THE ECONOMIC FEASIBILITY OF ON-FARM BIODIESEL
PRODUCTION IN KWAZULU-NATAL, SOUTH AFRICA

By

Garreth David Sparks

Submitted in fulfilment of the requirements for tthegree of

MASTER OF SCIENCE IN AGRICULTURE

In the

Discipline of Agricultural Economics
School of Agricultural Sciences and Agribusiness
Faculty of Science and Agriculture
University of KwaZulu-Natal

Pietermaritzburg

September 2010



DECLARATION

I, Garreth David Sparks declare that:

The research reported in this thesis, except wbrerwise indicated, is my own
original research.
This thesis has not been submitted for any degreexamination at any other
university.
This thesis does not contain other persons’ dateturps, graphs or other
information, unless specifically acknowledged asngpesourced from those
persons.
This thesis does not contain other authors’ wrjtingnless specifically
acknowledged as being sourced from other authotser#/other written sources
have been quoted, then :
a) Their words have been re-written but the geneffakrimation attributed to
them has been referenced; or
b) Where their words have been used, their writing beesn placed inside
guotation marks, and referenced.
This thesis does not contain text, graphics oremlglopied and pasted from the
Internet, unless specifically acknowledged, and gbarce being detailed in the
thesis and in the references section.

GD Sparks Date

As the candidate’s supervisor | agree to the subionsof this thesis.

GF Ortmann Date



ABSTRACT

Recent years have seen an unprecedented globaaserin the production and use of
biofuels. This has been driven primarily by goveentmsupport for biofuel industries.
Soybeans are the only field crop produced in sefitcquantities in the province of KwaZulu-
Natal (KZN) that the South African (SA) industimbfuel strategy identifies as a potential
biodiesel feedstock. Thus, this study is an eviaaif the economic feasibility of producing
biodiesel on farms from soybeans in the main saypeaducing regions of KZN, using
batch processing biodiesel plants. A mixed intéigexar programming model was developed
to simulate observed agricultural land rental ratestimated at 4.48% of the market value of
land) and cropping behaviour of commercial cropnfiarin the study regions. The model
incorporates various alternative crops, crop rotats, tillage techniques, arable land
categories and variance-covariance matrices to aatdor risk in production. All data are
on a real 2009/10 basis.

The model is used to predict possible farmer imyest behaviour and determine the
minimum biodiesel subsidy required to stimulatebsay-based biodiesel production in the
study areas. Results suggest that biodiesel pramuct currently not an economically viable
alternative to fossil fuel, and that the incentiveasd commitments outlined by the current
industrial biofuel strategy are inadequate to bestablish and sustain a domestic biodiesel
industry. Under baseline assumptions, a realisticimmum implicit subsidy of R4.37 per litre
of biodiesel is required to draw soybean-based iemel production into the optimum

solution for commercial farms.

The economic feasibility of on-farm biodiesel prctthn is highly dependent on the soybean
price (i.e., the feedstock input cost) and the sayloilcake price (i.e., the highest valued by-
product). Thus, future promotion of biodiesel veasucould primarily target a reduction of
feedstock costs through the development of newndbmiies which increase yields of
available feedstocks and/or permit the use of loeast alternatives. Higher subsidy levels
are anticipated for: (i) small-scale initiativesggicularly in the absence of a rental market
for cropland); (ii) soybean-based biodiesel prodostin areas with less suitable growing
conditions for cultivating soybeans; and (iii) ugisunflower and/or canola as biodiesel
feedstock. To the author’'s knowledge no other pressstudies have attempted to quantify the

minimum level of support needed to stimulate bemiproduction in South Africa.



The SA industrial biofuels strategy promotes a ligweent-oriented strategy with feedstock
produced by smallholders and processed by tradiioproducer-owned cooperatives.
However, traditional cooperatives suffer from a raglrof institutional problems that are
associated with ill-defined property rights. As lsuit is argued that these initiatives will fail
to attract the capital and expertise needed to psscbiodiesel. This research, therefore,
highlights the need for South Africa’s current Cedgiives Act to be amended. Accordingly,
this also infers a need to revise the proposedrfslstrial biofuels strategy. It is concluded
that smallholder participation in biodiesel ventarevould require a rental market for
cropland, co-ownership of the processing plant inom-traditional cooperative or investor-

owned firm, information and training, and a higlvéé of government subsidy.

This research advocates that government considempting soybean oil extrusion ventures
as a means of stimulating rural development for Isstale farming initiatives rather than

soybean-based biodiesel production, as they vikéllyi require less government assistance,
whilst potentially combating the food versus fusbate against biofuels. This is compounded
by the fact that South Africa has historically beenet importer of both soybean oilcake and
soybean oil. Importantly, however, the proliferatiof such initiatives should not be based on
the current notion of traditional cooperatives. Tineed for government to play a proactive
role in such ventures through facilitating the depenent of appropriate business models

which stimulate private investment in feedstock pnodessing facilities is clearly evident.
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INTRODUCTION

Energy is essential to almost every aspect of botheconomic and social development of
South Africa (Winkler, 2005). Amiguret al (2008a) note that Africa is endowed with
significant quantities of both fossil and renewabtergy resources. However, fossil energy
resources are unevenly distributed on the Africamtioent, with some 39 African countries
being net importers of oil, some of which are amdhg poorest nations in the world
(Mulugetta, 2008). World energy markets are indiaply dominated by the consumption of
fossil fuels (Rosegrart al, 2008). Elobeid and Tokgoz (2008: 918) attrilneteent interests
in biofuels to “environmental, economic, and gedpral factors”. Incentives to develop fuel
technologies that utilise agriculturally-based mate as feedstock for renewable energy
have thus been attributed to: (i) high and volatileand fuel prices; (ii) a growing demand
for energy; (iii) increased energy imports; (iv)cerntainties surrounding energy supplies; (v)
the desire to establish energy self-reliance atetratives to fossil fuels; (vi) an increased
realization of the negative environmental conseqesrof fossil fuels; and (vii) a growing
interest in supporting farms and rural communitiesough stronger agricultural markets
(Haas et al, 2006; Marshall, 2007; Elobeid & Tokgoz, 2008;sBRgrantet al, 2008).
Although biomass can be utilised for energy in nous ways, many observers regard
biofuels as being the only feasible option for shibstitution of fossil fuels, particularly in the

transport sector (Peters & Thielmann, 2008).

Biofuels can be classified as any type of soliguilil, or gaseous fuel that can be produced
from biomass substrates, which can be used as wia(pasubstitute for fossil fuels
(Giampietroet al, 1997}. As a general conception, biofuels are obtaineuinfmatural
sources, are renewable, and can recycle carbomddidsom their combustion by means of
photosynthesis (Escobat al, 2008). Although Petrou and Pappis (2009) notd tioth
virgin and waste biomass can be used as raw midiaridne production of biofuels, they are
currently almost exclusively commercially produceg means of processing agricultural
crops (Banseet al, 2008), which include maize, oil palm, rapesesalybean, sugar beet,
sugarcane, wheat, castor beans datlopha carcugEscobaret al, 2008). Since the most
important biofuels are presently bioethanol anddigsel, Coyle (2007) suggests that the
leading feedstocks for current production of bitduare maize, sugar, and vegetable oils.
Soybeans, however, are the only potential biodieselstock (vegetable oil) identified by the

! See Petrou & Pappis (2009) for a comprehensiveevewf the respective properties, characteristios an
production technologies of biofuels.



South African (SA) biofuels industrial strategy yroon a reasonable scale in the province of
KwaZulu-Natal (KZN).

An important distinction is made between first, set, and third generation biofuels. First
generation biofuels, which are derived from theasugtarch, or oils in agricultural crops or
animal fats, account for all of the current comnadrglobal biofuel production (Senauer,
2008). By comparison, second generation biofuejsire advanced conversion technologies
(Banseet al, 2008), and are expected to make use of a wateger of biomass resources that
do not compete directly for food, and could potahti use cellulose from a variety of
grasses, maize stover (stalks), and wood (Guegell, 2007; Senauer, 2008). They also
promise to achieve more significant environmengadiits than their predecessors (Guegel
al., 2007; Banseet al, 2008), and have relatively less direct effeatscommodity prices
(Gurgel et al, 2007). However, their commercial viability stilas yet to be established
(Banseet al, 2008; McLaren, 2008; Senauer, 2008). Third gatier biofuels are currently
still in the research stages, and may utilise suiltsls such as algae, or even feedstocks
generated by biotechnology (Senauer, 2008). McL&608) concludes that there remains
considerable potential for improvements in bothcpssing methods and the types of
feedstocks used for current biofuel production.stFigeneration biofuels (derived from
soybeans, for example) may, therefore, functioftrassition fuels”, which could meet the
short-term needs for renewable energy sources @m@ih2005: 200). In the longer-term
technological advancements, such as the developmkrgecond and third generation

biofuels, are likely to be necessary to satisfyittoeeasing demand for renewable energy.

In addition to potentially reducing reliance onitenfossil fuel sources for countries that grow
their own feedstocks, and subsequent improved gresrgurity, biofuels could also provide
benefits such as increased value of agriculturatyets and support for farmers and the
agricultural sectors of both developed and devapmiountries (Marshall, 2007). This may
be partly attributable to the fact that the emecgeof biofuels has represented an alternative
market for numerous agricultural commodities (Eldb& Hart, 2007). Moreover, biofuels
could potentially improve agricultural and enviroemtal sustainability through the reduction
of greenhouse gas emissions relative to fossilsfughich is an important component of
climate change mitigation (Rosegraet al, 2008). Consequently, there have been
considerable developments in the global productiproduction capacity, and trading
volumes of biofuels in recent years (Verdagtkal, 2007; Banset al, 2008;Meyer et al,
2008; Heinimd & Junginger, 2009). This trend isested to continue in the future (Verdonk
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et al, 2007; Worldwatch Institute, 2007; Wilsat al, 2008; Heinimd & Junginger, 2009;
Hoekman, 2009), and is regarded as a potentialfis@gnt driver of economic growth for
some developing countries (De La Torre Ugatel, 2007; Marshall, 2007; Rosegragtt
al., 2008), and a means to reduce poverty througleréegtion of employment opportunities
and improve the quality of lives (Rosegratal, 2008). Similarly, poverty alleviation and
the stimulation of economic activity in the formbomelands are the explicit primary
objectives of the SA biofuels industrial strateME, 2007; Funkest al, 2009).

Oil reserves are not uniformly distributed arouhd tvorld and are not located in areas of
highest use (McLaren, 2008). Escoledral (2008) observe that the countries capable of
producing large amounts of biomass are typically fussil fuel producing nations.
Consequently, new countries could potentially enler global energy market, and in so
doing reduce the world’s dependence on the relgtiegv countries with oil reserves. This is
particularly pertinent in the tropics and subtrgpivhich are expected to have a comparative
advantage in the production of feedstocks, owintpéir relatively high biomass productivity
(Marshall, 2007). In this regard, Heinim6 and Juagegr (2009) suggest that Latin America,
Sub-Saharan Africa, Eastern Europe, Oceania, ak asekast and north-east-Asia, have
considerable potential to become important bionpasducers in the long-run. However, not
all countries comprise the necessary climatic, gogphic, edaphic, and other conditions for
extensive biofuel production, given that the ecomoi@asibility of such ventures is typically
dependent on feedstock availability and the efficieof their processing (Escobat al,
2008).

