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First-generation biofuels production increased exponentially in the last fifteen years. However,
research on the socioeconomic aspects of first-generation biofuels production in countries to
which it has expanded to has been limited. According to the literature, food security due to
land use tradeoffs between fuel and food crops and unclear inclusion of producers in
sustainability governance for fuel crops are central concerns when considering the impact of
first-generation biofuel production. Thailand is a key case to study sustainability dynamics of oil
palm production due to its focus on biodiesel as a source of renewable energy and similarity to
other countries to which oil palm and biodiesel production is expanding. The first part of this
dissertation asks if palm oil has affected rice production in Thailand. Using an original province-
level data on oil palm and rice production spanning thirty-three years for each Thai province in
a multi-level VAR model, the first essay describes contemporaneous, temporal and between-

province linkages between oil palm and rice at the country level. Results indicate complex



linkages between oil palm and rice, including that oil palm decisions may be indirectly linked to
rice plantation decisions from a temporal perspective within a province. The second part of this
dissertation examines whether smallholder values have been conscientiously included in fuel-
crop sustainability decisions within predominant oil-palm sustainability governance. The
literature has recognized that roundtables are the key form of fuel crop governance, and claim
legitimacy based on the inclusion of producer stakeholders (farmers) in forming a vision of
sustainability. However, evidence suggests that independent smallholders, a particularly
vulnerable subset of producers, may not be included despite high-level policies for their
inclusion in bodies such as the Roundtable on Sustainable Palm Oil (RSPO hereafter). After
delineating an original framework for assessing conscientious inclusion based on an original
synthesis of the literature on equity, participation, agency and perception, the second part of
this research uses 94 field interviews to capture independent smallholder and elite perceptions
of independent smallholder inclusion in the RSPO in Thailand. Results presented as themes
according to the framework indicate both smallholders and elites perceive that independent
smallholders have limited inclusion in envisioning sustainability in the RSPO across various

elements of inclusion, compromising the legitimacy of the RSPO sustainability certification.
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Chapter 1: Introduction

In recent years, the rapidly changing global climate has spurred an increased interest
in renewable, sustainable fuel sources such as biofuels. IEA analyses show that the
world biofuel supply has steadily grown over the past decade, and project that
renewable energy consumption, including bioenergy consumption, will continue to
increase through 2023 (International Energy Agency, 2018). Currently, first-
generation biofuels, defined as “produced from edible biomass such as starch (from
potato, wheat, barley, and corn) or sugars (from sugar-cane and sugar beet)”
(Alalwan, Alminshid, & Aljaafari, 2019) comprise the majority of biofuel produced
and consumed globally (Biofuel evolution perspectives, 2021). As outlined at the
United Nations Conference on Trade and Development, first-generation biofuel is
easy to produce and can also be scaled easily to smaller production capacities,
making it a very likely “first step” for countries aiming to enter into, or expand,

biofuel production.

However, first-generation biofuels are known to have major drawbacks — the
materials used compete directly with crops grown for food, for example, as well as
having low land-use efficiency (United Nations, 2008). These concerns are in
addition to concerns about biofuel production impacting sustainability and
environmental outcomes more broadly, such as the impact on local biodiversity,
which is currently poorly understood (Tudge, Purvis, & De Palma, 2021). With the

production of biofuel expected to increase in the coming years and the commitment



of several countries to obtaining some of their energy from biofuels, the impact of
first-generation biofuel is expected to grow as well. As such, studying first-
generation biofuel production and its impact on economy, environment, and policy
is essential to both understand the situation in countries that already are producing
large quantities of biofuels, as well as predict the future of countries that are looking

to expand their production of these fuels.

First-generation biofuels currently produced mainly from grains and oilseeds, remain
the primary contributor to the global supply of biofuel (Rulli, Bellomi, Cazzoli, De
Carolis, & D'Odorico, 2016). First-generation biofuels (i.e. bioethanol, biodiesel and
bioesters, biogas) are characterized either by their “ability to be blended with
petroleum-based fuels, combusted in internal combustion engines, and distributed
through existing infrastructure, or by the use in existing alternative vehicle
technology like FFVs (‘Flexible Fuel Vehicle’) or natural gas vehicles” (Naik, Goud,
Rout, & Dalai, 2010). First-generation biofuels, also called conventional biofuels, are
produced from starches, sugars or vegetable oils. The most prevalent first-
generation biofuels are bioethanol, biodiesel and biogas and the most common
feedstocks are made from corn, oil palm, soybean, sugarcane, vegetable oils and

other crop wastes (Naqvi & Yan, 2015).

The ideal feedstock for first-generation biofuel would have low cost and high yield of
biomass; in general, compared to next-generation biofuels, first-generation biofuels

are low cost but land intensive (Dutta, Daverey, & Lin, 2014). In terms of production,

2



after the cultivation of biomass, first-generation biofuels are characterized by
structured markets for trading, freely available feedstock in some countries,
relatively developed production technology, low conversion rate and costly
development of building plants and processes relative to other renewable energy

options (Awudu & Zhang, 2012).

