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Abstract: This paper discussed the analysis of the survey on sustainability of bioenergy conducted
in the Philippines, India and China. It acquired general perceptions of the people by asking them
(a) specific questions about their level of familiarity with bioenergy; (b) relationship of their work to
bioenergy; and (c) their opinion on contribution of various feedstock on the economy and impact
of bioenergy production on food security. In addition to these questions, we estimated preference
weights of various feedstock based on the conjoint choices on bioenergy’s contribution to social
stability, social welfare and ecological balance. The estimates revealed significant trade-offs not only
among these three dimensions of sustainability but also the relative importance of energy security,
food security and ecosystem capacity to other economic, social and environmental objectives. The
types of first generation feedstock that are currently used for biofuel production in the respective
countries and those that offer alternative household use are perceived as important to the economy
and preferred bioenergy feedstock. Based on the results of the study, 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.

Keywords: Asia; bioenergy; biofuel; conjoint analysis; ecosystem capacity; energy security; food
security; nexus; sustainability

1. Introduction

Bioenergy refers to energy from biomass. Based on the nature of utility, biomass can be categorized
info raw biomass (e.g., wood) that is used for heating and cooking; and processed biomass (e.g.,
bioethanol, biodiesel) that are used to generate energy for transport, industry and household purposes.
This paper focuses on processed biomass (known as biofuels) and feedstock used for producing
biofuels. We used the term bioenergy here to refer to both feedstock and biofuels. We consider two
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types of bioenergy feedstock, the first generation covering mostly food crops and non-food ligneous
biomass (e.g., jatropha) and second generation covering biomass wastes/residues and ligneous plants
(e.g., trees, shrubs). Policies promoting bioenergy have been actively pursued in both developed and
developing countries but often with different focal objectives. These include climate change mitigation,
rural development, energy security, trade and economic growth, etc. Regardless of the objectives,
these policies contributed to unprecedented increase in biofuel production. The global production of
bioethanol almost tripled from 20 to 50 billion liters and biodiesel increased from 0.8 to almost 4 billion
liters from 2001 to 2007 [1]. It further increased to 94 and 30 billion liters of bioethanol and biodiesel,
respectively, in 2014 [2].

Energy security, either due to short-term volatility of fossil fuel prices or long-term uncertainty
of fossil fuel supply, is one of the most often cited policy objectives for bioenergy development.
Tilman et al. [3] argue that if biofuels are chosen wisely, they can be produced in significant amount so
as to replace a fair share of fossil fuels. The idea of reducing dependence on foreign sources of energy
through local bioenergy production has thus increased the political popularity of biofuels ([4–6]),
particularly in developed (e.g., US, EU) and emerging economies (e.g., Brazil), resulting in generous
government targets for substituting biofuels for fossil fuels in the transport sector. Many other countries
were quick to follow and introduced biofuel blending targets: 13 in American region, 12 in Asia-Pacific
region, 11 in Africa and the Indian Ocean, and 2 in Non-EU countries in Europe [7]. Countries with
little land endowments and high costs of biomass production will not reach their substitution goals
without bioenergy trade ([8–10]). The promising prospects for bioenergy trade have thus contributed
to the fast expansion of land cultivated to bioenergy feedstock not only in developed but also in
developing and least developing countries where technologies to process biofuels do not exist.

However, the global expansion of bioenergy has undesirable impacts on food security. The
Food and Agriculture Organization (FAO) defines food security based on four dimensions, access,
availability, stability and utilization [11]. The controversies on the impacts of bioenergy production
on food accessibility, availability and stability made food security as one of the most urgent
contemporary public issues. The conversion of agricultural crops and lands from food to bioenergy
production has been claimed to contribute to short supply and consequently, high prices of major food
commodities [12]. This apparent conflict between biofuel and food production as well as increased food
prices have been described as “food versus fuel debate” ([13–17]). Bioenergy affects food accessibility
(particularly by the urban poor) through an increase in food prices and also food availability through a
decrease in food production. Increase in food prices however may also offer opportunities for farmers
through higher income, helping rural areas where 70 percent of the world’s poor are living [18]. Only
the first generation “food-crop” bioenergy feedstock is often considered to cause a direct competition
with food production so that further development of advanced biofuels from inedible plants is
encouraged ([19,20]). However, the use of such non-food crops (e.g., jatropha) also compete with food
on land and water use, thus ultimately causing a decline in resources available for food production.
Therefore, in the longer perspective, bioenergy production will not only affect the access to and
availability of food but also stability of its production.

In addition to land and water competition between fuel and food production, the widespread
bioenergy production is causing degradation of the ecosystem. Agriculture activities now require
70 percent of total global water usage and with increased biofuel production it could go up to 90 percent
(e.g., [21–23]). The use of pesticides and fertilizer to increase land productivity will also cause more
water pollution. The dramatic increase in first generation bioenergy production in recent years
was achieved through conversion of forests into monoculture soybean, sugarcane, corn, or palm oil
plantations. For example, 85 percent of forest destruction in Southeast Asia, particularly in Malaysia
and Indonesia during the period 1985–2000 was due to expansion of palm oil plantations ([24–26]).
Because forests play an important role in storing carbon that is otherwise emitted into the atmosphere,
the climate mitigation objective of bioenergy has been negated through large scale deforestations.
Moreover, the massive conversion of land into production of bioenergy crops is threatening biodiversity
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because plantations like oil palm support much fewer species than forests and other tree crops ([27,28]).
Referring to previous studies, Hurford and Harou [29] explain that because many of the world’s rural
poor rely on ecosystem services provided by environmental resources, their vulnerability increases
with the degradation of these resources.