The perception that biofuels can contribute towasgthieving solutions to numerous
problems, ranging from the greenhouse effect, felatude oil prices, energy dependency,
and rural development, has resulted in widespreadpance of, and support for, biofuels
among policy makers, scientists, environmentalisigticultural entrepreneurs, and the
general public (Russi, 2008). However, Herndon 80M3) suggests that the combination
of market-induced and policy-induced factors relgtto biofuel expansion have created a
“perfect storm” causing dramatic shocks to esskyaery crop and livestock producer, and
agribusiness. Andersoet al. (2008) are of a similar viewAccordingly, Hochmaret al
(2008) suggest that perhaps no other recent ecandevelopment has more significant
potential to reshape agriculture and farm poli@antthe emergence of a large and expanding

biofuel industry.



Despite African countries, specifically those irbSsaharan Africa, currently being regarded
as an unexploited resource for biofuel developnf@fdrldwatch Institute, 2007; Amiguet
al., 2008a; Mulugetta, 2008), there has been limiésgarch conducted on the feasibility and
potential impacts of an expanding biofuel industny domestic agricultural commodity
markets and rural development from a SA standg@intigun et al, 2008a; Makenetet al,
2008; Meyeret al, 2008; Funkeet al, 2009). Subsequently, the KwaZulu-Natal Departmen
of Agriculture, Environmental Affairs and Rural Degpment (KZNDAEARD) has
expressed interest in, and commissioned researahalyse, the economic feasibility of on-

farm biodiesel production in KZN.

It is well documented that biodiesel is typicallyora costly to produce than conventional
diesel, and numerous studies elsewhere have sedgistt government interventions in the
form of tax incentives and/or subsidies would beceassary for biodiesel to become
competitive with conventional diesel (AhouissougsiWetzstein, 1997; Bender, 1999;
Fortenberry, 2005; Wassell & Ditmer, 2006; Demirtb@807; Martinez-Gonzaleet al.,
2007; Amigunet al, 2008b; Peters & Thielmann, 2008). Therefore,this study it is
hypothesized that on-farm biodiesel production BNK at both the commercial and small-
scale level, is currently not an economically veahblternative to fossil fuels (accounting for
the costs and benefits from the perspective ofapgivarms). Should the SA government wish
to promote biodiesel production, then considerghlélic support, in terms of subsidies
and/or other incentives, will be required to indeoenmercial and small-scale farms in KZN
to produce biodiesel.

The specific research objectives of this study Hrerefore, to (i) present an objective and
comprehensive compilation of the economic literatdealing with global biofuel initiatives
and resulting implications, with a particular foaus the associated biofuel policy spectrum;
(i) provide empirical results on the economic fbdsy of soybean-based biodiesel
production on both commercial and smallholder faimthe soybean production regions of
KZN; (iii) estimate the minimum level of governmententives required to promote on-farm
biodiesel production in these areas; and (iv) eaelualternative development-oriented
cooperative models, with a specific emphasis o #pplication to SA biofuel ventures. It is
not, however, the intention of this study to exanthe economic viability of biodiesel
production in South Africa at the national leveledto the cost and benefit valuation

difficulties involved. This is beyond the scopetiof study.



The outline of the dissertation is as follows: Cieapl examines the past, present, and
probable future increases in global production mwifuels, and the potential implications
these may have from an environmental and sociablptant. It is these issues which have
undoubtedly contributed to biofuels being of sunificant global interest in recent times.
The biofuel policy spectrum, global trends, andirthmtential impacts are evaluated in
Chapter 2. Given the focus of this study, Chaftanalyses some technical and economic
issues pertaining specifically to biodiesel produtt Chapters 4 and 5 outline the
development of the baseline on-farm biodiesel pctdo model, with simulation results and
economic analyses for the commercial farm levehdgiresented in the latter. A normative
economic evaluation of potential collective smalkle biodiesel production in KZN is
discussed in Chapter 6. The dissertation ends auiticlusions and policy recommendations,

and a summary.



CHAPTER 1: GLOBAL BIOFUEL EXPANSION AND IMPLICATION S

Recent years have seen an unprecedented incredle production and use of biofuels.
Future projections suggest that this global treftlomntinue. Therefore, the question is not
whether biofuels will play an increasingly promiheole in world energy balances, but rather
what the short- and long-term implications of these will be. Accordingly, this chapter
presents a review of some of the more prominemrmational debates and deliberations
surrounding a rapid expansion of biofuel productievels, with particular emphasis placed
on social and environmental considerations. Thesges have served as catalysts that have
sparked wide and growing interests in biofuels.

1.1 Growth of Global Biofuel Production

The global production of biofuels rose substantiaktween 2004 and 2008, with biodiesel
production increasing six-fold and bioethanol prtéhn doubling in this period. This
translates into total biofuel production increasiram an estimated 33.2 billion litres in 2004
to approximately 79 billion litres in 2008 (Martip@005, 2007, 2009). The vast majority of
this production, however, stems from the Unitedte€stgU.S.), Brazil, and the European
Union (E.U.), accounting for 43, 32, and 15 perceh2007 global biofuels production,
respectively. The remaining amount was spread anvami@us other countries, mostly in
Asia and Latin America (Coyle, 2007). Figure 1.)pides the rapid growth in global biofuels
production for this five-year period. However, & important to note that presently the
contribution of biomass in meeting global energgndad is modest (de Fraituegal, 2008).
For example, in 2007 biofuels accounted for lesanthihree percent of the world’'s
transportation fuel requirements (Coyle, 2007; &Sext al, 2009). Despite this, Schmi&t
al. (2007) anticipate that biofuels may have a pasitong-term impact of lowering fuel
prices, where even a small price effect translatés a relatively large consumer gain,
because of the large volume of fuel consumed.

The initial shift towards the production of biofaelas in response to high oil prices in the
1970s and 1980s as a consequence of supply restsidmposed by the Organisation of
Petroleum Exporting Countries (OPEC) cartel (Ma&thGonzalezt al, 2007; Schmitzt
al., 2007; Banseet al, 2008). These high oil prices encouraged innowatiin oil-saving

technologies and prompted many governments (pé&atlguthose in countries which are



highly dependent on the movement of oil prices)stimulate the production and use of
renewable energy alternatives, such as biofuelst{iMa-Gonzalezt al, 2007; Banset al,
2008). Government intervention in these marketsagbently resulted in global bioethanol
production reaching approximately 15 billion lit@s early as 1985 (Banseal, 2008).
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Figure 1.1: Global Biofuel Production, 2004-2008
Source: Martinot (2005, 2007, 2009).

Similarly, Coyle (2007) and Senauer (2008) suggiest the most significant driver of the
recent increases in global biofuel production hesnbthe rising real oil price. Cassman and
Liska (2007) attribute these price increases tatipal instability in major oil-exporting
regions, and rapid growth in demand in China, Indiad other developing countries.
However, numerous countries encourage biofuel prtimlu through policy measures
including subsidies, tax exemptions, mandates,ahdr government incentives (Kenkel &
Holcomb, 2006; Senauer, 2008), which have creaagdurable market conditions for the
production of biofuels (Eidman, 2007). Exampleslude the National Alcohol Program
(PROALCOOL) in Brazil, the Energy Policy Act of 200in the U.S., and the 2003
Renewable Fuels Directive in the European Uniorolfeid & Hart, 2007; Elobeid &
Tokgoz, 2008).



By far the largest volume of biofuel productiorcantributed by bioethanol (see Figure 1.1).
Globally, bioethanol production is largely concaiéd in Brazil and the U.S., which together
accounted for nearly 90 percent of total productro2005 (Rajagopal & Zilberman, 2007).
Furthermore, bioethanol production capacities ithbihese regions continue to increase
rapidly (Senauer, 2008). Currently, however, Bragijoys a significant comparative
advantage in the production of bioethanol from sceyae (Martinez-Gonzalezt al, 2007;
Elobeid & Tokgoz, 2008; Sheldon & Roberts, 2008)d at is substantially more efficient
than the production of maize-based U.S. bioethé®eahauer, 2008). Nevertheless, the U.S. is
regarded as the largest bioethanol producer invtitéd (Elobeid & Tokgoz, 2008; Martinot,
2009); although an increasing number of countrrestaking a greater interest in bioethanol
as an alternative fuel, such as China, India, Caretl France (Elobeid & Hart, 2007,
Martinot, 2009).

By comparison, biodiesel production is geographjcaioncentrated within the E.U.
countries, derived primarily from rapeseed, withrf@any being the world’s largest biodiesel
producer (Rajagopal & Zilberman, 2007; Schlegel &wKengst, 2007; Bans al, 2008b;
Martinot, 2005, 2007, 2009). Escolmral (2008) point out that although European countries
produce comparatively more biodiesel than bioethaontal production of both fuels can be
considered as relatively small compared to bioethproduction in Brazil and the U.S. In
fact, biodiesel production in the U.S. is approxieha seven percent of their bioethanol
production (Hoekman, 2009). Nevertheless, Kenkel Holcomb (2006) and Elobeid and
Hart (2007) observe that biodiesel production igigg increasing importance in the U.S.
and South American counties. Elobeid and Hart (208dggest the reason biodiesel
production has lagged behind that of bioethanol ¢amyely be attributed to their
comparatively higher feedstock costs. Interestingigman (2007) points out that the supply
of biodiesel feedstock is a significant limitingcfar on the development of the biodiesel
industry in the U.S.

In terms of future outlook, the Renewable Fuelsn@ad of the 2007 U.S. Energy
Independence and Security Act set a target of miodu36 billion gallons of biofuels by
2022 (Senauer, 2008; Velasco, 2008; Kenkel & Holep2®09). This established the largest
increase of a biofuels mandate in history (Velagfi)8). This Act stipulates further that
almost half of the mandated use of renewable fisaisquired to be met by second generation
biofuels such as cellulosic bioethanol (Sheldon &b&ts, 2008; Tokgozt al, 2008;
Velasco, 2008 Kenkel & Holcomb, 2009). Kenkel amaldémb (2009) contend that meeting
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this Act will require capital investments exceedi®gO0 billion for production facilities,
transport and storage infrastructure, and feedstst&blishment. Similarly, the E.U. has an
established goal of 5.75 percent of transportafieel by 2010 and 10 percent by 2020
(Senauer, 2008). Numerous other countries havesasbiofuel targets (Coyle, 2007) (see
Appendix A). While the growth of biofuels produatian the U.S. and E.U. may be slowing
(Senauer, 2008), the overall trend of increasedbajldiofuel production is expected to
continue in the future (Eidman, 2007; Verdagtkal, 2007; Wilsoret al, 2008; Heinim0 &
Junginger, 2009; Hoekman, 2009).

Coyle (2007) suggests that the future outlook fobal biofuel production will likely depend
on numerous interrelated factors, such as oil pritke availability and cost of suitable
feedstocks, sustained governmental support, teofiwall advancements that improve the
feasibility of second generation biofuels, and cetitfpn from unconventional fossil fuel
alternatives. Walslet al. (2007) contend that the feedstocks necessaryawupe biofuels
will come largely from the agricultural and forgstsectors. In this regard, De La Torre
Ugarte et al (2007) suggest that agriculture is well positbrnes a feedstock source.
However, such a large expected increase in bighuadluction raises numerous questions
with regards to the feasibility, approach, and pb&t impacts of such activities (Walshal,
2007), particularly the potential social and enmim@ntal implications of such widespread
biofuel expansion (Marshall, 2007; Worldwatch Ihge, 2007). Mulugetta (2008) concurs,
suggesting that the decision to expand biofuel yeodn is not based upon economic
concerns alone, as there are a number of broasleesissuch as land use changes, potential
conflicts with food production, deforestation, lafsbiodiversity, and effects on water tables

that need to be taken into consideration. Theséharéocus of the following sections.