First-generation biofuels are typically leveraged for their contribution to energy
security goals; they also help in lowering reliance on oil and its imports, bolstering of
agriculture and industry, GHG emission reduction and helping with ensuring and
stabilizing demand and speculation (Awudu & Zhang, 2012). Typically cited
advantages of first-generation biofuels include GHG savings, simplicity and cost
effectiveness of conversion technology (Dutta, Daverey, & Lin, 2014). Other
potential benefits include rural development and revitalization via opportunities for
stable income, and local ownership by farmers and community members of bio-
refineries (Kleinschmidt, 2007, Peskett, Slater, Stevens, & Dufey, 2007, Sunmonu &

Rothwell, 2011).

Frequently cited disadvantages include low yields and potential impacts on food
security due to arable land use being redirected to grow crops with fuel uses, as well
as due to increased food prices caused by policy incentives to grow biofuel feedstock
crops (Dutta, Daverey, & Lin, 2014, Singh, Nigam, & Murphy, 2011). In terms of local
impacts, “intensification of energy crops has been linked to long term loss of

livelihoods and local food/energy production through displacement of local

3



subsistence farmers and negative ecological impacts” (Van Eijck & Romijn, 2008)
(Mohr & Raman, 2013). Other environmental concerns include loss of biodiversity
from monocropping and forest conversion, as well as direct and indirect effects on
water and nutrient resources due to the frequently large freshwater demands of
first-generation biofuels crops. Additional issues with first-generation biofuels
include competition with fiber production in arable land use, large fertilizer
requirements, dearth of properly managed agricultural practices and market

structures constrained by region (Singh, Nigam, & Murphy, 2011).

While the United States, Brazil, and the European Union still are often studied for
the dynamics of biofuel production and consumption, Southeast Asian countries
such as Cambodia, Malaysia, and Thailand are predicted to increase their production
and specifically are predicted to become a crucible for sustainability dynamics of
first-generation biofuels (OECD-FAO Agricultural Outlook 2016-2025). While
production has slowed in the major countries in recent years, partially due to the
COVID-19 pandemic’s impact on global travel and transportation, production is
expected to increase in coming years. Various governments have implemented
policies that promote the growth of bioenergy (Singh, Rodriguez Jasso, Gonzalez-
Gloria, Rosales, & et al., 2019), and production rates can be expected to bounce back
as the pandemic subsides and the effects of these policies become apparent.
Additionally, the IEA predicts that “global demand for biofuels is set to grow by 41

billion liters, or 28%, over 2021-2026", and that “the recovery to pre-Covid-19



demand levels accounts for one-fifth of this demand growth”, with government
policies being the “principal driver of the remaining expansion” (Renewables 2021
Report Extract Biofuels, 2021).

Along with bioethanol, biodiesel is one of the most prominent biofuels used globally
today. Biodiesel has emerged as a replacement for petroleum, as discussed by Ng et
al. (Ng, Ng, & Gan, 2010). It falls under first-generation biofuels, and consumption is
expected to increase over ten-fold between 2005 and 2025 (Rouhany &
Montgomery, 2019). IEA analysis shows that demand for biodiesel was quick to
bounce back from the drop caused by COVID-19, and also that Asia is due to surpass
EU in terms of production. This means that there will likely be a greater emphasis
placed on Asian countries for fulfilling the global demand for biodiesel (Renewables
2021 Report Extract Biofuels, 2021). Currently, the two major biofuels produced in
Southeast Asian countries are bioethanol and biodiesel. Indonesia, for example,
mostly produces palm oil biodiesel from its biofuel industry and is the world’s largest

palm oil producer, and second largest palm oil exporter (Ritchie & Roser, 2021).

Among biofuels, the IEA also projects that global demand for first-generation biofuel
will increase by 28%, or 41 billion liters, by 2026. This is a clear indicator that first-
generation biofuel will continue to be regularly used in the future, making study of
its impact continually relevant as well. In particular, the IEA predicts that Asia will
see strong growth in biofuel production, with focus often being placed on China.

However, while China’s growth is indeed impressive (China is expected to see



production reaching 160,000 barrels per day by 2026, compared to 70,000 barrels
per day in 2020) (IEA, 2021), “wavering and uncertain policies and prices” cast doubt
on the future of biofuel development in China (China: Biofuels Annual, 2021),
especially in light of the importance of government policy as the key driver of biofuel

growth.