Energy security, food security and ecosystem capacity are very much interlinked, thus, together
they present an enormous challenge to the economic, social and ecological sustainability of bioenergy
production. However, there are other equally important societal challenges confronting the use of
biomass for energy, which often entails some degree of trading off. These trade-offs may undermine
energy, food and ecosystem sustainability. Understanding the form of trade-offs can help avoid the
selection of “extreme” management policies which can result from considering smaller numbers of
objectives, and thus ignoring real system complexity [29]. Moreover, understanding the conflicts due
to these trade-offs is particularly important for understanding welfare impacts, coping mechanisms,
and environmental feedback effects at the local level [30]. Analysis of trade-offs thus helps to inform
about the need for not only a redirection in government policy but also a change in societal behavior.
This paper focuses on analyzing societal behavior, specifically the perceptions and preferences of
the survey respondents’ towards promotion of sustainable bioenergy feedstock. The paper aims to
determine public perceptions on sustainability of first generation “food-crop” bioenergy and how
they influence the preferences for alternative feedstock (i.e., non-food ligneous biomass and second
generation bioenergy) and the underlying sustainability trade-offs. Moreover, it aims to determine
how important are energy security, food security and ecosystem capacity vis-à-vis other economic,
social and environmental goals in choosing most preferred bioenergy feedstock. There are few studies
that have investigated perceptions and preferences on sustainability of alternative bioenergy feedstock
(e.g., [31–34]) (While the study of Aguilar and W. Thompson [31] showed that grasses are the most
preferred feedstocks in Columbia, Missouri, this is not the case in the case study regions in the
Philippines, India and China. However, similar to the study of Jensen et al. [32], awareness influences
the preferences for feedstock including grasses. Both studies refer only to case studies in one country),
and none of them have dealt with its cross-country comparative analysis. This paper contributes to
this research gap.

The trade-offs analysis is based on a choice-based conjoint analysis of survey data collected in
the Philippines, India and China, where there is an increasing pressure on governments to increase
bioenergy feedstock production to meet policy targets. Moreover, the issues of energy security, food
security and ecosystem capacity are all important issues in these countries, albeit at varying level.
China is confronted by enormous energy security challenges because its economic growth depends on
sustainable energy supply and it is now world’s largest consumer of primary energy [35], surpassing
the United States in terms of energy demand in 2010 [36]. China, followed by India, is the world’s
largest importer of coal. India is the fourth world’s largest consumer of primary energy but is expected
to surpass China in coal imports by 2020 [35]. Food security also presents a major problem in both
countries because they alone are accountable for 42 percent of hungry population in the world [37].
Poverty remains the most important cause of food insecurity in Asia, and more than 50 and 20 percent
of the poorest live in India and China, respectively [38]. However, poverty in China has declined
significantly, contributing largely to 48.6 percentage reduction in poverty in Eastern Asia between
1990 and 2010 [11]. India is expected to have more people than China by 2025 [39], and would remain
to have the largest poor and hungry population in Asia. In the Philippines, food security is affected
by increasing frequency and intensity of typhoons, which devastations are causing more people to
live in poverty. The impact of Typhoon Haiyan, one of the strongest that hit the Philippines in 2013,
on food security in the poorer regions may persist for years [40]. However, typhoon disasters are
not only caused by climatic extremes, but widespread degradation of ecosystem services particularly
in the mountainous and coastal areas [41]. In China and India, the main environmental problems
are the scarcity of groundwater and pollution of fresh water. India accounts for over a quarter of
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global groundwater extraction because 85 percent of drinking water and 60–65 percent of irrigation
are dependent on groundwater resources [39].

The paper has the following structure: section 2 provides an overview on the bioenergy policies
in the three Asian countries, section 3 discusses the methods and materials used in the analysis; section
4 presents and discusses the results; and section 5 provides conclusions.

2. Bioenergy Policy in Asia

Although global biofuel production has significantly increased in recent years, the volume of
production in Asia and its neighboring Pacific countries remain small in comparison to countries
in Europe and America [2]. Taking into account, however, the available productive resources and
development policies for bioenergy, Asia is expected to increase its share in global bioenergy production.
Table 1 shows the 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 fourth
and fifth largest producers, respectively, of global bioethanol after the USA (54 billion liters), Brazil
(26 billion liters) and Europe (5 billion liters) in 2014 (Table 1). 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.

2.1. 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 [42].

The Philippine Biofuels Act followed multi-stage strategy to promote local production and
consumption of biofuels:

‚ 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;

‚ Within two years from the effectivity of the Act, the feasibility of mandating a minimum of two
percent blend of biodiesel was assessed taking into account considerations including but not
limited to domestic supply and availability of locally-sourced biodiesel component;

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

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

The Act envisions that all biofuels are to be blended with domestically-sources liquid fuels. The
imports of biodiesel are prohibited. However, due to lack of bioethanol in the domestic market,
the government is permitting oil companies to import bioethanol to meet the blending targets. The
bioethanol imports were as high as 339 million liters in 2014, but are expected to decline to 251 million
liters in 2016 due to increase in domestic ethanol production [43]. Biomass for bioenergy production is
exempted from value added tax and biofuel companies with 60 percent local ownership are provided
financial assistance [44]. Whilst there were no reported obstacles during the transition to a higher
biodiesel blend due to adequate local supply [45], 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 liters (Table 1). 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 [46].

2.2. India

India’s biofuel policy regime is influenced broadly by energy security issues, environmental
concerns, wasteland utilization, and enhance rural livelihood options. The launching of National
Mission on Biodiesel in 2003 and announcement of biofuel purchase policy in 2006 provided the initial
push to develop the local biofuel industry. The former identified jatropha as the most suitable inedible
feedstock for biodiesel [47]. The National Policy on Biofuels adopted in 2009 envisaged to strengthen
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 (both
bioethanol and biodiesel) by the end of 2017 [48]. Moreover, the policy emphasized use of degraded
and waste lands not suitable for agriculture to raise bioenergy feedstock to avoid food versus fuel
dilemma. More importantly, however, given the limited scope for increasing arable land, meeting the
blending targets in 2017 will only be possible by using lands under extreme marginal conditions [49].
In addition to setting-up of a National Biofuel Fund for providing financial incentives, subsidies
and grants for new and second generation bioenergy feedstock included, 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. Oil extraction is done at one of oil extraction units
(over 10 units exist in India) and supplied to either national or international market.



Agriculture 2016, 6, 19 6 of 26

Table 1. Overview of liquid biofuel production (million liters) in Asian countries, USA, Brazil and Europe during 2006–2014.