1.2 The Food versus Fuel Debate

While the rapid growth of biofuel production in et years has raised expectations about
possible substitutes for fossil fuels, there hagenbconsiderable and growing concerns over
the potential negative implications of divertingpébcrops for the production of biofuels, and
subsequent rises in commodity prices, will haveglmbal food and related markets, as well
as food security (Coyle, 2007; Worldwatch Instifl2807; Pingaliet al, 2008). Escobagt

al. (2008) suggest that given the large tracts ofl ld@manded to grow biofuel crops, it has

become increasingly important to understand thaticglship between extensive biofuel
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production and global rises in food prices. Foampsrcurrently used in the production of first
generation biofuels include grains (maize, sorghamg wheat), sugar crops (sugarcane,
sweet sorghum, and sugar beet), starch crops (@@ssad oilseed crops (soybean, rapeseed,
and oil palm) (Cassman & Liska, 2007).

Prior to the emergence of biofuels, agriculturahowodity prices were influenced by energy
prices primarily through their impacts on the castproduction by way of input prices, such
as diesel, fertilizers and pesticides (Elobeid &H2007; Tokgozt al, 2008). Energy prices
would also influence food prices through processing distribution costs (Senauer, 2008).
However, significantly higher energy prices are nbaving a more direct effect on
agricultural output prices, since agricultural cootities have become inputs for the
production of energy (Elobeid & Hart, 2007; Tokgeizal, 2008). In so doing, they have
caused energy and agricultural commodity marketsotoverge, ultimately creating a food
versus fuel trade-off (Cassman & Liska, 2007; Sexdb al, 2009; Skippetet al, 2009).
Similarly, Rosegrantet al (2008) note that major agricultural commoditycps have
increased significantly since 2002, and show areased correlation with oil prices in recent
years, depicted in Figure 1.2. Furthermore, Hamri€2009) observed that while prices of
agricultural commodities have historically beenatidé, many prices in 2007/08 peaked at, or

near, record levels.

The growing dependence of agriculture on energykatarhas contributed to apprehensions
that high and volatile energy prices may create ,n@waugment existing, food security
problems (Schmidhuber, 2006). Thus, Tyner and Tpber (2008a) regard this new market
integration as possibly the most fundamentally irtgo@ change to occur in agriculture in
decades. Pingaét al (2008), however, suggest that while such conckave their merits
and are indeed serious, it is important to noté ¢kian in the absence of biofuels, agriculture
has traditionally produced both food and non-foodhmodities (e.g., cotton and tobacco),
and that the global agricultural system has hisatif responded to changing patterns of

demand.

Senauer (2008) proposes that previous spikes ihdvagricultural commodity prices, post
World War I, have been supply-driven as consege¢o@oor harvests in one or more major
producing regions; for this reason they have typidaeen short-lived, before returning to
historical levels. The preceding long-term trendswiaat of decreasing real prices of major
food crop commodities such as maize, wheat, ried,saigar (Cassman & Liska, 2007). This
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may be attributed to continued improvements in rietdgy, agricultural production and
trade. However, the recent price increases are mmiaven, implying that high prices may
be sustained for longer periods (Andersnal, 2008; Senauer, 2008). Nevertheless, the
Worldwatch Institute (2007: 135) contends that tsuwreases in the demand for, and price
of, food crops have been a deliberate and fundaherdtivation of biofuel programmes as
governments aim to protect farmers from excessil@ly prices”. Interestingly, however,
Senauer (2008) suggests that a serious U.S. abdlgloonomic slowdown could be the one
factor that would sharply decrease commodity priegglence of which is apparent in Figure
1.2.
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Figure 1.2: World Prices of Selected Commodities,990-2009

Sources: Data on wheat, maize, rice, sugar, and séleds are from OECD (2005) and OECD (2009) for
1990-2003 and 2004-2009, respectively (U.S. $/metidn). Data on crude oil are from IMF (2009) (U.S$/

barrel on right-hand scale of the Figure).

Schmidhuber (2006) notes that the more directiogighip between energy and agricultural
commodity markets results in higher energy pricesating price floors for agricultural
commodities when demand stemming from the energipseé substantial, and agriculture-

based feedstocks are competitive in the energyehare suggests further that energy prices
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may also create price ceilings for agricultural dstecks, depending on how quickly
feedstock prices rise relative to energy prices @amdheir energy equivalents, particularly in
the long-run. Hochmaat al (2008) add that the interdependence of food aedgy markets
could reduce price variability in agriculture, stnbiofuels not only provide additional
demand for various agricultural commodities, rajsewerage prices, but also cause the
demand for these commodities to become relativayenelastic, thus reducing variability in
(food) prices induced by weather and other randbatlss. These authors also suggest that
since the biofuel industry is prone to periods obmm and bust, driven primarily by food

market volatility, biofuels may also serve to reg@nergy price variability.

The Food and Agriculture Organization defines famaturity as a condition which exists
“when all people, at all times, have physical amdnemic access to sufficient, safe and
nutritious food to meet their dietary needs andifpeeferences for an active and healthy life”
(FAO,1996: 4). This definition comprises four dinsems of food security: food availability,

stability of food supplies, access, and utilizat{@e., people’s ability to absorb nutrients)
(Schmidhuber, 2006; Elobeid & Hart, 2007). Pingdlial (2008) suggest that each of the
first three dimensions above could potentially eecked by biofuel expansion, since
biofuels affect the availability of food by compwi directly for commodities and with

productive resources; access to food is primaelgnined by income and food price levels;

and price volatility is the key determinant of gtability dimension.

In terms of the future outlook, Rosegratal (2008) provide global predictions under three
scenarios, referred to as the “baseline scenatimgfuel expansion,” and “drastic biofuel
expansion.” The first assumes that global biofusddpction increases by one percent
annually until 2010, and thereafter remains cornsflime second is based on actual national
biofuel expansion plans through 2020, althoughsguaes that U.S. and Brazilian growth
will slow after 2010. The third assumes that globaifuel production is double that of the
second scenario in 2015 and 2020. Compared todbelibe, the prices of maize, oilseeds,
sugar, cassava, and wheat are estimated to be826,2111, and 8 percent higher in the
second scenario; and 72, 44, 27, 27, and 20 penagmer in the third scenario.

Rosegrantet al (2008) also note that rapid biofuels expansioh Ndely have significant
implications for international trade, particulafigr the global trade balance of maize. For
example, with the persistence of bioethanol expensi the U.S. in 2006, Elobeid and Hart
(2007) estimated that U.S. maize prices increageapproximately 60 percent, while world
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maize prices rose by greater than 50 percent. igméfisant increase in the area planted to
maize reduced the plantings of other crops, motsthip soybeans (Herndon, 2008; Senauer,
2008), and in so doing increased their prices (&@ma2008). Elobeid and Hart (2007)

subsequently estimated that U.S. wheat and soypee®s increased by approximately 25
and eight percent respectively, and increased bgrll seven percent, respectively, in the
world market. Evidently, the U.S.’s dominance iegsh commodities has spillover effects in

world markets.

There appears to be consensus, however, that thandefor biofuels accounts for only a
portion of recent increases in food prices (Pingslial, 2008; Rosegranét al, 2008;
Senauer, 2008; Tyner & Taheripour, 2008b; Harrisf))9; Sextoret al, 2009; Skippeet

al., 2009; Yanget al, 2009). For example, simulations by Sexétral (2009) suggest that
biofuels are responsible for between 25 and 60gmérof recent maize price increases.
Furthermore, these authors suggest that short-tesmis such as low inventories, supply
shocks, and monetary policy have also contribuigdifscantly to food price inflation post
2006; for instance, they attribute the price spikesce and wheat to negative supply shocks
from adverse weather in Russia, Australia, andalndithe past few years. Senauer (2008)
contends that speculation has almost certainly rbeca significant factor that has driven
commodity prices even higher. Similar views aredi®} Escobaet al. (2008) and Harrison
(2009). Nonetheless, higher prices of agricultaomhmodities that are used in the production
of food ultimately translate into higher food pscélhese higher commodity prices would
benefit producers in both developed and develogimgntries through increased incomes
(Elobeid & Hart, 2007; Pingalet al, 2008). Since food items constitute a significant
proportion of the consumption bundle of relativielw-income earners, lower global supplies
and relatively higher world food prices may havebstantial adverse impacts on the
purchasing power of the impoverished (Pingalial, 2008). Therefore, rising commodity
prices may have both positive and negative impactsboth developed and developing

countries’ economies.

Developing countries, particularly relatively loweome food-deficit countries, are typically
net exporters of primary agricultural commoditias, well as being net importers of food.
They are also often characterised by having redbtilarge numbers of poor, rural, food
insecure, and undernourished populations (Elobeid Hart, 2007). Subsequently,
distributional considerations tend to suggest thase groups are most vulnerable to rising

and volatile food prices and are, therefore, exgedb be most adversely affected by
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increased biofuel production (Cassman & Liska, 2@ldbeid & Hart, 2007; Pingabt al.,
2008; Rosegrardt al, 2008), at least in the short-run (Cassman & &,i2007; Pingalet al.,
2008).

Pingaliet al (2008), however, suggest that current fuel vefsad debates tend to overlook
that there could potentially be a positive sup@gponse, even from small-scale agricultural
systems. If biofuel demand increases the returnsmémployed or underemployed resources,
such as land and labour, or alternatively encowageestment in productivity-enhancing
technology, then biofuels serving as a new soufocgemand for agricultural commodities
could actually assist in revitalising agricultune developing countries, with potentially
positive impacts for economic growth, poverty radut and food security. Similarly,
Schmidhuber (2006) emphasises the benefits of asek producer prices and positive

income effects, particularly in rural economies.

There appears to be consensus that expansion bé4based bioethanol is likely to have the
most significant impact on food prices. Harrisol®qQ) reports evidence indicating that
higher maize prices contributed to inflated foott@s for those items that depend on maize
as a primary feed, such as eggs, poultry, porkf bed milk. Elobeid and Hart (2007)
postulate that countries where maize is the majod fgrain experience relatively larger
increases in food basket costs than countries wivbeat, sorghum and rice are the major
food grains. Sub-Saharan Africa is heavily depehdengrain imports (Cassman & Liska,
2007), and is particularly vulnerable to price sases for various food commodities,
reductions in the availability of calories, and setpuent increased levels of malnourishment
(Mulugetta, 2008; Rosegraet al, 2008). Accordingly, Elobeid and Hart (2007) exstie
that the most substantial food price increasedilkely to be seen in Sub-Saharan Africa and
Latin America, where food baskets costs could mseeby at least 10 percent for the period
between 2007 and 2016.

Whether mandated through blending requirementslaamned according to goals of energy
self-sufficiency, increased farm income and/or Iruegonomic activity, the continued
expansion of biofuel production will undoubtedlykasignificant implications for the food
and related sectors (Rosegraattal, 2008). However, since biofuels have only made a
relatively significant introduction into fuel marsein recent years, the full extent of these
future impacts of potential shifts in agricultuc@mmaodity use on global food, feed and fibre
markets are largely uncertain (Skipgéral, 2009). Senauer (2008) suggests that in addition
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to the future price of crude oil, these uncertamtessentially relate to whether countries
reconsider their current policy actions, such dssilies and mandates, that encourage the
production of first generation biofuels; technolmjiadvancements in both enhancing crop
yields, and the development of commercially viaBkcond and even third generation

biofuels; and whether or not serious efforts areerna mitigate global climate change.