On the other hand, trends in the region point to significant growth of biofuel
production in Southeast Asia, as outlined by IRENA (International Renewable Energy
Agency, 2017). Further, governments of this region are actively promoting the
expansion of the biofuel industry, stating goals such as bolstering local energy
security, stimulating the economy, reducing poverty, among others (Kumar,
Shrestha, & Abdul Salam, 2013). Malaysia for example has its National Biofuels
Policy, which was established in 2006, and has also announced a new biodiesel
program which started in 2018. The Philippines also has a National Biofuels Program,
designed to gradually increase the use of biofuels through 2025. Vietnam has its
National Strategy on Renewable Energy, with the aim to increase both biofuel
production and consumption (Ying, Phun Chien, & Yee Van, 2020). Laos also has a
government-led Renewable Energy Development Strategy (Lao People’s Democratic
Republic Peace Independence Democracy Unity Prosperity, 2011), which is
scheduled to be in effect at least until 2025. In addition, palm oil manufacturing
companies are actively looking to expand production in Laos, which is a smallholder

and agriculture-dominated economy (Praiwan, 2018). While Cambodia does not



have any official policy regarding biofuel production or financial incentives, 92% of
its total renewable energy supply was biofuel in 2017 with sugarcane and oil palm
occupying the most planted land relevant to first-generation biofuel crops (Open
Development Cambodia, 2021), indicating a strong base structure for domestic
production in that country as well. Additionally, many of these countries also offer
financial incentives to help expand the industry, such as tariff regulations,
subsidiaries, and tax emptions (Sorda, Banse, & Kemfert, 2010).

As such, it is vital to look at Southeast Asian countries in order to properly
understand the impact of first-generation biofuel production in the future, as it is
these countries that are likely to experience the most expansion, and thus
experience the heaviest consequences over time. First and foremost, first-
generation biofuel crops such as palm oil make up a majority of the global biofuel
supply and thus are also some of the most intensively farmed crops as well
(Fitzherbert, et al., 2008). However, both Dornburg et al and Correa et al found that
these crops were associated with environmental destruction on a large scale
(Correa, Beyer, Possingham, Thomas-Hall, & Schenk, 2017, Dornburg, et al., 2010). It
is also known that Southeast Asia is a heavy producer of palm oil used in the
production of biodiesel; Thailand, Malaysia, and Indonesia together produced 59%
of the world’s palm oil in 2021 (IPAD Palm Qil Explorer, 2021), and a majority of
biofuel for domestic use in these countries also comes from first-generation biofuel

crops.



Intensive farming of first-generation biofuel crops is projected to cause “substantial
sustainability issues such as competition for land and water resources, food scarcity,
loss of biodiversity, deforestation, destruction of peatland, greenhouse gas
emission, soil erosion, rural development, social conflicts, and public health, among
others” (Lau, Zhang, Bokka, & Ramakrishna, 2022). Specifically, in Indonesia and
Malaysia, the key issues are deforestation, peatland degradation, increase in
greenhouse gases, biodiversity reduction, and erosion of the rights of local
communities (Yasinta & Karuniasa, 2021). Thailand faces a negative impact on food
security, land use, farming practices, and also the marginalization of individual
farmers and smallholders (Kumar, Abdul Salam, Shrestha, & Ackom, 2013). And in
the Philippines, biomass removal from the soil could cause loss of soil fertility, while
expanding biofuel farms are also causing soil erosion, increased competition for
water, biodiversity loss, and food shortages (Mendoza & Mendoza, 2016). This
highlights the current situation — countries that are most likely to expand their
biofuel production are likely to use first-generation biofuels, but the long-term
consequences of large-scale production of these biofuels is not clearly understood,
and in fact raise serious environmental concerns of their own.

The concerns surrounding first-generation biofuel also have an impact on the
relation to sustainable development goals, or SDGs. SDGs are 17 goals designed to
improve the livelihoods of people around the globe while also tackling climate
change, according to the UN (THE 17 GOALS - Sustainable Development Goals,

2022). The first SDG listed is the reduction of poverty — however, as of the current
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situation, the effect of biofuel production on reducing policy is unclear at best. First,
the way biofuel production is managed in the various Southeast Asian countries
varies from location to location; state-owned biofuel companies are predominant in
Malaysia and Viet Nam, while in Thailand local companies are much more significant
(Schott, 2009). Studies in the literature have continued to find that “the
consequences for local communities of expanding feedstock production were mixed,
and that the espoused benefits for communities were not materializing as hoped”
showing that the economic benefits of biofuel production are questionable (Larsen,
2015). Furthermore, first-generation biofuels are produced using food crops, which
raises concerns about competition with food production, as well as land use
competition with other staple cereal food crops (Immerzeel, Verweij, van der Hilst,
& Faaij, 2014, Liu, et al., 2021a, Sims, Mabee, Saddler, & Taylor, 2010). Another
noted SDG is “affordable and clean energy” — and while, as previously
demonstrated, first-generation biofuels are affordable, the impact their production
has on the environment is very much in question. However, more environment-
friendly second-generation biofuels are limited because they require many costly
technologies and special enzymes, meaning the energy produced would be far from
affordable (Patel, Singhania, Sim, & Pandey, 2019, Singhania, et al., 2021b). While
first-generation biofuels can be considered the most “accessible” biofuels, these
concerns indicate that their sustainability is highly questionable and deserving more
attention. As Southeast Asian countries are poised to expand in this industry, they

deserve particular attention.