Country Bioethanol Biodiesel

Feedstock 2006 * 2010 2014 Feedstock 2006 ** 2010 2014

ASIA
China Corn, Wheat, Cassava 1647 2179 2787 Waste vegetable oil 273 568 1133
India Molasses 1898 1522 2036 Jatropha, Pongamia - 90 130
Indonesia Molasses, Cassava 163 175 220 Palm oil 65 740 3650
Thailand Molasses, Cassava 135 451 1100 Palm oil, Waste cooking oil 2 660 1200
Philippines Sugarcane 0 10 110 Coconut oil 0 124 112
Malaysia None - - - Palm oil 435 94 424
OTHERS
USA *** Corn, Wheat 18,512 50,399 54,347 Soybean oil, Vegetable oil 949 1302 4699
Brazil Sugarcane, Corn 27,140 27,965 25,605 Soybean oil, Cotton seed oil 1608 2386 3500
Europe Wheat, Corn, Sugar beet 2816 4268 5250 Rapeseed oil, Palm oil, UCO 9550 10,710 10,890

Notes: * Data for Brazil, Europe are for 2008; ** Data for Malaysia is for 2007, for USA 2008, for Brazil 2009; *** Converted from US gallons to liters. The table refers to total production
but include the major sources of feedstock. Sources: [50–57], For USA, downloaded from [58].
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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 and Sengupta [59] show that
about 37.38 million hectares of wasteland suitable for jatropha cultivation is available in India. However,
a significant number of the rural population is dependent on miscellaneous tree growth on these
so-called wastelands for their food and livelihood. In addition, the overall area under food grains 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, achieving a 10 percent blending
will be difficult due to the demand for alcohol from the potable and chemical sector, which is growing
at 3–4 percent per annum, and the highest available alcohol from molasses set at 2.3 billion liters [60].
However, the government increased the blending targets from 5 to 10 percent in 2015 [61]. According
to Basavaraj et al. [60], meeting the 10 percent blending would require using 10.5 million hectares of
productive land and producing 736.5 million tons of sugarcane, which are twice as the current area
and volume of production. Considering the problem of water scarcity in India, the water requirement
(i.e., 20,000–30,000 m3) for producing per hectare of sugarcane will limit the potential for expanding
production [60]. Moreover, the lack of technological inputs and infrastructures are considered the
major hurdles for implementing such intervention. Increasing the area under sugarcane will be at the
cost of diverting land from other staple food crops [62]. Finally, achieving only 1.37 per cent blending
of ethanol in 2014 due to competition of feedstock use for liquor and chemical industry [63], the policy
target of 20% ethanol blending is unlikely to be realized in 2017.

2.3. China

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 [64]. Due to increasing energy
pressure and energy security concerns, the search for alternative sources of energy has become a top
policy priority of the Government of China [1,64]. Bioenergy is part of the country’s long run strategic
energy plan and included in the Five Year Plan since 1995 ([65,66]). While there are currently no
national blend mandates for biofuels, six provinces have already adopted the 10 percent ethanol (E10)
blending regulation and seven other are in pilot testing stage in 2015 [65]. The E10 was first introduced
in the provinces of Henan and Heilongjiang in 2003 [64]. The government announced the standard for
Biodiesel Fuel Blend (B5) or 5 percent biodiesel blending in 2010, which is currently under pilot testing
in gas stations in Hainan province [67]. Biofuel industry depends largely on ethanol production from
grain products, but slowly expanding to cover other crops like cassava, sweet sorghum and sweet
potatoes. China has become the third world largest bioethanol producer due to the combined effects of
favorable feedstock production and strong policy support. The huge corn surplus was used for the
Ethanol Promotion Program in 2002, followed by the upscaling of Pilot Testing Program on Bioethanol
Gasoline for Automobiles from state to national level in 2004 [68]. The major policy support for the
implementation of the pilot testing program include (1) waiving 5% consumption tax on all bioethanols
under the E10 program for all bioethanol plants; (2) annual refund of value-added tax (normally 17%)
on bioethanol production; (3) subsidizing grains reserved in national stocks that are not suitable for
human consumption to be used as feedstock by all bioethanol plants; (4) annual subsidy for the gap
between marketing revenues and production costs plus a reasonable profit that the firm could have
obtained from an alternative investment; and (5) ensuring markets for the bioethanol produced by
state-owned plants (i.e., under pilot program) and excluding competition from private plants [64].

In contrast to bioethanol, many biodiesel refineries operate below production capacity due to not
only limited feedstock supply but also inadequate policy incentives [69]. There were about 10 biodiesel
plants in China in 2007, producing about 0.2 million tons per year and using mainly industrial waste oil
and waste cooking oil as feedstock [70]. Biodiesel production picked up only in 2008, after the adoption
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of Renewable Energy Law in 2005 and formulation of the Middle and Long Term Development Plan
of Renewable Energy in 2007. The former is aiming to make investment among others in biomass
power plants, transfer technology from biomass to liquid fuel, demonstration and industrialization
project for jatropha, etc. [71], while the latter is targeting to produce 2 and 10 million tons per annum
of biodiesel and bioethanol, respectively, by 2020 ([64,72]). The policies supporting the biofuels sector
based on the renewable energy law and plan are similar to the pilot testing program, with only few
revisions including flexible subsidy for loss due to oil price changes and new subsidy for developing
new production base of feedstock [64]. Production of biodiesel has reached one million tons and that
of bioethanol about 2.5 million tons in 2015 [65]. The future policy direction in China is to promote
cellulosic and algae based biofuels to achieve the 2020 targets. Initial steps to achieving this have been
put in place in 2013 by introducing higher subsidies for cellulosic ethanol production and phasing out
subsidies for conventional grain-based biofuels [65].

3. Methods and Materials

3.1. Conjoint Analysis and Framework

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. Figure 1 presents the Sustainability Trade-offs and Pathways (STRAP)
framework ([34,73]), which guided the selection of attributes and attribute levels. The STRAP approach
takes into account the conceptual interconnections and interdependencies between the determinants
and their underlying indicators of economic, social and ecological sustainability. Energy security,
technology progress, and market organization are the determinants for economic stability; food
security, social welfare, and social justice for social equity; and production potential, ecosystem
capacity, and land management for ecological balance. These determinants represent the attributes
and the indicators for these sustainability determinants represent the attribute levels in the survey
design. A detailed discussion on the relevance of these determinants for bioenergy sustainability is
available elsewhere ([34,73]). The conjoint attributes and sustainability determinants have the same
meaning and these terms will be both used throughout the paper.