Similarly, Pingaliet al (2008) suggest that growth in agricultural prdduty is essential to
prevent conflict between food and biofuels, and leasgse the importance of addressing
constraints to technology adoption and market @pdtion by the poorest developing
countries. Cassman and Liska (2007) share a simikw, suggesting that net grain
importing regions will be in a race against timeetthance agricultural productivity as food
prices rise and there is less surplus for expatttammanitarian aid. In this regard, Hochman
et al (2008) and McLaren (2008) stress the potentild of biotechnology in permitting
greater per capita food production amid continueguation growth and a diminishing
agricultural land base. Similarly, Sextet al (2009) contend that a comparison of yield
growth between commodities that have transgenieties and those that do not suggests

that biotechnology has been an important drivgrotiuctivity growth in the past decade.

Hill et al (2006) conclude that energy conservation andubisfthat are not food-based are
likely to become increasingly more important in tbag-term. Clearly policy choices will

continue to play a significant role in years to eo(ifiyner & Taheripour, 2008b), and despite
the lack of consensus of the impacts that biofuphasion could have on food and related
markets, Hochmaet al. (2008) and Sextoat al (2009) note that governments in both the
U.S. and Britain started to review their biofuelipies in 2007 and 2008, in order to slow
their rate of growth in favour of focusing on newfhbel technologies that are anticipated to
compete less intensely with food production. SirylaYang et al (2009) note that the

general shortage in market supply and concerngeckl food security resulted in the
Chinese government placing a ban on expanding mamd other grain-based biofuel

production, in favour of promoting non-grain altatines.
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1.3 Biofuels and Sustainability
1.3.1 General Overview

Owen (2006: 207) defines externalities as “benefitsosts generated as an unintended by-
product of an economic activity”, and regards emwmnental externalities as benefits or costs
that are evident through changes in the physiadbbical environment. Of particular
interest in the development and expansion of blofpeduction are the proposed
environmental benefits, including the potentialuetibn in emissions, such as greenhouse
gases (Coyle, 2007). However, any potential dieesironmental benefits from biofuels need
to be weighed against potential indirect costs (dmeatch Institute, 2007; Nelson &
Robertson, 2008). Coyle (2007) estimates that 28ep¢ of manmade global carbon dioxide
emissions are attributed to road transport. He snéiether that global road transport has
grown markedly in recent times, and is expectectdatinue to increase in the future,
particularly in middle-income countries that argesiencing considerable economic growth,

middle-class expansion, and urbanization.

Owen (2006) notes that the costs associated witltat change, such as flooding, changes in
agriculture patterns and other effects, whilst umaaly important, are often difficult to
determine with much certainty in practice. Agricuéf's contribution to greenhouse gas
emissions vary among countries, with substanti&minces existing between developed and
developing countries. The latter's agriculturallgslked emissions are largely attributed to
deforestation and land degradation; whilst devadagmuntries agriculturally-based emissions
stem from energy use, tillage practices, livesti@eding, and fertilizer applications (McCarl
& Schneider, 2000).

Rajagopal and Zilberman (2007) note that biofuetsiatensive in the use of inputs, which
include land, water, crops, and fossil energypaivhich have an opportunity cost. Although
non-renewable fossil fuels are utilised throughbaetlife cycle of biofuels as raw material for
fertilizers, to power equipment used in plantingl drarvesting practices, and to transport
both feedstock and final product, biofuels are galheregarded as being renewable in the
sense that their primary feedstock can originadenfnumerous renewable biomass sources
(Marshall, 2007). Reijnders (2006: 864) defines ghstainable use of biomass as “a type of
use that can be continued indefinitely without meréase in negative impact due to pollution
while maintaining natural resources and benefitumictions of living nature relevant to

mankind over millions of years, the common lifesmdra mammalian species”. Similarly,
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Marshall (2007) advocates that biofuels can be rosgh as sustainable only if those
feedstocks and fuels are cultivated, produced, @mdbusted in a manner that does not
compromise the long-term health and productivity aof, soil, and water systems, or
unbalance the social systems that are dependdhbse resources.

Reijnders (2006) regards the following environmeagtpects of modern bioenergy chains as
crucial to sustainability: the impacts on stocksnatural resources (particularly soil, soil
organic matter, soil nutrients, fossil fuels, andtev); the mobilisation of elements and
impacts on climate change; and the effect on bardity. However, two prominent themes
have emerged from debates surrounding the susthtyald biofuels: concerns surrounding
the carbon balances of biofuels, and apprehensabosit the sustainability of feedstock
production (Marshall, 2007). Underlying these aoenplex inter-linkages that give rise to
trade-offs between environmental sustainabilitygrall economic gains, and welfare losses
for the poorest individuals who are most vulnerablelobal economic and environmental
change (Rosegrast al, 2008), the magnitude of which are expectedd® with the increase
in the global scale of biofuel production (Yaeg al, 2009). However, Marshall (2007)
suggests that such debates invariably lead badhedoquestion of how to identify and
guantify the impacts of biofuel production and carsiiton, and ultimately how to incorporate
these implications into policies that provide thecessary incentives for the evolution and

adoption of truly environmentally friendly and saistable feedstock and fuel technologies.

1.3.2 Carbon and Net Energy Balances

One of the most prominent arguments advocatingxaaresion of biofuel production is that
they are more environmentally friendly than fodsiéls (Rajagopal & Zilberman, 2007,
Worldwatch Institute, 2007). Hikt al (2006) suggest that in order to be a viable adtieve

for fossil fuels, biofuels should have superior iemvmental benefits, be economically
competitive, and be able to be produced in sufficguantities to have a significant impact
on energy demands, whilst simultaneously providinget energy gain over the energy
sources used to produce it. The ratio of energyegded to energy used in production is
known as the net energy balance (Worldwatch Instit2007; Morroneet al, 2009).
Furthermore, Hillet al. (2006) note that determining whether alternafivels provide net
benefits over the fossil fuel they displace requicemprehensive evaluations of both direct

and indirect inputs and outputs for their full ppotion and use life cycles.
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Life cycle analysis (LCA) is based upon a comprehen accounting of all energy and
material flows, both upstream and downstream, @s®utwith a system or process (Owen,
2006). The Worldwatch Institute (2007: 163) sugdbkat the energy inputs for biofuels can
be broadly classified as: (i) the agricultural gyenecessary to cultivate and/or harvest the
feedstock; (ii) the processing energy requiredaovert the feedstock into biofuels; and (iii)
the transportation energy needed to deliver thdsteek to the refinery and deliver fuels to
commercial depots. The first two categories, howeae typically the dominant energy uses
in biofuel production. Importantly, Rajagopal aditberman (2007) caution that results of

LCA are often only relevant in a specific geograpkemporal and technological context.

Hoekman (2009) suggests that although many LCAiesutiave considered — at least
partially - the impacts of direct land use changbsy have generally not accounted for
indirect land use changes, such as the clearirigre$ts to cultivate crops in order to satisfy
food and/or feed requirements that have been dedupy biofuel production. Furthermore,
by-products have a significant bearing on the netrgy and environmental benefits;
however, there is uncertainty over the most swtédthnique for the valuation of by-product
credits in LCAs (Rajagopal & Zilberman, 2007). Diésgghese concerns, however, LCA has
become an important decision-making tool used ialating alternative fuels, since it is
particularly important to examine the fuel's lifgcte systematically in terms of energy
efficiencies, environmental impacts, and associatais and benefits before implementing a
fuel policy (Escobaret al, 2008; Huet al, 2008). Carbon and net energy balances are
common indicators used in LCAs (Rajagopal & Zilbarm2007).

Biofuels are often been regarded as being carbatraigin that the carbon emitted through
combustion replaces the carbon absorbed duringrthsing of the crop, whilst fossil fuels
are considered to be overwhelmingly carbon positiReijnders, 2006; Coyle, 2007,
Rajagopal & Zilberman, 2007; Schlegel & Kapheng6)7; Mathews, 2008). Recently, there
has been considerable debate and often little ognseover the actual degree of carbon
neutrality and associated energy balances achieydiofuels (Mathews, 2008; Morroret

al., 2009), and estimates often vary substantiallyy(€ 2007). Gohin (2008) and Ovando
and Caparrés (2009) concur, suggesting that th&ibation of biofuels to greenhouse gas

abatement efforts is highly controversial.

For example, using LCA, Hilet al (2006) estimated that 93 and 25 percent moreblsea

energy than the fossil energy required for its potidn was provided by soybean-based
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biodiesel and maize-based bioethanol, respectivalythermore, they found soybean-based
biodiesel to be markedly more environmentally fdlgnthan maize-based bioethanol, owing
largely to lower agricultural inputs and more a#itt conversion of feedstocks to fuel in the
case of soybean-based biodiesel. By contrast, henvBvmentel and Patzek (2005) estimated
that maize-based bioethanol and soybean-basedebaldproduction required 29 and 27
percent more energy than the fuels produced, régpbc They suggest further that

sunflower-based biodiesel required as much as ®t8pt more energy than the resultant
biodiesel contains, and also provide estimatesbioethanol produced from wood and

switchgrass.

It should, however, be noted that the Pimentel Ratzek (2005) study is strongly criticised
by both Wesseler (2007) and the Worldwatch In&i{@007). For example, Wesseler (2007)
suggests that the energy balances for the differeags reported ignore opportunity costs.
Taking these into account, Wesseler (2007) consltldat the biofuels resulting from maize,
soybean, and sunflower have positive net energgniobak, whilst the negative balances for
wood and switchgrass are significantly reduced amgarison to the results reported by
Pimentel and Patzek (2005). Moreover, the Worldwattstitute (2007: 178) suggests that
“they also include data that are outdated and doreyresent the current agricultural and

refining processes, and/or are poorly documentedtaus cannot be fully evaluated”.

Tiffany (2009) points out that the results of saslof this nature are highly dependent on
their underlying assumptions, particularly thosefeddstock yields. Coyle (2007), Frondel
and Peters (2007), and the Worldwatch InstituteD{2@onclude that most recent studies
indicate that the net energy balances of biofusdspasitive. However, the opposite view is
held by Rajagopal and Zilberman (2007). There appt be consensus that the net energy
balances for soybean-based biodiesel and sugabemasel bioethanol are more substantial
than that of maize-based bioethanol (Coyle, 200&rtiMez-Gonzaleet al, 2007; Morrone

et al, 2009; Tiffany, 200%) Hill et al (2006) also advocate that biofuels would generall
provide more substantial benefits if their feedksocould be produced with relatively low
agricultural inputs (i.e., less use of fertilispesticides, and energy), on land with relatively
low agricultural value, and required relatively lomput energy to convert the feedstocks to
biofuel. Moreover, they suggest that future nondfdeedstocks may perform even better in

energetic, environmental, and economic criterion.

2 For a comprehensive review of past LCA, carbon metenergy balance studies, please see Pimergel an
Patzek (2005), Hilet al (2006), Rajagopal and Zilberman (2007) and theltMatch Institute (2007).
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1.3.3 Land Use Effects and Implications for Water Qantity and Quality

Rajagopal and Zilberman (2007) criticise the poplitarature that appears to focus largely
on carbon and net energy balances when evaludism@nvironmental impacts of biofuels,
while ignoring other indicators such as those esldab human health, soil erosion, nutrient
loading in rivers, biodiversity and the health obsystems. Although biofuel feedstocks vary
widely by region, all require both land and wateisome form. Tiffany (2009) suggests that
the production of biofuels typically leaves a lardeotprint in terms of land use than the
production of numerous fossil fuel energy sour@ss Fraitureet al. (2008) note that scarce
land and water resources are already a significanstraint on agricultural production in
many parts of the world. The amount of land requigea function of crop productivity (tons
per hectare) and the conversion efficiency of #elftock (biofuel yield per ton) (Marshall,
2007). Therefore, a continued global expansioniafulel production, and subsequent price
increases for numerous agricultural commoditiesy heve significant impacts on land use.
In this regard, Nelson and Robertson (2008) ancegastet al. (2008) suggest that higher
crop prices could bring about two categories ofllaise changes with potentially adverse
environmental consequences — increased croppiegsity and an expansion of cropping

area.