First-generation biofuels in S.E. Asia: Thailand as a key case

In terms of first-generation biofuel production, sugarcane is one of the most
common crops to produce bioethanol, and oil palm is a frequently used crop for
biodiesel production. In terms of global areas that grow these crops, the South East
(S.E. hereafter) Asian region cultivates a high amount of both oil palm and

sugarcane.

Sugarcane is indigenous to tropical Southeast Asia and is widely cultivated in
Thailand, Indonesia, and Malaysia. In particular, Thailand and Indonesia frequently
rank among the world’s top sugarcane producing countries. As of 2016 FAOSTAT
data, Thailand ranked 4t globally in sugarcane production, and the area harvested

for sugarcane in Thailand has grown rapidly in the past decade, as illustrated in

figure 1:
Acreage Sugarcane
1.80 - - 145.0
0 125.0
1.40 @
g 120 105.10'2
® 1.00 - 8.0 .2
S L]
2 0.80 - 65.0 = == Harvested
é gz 45.0 é Area
= - — -Sugarcane
= 0.20 50 = Production
0.00 - - 5.0
)
’\9'\,

Figure 1: Sugarcane production in Thailand has expanded between 2010-2018

(USDA Foreign Agricultural Service. Thailand Sugar Annual 2018)
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Palm oil has had a long history of cultivation in S.E. Asia and the region cumulatively
produces close to 90% of global palm oil. The earliest cultivation of oil palm in S.E.
Asia was around 1920 in Sumatra, Indonesia, by the Lever Brothers, a plantation-
based company and a predecessor to the current Belgian company SOCFIN (Byerlee,
2014). To move away from the declining rubber industry, the Malaysian government
strategically decided to diversify into palm oil by providing relevant policy incentives
to investors and further expanded large scale plantations into Sabah and Sarawak in
the 1970s (Hai, 2002). Indonesia ranks first in the global production of palm oil,
Malaysia ranks second, and Thailand third. Indonesia and Malaysia together produce
85% of global palm oil, whereas Thailand produces around 1.2% (USDA Foreign

Agricultural Service, 2017).

Cumulatively, bioethanol in S.E. Asia is primarily produced from cassava and
sugarcane, whereas oil palm is the primary feedstock for biodiesel (Schott, 2009).
Most countries in S.E. Asia have had national plans for proliferation of production of
biofuels and their incorporation into the renewable energy mix since the mid-2000s
(Malik, 2012). Renewable energy targets in S.E. Asian countries (specifically
Indonesia, Malaysia and Thailand) comprise an increasing percentage of biofuels as
shown in table 1, therefore biofuel production is expected to increase both in terms

of end output as well as feedstock crop cultivation.
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Recent % of energy mix | Future % of energy mix

Indonesia 0.4%(2016) 5%(2025)
Malaysia 3% (2017) 4%(2023)
Thailand 7%(2015) 25% (2036)

Table 1: A comparison of recent and projected future percentage of biofuels in the
renewable energy mix (Asian Development Bank, 2016,Malaysia Energy

Commission, 2016,USDA Foreign Agricultural Service, 2016)

Thailand is projected to have the largest percentage of its future energy mix
obtained from first-generation biofuels, as well as the greatest increase in
percentage growth of biofuels as part of its energy mix. In terms of expansion,
biofuel expansion and related new government policies are expected in smaller,
smallholder dominated countries like Cambodia and Laos. Thailand is a smaller
country as compared to counties such as Indonesia and Malaysia, and first-
generation biofuel production in Thailand is concentrated on smaller farms and
dominated by smallholders rather than large corporations which is the case in
Indonesia and Malaysia. Therefore, Thailand represents a vital case for studying both
the impacts of first-generation biofuel production by independent smallholders as

well as a baseline for future expansion of biofuels in the S.E. Asian region.
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This dissertation will examine the impacts of first-generation biofuels in Thailand,
from the angles the impacts of fuel crop production on staple food crops and ethics
in terms of processes to include stakeholders in sustainability roundtables. To that
end, the next section will discuss definitions of sustainability and its aspects related
to first-generation biofuels, narratives around crops used for biofuels production
and sustainability conceptions for first-generation biofuels in the broader context of

ecosystem management. The section will conclude with areas for future research.