Following from Figure 1, Table 2 describes the attributes and the attribute levels that were used
for designing the CBC survey questionnaire. 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. Table 3 presents three examples of a choice task, each task
representing different options for the three sustainability dimensions – economic stability, social equity
and ecological balance. The respondents were asked to choose only one among three options in each
choice task. The options are linked to a given type of biomass (or feedstock), which can either be first
generation or second generation bioenergy crops. The feedstock attribute levels were used as reference
for each option so that the respondents can explicitly link their choice decisions to the types of biomass.
This then reduces the problem of abstraction that is common in sustainability assessments. Only three
options per task and five tasks per sustainability dimension were presented to make it easier and faster
for the respondents to make their choices. Too many options and tasks could result in a decrease in
survey completion rate, or confuse the respondents and make them respond superficially. The small
number of options and tasks was however offset by increasing the number of questionnaire versions,
which helped to improve the design efficiency (i.e., increase sample size). 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.
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Figure 1. Sustainability Trade-offs and Pathways (STRAP) framework (adapted from Acosta et al. [34]). 
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Table 2. 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 organization
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

Fast-growing trees Sugar-rich crops
Perennial grasses Oil-rich crops

Resource capacity
1. Effects of population pressure Production potential unaffected Production potential affected
2. Pressure on natural resources Put less pressure Put more pressure
3. Effects landscape and species diversity Improve diversity Destroy 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 (adapted from Acosta et al. [34]).
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Table 3. Example of choice tasks in the questionnaire for the choice-based conjoint analysis.

Determinants
(Attributes)

Indicators (Attribute levels) for Specific Type of Biomass

Sugar-rich Crops Oil Crops Fast-growing Trees

Economic Stability

A. Energy security
Low domestic energy
demand

High domestic energy
demand

Low domestic energy
supply

B. Technology progress High R&D investment Low R&D investment High technology
deployment

C. Market organization High market incentives Low market incentives Good market
infrastructure

Choose one option:

Social Equity

A. Food security
Increase food
self-sufficiency

Increase purchasing
power

Increase affordability of
food

B. Social welfare
Increase livelihood
sources

Increase job
opportunities

Improve household
lifestyle

C. Social justice
Hinder equal property
rights

Cause home
displacement

Cause land
dispossession

Choose one option:

Ecological Balance

A. Ecosystem capacity
Potential affected by
population pressure

Put more pressure on
natural resources

Improve landscape and
species diversity

B. Production potential Very high potential Moderate potential Very low potential

C. Land management
Support nature
conservation

Compatible with organic
farming

Available good farming
practices

Choose one option:

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 ([74,75]), 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) [76]:

Yi “ Xiβi ` εi (1)

βi “ Θzi ` δi (2)

where in the first equation, Yi is a vector of the responses from the choice tasks, Xi is a matrix of
the attribute levels, βi is the p-dimensional vector of regression coefficients representing the utilities,
and εi is a p-dimensional vector of random error terms. In the second equation, Θ is a p by q
matrix of regression coefficients (i.e., utilities), zi is a q-dimensional vector of covariates and δi is a
p-dimensional vector of random error terms. The CBC 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 [77]. According to Lenk et al. [78], 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. This makes the model in Equations (1) and (2) very useful in cases of small respondent
population, where i = 1 . . . .n number of respondents. Equation (1) reflects the individual-level model
and assumes that the respondent chooses options according to the sum of utilities. Equation (2) is an
upper-level model that describes the heterogeneity in the individual utilities across the population
of respondents. The heterogeneity is captured in covariates describing the respondent attributes.
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According to Orme and Howell [77], the most useful covariates bring exogenous information (outside
the information already available in the choice tasks) to the model to improve the utility estimates.
In this paper, we introduce a-priori segmentation where two segments, i.e., agriculture (AGRI) and
non-agriculture (NON-AGRI) professions, were used as covariates in the model.

The utilities generated from the CBC/HB tool for individual respondents were further analyzed
using the Sawtooth Software Market Research Tools (SMRT). The SMRT uses logit analysis to provide
an indication of the statistical significance of the attributes. Moreover, it computes the coinjoint
“importances” (or preference weights), which characterize the relative importance of each attribute.
From the segmented conjoint utilities Θ generated from the CBC/HB segment-level utility data (i.e.,
Equation (2)), the preferences weights (ω) of the various attributes (R) were computed as follows:

ωij “

˜

Rij{

n
ÿ

i“1

Rj

¸

˚ 100 (3)

Rij “ Θmax
ij ´Θmin

ij (4)

where i refers to attribute levels and j refers to the segments. The weights measure the relative
importance of the different attributes to each other. The t-ratios from logit analysis need careful
interpretation because the conjoint utilities in each attribute are zero centered. The likelihood that one
of the levels will have a utility around zero is high, which does not necessarily mean that this attribute
level has no impact on respondents’ choices [79].

3.2. Survey Administration

The Sawtooth Software was used not only to analyze the responses of the respondents (i.e.,
compute utilities and preference weights), but also to construct the choice tasks and prepare the
conjoint questionnaire using its SSIWeb module. We used complete enumeration as a random tasks
generation method and traditional full profile design. We aimed to cover respondents from five groups
of professions including public agency, private company, academic, farm and others not belonging
to any of the other professions (e.g., retired, unemployed, housewives). The web-platform of the
software was used to conduct the survey through the internet. Online survey enables to reach different
groups of respondents in different parts of the country with minimum expenses. However, online
survey is more difficult to conduct because people are not very interested or do not have much time to
complete the survey. The web link to the survey was sent to the respondents per e-mail. We adopted
purposive and snowball (or chain referral) sampling techniques. Purposive sampling technique was
used to ensure that respondents in different groups are represented in the survey. This was done by
contacting heads of institutions and those with personal contacts to respondents to send invitations to
complete the survey. The purposive sampling technique have helped to increase response rate of the
online surveys in the Philippines and China. The snowball sampling technique was used to increase
the number of respondents, particularly if the target respondents were not available to complete the
survey. The latter were requested to forward our e-mail to colleagues, friends or relatives, who belong
to similar profession and would be willing to complete the survey.

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. In case of India where response rate to online survey was
relatively low despite repeated reminders, CAPI survey was also conducted to collect information
from respondents in other professions (i.e., government officials and employees, academic and research
professionals, private company managers and workers, etc.). The respondents were contacted and
after securing their consent, the CAPI survey was presented to the respondents and filled by the
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enumerators using their laptops. This approach limited the possibility of securing responses from
people with significant geographical diversity.