Nelson and Robertson (2008) note that higher prass®ciated with crops used as biofuel
feedstock augment the incentives for producersntensify existing cultivation of those
crops, and/or shift some areas from alternativesto biofuel feedstock crops. For example,
Susantcet al (2008) provide statistical evidence of these padésignificant changes in crop
acreage favouring maize over cotton, soybeanswdng@t in the southern states of the U.S.
as consequence to expanded bioethanol productimiaBanalyses are provided by Tokgoz
et al (2008) and Wilsoret al (2008).Nelson and Robertson (2008) also suggest that highe
prices typically make the use of purchased inputsenprofitable, with increasing use of
fertiliser and pesticides likely, and possibly mageofitable use of mechanization and

irrigation.

Potential environmental impacts associated withh sotensive monocultures include ground
and surface water contamination (e.g., eutroplinasind eco-toxicity), further exploitation
of scarce water supplies, increased greenhousergasions through greater transportation
of both inputs and outputs, and a loss of bioditAe(Schlegel & Kaphengst, 2007; Nelson &
Robertson, 2008; Petrou & Pappis, 2009). Peters Tdndlmann (2008) suggest that the
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severity of these problems tend to be amplifiedemeloping countries. Similarly, Rosegrant
et al (2008) contend that for land-scarce regions dmatunable to adjust to increased biofuel
feedstock demand by means of expanding the exi&timgd) area under a particular crop, or
alternatively the substitution away from one cropfavour of another, intensification of
agricultural practices may be the only availableraktive. Mulleret al (2008) add that
intensive monoculture practices may result in gneatiinerability of the agricultural sector

to abnormal crop growing conditions, such as ex¢r@raather patterns, pests and diseases.

However, the extent of such effects depends onwhicfuel crops see the most significant
expansion (Nelson & Robertson, 2008; Yaetgal, 2009). For example, Hikt al (2006)
suggest that data on agrichemical inputs for marm soybeans, and on efficiencies of net
energy production from the respective feedstoakgeal that soybean-based biodiesel uses,
per unit of energy gained, approximately one, &Bd 13 percent of the nitrogen,
phosphorous, and pesticide (by weight) used forzeshased bioethanol. Moreover, these
authors suggest that the pesticides used in maiaéugtion are more environmentally
harmful and persistent than those used in soybeadtuption. Subsequently, concerns over
both water quality and quantity are more severesgenarios where increased biofuel
production stems primarily from maize (Hoekman, 200

The Worldwatch Institute (2007: 142) contends #matexpansion of biofuel production and
trade is beneficial from a cost and environmentspective “only if it is cultivated on
already established agricultural or set-aside landson degraded lands poorly suited for
traditional agriculture”. Similarly, Sextoet al. (2009: 139) suggest that a sustainable biofuel
future hinges critically on the capacity of agricwé to satisfy demand for energy crops
without drawing “natural lands” (e.g., rainforesisjo agricultural production, since natural
lands act as carbon sinks, absorbing greenhouss gasl storing them in the ground and in
biomass. However, in addition to the more intensige of existing cropland, conversion of
natural land to agricultural uses will likely ocawnith continued biofuel expansion (Nelson &
Robertson, 2008). A similar view is held by Mar$l{aD07), who contends that it would be
naive to assume that the land necessary for inedeb®fuel feedstock production will be

drawn solely from the pool of available marginalda

Subsequently, competition for scarce land resou@®®ng crops will likely increase
pressure for deforestation (Mullat al, 2008; Petrou & Pappis, 2009), particularly in
developing nations, resulting in substantial losgfagatural biodiversity (Mulleet al, 2008).
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For example, Gurgeét al (2007) suggest that European blending requiresnant the
demand for biodiesel in particular, have been khke expanding oil palm plantations and
deforestation in countries such as Malaysia, Ind@neand Thailand. Nelson and Robertson
(2008), however, suggest that land use changesaable in any location where increased
prices for agricultural commodities result in pawly unprofitable agricultural practices
becoming profitable. In this regard, Marshall (2p@dtes that although the value of habitat
and carbon sequestration services is seldom ifigedan either public or private decisions
resulting in land use change, quantifying the lolssuch services is essential to gain a clear
perspective of the environmental and economic cadtscontinued biofuel feedstock

production and expansion. However, in practice ih@ften difficult to achieve.

Rosegranet al (2008) suggest possible land use changes, ifotheof shifting land from
existing crop production toward a dedicated biofeedstock crop, have the potential to alter
irrigation water use and subsequently local wateilability. Worldwide, agriculture is
already the main consumer of fresh water, accogritinapproximately 75 percent of current
water use (Wallace, 2000). Furthermore, waterdsuaial factor of production permitting the
intensification of agricultural practices (Rosedranhal, 2008). Therefore, the Worldwatch
Institute (2007) and Nelson and Robertson (2008 nbhat an expansion of biofuel
processing facilities will likely result in an ireased demand for fresh water as well as
increased waste products. Both are expected to signdicant environmental impacts, but

are often difficult to quantify.

Russi (2008) suggests that both the quantity ofilaMa water and its quality could
potentially be adversely affected by a continuexfusl expansion. In this regard, Nelson and
Robertson (2008) contend that water quality is nmibgly to be affected by changes in
intensity of crop production, since increased lisgr and pesticide applications increase the
likelihood of these chemicals reaching ground andiloface water bodies. By comparison,
they suggest that water quantity measures (suctream flow volume and variability) are
expected to be affected by land use changes, whashalter root structure and cover (both
of which influence water flow through the systeRpsegranet al (2008), however, suggest
that the continued expansion of biofuels would oinigrease the stress on regional water
supplies marginally, although the impact for soméividual countries, particularly China
and India, could be highly significant (de Fraitweal, 2008; Mdulleret al, 2008). The
Worldwatch Institute (2007) conclude that careftdpcselection and management practices

are important factors which may mitigate the eBeaftbiofuel expansion on water. However,
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they point out that problems with water availagiland use may represent an important

limiting factor on the future production of biofgel

1.3.4 Sustainability Standards and Certification Skkemes for Biofuels

Buchholzet al (2009) note that the use of biomass does nothaitcally imply that its
production, conversion, and use are sustainablas,Tin light of an increasing amount of
debate and controversy surrounding the environrhdataprint of biofuels, particularly
surrounding deforestation and the competition ofu®ls with food and feed, the question of
how to ensure that biofuels are produced in a madile manner has stimulated even more
intense deliberations (Lewandowski & Faaij, 200&tMews, 2008). For example, Hoekman
(2009) suggests that extreme care must be exettcsatsure that the continued shift towards
and expansion of biofuels will be both sustainadnhel affordable, with minimal adverse
environmental consequences. Similarly, Plieninged Bens (2008) suggest that replacing
fossil fuels with biofuels is insufficient, as saistability cannot be achieved without dramatic

increases in energy conservation and efficiency.

Thus, it has been suggested that some form of swdron of policies at a global level is
necessary to address these concerns (Rajagopal I8eridian, 2007). Establishing
sustainability standards and certification scheraes possible strategies that can aid in
ensuring that bioenergy crops are produced in &isiadle manner (Schlegel & Kaphengst,
2007; Garcez &/ianna, 2009). Accordingly, in order to advance diegelopment of biofuels
in a sustainable direction, a number of Europeahiaternational organisations have begun
to identify and establish sets of technical speatfons for biofuel production (Marshall,
2007; Schlegel & Kaphengst, 2007; Gordon, 2008;heat, 2008), and to advocate for their

application in both national and international pgl{(Marshall, 2007).

A number of studies have analysed and outlinediarussues for the development of
sustainability standards and certification schelf@xhlegel & Kaphengst, 2007; Garcez &
Vianna, 2009). Although Buchholet al. (2009) note that no clear consensus has been
established on what experts regard as criticatatdrs of sustainability, Elghadt al (2007:
6075) suggest that the criteria typically recognise representing tests for sustainability
include: economic viability in the market and fislmamework within which the supply chain
operates; environmental performance, including, hot limited to, low carbon dioxide
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emissions over the complete fuel life cycle; andiaoacceptability, with the benefits of
using biomass recognised as surpassing any ads@cse impacts. An extensive evaluation
of possible certification criteria and indicatotsér sustainable biomass trade are provided
by Lewandowski and Faaij (2006).

Schlegel and Kaphengst (2007) suggest that a signifinstrument to enforce certification
schemes of this nature could be the exclusion afubls that fail to meet the sustainability
criteria from contributing towards national biofuargets, and additionally being ineligible
for benefits such as tax exemptions and similaesyqf financial support. It should, however,
be noted that the creation of sustainability stasglaand certification schemes may pose
obstacles to international trade, since there estrictions on the types of standards that can
be imposed on international trade agreements wstilstemaining compliant with the World
Trade Organisation’s regulations (Marshall, 200¢hl&gel & Kaphengst, 2007; Gordon,
2008).

In addition to potential trade obstacles, Schle§elKaphengst (2007: 9) identify the
following issues with regard to the design and enpéntation of sustainability standards and

certification schemes:

* Availability of certified feedstocks.

* Current limited focus on biofuels.

* Inconsistent definitions of sustainability.

» Limited stakeholder participation.

* No exclusion of unsustainable practices by thediction of voluntary standards.

* Macro-level impacts.

Buchholzet al. (2009) conclude that international debate andchefar sustainability criteria
and frameworks are likely to be ongoing, and sugfyether that a single fixed set of criteria
would probably not be advisable for all bioenerggtems. The next chapter provides a

review of global biofuel policies.

24



CHAPTER 2: A REVIEW OF BIOFUEL POLICY ALTERNATIVES

Global biofuel production has risen substantialty recent years, principally driven by
government support for these industries. The statetivations for these initiatives are
numerous and have varied over time. This chaptesgmts a review of some important
economic aspects of the most widely used biofudlratated policies around the world, and
provides some theoretical and empirical evidencthese initiatives. The SA government’s
current biofuel policy stance is also evaluatedhwibncerns expressed over the fact that the
commitment to the Renewable Energy White Papeoisbinding. Nevertheless, continued
technological advancements, infrastructure devetygmand government interventions will

be central to the future developments of biofudustries, both locally and globally.

2.1 General Overview

Rajagopal and Zilberman (2007) point out that thkes been an extensive history of
dependence of alternative energy technologies staisied governmental support in order to
be competitive with fossil fuels in the marketplad&ofuels are no exception, with
government intervention in bioethanol markets dptback to 1978 in the United States
(U.S.) (Gardner, 2007; Tyner, 2007; Tyner & Taheup 2007, 2008b), in the form of
subsidies, federally-funded research, and quantapdates (Khannet al, 2008). Similarly,
Brazil, now a well-established producer and consurog bioethanol, promoted the
development of its bioethanol industry through théational Alcohol Program
(PROALCOOL) which was launched during the mid-197Bkbeid & Hart, 2007; Elobeid
& Tokgoz, 2008). Sustained governmental supporeretore, has undoubtedly been an
essential feature of the development of the bioln@lstries in many of the present global
market leaders in biofuel production (Coyle, 20@/ridwatch Institute, 2007; Meyet al.,
2008), particularly in the U.S., Brazil and Europdadnion (EU), where biofuel production
has been most significant (Coyle, 2007; Worldwatdtitute, 2007).