Sustainability impacts of biofuel production in S.E. Asia

In terms of sustainability of production, the sustainability of first-generation biofuels
cannot be dissociated from their supply chain. The biofuel supply chain comprises a
net of raw material producers (the biomass), processing mills - including
biorefineries, storage facilities & blending stations - and users of the end products.
While much of the literature has concentrated on technologies that convert biomass
to biofuel, “in order to deliver a competitive end product to the end user markets, a
robust, reliable and sustainable biofuel supply chain is essential” (Awudu & Zhang,
2012, Redman, 2008). The general structure of the biofuel supply chain is shown in
figure 2, comprising elements such as: farms, storage facilities, biorefinery plants,
blending facilities, retail outlets and transportation (Awudu & Zhang, 2012). The
broad categories for sustainability concepts in the biofuel supply chain include
economic, environmental, and social issues, which will be discussed with a focus on

production of feedstock in this section. As key reasons for incorporating biofuels into
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the renewable energy mix include enhancing energy security, reliability and delivery
of cost competitive products to end user markets, “in order to achieve a higher level
of optimization, ...biofuel supply chain management should apply models that

incorporate uncertainty and sustainability concepts” (Awudu & Zhang, 2012).
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Figure 2: Broad structure of biofuel supply chain (Awudu and Zhang 2012)

In terms of economic considerations for sustainability, relevant aspects for first-
generation biofuels include food-fuel tradeoffs or integrated management, energy
balance and efficiency, and incentives for biofuels in policy. Concerns with fuel-food
tradeoffs stem from: (1) fuel uses displacing food uses for crops such as sugarcane,
oil palm and soy and (2) fuel crops or crops with fuel uses displacing food crops,
especially staple food crops. Recommendations to alleviate these concerns often call
on double crops and mixed cropping systems as “[d]ouble crops grown between the

summer growing seasons of conventional row crops and harvested for biofuel
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production before row crops are planted in the spring are representative of a class
of land use options with potential to produce biofuel stocks without decreasing food
production and without clearing wild lands” and “[m]ixed cropping systems in which
food and energy crops are grown simultaneously present similar opportunities”
(Tilman, et al., 2009, Heggenstaller, Anex, Liebman, Sundberg, & Gibson, 2008,Dale,
Allen, Laser, & Lynd, 2009, Malézieux, et al., 2009). Energy balance and efficiency
concerns stem from minimizing energy use to make the end product. Finally,
incentives for proliferation of biofuels in policy can include those aimed at utilizing
different land types (e.g. marginal lands) for cultivating appropriate crops, broadly
increasing the area used to cultivate feedstocks and acquiring new land for

feedstock crop cultivation.

Regarding social concerns for first-generation biofuel development, key issues
include: (1) poverty reduction via rural development or revitalization, (2) indirect
impacts of land use and crop cultivation and (3) impacts on resources such as water
utility systems (Awudu & Zhang, 2012). In terms of poverty reduction, biofuel crop
cultivation may help via increasing per capita incomes (Bell, Silalertruksa, Gheewala,
& Kamens, 2011). In terms of land use, large areas of land are frequently allocated to
biofuel crop cultivation, indirectly impacting the land tenure system and the choice
of feedstock crop to invest in. For example, high and/or stable prices for oil palm
incentivize farmers to increase the acreage of land under oil palm cultivation; such

expansion may extend into lands previously earmarked for conservation. While
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conventional management methods to distinguish such land uses utilize physical
criteria, “actual land uses, not only change according to physical factors, but change
in demands from market opportunities, society and stakeholders’ entitlement”
(Peskett, Slater, Stevens, & Dufey, 2007, Phalan, 2009, Awudu & Zhang, 2012). In
terms of impact on water and water utilities, rapidly increasing production of
biofuels necessitates having access to quality water (Bass, Hughes, & Hawthorne,

2001).

In terms of environmental aspects, key issues related to first-generation biofuels
include GHG considerations, soil degradation, quality impacts on water resources
and concerns about biodiversity. Biofuels are often cited emitting lower GHGs than
gasoline, and their resulting potential to reduce greenhouse emissions. However,
burning biofuels can release other sorts of air pollutants, and contextual factors may
determine their actual effectiveness in reducing GHG emissions (Fargione, Hill,
Tilman, Polasky, & Hawthorne, 2008, Havlik, et al., 2011). Greater demand for water
intensive crops such as sugarcane, as well as quality impacts on water for crops such
as oil palm and policy-based incentives to increase acreage under cultivation of such
crops may affect both the supply and quality of available clean water (Carlson, et al.,
2014) (Hess, et al., 2016). Next, soil quality impacts include degradation and erosion
concerns (Mohr & Raman, 2013).

In terms of synthetic sustainability aspects of first-generation biofuels in Asia, it is

useful to group these under three key headings: (1) land-use change impacts, (2)
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feedstock specific issues and (3) matters regarding technology and scale (Phalan,
2009). Specifically, for Thailand, the literature has included some assessments of
GHG impacts, creation of employment opportunities and change in employment,
and economic impacts on Thai GDP and trade balance. In the case of bioethanol
production in Thailand, Silalertruksa and Gheewala found that GHG emissions
depend on the production environment as well as how direct land use change is
accounted for (Silalertruksa & Gheewala, 2011). In terms of socio-economic impacts,
bioethanol production as compared to gasoline production in Thailand would
require 17-20 times more labor with direct employment in agriculture comprising
90% of cumulative employment (Silalertruksa & Gheewala, 2011). However, the
GHG, employment and positive trade impacts of bioethanol production in Thailand
and the resulting net social benefits are subject to the bioethanol production
systems in Thailand being sustainably managed (Silalertruksa & Gheewala, 2011).
For the case of biodiesel production from palm oil in Thailand, such biodiesel has the
potential to effect large GHG reductions compared to diesel; however “the energy
and environmental performances depend on various factors such as the
management efficiency of empty fruit bunches (EFB) and POME (emissions from the
ponds treating palm oil mill effluent) and ...possible land use change” (Silalertruksa
& Gheewala, Environmental sustainability assessment of palm biodiesel production
in Thailand, 2012). Environmental concerns for oil palm based biofuel production
include production and application of nitrogen fertilizer on the plantation and