In China, the respondents for the CAPI survey were randomly selected by knocking on the door.
Most of them have little knowledge of computer, so the answers to the questions were typed by the
enumerators. In the Philippines, official permission to conduct survey was first obtained from the
municipal and village officers, who then helped in identifying and contacting respondents. The survey
questionnaire consists of the same set of questions and identical set of attributes and levels in the
conjoint choices in the Philippines, India and China in order to facilitate cross-country comparative
analysis. The survey was pre-tested in the Philippines using the CAPI module, which enabled the
enumerators to collect suggestions on how to improve the questionnaire. While the conjoint choices
were well understood by the respondents in the Philippines and China, some respondents in India
expressed reservations about the contradictory nature of choices inherent in the survey methodology
adopted in the study. These in turn would highlight the need for interpreting the survey responses in
India with caution. The numbers of qualified survey are 250 in the Philippines, 160 in India and 168
in China.

3.3. Case study Areas for the CAPI Survey with Farmers

In the Philippines, the farmer respondents were located in the provinces of Batangas and Quezon
(Figure 2), 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 [80]. Rice and corn are the most
dominant crops, but the region is the country’s fourth and fifth largest producer of sugarcane and
coconut, respectively. The four climate types are represented in this region. 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 [81]. Batangas is a combination of plains and mountains, where the
world's smallest volcano, Mt. Taal, with an elevation of 600 meters, is located. The municipality of
Nasugbu in Batangas is the home of the plantation of Central Azucarera Don Pedro, the Philippines'
largest producer of sugar and other sugarcane products. Batangas is an adjacent city to Metro Manila
where four biofuel processing plants with a total capacity of over 200 million liters per year are located.
In Quezon, the survey focused in the municipality of Infanta, which is a first class municipality in
the province of Quezon with a total land area of 34,276 hectares and a population of 648,181. Half of
the population earn their living through primary and secondary types of livelihood. There are three
biofuel processing plants in Quezon with total capacity of 140 million liters per year.

In India, the CAPI survey with the farming community was carried out among farmers cultivating
jatropha in Tamil Nadu (Figure 2). 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. The state also established a Center of
Excellence in Biofuels at the Tamil Nadu Agricultural University (TNAU) in Coimbatore to promote
research and dissemination. The state was the third largest cultivator of jatropha in India in 2008
with more than 20,000 ha cultivated under this crop. Over the period 2007–2012, the Tamil Nadu
government aimed to bring 100,000 ha under jatropha cultivation, with the government selling the
seedlings to farmers with a 50 percent subsidy. The government aimed to promote jatropha cultivation
mainly through contract farming with Agriculture Department serving as the nodal agency in charge
of implementing the program and TNAU developing the seed technology and administering the
seedling subsidy. The government support was also provided in the form of subsidized buy-back of
seed and free seedlings; credit from agricultural co-operative banks to reduce the financial investment
risk to farmers, and standardized technical assistance to the farmers. The basic model for jatropha
cultivation has been similar across both public-private and private initiatives.

In China, the Qu County in the province of Sichuan was chosen as the case study to do offline
survey with local farmers (Figure 2). Inside Sichuan province large developmental gaps exist between
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eastern and western regions, where its physical features express to a considerable extent the province’s
economic and social disparities [82]: Although several very poor regions lie in the Sichuan Basin’s
north-east, especially the areas along the Daba Mountains, most other regions of the basin are more
prosperous and economically advanced than Sichuan’s western mountain region, the main domicile of
the province’s minority nationalities. Moreover, the Sichuan Basin–known as “heaven’s storehouse” in
China because of its subtropical climate, fertile ground, plentiful water resources, and several waves of
migration over the centuries–is one of China’s most abundant and productive agricultural areas [82].
The county is located at southwest of Dazhou City in Sichuan. Qu County occupies about 2000 km2

including more than 60 villages with 1.48 million residents. It is an important county in Sichuan with
its agricultural products, e.g., woven bamboo wares, yellow daylily. However, Qu county is still a
least developing area in China. A lot of residents turn to big cities like Beijing or Shanghai for a better
income. The survey site is taken in the village Wujing (in Chinese it means five wells) at the east of Qu
County. In recent years, a number of biogas pools have been constructed in Wujing, which uses feces
or crop residues to provide electricity or cooking fuel. However, the efficiency of these pools needs
further improvement for higher benefit.
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4. Results

4.1. Demographic Profile of Respondents

The main demographic characteristics of the respondents like age, education, gender, domicile
and place of work vary in the Philippines, India and China (Table 4). The majority of the respondents
in the Philippines and China are young with age less than 30 years, particularly among those in
NON-AGRI profession who account for more than 70 percent of the respondents in this segment. In
India, about half of the respondents are between 41 and 50 years of age. The level of education in the
Philippines and India are relatively high for most respondents, with more than half having completed
university degree particularly those in NON-AGRI profession. China has largest number of AGRI
respondents who have reached only grade school. The gender distribution of respondents is relatively
balanced in the Philippines and China, but not in India where respondents are male dominated.
Across all three countries, respondents who are engaged in AGRI profession are largely domiciled in
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farm/agriculture areas and those in NON-AGRI profession are mainly living in urban and suburban
areas. The good representation of respondents from various fields including public, private, academic,
and farm was evident because the location of work of the respondents has the highest diversity among
the five demographic characteristics. In the Philippines, while a large number of the AGRI respondents
are working either in the farm or in public offices, the NON-AGRI respondents are mainly working in
private companies, non-government organizations and others (altogether 71 percent). In India, while
the respondents in AGRI profession are relatively well distributed among public, private, and farm,
those in NON-AGRI are dominated by private and non-government institutions (53 percent). In China,
the respondents with AGRI profession are mainly farmers (56 percent) and academics (38 percent).
The respondents from the academe also largely represent the NON-AGRI profession (68 percent).

Table 4. Demographic characteristics of the respondents, in percent and by country.