The stated motivations for these legislative itikes are numerous and have varied over
time (Tyner, 2007; Worldwatch Institute, 2007). Amgothe most prominent of these are to
address broad societal objectives, including corcerer energy security, goals to improve
environmental quality, decreased traffic congestigductions in the tax costs of farm

subsidy programs, improving farm incomes and enhgncural economic development
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(Coyle, 2007; Rajagopal & Zilberman, 2007; Tyner ®heripour, 2007; Worldwatch
Institute, 2007; Khannet al, 2008; de Gorter & Just, 2009a, 2009b).

Furthermore, Coyle (2007) suggests that governmiemis to introduce supports to assist
new and developing biofuel ventures to overcomé loost and scale disadvantages, as well
as combating the inherent volatility in profits. iJhs essentially the “infant industry”
justification for the use of subsidies. MartinezrZalezet al (2007) contend that since fossil
fuel production is typically more price-competitivihan the production of biofuels,
government intervention is necessary in order tonpmensate for this gap in price
competitiveness. This is attributed to the fact tnader current available technologies, the
costs associated with producing crops and conggttiem to biofuels are too high for them
to compete with fossil fuels on a commercial bagithout active governmental support to
promote both their development and use (FAO, 2008%. bioethanol policy in particular
has stimulated considerable debate as to its sféeess in solving the host of policy issues
listed above (de Gorter & Just, 2008a, 2008b)hdttuéd also be noted that many countries
intervene in both agricultural and energy marke&sd, 2008).

The literature surrounding the potential implicasoof biofuel policies is still in its
developmental stages (Rajagopal & Zilberman, 2086rldwatch Institute, 2007), with
studies typically being either theoretical or siatidn based, and usually concentrating on
predicting the impact of reaching a particular beftarget on a relatively small set of
indicators (Rajagopal & Zilberman, 2007). SimilarBanseet al (2008) criticise that many
models do not explicitly account for oil pricesstrect the policy measures to biofuel blend
mandates, and often lack international trade cemattbns of biofuels.Rajagopal and
Zilberman (2007) note further that there is a dddtilack of econometric evaluations of
biofuel policies, and attribute this to problemslsas relatively short time-series data, and
difficulties in determining causality and isolatinbe effects of individual policies. In a
similar regard, Gardner (2007) notes that supply @mand parameters for bioethanol are
difficult to estimate with precision since only enited time period of market data are
available, and these are under favourable strdctoaditions for bioethanol use (i.e.,
technology, institutions, and regulations). A samilview is held by Elobeid and Tokgoz
(2008).

The rapid growth of biofuel production in recentay® has stimulated considerable and
growing deliberations over how policy changes wilintinue to influence this emerging
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industry and associated spillover effects into otharkets (Elobeid & Tokgoz, 2008). The
importance of the correct set of biofuel policies lbeen noted by numerous authors, with the
vast majority of published applications focusingafically on the U.S. bioethanol industry
(Gardner & Tyner, 2007; Meyest al, 2008), very recent examples of which include de
Gorter and Just (2009a, 2009b) and de Gaateal (2009). Similarly, de Gorter and Just
(2008a) note that the potential misalignment oiqyoéffects and stated objectives can pose
serious difficulties for policy analysis, and emgpisa the importance of the fundamental
underlying economics of these policies. While nuwasrpolicy tools exist that could be used
to achieve desired objectives, the cost effectissras well as the distributional implications
of each will vary, creating both winners and losansong economic agents (Rajagopal &
Zilberman, 2007). Accordingly, Parcell and Westh@®06) suggest that an understanding of
how the economic costs and benefits from biofuetipction are distributed is valuable when
assessing future expansion of biofuel productiowl, @stablishing future biofuel policy. The
primary objective of this chapter, however, is toyide a comprehensive compilation of

economic literature surrounding the global biofpelicy spectrum.

2.2 The Rationale for Government Intervention in Bofuel Markets

Rajagopal and Zilberman (2007) suggest that nowmatvelfare analyses and political

economic theory are the two most prominent methasisd to explain the rationale for

government intervention. The welfare maximisatioguaent, or alternatively the market
failure hypothesis, is consistent with the viewttlgavernment intervention can enhance
allocative efficiency (Pasour & Rucker, 2005). Khaet al. (2008) suggest that economists
are typically in favour of government interventiam the market when there are market
failures, such as those resulting from environmeteernalities. Accordingly, Tyner (2007)

contends that biofuels present two forms of mai&ikires, the first being that markets do not
internalise the costs of energy security, and #w®isd relating to environmental impacts of
energy use such as greenhouse gas emissions, whtahn are linked to concerns over

global warming.

Additionally, Rajagopal and Zilberman (2007) sudgdbat market failure relating to biofuels
may arise due to: (i) the generation of public ggodince research and development
investments relating to the production and proogssif biofuels may lead to knowledge

spillovers, which are public goods, and subsequemtsult in an underinvestment by the
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private sector; (ii) protection of infant indussjehat are given special incentives and support
to develop both skills and capacity; and (iii) unamty, where investors may be inherently
risk averse while government may be risk neutrghef (2007) postulates that in order to
correct market failures, government could introdaceadditional, and substantially higher,
tax on fossil fuels, subsidise alternatives toifdagls, or impose fuel standards that stipulate
a minimum blend percentage of domestically produadéztnatives to fossil fuels. Since the
practicalities of an imposition of an increased tagime are relatively complex (Owen,
2006), and are probably unlikely in many politicaintexts (Tyner, 2007), the focus of this

article will primarily be on subsidies to alternegtifuels and alternative fuel standards.

The second means to explain the rationale for polas suggested by Rajagopal and
Zilberman (2007), is from the political economiaraipoint which proposes that public
intervention is merely a demonstration of the reegking behaviour of politicians, voters,
lobbyists and bureaucrats. Environmental partigpsu biofuel use as a means of combating
greenhouse gases; venture capitalists, biofuelt ptamners, manufacturers of biofuel
processing equipment and plant facilities, cromfans and their supporting agribusinesses all
have large vested interests to protect, and paigntiave a lot to gain from, a continued
biofuel expansion and government protection (Henpdz008). With so many entrenched
market participants, the removal of existing goveental support from biofuel markets could

prove to be politically unpopular.

Rajagopal and Zilberman (2007) suggest that thek@bhdailure hypothesis, and associated
social welfare arguments, implicitly assign equaights for different economic groups. In
this regard, however, Pasour and Rucker (2005)ecdnthat the view that government
initiatives can enhance efficiency is subjectivd,aherefore, economically indefensible as it
would require making both value judgements andrpetesonal utility comparisons. In
contrast, Rajagopal and Zilberman (2007) suggest the political economic approach
typically assigns different weights to differenbaomic groups. Subsequently, these authors
advocate that the current set of biofuel relatelicies appear to be designed to benefit
political constituencies, rather than maximise wamf and/or environmental objectives.
Similarly, de Gorteret al (2009) propose thagtolicies in the form of biofuel tax credits,
biofuel import tariffs, and production subsidiesis¢éxprimarily due to non-economic
objectives.
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Rajagopal and Zilberman (2007) conclude that irespe of the underlying motivations for
public intervention in biofuel markets, the existerof market failures in energy markets is
indisputable; and the goal of an effective polidgodd be to fully internalise any
externalities, whilst paying due consideration igtributional effects. Owen (2006) suggests
that the internalisation of externalities is likdty result in an increase in the cost of power
generation from the combustion of fossil fuels, ,.aheérefore, a relative improvement in the
competitive position of an increasing number ofengable energy technologies. Finally,
Hochmanet al (2008) emphasise the need for government bigboéty to account for
interactions between farm policy and energy polgigce agricultural commodity and energy

markets have converged.

2.3 The Biofuel Policy Spectrum and Related Implicgons

A wide variety of policy tools are available forvgwnment intervention in biofuel markets,
most of which are intended to encourage domesticymtion and stimulate demand for
biofuels (Fridfinnson & Rude, 2009). Moreover, hief development is affected by
numerous national policies in multiple sectors €luding agriculture, energy, transport,
environment, trade, and broader policies influegdime overall “enabling environment” for
business and investments (FAO, 2008: 27). Howener,individual policy provides an
optimum solution under all circumstances. For eXempichtenberg and Zilberman (1986)
note that the efficiency of any policy approacldéependent on the presence of pre-existing
market distortions (possibly resulting from othernis of governmental intervention), as
these distortions may have considerable effectsthan allocation of scarce resources.
Rajagopal and Zilberman (2007) add further that dbtial choice of biofuel policy will
likely be dependent on various factors such asmowent budgets, resource availability, the
accessibility and cost of information, transactiosts, and political economic considerations.
Figure 2.1 exhibits the various points along thefu®| supply chain where direct and indirect

policy measures can provide support for the bioiioglistry.
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Figure 2.1: Government Support at Different Pointsin the Biofuel Supply Chain

Source: Adapted from FAO (2008:28).

Kojima et al (2007: 45) surmise that biofuel related policggsund the world include the

following:
* Fuel excise tax reductions or exemptions relativiaxes on fossil fuel products.
* Mandatory blending and/or consumption requirements.

* Import tariffs and/or quotas on biofuels, used ionjonction with preferential
adjustments of tariffs and quotas for particulaurdgoes — primarily aimed at
restricting access to benefits from biofuel promwotpolicies and favoured countries.

* Price supports intended to stimulate and increasfadd production.

* Producer payments and tax credits linked to prooict
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* Investment incentives (e.g., grants, loans, and Igaarantees), and tax-related

incentives (e.g., tax holidays, accelerated deptieci, and tax reductions).

e Grants and funding for research and developmengdiat increasing the supply of

biofuels.

* Downstream subsidies for vehicles designed to wsikg high-blend biofuels, and
for storage facilities targeted at the infrastruatulevelopment of fuel production and

consumption.

The following sections evaluate the important chastics of some widely used biofuel and
related policies, of which excise tax credits, wealele fuel standards and mandatory blends
appear to be most widely utilised. The implicatiadhat these policies have for economic

welfare and, to a lesser extent, the environmenakso evaluated.

2.3.1 Excise Tax Credit for Biofuels

Most countries around the world levy a tax on tee af petroleum and diesel (Rajagopal &
Zilberman, 2007). De Gorter and Just (2009b: 7&8nd a biofuel tax credit as “a reduction
(or elimination) of the fuel tax charged on salesdd on the biofuel content”. A fuel tax
reduction for biofuels, therefore, attempts to dase the cost of biofuel relative to petroleum
and/or diesel (Rajagopal & Zilberman, 2007). Thappears to be consensus that reductions
in fuel excise tax are currently the most directl @xtensively used policy instrument to
assist biofuels to compete with their fossil fuelioterparts (Kojimaet al, 2007; Rajagopal

& Zilberman, 2007; de Gorter & Just, 2009a). Acaogdto de Gorter and Just (2009a),
exempted or reduced biofuel excise taxes covereastl 65 percent of total world
consumption; and are known to be in effect in Atgen Australia, Brazil, Canada, China,
Columbia, EU, Ghana, Honduras, India, Indonesigpada Paraguay, Philippines, South
Africa, Switzerland, Thailand, Uruguay, and the U(BME, 2006, 2007; Kojimaet al,
2007; Rajagopal & Zilberman, 2007; de Gorter & J@609%a). However, the exact nature of
these biofuel tax policies varies widely acrossntoes (Rajagopal & Zilberman, 2007).
Given the wide use of this policy instrument de t&orand Just (2009a) emphasise the
importance of understanding the potential effedtssuch a policy on the markets for
agricultural commodities, biofuels, fossil fuelss well as the potential implications for

economic welfare.
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There appears to be consensus that a biofuel ¢alit @one essentially serves as a subsidy to
biofuel producers (Rajagopal & Zilberman, 2007;Gearter & Just, 2008a, 2008b), some of
which may be passed on to the farmer (Rajagopaill8e#nan, 2007). De Gorter and Just
(2008b: 2) show that a “tax credit alone increatd®s market price of ethanol above the
gasoline price by the level of the tax”; and seraes taxpayer transfer to both domestic and
foreign biofuel producers. These authors furtheterthat fuel consumers only indirectly
benefit if oil prices decline with an increased @lypof biofuels through the reduction in the
average price of fuel. Thus, total fuel consumptizay increase using this policy alternative.
Schmitzet al. (2007) note that even a small decrease in tloe jofi fuel translates into a large
consumer gain because of the significant volumduet consumed. De Gorter & Just
(2009a), however, suggest that the welfare effeicestax credit depends on whether a given
country is a large country importer or exporteeither the agricultural commodity used for

biofuel production or fuel.

