the Philippines and China. Least preferred for
bioenergy are first-generation feedstocks like starch-rich crops in the Philippines and oil-rich
crops in China. The feedstock preferences to promote social equity are not as evident as for
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economic stability. Only farm/forest residues and sugar-rich crops have statistically
significant coefficients. The former feedstock is preferred in both countries, and the latter is
least accepted in the Philippines. First-generation feedstock like starch-rich crops are least
preferred for promoting ecological balance in both countries. Like in economic and social
dimensions, farm/forest residues turned out to be highly preferred for ecological dimension of
sustainability. The Philippine respondents with idealist typology prefer oil-rich crops, which
can be ascribed to the importance of coconut as bioenergy feedstock. This feedstock is not
preferred among Chinese respondents.

Table 5 Logit estimation results of the utilities for the different types of biomass by
sustainability dimensions and cluster typologies

Philippines China

Idealist Ambivalent Realist Idealist Ambivalent Realist

Attribute levels (cluster 1) (cluster2)  (cluster3) (cluster 1)  (cluster2)  (cluster 3)

Economic Stability

Sugar-rich crops -0,07 -0,03 0,15* 0.10 -0.25% -0.05
Starch-rich crops -0,32%** 0,21% -0,05 -0.24 0.04 -0.18
Oil crops -0,08 0,09 -0,07 -(.83 %% 0.02 0.18
Agric/Forest residues 0,30%** 0,27%* 0,22%%* 0.77%** 0.34%%* 0.01
Fast-growing trees 0,20%* -0,24* 0,06 0.44%* 0.09 0.16
Perennial grasses -0,03 -0,30%* -0,31%** -0.23 -0.24%* -0.12
Social Equity

Sugar-rich crops -0,29%%* -0,21%* -0,19%%* -0.1 -0.48%* -0.12
Starch-rich crops -0,04 -0,02 -0,01 -0.34 0.12 -0.12
Oil-rich crops 0,11 0,29%* -0,08 -0.26 -0.26 0.21
Agric/Forest residues 0,16* -0,08 0,07 0.56%* 0.15 0.22
Fast-growing trees 0,05 0,25%* 0,16* 0.06 0.55%%** 0.00
Perennial grasses 0,01 -0,23* 0,05 0.08 -0.08 -0.19
Ecological Balance

Sugar-rich crops -0,13 0,16 -0,18* 0.09 -0.22 -0.15
Starch-rich crops -0,34%%* 0,03 -0,17* -0.55%* 0.26* -0.16
Oil-rich crops 0,27%* 0,01 0,09 -0.4% -0.26 0.05
Agric/Forest residues 0,19* 0,07 -0,09 0.37* 0.03 0.41%*
Fast-growing trees 0,06 -0,01 0,48%** 0.28 0.4 -0.08
Perennial grasses -0,06 -0,27%* -0,13* 0.23 -0.21 -0.08

Note: The asterisks ***, ** and * indicate coefficients significantly different from zero at o = 0.01, a. = 0.05,
and a = 0.10, respectively. The utilities are measures of preferences where (1) utilities with positive values are
preferred over those with negative values, and (2) for positive utilities, the larger the utility values the higher the
preference level. The signs and values of the utilities together thus measure the respondents’ willingness to trade-
off less desirable attribute level for more desirable one.

Unlike idealist typology which prefers farm/forest residues for all sustainability dimensions,
the respondents with ambivalent typology consider this feedstock as useful only for economic
stability. Perennial grasses are not preferred source of second-generation feedstock for
promoting economic stability among Philippine and Chinese respondents with ambivalent
typology. In the Philippines, this feedstock is also not preferred for social and ecological
dimensions of sustainability. Fast growing trees appeared to be a relevant second-generation
feedstock among respondents with ambivalent typology, albeit preferences are not quite
consistent. In the Philippines, it is preferred for promoting social equity but not for economic
stability. It China it is considered very important for social equity and ecological balance but
not at all relevant for economic stability. As for the first-generation feedstock, the preferences
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are not consistent for the different sustainability dimensions. The Philippine respondents with
ambivalent typology prefer starch-rich crops for economic stability and oil-rich crops for
social equity. Moreover, sugar-rich crops are not preferred for the latter sustainability
dimension. The Chinese respondents do not prefer sugar-rich crops for economic stability and
social equity, and prefer starch-rich crops for ecological balance.