Demographic
Characteristics

Philippines India China

AGRI Non-AGRI AGRI Non-AGRI AGRI Non-AGRI
(n = 150) (n = 100) (n = 90) (n = 70) (n = 52) (n = 116)

Age
Less than 30 40.00 73.00 7.78 2.90 42.31 71.55
Between 31and 40 16.00 8.00 14.44 34.78 7.69 25.86
Between 41and 50 8.67 4.00 50.00 47.83 36.54 1.72
Between 51 and 60 20.00 10.00 18.89 13.04 9.62 0.86
Between 61 and 70 11.33 5.00 5.56 1.45 3.85 0.00
Greater than 71 4.00 0.00 3.33 0.00 0.00 0.00

Education
Grade school 12.00 4.00 20.00 1.45 55.77 0.00
Secondary school 21.33 8.00 13.33 0.00 0.00 1.72
Undergraduate 28.00 43.00 28.89 20.29 9.62 45.69
Graduate 35.33 41.00 26.67 49.28 34.62 50.00
Technical, etc. 0.67 0.00 7.78 28.99 0.00 0.86
Others 2.67 4.00 3.33 0.00 0.00 1.72

Gender
Male 52.00 45.00 92.22 91.30 63.46 62.93
Female 48.00 55.00 7.78 8.70 36.54 37.07

Domicile
Urban area/city 20.67 36.00 31.11 56.52 26.92 62.07
Suburban/close to city 18.00 26.00 15.56 33.33 3.85 14.66
Industrial/commercial 1.33 4.00 0.00 2.90 0.00 0.86
mountain/forest 11.33 3.00 2.22 1.45 1.92 4.31
farm/agriculture 43.33 23.00 51.11 5.80 63.46 12.07
River/coastal 5.33 3.00 0.00 0.00 1.92 1.72
Others 0.00 5.00 0.00 0.00 1.92 4.31

Place of work
Public agency 28.00 16.00 24.44 7.14 3.85 5.17
Private/NGO 8.00 37.00 22.22 52.86 0.00 14.66
Field/Farm 35.33 0.00 37.78 0.00 55.77 0.00
Academe/research 17.33 13.00 13.33 37.14 38.46 68.10
Others 11.33 34.00 2.22 2.86 1.92 12.07

Note: The values for each column in each demographic characteristic sum up to 100 percent. For example,
40.00 percent of the 150 respondents from the Philippines working in the field of AGRI (agriculture, forest and
environment) are less than 30 years old.

4.2. Knowledge and Perceptions on Sustainable Bioenergy

In India, the level of awareness about bioenergy is surprisingly high with both AGRI and
NON-AGRI respondents indicating familiarity with the term bioenergy and more than 90 percent
finding their work linked to bioenergy (Table 5). This may be ascribed to the limited geographical
diversity of respondents and survey procedure of contacting, and thus informing, them about the
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purpose of the survey ahead of time. After India, the respondents in the Philippines show high
familiarity on bioenergy issues although only few of them are engaged in bioenergy related work.
However, it should be emphasized that although the farmers who were surveyed are producing
sugarcane and coconut– the major biofuel feedstock in the Philippines, they think that their work
are not related to bioenergy production. In China, familiarity with bioenergy is only high among
respondents with NON-AGRI profession because of their high level of education. Only very few
respondents in both professional segments think that their work is related to bioenergy.

Table 5. Knowledge and sources of information on bioenergy, by country.

Knowledge/
Information Sources

Philippines India China

AGRI Non-AGRI AGRI Non-AGRI AGRI Non-AGRI
(n = 150) (n = 100) (n = 90) (n = 70) (n = 52) (n = 116)

Knowledge of Bioenergy
Familiar with the term bioenergy 74.0 87.0 100.0 100.0 36.5 63.8
Work is related to bioenergy 28.4 6.1 95.6 94.3 7.7 11.2
Bioenergy affects food security 62.4 42.0 50.0 21.4 15.4 50.9
Bioenergy is good for the country 94.7 95.0 98.9 100.0 98.1 92.2

Sources of information
Media 59.3 72.0 52.2 21.4 19.2 30.2
Internet 40.7 51.0 27.8 38.6 21.2 42.2
Family 26.7 23.0 8.9 5.7 50.0 13.8
Colleagues 49.3 34.0 15.6 22.9 1.9 9.5
Neighbors 16.7 12.0 8.9 5.7 1.9 4.3
Public officials 51.3 51.0 30.0 17.1 11.5 10.3
Academe/Science 76.7 85.0 36.7 58.6 32.7 62.9
Business partners 22.7 22.0 18.9 45.7 7.7 11.2
Others 11.6 7.1 25.6 20.0 1.9 2.6

Note: The values are percent of the total respondents in each work category. For the opinion on bioenergy, the
respondents were asked to answer “yes” or “no”. The values presented in the table are only the percent of
respondents who answered “yes”. For the sources of information, the respondents were asked to rate each
source in terms of their importance – not important, least important, relatively important, and most important.
The values presented in the table are only the percent of respondents who chose “most important”.

Across all three Asian countries, majority of the respondents have the opinion that bioenergy is
good for the economy (Table 5). However, the opinion on the effects of bioenergy on food security
generally diverged. About half of the Philippine respondents from both AGRI and NON-AGRI
professions think that bioenergy has negative effects on food security. The main sources of information
of respondents in both professional segments are the academe and media. In India, while half of
the AGRI respondents have the opinion that bioenergy affects food security, only a quarter of the
NON-AGRI respondents think the same. This implies that NON-AGRI respondents in this country
who have high level of education and living in urban areas are either less informed or less affected,
and thus less concerned, about the conflicting issues between bioenergy production and food security.
The main sources of information of respondents with NON-AGRI profession are the academe and
business partners. Media does not play a significant role among NON-AGRI respondents in India.
In China, there is a reverse pattern of opinion. About half of the NON-AGRI respondents think that
bioenergy affects food security, and only less than a quarter of the AGRI respondents think the same.
The latter group of respondents in China are characterized by very low education and mainly living
and working in the farm. Moreover, while academe is the main source of information for NON-AGRI
respondents, family still plays a more significant role among AGRI respondents.