Biofuel excise tax credits may have adverse impboa for government revenues, and the
ability to use this policy instrument depend catlg on both the presence and level of excise
taxes levied on petroleum fuels (Kojiretal, 2007; Rajagopal & Zilberman, 2007). Kojima
et al (2007) suggest that in countries where fuel tategelatively high, as they are in place
primarily as a means to generate government revenceduction in fuel taxes would likely
have adverse affects on the fiscal situation. lis tegard, Peters & Thielmann (2008)
estimate that South Africa, among other countrdsere between 20 and 25 percent of total
tax income originates from fuel taxation, couldgrdtally lose in excess of two percent of
their national tax revenue if tax exempted biofuglsre to displace 10 percent of
conventional fuels. Interestingly, Kojinet al (2007) note that the tax rate levied on diesel is

often comparatively lower than that of petroleum.

Tax subsidies are clearly effective in stimulatihg production of biofuels, but fixed or
unconditional tax subsidies have the risk of po#digttransferring significant amounts of
income to producers, particularly in the presentéiigh crude oil prices (Rajagopal &

Zilberman, 2007; Tyner & Taheripour, 2008b). Tyma&d Taheripour (2008b) highlight the
possibility of introducing a variable biofuel sutbgi that increases incrementally with
corresponding decreases in the crude oil pricey Bsémated that under this regime biofuel
production was markedly higher than under the fisetdsidy at relatively low crude oil

prices. Similarly, Tyner and Taheripour (2007) gealthe possibility of implementing a two-

part subsidy with a national security components¢daon the energy content of the
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renewable fuel), and a component linked to thellef/greenhouse gas emission reductions
of the fuel. Rajagopal and Zilberman (2007: 61)atode that tax credits, which do not vary
with changes in the crude oil price and do not heaps on production levels or “sunset
clauses”, may result in a marked increase in thesidy cost in the event that there is a
structural break causing substantially lower oicg@s or, alternatively, a large increase in

biofuel production.

2.3.2 Renewable Fuel Standards and Mandatory Blenag

While taxes and subsidies are essentially incefitaseed approaches, numerous national and
state governments exert a more direct control @welr markets by way of renewable fuel
standards and mandatory blending requirementsidfudds (Rajagopal & Zilberman, 2007).
Quantitative targets have typically been key dsvier the growth and development of most
modern bioenergy systems (FAO, 2008). Thus, mamemgmnents around the world now
require that a minimum percentage of transportatimis sold to comprise of biofuels (de
Gorter & Just, 2009b). The exact nature of thisumegnent differs around the world with
respect to the extent to which it is considered cagory, the phase-in period, the amount or
blend percentage mandated, and whether a natione¢gional strategy is implemented
(Coyle, 2007). Winkler (2005) contends that goveents’ primary role should be to
establish a quantitative target, and let the emgrgenewable industry establish the most
cost-effective way of meeting this objective.

Renewable fuel standards typically stipulate tha¢ industry must acquire a certain
percentage of its fuel from alternative domestisoteces (Eidman, 2007; Tyner &
Taheripour, 2007). These authors also suggesthbandustry is required to purchase these
alternative fuels irrespective of their cost in tharket. As a result, the majority of these cost
changes are passed on to consumers, by way of elieaper or more expensive fuel at the
pump. Therefore, unlike an excise tax credit, tfece of regulating the relative market
shares by way of direct controls, such as mandattagding policies and renewable fuel
standards, are typically to increase the consumee pf fuel (Rajagopal & Zilberman, 2007;
Banseet al, 2008; de Gorter & Just, 2008a). The final fusdtao the consumer is, therefore,
dependent on the cost of the alternative fuel (T¥n@&aheripour, 2007).
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Interestingly, de Gorter & Just (2009b) indicatatfhwith a fixed price of fuel, mandates
increase the consumer price of fuel, which necégsasults in reduced fuel consumption
compared to a biofuel tax credit that generategqnvalent level of biofuel consumption.

However, with endogenous fuel prices they show ithatpossible for the consumer price of
fuel to decline under a mandate, depending on alaive supply elasticities of bioethanol
and fuel. Rajagopal & Zilberman (2007), howevertenthat from the regulatory institution’s

perspective, mandatory blending requirements arentee neutral, while producer surplus
increases and consumer surpluses decrease. Thes, &yaheripour (2008a) surmise that a
binding renewable fuel standard imposes an impoiton fuel consumption (through higher

prices at the pump) and provides an implicit swp$id biofuel producers.

Banseet al (2008) contend that mandatory blending policesult in an increased demand
for biofuel feedstock which raises their priceat®k to the crude oil price, and subsequently
merely serve to augment the challenge of makinduble competitive. Rajagopal and
Zilberman (2007) and Tyner and Taheripour (2008imctude that while renewable fuel
standards and mandatory blends are effective mmutdting the production of biofuels, they

may be very inefficient in the presence of low @wil prices.

2.3.3 Agricultural and Trade Policies

The active role governments play in allocating seaiesources between agriculture and the
rest of the economy is indisputable (de Gorter &rtevwn, 2002). The majority of feedstock
for the production of biofuels will likely come fmo the agricultural and forestry sectors
(Walsh et al, 2007). Since feedstock accounts for a significaroportion of biofuel
production costs (Haa al, 2006; Rajagopal & Zilberman, 2007; Yetial, 2008;Petrou &
Pappis, 2009), agricultural and trade policies ihiitience the supply, demand, and prices of
various agricultural commodities can, therefore, ibgortant determinants of biofuel

economics (Rajagopal & Zilberman, 2007).

The stated objectives of agricultural policy areie and typically include self sufficiency,
balance of trade (payments), farm income and empdoy targets, secure supplies and low
prices to consumers, as well as the stability ahfancomes, supplies, and prices (Winters,
1989). In contrast to energy policies which haeéed heavily on tax subsidies and
mandates, agricultural policies have focused oheeipromoting or controlling product
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supply, through price supports, land-use acts, egulation of import and export levels
(Rajagopal & Zilberman, 2007). Historically, agricwal policies in industrial countries have
protected domestic producers from imports fromtneddy lower-cost foreign producers, and
in so doing transferring income to domestic farme#sile agricultural policies in developing
countries have typically taxed exports to genemgdeernment revenue (de Gorter &
Swinnen, 2002; Karp & Perloff, 2002; Kojingh al., 2007), and/or provide food for domestic
consumers at relatively lower prices (de Gorterdirihien, 2002).

Pasour and Rucker (2005) demonstrate that pric@ostgp alone stimulate production.
However, they invariably lead to surpluses and cwdts to taxpayers, in the form of
acquisition and possibly storage costs (these, hermvelo not include the deadweight and
other opportunity costs associated with overpradactsuch as a misallocation of scarce
resources and reduced domestic consumption ofoiimenodity; or the taxes necessary to run
the program), thereby creating an incentive fothieir government intervention in the market
through programs that regulate supply. Perloff R@®¥7) defines deadweight loss as the net
reduction in social welfare from a loss of surphysone economic group that is not offset by
a gain to another group from an action that chaagesarket equilibrium. Pasour and Rucker
(2005) suggest further that product supply cangoeced by means of either restricting input
use (particularly land), or by regulating outputedily. To this end, these authors note that
acreage allotments and marketing quotas have bseth extensively in U.S. farm price-

support initiatives.

Prominent domestic agricultural policies in develdpcountries also include deficiency
payments and other forms of direct producer suesifarp & Perloff, 2002). Rajagopal and
Zilberman (2007) suggest that price supports thatused in conjunction with deficiency
payments have assisted in increasing productionamer market prices of commaodities. In
the U.S., government uses the deficiency paymerhadeto support farmers of wheat,
cotton, rice, and feed grains (Pasour & Rucker,5200°he deficiency payment is the
difference between a target price and the markiee pr loan rate, depending on which
difference is smaller (Rajagopal & Zilberman, 200pmek and Robinson (2003) note that
this form of intervention can essentially subsidomh production and consumption, since
producers receive above market equilibrium prices@nsumers benefit from below market
equilibrium prices. Rajagopal and Zilberman (20@dntend further that the effects of
deficiency payments in biofuel markets are to redtlee cost of biofuel feedstocks, and

subsequently the costs of biofuels and their byHpcts.
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Trade policy has an extensive history as an impoftald of study in agricultural economics
(Sumner & Tangermann, 2002). Government interventio agricultural sectors in both
developed and developing nations have createdfisigmi distortions in international markets
over the years, with explicit trade interventiogpitally including an assortment of tariffs,
guotas, export subsidies, and non-tariff barridfarf) & Perloff, 2002). With specific

reference to biofuel market intervention, Rajagopald Zilberman (2007) note that
governments around the world have imposed sevemaisf of restrictions on the trade of both
feedstock and biofuels; prominent examples of whiatlude import tariffs, quotas, and

export taxes, with preferential waivers for seldateuntries in some cases (see Appendix A).

The predominant effects of import tariffs and qeoéae to provide protection for domestic
producers (Tomek & Robinson, 2003), as well asrictstg benefits to selected countries
(Kojima et al, 2007). Consumers, however, are unambiguouslynderby these policy

measures, whilst governments generate revenue ifmguort tariffs, and possibly quotas,

depending on the method of allocation (Tomek & Rebn, 2003). Export taxes, in contrast,
may be implemented to promote the export of valleed finished products rather than raw
materials (e.g., promoting the export of biofuetheat than feedstock — see Argentina’s
policies in Appendix A) (Rajagopal & Zilberman, ZQ0In general, however, there has been
a global shift towards the removal of barriersramlé in recent times. Accordingly, Rajagopal
and Zilberman (2007) suggest that trade liberatisain biofuel markets should serve to
increase competition and lead to an improvementvarage efficiency of production,

ultimately translating into greater global welfanehe long-run.

Agricultural policies undoubtedly have had sigrafit implications for both agricultural trade
and the geographic patterns of agricultural pradactt the international level and are,
therefore, expected to have similar influenceshengroduction of biofuels (FAO, 2008). For
a comprehensive review of the economic costs, iereeid shortcomings of the above, and
other, agricultural policies please refer to Pasand Rucker (2005), while an extensive
review of current biofuel trade policies around Warld is contained in Kojimat al (2007).

2.3.4 Other Biofuel-Related Policy Initiatives

There is evidently a wealth of available forms a@vgrnment intervention in biofuel and
related markets, the most prominent of which hdkeady been discussed at some length. A
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brief overview of energy and carbon taxes is gibgnRajagopal and Zilberman (2007);

however, these policies do not appear to have bedepted widely to date, and are often
regarded as being politically unpopular alternaivieajagopal and Zilberman (2007) note
further that taxes increase the price of fuel (&ino the effects of fuel standards and blend
mandates) and generate government revenue. Tisditbdiional effects to producers and

consumers, however, depend on the price elastidityemand - Rajagopal and Zilberman
(2007) suggest that in the event that demand &ively price inelastic, producers pass the

tax on to consumers.