POME; “policy measures including the promotion of GAP [good agricultural
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practices] to farmers nationwide to increase FFB yields and the [enhances]
management efficiency of wastes and by-products generated in the biodiesel
production system” would contribute to the environmental sustainability of oil palm
production necessary for it to be viable in the long term (Silalertruksa & Gheewala,
Environmental sustainability assessment of palm biodiesel production in Thailand,

2012).

In terms of land-use impacts, first-generation biofuel production is expected to
make greater impacts moving forward due to policy incentives to increase
cultivation of feedstocks and production of biofuels. While proliferation of feedstock
cultivation could increase rural employment and income, “biofuel development also
has the potential to undermine land and labor rights, especially in the case of large
projects where land tenure is poorly defined”. For example, “forest lands used by
indigenous peoples in Indonesia have been expropriated for oil palm plantations,
ignoring their customary rights to the land” (Phalan, 2009, Cotula, Dyer, &

Vermeulen, 2008, Tauli-Corpuz & Tamang, 2007).

Other land use issues include caution regarding the potential of marginal,
abandoned or degraded lands, as while they may help alleviate competition for food
crops, they may still be competition in terms of conservation uses, for example for
biodiversity. In fact, whole “protected areas (both existing and future) are the main
hope for preserving the biodiversity of Southeast Asia,” and over half of the 2262

protected areas with an acreage of 58.4 million hectares are in Indonesia and
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Malaysia, “studies have shown that, in spite of their ‘protected’ status, some of
these areas have become increasingly isolated and deforested” (Sodhi, Koh, Brook,

& Ng, 2004, Curran, et al., 2004).

Additionally, while biofuels in principle are anticipated to lead to reduced GHG
emissions, this is not true in an absolute sense. In particular, land use change is a
critical factor as feedstock crops which directly lead to “the replacement of carbon-
rich landcovers such as savannas, forests and peatlands, are likely to exacerbate
rather than ameliorate climate change’ and ‘[b]iofuel crops that replace other crops
are likely to have similar impacts via indirect land- use change, in the absence of

effective land use planning and regulation” (Phalan, 2009).

Regarding biodiversity impacts, the largest effect of biofuel crops on biodiversity
occurs via “direct or indirect conversion of natural landcovers such as forests,
grasslands and wetlands” (Phalan, 2009). Southeast Asia is endemic to several
unique flora and fauna, and as it “has the highest relative rate of deforestation of
any major tropical region,” estimates state it “could lose three quarters of its original
forests by 2100 and up to 42% of its biodiversity” (Sodhi, Koh, Brook, & Ng, 2004).
For example, in the case of oil palm-based biodiesel production in Southeast Asia,
“oil palm plantations support much fewer species than do forests and often also
fewer than other tree crops” with additional negative effects including
fragmentation and pollution of habitat (Fargione, Hill, Tilman, Polasky, &

Hawthorne, 2008).
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In the case of oil palm plantations in southern Thailand, changes in bird communities
following the ‘[c]onversion of forest to plantations resulted in a reduction in species
richness of at least 60%, with insectivores and frugivores suffering in greater losses
than more omnivorous species’ and that a ‘high proportion of species formerly
present in the region are unable to adapt to conversion of forest to oil
palm...plantations, resulting in large losses of bird species and family richness and
the replacement of species with restricted ranges and high conservation status by
those with extensive ranges and low conservation status.” (Aratrakorn, Thunhikorn,
& Donald, 2006) In the case of sugarcane-based bioethanol, sugarcane plantations
made from converted forests ‘have been shown to threaten biodiversity, their
effects extending beyond the cultivated areas to adjacent forests.” (Ferrante &
Fearnside, 2018) (Ferrante, et al., 2017) Other feedstock related impacts include
food-fuel tradeoff concerns and negative effect soil affect soil and water resources

as previously discussed.