Table 6 presents the perceptions of the respondents on the contribution of various energy sources
and biomass feedstock to economic growth in their countries. In the Philippines, bioenergy and other
renewable energy are considered by respondents with AGRI and NON-AGRI professions to have high
potential to contribute to economic growth. Moreover, almost half of the NON-AGRI respondents also
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consider combined (i.e., mix energy) sources to have very high economic contribution. This could be
attributed to the tradition of using various sources of energy in the Philippines [34]. Among the first
generation bioenergy feedstock, oil-rich crops are generally perceived as most suitable feedstock, with
majority of the Philippines respondents indicating high to very high level of contribution to economic
growth. This reflects the popularity of coconut oil as main feedstock for biodiesel production in the
country. All three types of second generation bioenergy feedstock are considered to have high level of
economic contribution, although a slightly larger number of respondents have this opinion for farm
and forest residues. In India, fossil fuels are perceived by largest number of NON-AGRI respondents
(60 percent) to have high level and by largest number of AGRI respondents (49 percent) to have very
high level of economic contribution. First generation bioenergy feedstock only from sugar-rich crops
are considered to have high level of contribution to the economy, which reflects the popular use of
molasses sugar for bioethanol production in India. Starch-rich and oil-rich crops are perceived to only
have low or medium level of economic importance. Many of the AGRI respondents (33 percent) do
not even know if these bioenergy crops can have economic contribution in India. As compared to first
generation, second generation bioenergy feedstock is generally perceived to be more economically
useful, except for perennial grasses. Between farm/forest residues and fast growing trees, respondents
in both professional segments consider the latter relatively more important for economic growth.
Like in India, respondents in China consider fossil fuel to be the most important source of energy to
promote economic growth, with 61 percent of AGRI respondents indicating high level and 53 percent
of NON-AGRI respondents indicating very high level of economic contribution. China is the world’s
largest coal producer and, although it is diversifying its energy sources to comply with clean air
standards, still depends a lot on this fossil fuel for its energy supply. The AGRI respondents consider
both sugar- and starch-rich crops to have high level of economic contribution, while the NON-AGRI
respondents consider all three first generation bioenergy feedstock to be useful for the economy. Like
in the Philippines, the respondents consider all types of second generation bioenergy feedstock to be
important for economic growth in China, with the exception of the perennial grasses which many
AGRI respondents perceived to have less level of importance than other second generation feedstock.

4.3. Preferences on Sustainable Bioenergy

Figure 3 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 emphasized in Section 3.2 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. Contrary to the general perception on sugar-rich crops, which was considered important
feedstock for the economic growth in India, the logit results in Table 7 reveals that this feedstock has
negative preference estimates. However, the other first generation starch-rich and oil-rich crops have
also negative preferences and thus conform to the general perceptions of the respondents in India
(Table 6). 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 (Table 5).
Unlike in India, the types of biomass are not the most important factors affecting the preferences of
respondents in the Philippines and China (Figure 3). Table 7 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 (Table 6), 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.
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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.

In terms of economic stability, energy security is considered a key factor for bioenergy
development in India and China (Figure 3). 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. However, this is not the case for the other countries – social welfare and social injustice
are highly preferred in the Philippines and China, respectively. These results reveal the general
socio-economic condition in these countries: (a) decrease food supply in India due to large land
conversion for bioenergy by private investors, (b) lack of better livelihood from bioenergy in the
Philippines because farmers continue to be only raw material (feedstock) producer, and (c) 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.

We took the values of preference weights for energy security, food security and ecosystem capacity
from Figure 3 and present them in a radar diagram in Figure 4. The latter Figure allows comparison
of the levels of importance between these three sustainability indicators and across three countries.
There is an obvious disparity in the relative importance of these sustainability variables across the
three Asian countries and between the two professional segments. In the Philippines, food security
and ecosystem capacity are most important factors for both AGRI and NON-AGRI respondents as far
as promoting sustainable bioenergy is concerned. Awareness on the environmental degradation on
vulnerability to floods and landslides is increasing in the Philippines [41], which could explain the
high preference for ecosystem capacity. Although the Philippines has one of the highest energy prices
in Asia, it has hydropower and geothermal plants, which serve as very good alternative renewable
energy sources ; which can explain why energy security is not as highly preferred goal for bioenergy
in this country.

In India, NON-AGRI respondents has the highest preference for food security which makes
them more concerned about the issue when compared not only to AGRI respondents in this country
but also to respondents in the other two Asian countries. However, these revealed preferences
should be interpreted with caution because they turned out to be contrary to the general perceptions
on the effects of bioenergy on food security among NON-AGRI respondents (Table 5). Again, the
inconsistency between the general perceptions and the revealed preferences may be attributed to the
lack of enthusiasm and thus lack of careful consideration of conjoint choices in India. Next to food
security, energy security is an important concern for respondents (Figure 4), in particular those with
NON-AGRI profession who live mainly in urban and suburban areas (Table 4). The preference for
ecosystem capacity is lowest in India.

In China, the AGRI respondents consider energy security and NON-AGRI respondents consider
ecosystem capacity as most important sustainability factors for bioenergy development. The latter may
be explained by their concern for environmental problems like air pollution in Chinese cities. These
results also suggest that the preferences for sustaining energy security, food security and ecosystem
capacity are influenced by the socio-economic circumstances and requirements of the people. For these
reasons, there would always be trade-offs among various sustainability objectives, although they are
closely interlinked with each other.
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Table 6. Perceptions on the contribution of different energy sources and types of biomass feedstock to economic growth, by country.

Energy Sources Types of Energy

AGRI NON-AGRI

Low Medium High Very High Do not
Know Low Medium High Very High Do not

Know

Philippines

All sources

Fossil 8.7 27.3 37.3 24.7 2.0 10.0 18.0 39.0 28.0 5.0
Bioenergy 2.7 18.0 47.3 30.0 2.0 4.0 14.0 43.0 35.0 4.0
Other Renewables 3.3 20.0 49.3 23.3 4.0 4.0 15.0 49.0 25.0 7.0
Combined 4.0 12.7 38.0 37.3 8.0 1.0 10.0 34.0 47.0 8.0

First generation
Sugar-rich crops 10.7 24.7 40.7 20.0 4.0 4.0 21.0 50.0 23.0 2.0
Starch-rich crops 8.0 28.0 40.7 19.3 4.0 3.0 20.0 46.0 30.0 1.0
Oil-rich crops 8.7 16.7 42.0 30.7 2.0 3.0 10.0 48.0 37.0 2.0

Second generation
farm/forest residues 10.7 17.3 44.7 22.7 4.7 7.0 19.0 47.0 23.0 4.0
fast-growing trees 12.0 24.0 36.0 24.0 4.0 6.0 24.0 36.0 30.0 4.0
perennial grasses 12.7 27.3 40.7 14.7 4.7 5.0 36.0 33.0 17.0 9.0