The respondents with realist typology generally reject the use of first-generation feedstocks
for bionergy, except for sugar-rich crops to promote economic stability. This feedstock
preference among realist may be attributed to the contribution of sugarcane in producing
bioethanol and the policy support provided by the government to sugar sector in the
Philippines. The Philippine respondents do not see the relevance of perennial grasses for
economic stability. But they consider fast-growing trees as important second-generation
feedstock to achieve ecological balance. The Chinese respondents with realist typology do not
have clear preferences for the different first- and second generation feedstock, except for
farm/forest residues, which are considered relevant for ecological balance.

Table 6 presents the relative importance of the sustainability determinants, which were
computed from the individual utilities of the respondents in different cluster typologies.
Overall, the Philippine respondents have the opinion that market structure is the most
important determinant for economic stability, social welfare for social equity and land
management for resource productivity. Market structure receives a score of more than 45
percent in terms of level of importance among the respondents with idealist and realist
typologies, and about 39 percent among those with ambivalent typology. The relatively lower
preference given to market structure in ambivalent typology is due to the higher importance of
technology progress. The respondents in this typology, which are largely farmers and farm
workers, thus think that technology, in particular energy efficiency, is important in achieving
economic stability.

Table 6 Conjoint importance of sustainability determinants by cluster typologies

Philippines China
Sustainability

dimensions Idealist ~ Ambivalent  Realist Idealist ~ Ambivalent  Realist
(cluster 1)  (cluster2)  (cluster 3) (cluster 1)  (cluster 2)  (cluster 3)

Economic stability

Types of biomass 19.89 20.53 18.25 33.87 29.68 29.35
1. Energy security 23.5 15.48 14.95 24.86 28.16 28.30
2. Technology progress 9.24 25.34 21.33 17.06 17.64 17.02
3. Market structure 47.38 38.65 45.47 24.21 24.52 25.33
Social equity

Types of biomass 11.9 13.14 9.67 22.72 25.06 22.97
1. Food security 24.71 28.18 26.48 17.94 19.29 17.92
2. Social welfare 37.54 34.93 32.02 30.11 27.96 30.23
3. Social justice 25.85 23.74 31.83 29.22 27.69 28.88
Ecological balance

Types of biomass 13.74 14.02 16.34 22.79 22.42 21.09
1. Production potential 26.37 26.5 24.64 18.67 18.18 19.09
2. Resource capacity 19.86 14.94 25.85 28.46 27.82 29.30
3. Land management 40.03 44.53 33.18 30.07 31.58 30.52

Respondents in all three cluster typologies, in particular idealist typology, consider social
welfare as the most important determinant of social equity. The realist typology allocates
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almost similar level of importance to social welfare and social justice. As compared to other
indicators of resource productivity, land management has the highest level of importance in
all cluster typologies. For the ambivalent typology, it is as high as 44 percent. This is not
surprising because farmers and farm workers, who largely represent the ambivalent typology,
are more directly confronted with the productivity issues related to land management. The
level of importance given to the different determinants of sustainability dimensions is
generally higher among the Chinese than the Philippine respondents. Like in the Philippines,
social welfare and land management are the most important determinants for social equity and
resource productivity, respectively, for idealist typology in China. But for economic stability,
the type of biomass is considered most important by the Chinese respondents with idealist
typology. The most important determinants for economic, social and ecological sustainability
are the same for idealist, ambivalent and realist typologies.
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