Areas for future research

Based on and as mentioned the discussion above, several areas for future research
emerge, among which some critical areas are:

(1) Region-specific assessments of pros and cons of first-generation biofuels
production

(2) Analyses of the process to include stakeholders in formulating sustainability

criteria
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Regarding the first area mentioned above, | will examine food-fuel impacts of oil
palm production in Thailand on rice. Regarding the second, | will examine the
process of one of the most common sustainability roundtables, the Roundtable on
Sustainable Palm Qil. The conceptual framework underlying my areas of focus is

outlined in the next chapter.
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Chapter 2: The need for an adaptive management approach for first-generation

biofuel feedstock and related research questions

First-generation biofuel crops as flex crops and the need for an adaptive

management approach

Growing first-generation biofuel crops has several advantages and disadvantages
that make it difficult to foresee the diverse ways in which this will impact sustainable
development. Along with the several identified pros and cons with growing and
using first-generation biofuels, another key issue is that several first-generation
biofuel crops, including oil palm and sugarcane, are flex-crops, i.e. their use is
relatively easy to switch between food and fuel uses. Flex-crops and commodities
are “crops and commodities that have multiples uses (food, feed, fuel, industrial
material) that can be, or are thought to be, flexibly inter-changed” (Borras, Franco,

Isakson, Levidow, & Vervest, 2014).

Examples of flex crops include “soya (food, feed, biodiesel), sugarcane (food,
ethanol), oil palm (food, biodiesel, commercial/industrial uses) and corn (food, feed,
ethanol)...[t]hese may be considered to date, the most prominent and established
‘flex-crops’, although others are appearing or have the potential to appear on the
horizon, including cassava, coconut, beets, rape seeds and sunflower” (Borras,
Franco, Isakson, Levidow, & Vervest, 2014). Flex-crops represent an “underexplored

dimension of the current era” as the “reconceptualizing [of] agriculture as a source
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of biomass for a future bioeconomy...promotes flexibility of biomass feedstocks-
their sources, types, conversion processes and end products” (Borras, Franco,

Isakson, Levidow, & Vervest, 2014).

Strategies to promote flexibility “seek competitive advantage” for institutions of
production “becoming ‘backward integrated’ into multiple feedstocks and
converting them into multiple products” with the result that the “newly established
value chain will have room for non-traditional partnerships: grain processors
integrating forward, chemical companies integrating backwards and technology
companies with access to key technologies, such as enzymes and microbial cell
factories joining them” (Borras, Franco, Isakson, Levidow, & Vervest, 2014, WEF,

2010).

The multiple-ness property of flex crops refers to their actual current and future
diverse uses, some of which are made possible due to technological innovations,
which “necessarily alters the way we research the political economy of these crops
and commodities: how and to what extent capital accumulation, social relations, and
power and power structures are contested and transformed” (Borras Jr., Franco,
Isakson, Levidow, & Vervest, 2016). The new uses of certain crops and resulting
commodities is the beginning rather than the end of the discussion as it affects the
“flexible-ness” property of these crops as “if a crop or commodity use can be
switched from one specific purpose to another with technical ease and with

attractive economic return then a link between multiple-ness and flexible-ness may
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have far reaching political economic implications” (Borras Jr., Franco, Isakson,

Levidow, & Vervest, 2016, Cotula, Dyer, & Vermeulen, 2008).

Multiple uses of crops and commodities do not inevitably lead to their flexing; a
number of factors shape the potential transition. Borras et al specify three basic
requirements for crops and commodities that have multiple uses to become flex
crops: (1) material basis, i.e. “the extent to which the chemical and physical
constitution of a crop or commodity enables switching among multiple uses,” (2)
technological possibility, “which allows for the possibility and/or ease of crop and
commodity flexing” and (3) profit viability, i.e. flexing must make business sense and
the technology required needs to be affordable (Borras Jr., Franco, Isakson, Levidow,
& Vervest, 2016). When these three minimum conditions are fulfilled, the chances of
flexing occurring is likely to be high; however these conditions “are shaped in the
political economic context of contestations around property, development and
control of technology, how a labor regime is shaped, and how political power is
exercised in society” as well as class formation and context specific societal
dynamics and state policies, including “public investment in R&D, agricultural

subsidies and trade policies” (Borras Jr., Franco, Isakson, Levidow, & Vervest, 2016).

Furthermore, “there are cases where there is potential for crop use switching, but
for some socio-economic and political reasons, actual flexing may not occur or may
become publicly unpopular, especially if it comes up against a polarized food vs. fuel

dilemma” (Borras Jr., Franco, Isakson, Levidow, & Vervest, 2016). In addition to
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material and other types of flexibility, Hunsberger and Alonso-Fradejas argue that
for flex crops such as corn, oil palm and soy, “discursive flexibility- the ability to
strategically switch between discourses to promote an objective-equally shapes the
political economy of flex crops, and thereby patterns of agrarian and environmental
change” (Hunsberger & Alonso-Fradejas, 2016). The multiple uses of first-generation
biofuel crops as well as the complexity of their effects necessitates a governance
approach that is able to accommodate these intricacies and leverage synergies for

efficiency and effective outcomes.