India

All sources

Fossil 5.6 4.4 40.0 48.9 1.1 1.4 4.3 60.0 34.3 0.0
Bioenergy 2.2 21.1 42.2 20.0 14.4 5.7 35.7 47.1 8.6 2.9
Other Renewables 1.1 26.7 40.0 15.6 16.7 7.1 62.9 21.4 5.7 2.9
Combined 1.1 3.3 34.4 44.4 16.7 2.9 5.7 47.1 38.6 5.7

First generation
Sugar-rich crops 17.8 31.1 21.1 8.9 21.1 12.9 54.3 27.1 1.4 4.3
Starch-rich crops 32.2 28.9 3.3 2.2 33.3 52.9 37.1 1.4 1.4 7.1
Oil-rich crops 57.8 4.4 3.3 1.1 33.3 80.0 8.6 2.9 2.9 5.7

Second generation
farm/forest residues 11.1 32.2 16.7 5.6 34.4 5.7 45.7 38.6 5.7 4.3
fast-growing trees 7.8 26.7 43.3 18.9 3.3 5.7 47.1 42.9 2.9 1.4
perennial grasses 52.2 7.8 2.2 4.4 33.3 77.1 11.4 2.9 2.9 5.7

China

All sources

Fossil 0.0 13.5 61.5 23.1 1.9 3.4 15.5 26.7 52.6 1.7
Bioenergy 3.8 67.3 15.4 9.6 3.8 7.8 30.2 28.4 19.8 13.8
Other Renewables 19.2 46.2 19.2 9.6 5.8 3.4 28.4 39.7 10.3 18.1
Combined 9.6 51.9 17.3 9.6 11.5 6.9 19.0 30.2 18.1 25.9

First generation
Sugar-rich crops 3.8 38.5 50.0 1.9 5.8 6.9 27.6 39.7 12.9 12.9
Starch-rich crops 3.8 44.2 40.4 9.6 1.9 4.3 18.1 40.5 26.7 10.3
Oil-rich crops 5.8 65.4 19.2 3.8 5.8 6.0 18.1 48.3 17.2 10.3

Second generation
farm/forest residues 5.8 40.4 44.2 5.8 3.8 7.8 25.0 42.2 16.4 8.6
fast-growing trees 5.8 44.2 42.3 5.8 1.9 7.8 23.3 51.7 8.6 8.6
perennial grasses 7.7 67.3 17.3 3.8 3.8 7.8 31.0 31.9 12.1 17.2

Note: The respondents were asked to rate the potential contribution of different energy sources to economic growth. Each row sums up to 100 percent so that the numbers represent the
proportion of respondents in each island with the given response. For example, 26.80 percent of all respondents in Luzon think that fossil fuel has very high potential for promoting
economic growth in the Philippines.
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Figure 3. Levels of importance for the different conjoint attributes of bioenergy sustainability. Note: The
types of biomass are included as attribute levels in the choice-based conjoint analysis. The preference
weights (i.e., levels of importance) of the attributes including the types of biomass sum up to 100,
which make it possible to compare values of attributes across three sustainability issues (i.e., economic
stability, social equity and ecological balance). However, the cross-comparison is not a measure of
“trade-offs” because choices of attribute levels are independently made for each sustainability issue.
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Table 7. Logit estimates for utilities of the different types of biomass, by country.

Attribute Levels

Philippines India China

Estimate
(Xs) t-ratio Estimate

(Xs) t-ratio Estimate
(Xs) t-ratio

Economic Stabilityy

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
Oil 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
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 *** ´3.53 0.06 0.48
Oil 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
Oil 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
Oil 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 α = 0.01 (***), α = 0.05 (**), and α = 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. Logits
estimates for other attribute levels are presented in Supplementary Material.
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and 100.

5. Summary and Conclusions

This paper discussed the bioenergy policies and analyzed the survey on sustainability of bioenergy
conducted in the Philippines, India and China. The survey acquired general perceptions of the
people working in various fields (i.e., government offices, private companies/organizations, academic
institutions, and farms) by asking them specific questions about their: (a) level of familiarity with
bioenergy; (b) relationship of their work to bioenergy; and (c) their opinion on contribution of various
feedstock on the economy and impact of bioenergy production on food security. In addition to
these questions, we estimated preference weights of various feedstock based on the conjoint choices
on bioenergy’s contribution to social stability, social equity and ecological balance. The estimates
revealed significant trade-offs among these three dimensions of sustainability, which affects the relative
importance between energy security, food security and ecosystem capacity.

Familiarity is relatively high among the respondents (except for those in agriculture in China),
but they consider their work not related to bioenergy production (including sugarcane and coconut
producers in the Philippines). Although this is not the case for India, we emphasized that the survey
results should be considered with care because of (a) lack of geographical diversity of respondents and
(b) the procedure for conducting survey in order to increase response rate in this country. Nonetheless,
there is significant conformity on the general perceptions and revealed preferences on bioenergy in
India. A significant number of respondents perceived bioenergy as good for the economy, although
many of them think that it affects food security. Like in many countries, 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,
unlike in many countries in Africa, food security was not a severe problem in Asia [38]. However, 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 the three Asian countries.

The types of first generation feedstock that are currently used for the production of biofuels in
the respective countries are perceived as important for sustainable bioenergy development. Again,
this may be the influence of information from policy, media, and research and extension. The latter
include, for example, the public-private model for jatropha cultivation in India. 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. In the
Philippines, for example, offers from private companies in Compostela Valley Province in Mindanao
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to inter-crop coconut plantations with perennial grasses have not been well accepted by the farmers
because it will limit their access to useful by-products (e.g., firewood, medicinal plants, etc.) of coconut
and other crops on the farms.

With very few exceptions, the general perceptions obtained from responses to survey questions
and revealed preferences estimated from conjoint choices of alternative feedstock conform to each other.
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 favor one or two sustainability aspects then it
needs to pay high cost for another aspect.

There are some limitations in this study that researchers should consider when conducting
choice-based conjoint analysis. A web-based survey, while offering a wider geographical coverage
at lesser costs, 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 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 each category, in case of this
study the respondents’ professions. The use of qualitative values like high and low may be interpreted
differently by respondents, affecting their choices of attribute levels.
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