The adaptive management approach

The adaptive management approach is predicated on finding effective synergies to
manage the production and consequences of production of feedstock. Adaptive
management has been recognized in the literature as an effective strategy for
managing the production of first-generation biofuel crops. While many in the
literature recognize the need for adaptive management regarding the production of
biofuel feedstock, few propose frameworks that explicitly incorporate bioenergy
sustainability with food security and other resource concerns. Kline et. al propose a
framework that explicitly identifies the nexus of key outcomes that surround
effective policies for bioenergy sustainability, resource management and food

security, as summarized in table 2 below.

Interaction Key aspects
Bioenergy sustainability—> resource e Decreased GHG emissions
management
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e Focus on biodiversity and land
use planning

e Enhanced incentives to restore
abandoned or wasted land

Resource management—>bioenergy e Improved productivity and

sustainability efficiency of biomass

e Opportunities and limitations
on where to plant and harvest
crops

Bioenergy sustainability = food security e Improved and diversified
income

e Energy available to produce,
process and transport food

e Decreased market price
volatility

e Improved food crop
sustainability

Food security=>bioenergy sustainability e Human capital for biomass
markets
e Surplus of flex crops for food
security
Nexus of Bioenergy sustainability, e Governance best practices
resource management and food security e Extreme weather events

e Social services

e Integrated crop management
e Technology

e Infrastructure

Table 2: Aspects of interactions in food security, bioenergy sustainability and
resource management (Adapted from: Kline KL, Msangi S, Dale VH, Woods J, Souza
GM, Osseweijer P, Clancy JS, Hilbert JA, Johnson FX, McDonnell PC, Mugera HK.
Reconciling food security and bioenergy: priorities for action. Gcb Bioenergy. 2017
Mar 1;9(3):557-76.)
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Kline et. al’s focus is on building sustainable systems around interactions among
resource management, bioenergy and food security. As Kline et al recognize that
conceptions of sustainability are context specific, they propose, as also advanced
elsewhere in the literature, that “local stakeholders should help set priorities, define
the purposes of the assessment, and establish the temporal and spatial boundaries
for consideration” (Dale, Efroymson, Kline, & Davitt, 2015, Kline, et al., 2017,
Sanchez, et al., 2012). One way by which Kline et. al’s framework may be enhanced
is by considering the interactions of resource management of bioenergy and food
security. Through their conception, Kline et al identify a number of priorities to

reach successful synergies, as summarized in table 3 below.
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Category Explanation

Communication Communications need to be clarified
with clear and consistent terms

Food and bioenergy needs for land can | Food and bioenergy crops need not
be simultaneously managed compete for land and should be
managed via an integrated system of
resource management

Increase capacity and infrastructure Invest in technology, rural extension
and innovations

Flex-crops Adopting flex crops with multiple end
uses (products and services) including
food

Inclusive participation processes The full set of stakeholders should be

engaged to recognize and evaluate
individual opportunities for biofuel
production to advance food security.

Table 3: Priorities to reach successful synergies in food security, bioenergy
sustainability and resource management (Adapted from: Kline KL, Msangi S, Dale
VH, Woods J, Souza GM, Osseweijer P, Clancy JS, Hilbert JA, Johnson FX, McDonnell
PC, Mugera HK. Reconciling food security and bioenergy: priorities for action. Gcb

Bioenergy. 2017 Mar 1;9(3):557-76.)

Adaptive ecosystem management is widely recognized as critical in the innovative
governance approaches necessary to mitigate multi-scale society-environmental
dilemmas (Lee, 1993). However, the literature has tended to emphasize the role of
science in surmounting information gaps and model building; “as a result translating
ecosystem management principle into practice has remained a challenge”
(Armitage, et al., 2009). From a policy perspective, adaptive co-management seems
a promising approach as it “explicitly links learning (experiential and experimental)

and collaboration to facilitate effective governance, defined...as the public and
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private interactions undertaken to resolve societal challenges, and the institutions
and principles which mediate those interactions” (Armitage, et al., 2009, Kooiman &
Bavinck, 2005). Policy principles for successful conception and implementation of

adaptive co-management are identified in table 4 below.

Condition of Success Explanation

Well-defined resource system Systems characterized by relatively
immobile (as opposed to highly
migratory and/or transboundary)
resource stocks are likely to generate
fewer institutional challenges and
conflicts, while creating an enabling
environment for learning.

Small-scale systems (e.g. management
of a specific rangeland or local fishery)
will reduce the number of competing
Interests, Institutional complexities and
layers of organization. Larger-scale
resource contexts (transboundary
stocks, large watersheds) will
exacerbate challenges.

Small-scale resource use context

Clear and Identifiable set In situations where stakeholders have
of social entities with limited or no connection to "place",
shared Interests building linkages and trust will be

problematic. In such situations, efforts
by local/regional organizations to
achieve better

outcomes may be undermined by non-
local economic and political forces.

Reasonably clear property Where rights or bundles of rights to
rights to resources of concern resource use are reasonably clear
(e.g. fisheries. forest) (whether common property or

Individual), enhanced security of access
and Incentives may better facilitate
governance Innovation

and learning over the long term. Such
rights need to be associated with
corresponding responsibilities (e.g. for
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conservation pr