Kojima et al (2007) indicate that investment incentives (egrants, loans and loan
guarantees), and tax-related incentives (e.g.htdixlays, accelerated depreciation, and tax
reductions) are commonplace in biofuel and relatadkets around the world. Rajagopal and
Zilberman (2007), however, note that policies suzh trading mechanisms, biofuel
certification systems, and compensation scheme$ s payments for environmental
services are yet to become well established irctimeext of biofuels. For example, the need
to ensure that biofuels are produced in a sustEnaktanner has become increasingly
controversial; and it has been suggested that lettaly sustainability standards and
certification schemes are possible strategiesdbakd aid in ensuring that bioenergy crops
are produced in a sustainable way (Schlegel & Kagste 2007; Garcez &ianna, 2009)

(refer to Chapter 1 for more detail).

Research and development in bioenergy has typibaky aimed at establishing technologies
that enhance conversion efficiency, identifyingtaumable feedstocks, and, increasingly, to
developing cost-effective conversion methods focoed and third generation biofuels
(Rajagopal & Zilberman, 2007; FAO, 2008). Due tolgems associated with knowledge
spillovers (e.g., inventors may have difficulties fully internalising the benefits of their
innovations) it is often desirable for government grovide support for research and
development (Rajagopal & Zilberman, 2007). Subsetiyethis form of intervention is not
uncommon in biofuel-producing countries around wweld (Rajagopal & Zilberman, 2007,
FAO, 2008). An extensive history of, and explanagidor, public funding in agricultural
research and development is given by de GorteSavidnen (2002).

Flex-fuel vehicles, which are designed to use higleecentage blends of biofuels than
ordinary vehicles, are also actively promoted bynyngovernments around the world; for
example, by directly reducing registration feesvating tax credits (e.g., on road taxes), and
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indirectly through energy-efficiency credits to @b manufacturers (Kojimat al, 2007;
Rajagopal & Zilberman, 2007; FAO, 2008). State feukral policies in the U.S. and Brazil,
for example, give preference to alternative fudligles (Rajagopal & Zilberman, 2007).

24 Theoretical and Empirical Literature of Policy Impacts

Generally, government policies and support thatdarectly linked to levels of production
and consumption are regarded as causing the mgsificant market distortions, while
support for research and development are argulblyeast distorting (FAO, 2008). Kojima
et al (2007) note some biofuel policies, such as masdand fuel excise tax reductions that
do not explicitly distinguish between domesticalpduced and imported biofuels, stimulate
the consumption of biofuels and do not distort éréeixcept to the extent to which they may
actually artificially stimulate it). However, othgrolicy measures, in the form of import
tariffs and/or producer subsidies (deficiency pagtsg provide clear protection and

subsidisation of domestic production at the expef$ereign-produced biofuels.

By way of a social cost/benefit analysis, Gardr80{) suggests that both subsidies and
mandates for bioethanol are unlikely to generate soeial gains. However, associated
deadweight losses (e.g., misallocated scarce resvuand reduced consumption) are
expected to be relatively smaller in the short-nwhen both demand and supply responses
are small, than in the long-run, when both suppigt demand are expected to be relatively
more elastic and thus cause the deadweight logsesrease substantially. He notes further
that for a given total subsidy cost, maize prodsidgpically gain more from a deficiency
payment subsidy than from a bioethanol subsidy. él@s, he concludes that although the
primary beneficiaries of the bioethanol subsidyhe short-run are bioethanol producers, the
long-run beneficiaries are actually the maize poeds. Babcock (2008) also finds significant
welfare losses from U.S. bioethanol policy, resgjtin substantial transfers from taxpayers
and non-ethanol maize users to maize growers,biegelders and bioethanol producers. He
concludes that given the modest and relatively taire environmental benefits associated
with bioethanol, it is unlikely that the associafmeblic benefits outweigh the social welfare
losses. In contrast, Wassell & Dittmer (2006) eatenthat the external benefits associated
with biodiesel production outweigh the required sdkes. Similarly, Hillet al (2006)

contend that biodiesel provides sufficient enviremtal advantages to merit subsidies.
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Many authors have evaluated the possible effectranfe liberalisation, specifically the
removal of bioethanol import tariffs in the U.Sn diofuel markets and social welfare
(Martinez-Gonzaleet al, 2007; Rajagopal & Zilberman, 2007; Elobeid & ok, 2008; de
Gorter & Just, 2008b; de Gortet al, 2009). These authors note that such tariffs may
actually contradict the objectives of improving #r@vironment, reducing reliance on oil and
diversifying energy sources, owing to the fact timatize-based bioethanol produced in the
U.S. contributes significantly less to the reductad greenhouse gases than sugarcane-based
bioethanol produced in Brazil. Krug# al (2007), however, estimate that the removal of
biofuel tax credits and bioethanol import tariffs the U.S. would cause their domestic
bioethanol production to contract by 30 percent tosir biodiesel production by more than

50 percent.

Khanna et al (2008) analyse U.S. bioethanol policy initiativdsom a potential
environmental impact standpoint, and have a keydamn their ability to address negative
externalities associated with vehicle emissions tatfic congestion. Interestingly, these
authors demonstrate that a bioethanol subsidyHgapdtential to increase carbon emissions,
increase congestion, and lower social welfare adwertently stimulating consumers to
increase the distances they drive.

Numerous authors have estimated that net farm iacamreases substantially with a
continued expansion of biofuel production, mostyy a result of higher crop prices and
sustained government support (Gardner, 2007; Wetishl., 2007; Babcock, 2008; Gohin,
2008). Martinez-Gonzaleet al (2007), however, stress that an analysis of wel&dfects
derived from an individual biofuel industry, suck the U.S. bioethanol market, is likely to
underestimate the potential adverse impacts ib@sdnot account for the deadweight losses
that they may be generating in other markets. i rdgard, many commentators have noted
the potential adverse implications a continued ugbfexpansion could have for livestock
industries, by way of increased feed prices ane@rotost of production, such as fuel and
fertiliser (Walshet al, 2007;Andersonet al, 2008; Elobeid & Tokgoz, 200&o0hin, 2008;
Herdon, 2008; Tokgoet al, 2008; Tiffany, 2009). Herdon (2008: 412) contetitht “unlike
row crop farmers, these agricultural producers dbhave the luxury of record-high prices
for their livestock products to offset these dicty higher feed costs”. Table 2.1 provides a
summary of the expected impacts of selected psli@a various environmental and

economic indicators.
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Table 2.1: Expected Impacts of Policies on Selectétonomic and Environmental

Indicators

Policy Tool

Oil Use
Reduction

GHG
Reduction

Farm
Income

Biofuel
Producers

Consumer
Surplus
(Food)

Consumer
Surplus

(Energy)

Government
Budget

Energy & Fuel Policies

Biofuel Tax Credit

<>

<>

Biofuel Mandate

<>

Carbon Tax

+

<>

<>

Efficiency Standard

+

<>

<>

+

Vehicle Subsidy

<>

<>

<>

Agricultural & Trade Policie

Price Support

<>

Acreage Control

<>

Import Tariff

<>

Export Subsidy

<>

++ |+ ]+

Export Qouta

<>

+ |+ |+

Where

Positive impact

<> Uncertain impact
- Negative impact

Source: Adapted from Rajagopal and Zilberman (2007106).

Thus, Rajagopal and Zilberman (2007: 68) surmisddhowing:

Most policies reduce consumption of crude oil & tational level, owing to either
increased production of biofuel or a reduced demfamdoil. Possible exceptions
include acreage controls and export subsidies, wtliscourage domestic production
and consumption, respectively. Export subsidiesydwer, may increase the global

supply of biofuel, causing a global reduction imaad for oil.

The majority of policies’ abilities to reduce gréemse gas emissions are largely
uncertain, with the exception of policies that reelthe demand for oil (e.g., carbon
taxes and efficiency standards). The uncertairgynstfrom the fact that emission
reductions differ by crop, the intensity of inpwgage throughout the life cycle, and
the nature of land-use changes etc. — all of whaly by location and with time.

Policies that stimulate the production of biofusipically have positive impacts on

farm income.

Biofuel producers are likely to gain or be unaféetby the majority of policies, with
the exception of acreage controls which raise tbstsc of feedstock, and have

negative impacts on producer surplus.
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« Food and related markets are likely to be adveratigcted due to rises in the prices
of agricultural commodities associated with pokcpgomoting the production of (first

generation) biofuels.

* Impacts on consumer surplus are mixed. Taxes amdlab@s, which cause the overall
price of energy to increase, reduce consumer ssirfloe same is true for policies
which restrict the production of feedstock. Effiody standards, price supports for the
production of biofuel crops, and export quotaseaensumer surplus by way of
reducing the cost of energy service or by lowethg cost of biofuel feedstocks. The
impact of agricultural and trade policies on consusurplus for food are similar to

the impacts of the policy on consumer surplus fargy.

« Taxes and tariffs generate revenue for governmientontrast, tax credits, price
supports, acreage controls, and trade subsidiae#t regeduced government revenue,

or increased government spending.

« Generally, most agricultural and trade policiesdderiarmers, while energy policies

address the problems that result from oil consumnpti

It is, however, important to emphasise that thevabanalyses are applicable only to the
single isolated policy, and, therefore, do not seagly hold true when there are multiple
policies in effect simultaneously. Analysing thergiaal and interaction effects between
multiple policies is a complex task; recent studiéshis nature include de Gorter and Just
(2008a, 2008b, 2009a, 2009b) and de Gatel (2009).

2.5 South African Biofuel Policy Initiatives and Poposed Targets

The South African (SA) government has committeccamply with the framework of the
Renewable Energy White Paper, which stipulatespitoeluction of renewable energy of
10 000 GWh (equivalent to 0.8Mto&)o be achieved by 2013 (DME, 2003), a portion of
which has to come from the production of biofueMeyer et al, 2008). This is

approximately four percent of the projected eletyi demand for 2013 (DME, 2003).

* GWh (Gigawatt hour) is an energy unit in which elegityi consumption is measured. (1 GWh = 3600 GJ

(Gigajoule) (Joule is unit of energy)) (DME, 2003).
Mtoe (Million tons of oil equivalent) is a universal amif comparison in which all energy can be measukd
Toe =42 GJ =0.042 TJ = 0.012 GWh) (DME, 2003).
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Currently, however, renewable energy contributdstively little to energy levels in South
Africa (DME, 2003; Winkler, 2005).

A brief overview of the current SA biofuels induatrstrategy is provided by Funlat al
(2009). Key aspects include the targeted two peérpenetration level of biofuels in the
national liquid fuel supply, equivalent to 400 naill litres per annum, by 2013 (DME, 2007).
Furthermore, the strategy recommends blending reapaints of two and eight percent for
biodiesel and bioethanol, respectively. These targere proposed to be maintained until
2020. Additionally, the industrial strategy recommds that: (1) the current biodiesel fuel
levy exemption be increased from 40 to 50 perc@)tthe small-scale producer’s threshold
be raised from 300 000 to 1.2 million litres penam (the SA Revenue Service (SARS)
permits a 100 percent exemption for these smaliyers); and (3) a 100 percent fuel levy

exemption for bioethanol be introduced (DME, 2007).

The DME (2007) contend that these goals can beewetli without jeopardising food
security. They estimate further that only 1.4 petad arable land in South Africa would be
required and approximately 25 000 jobs would beater@d in meeting these objectives.
Although job creation is a key focus of the revisgrhtegy, these estimates may well be
optimistic. For example, Gohin (2008) contends thaly 43 000 jobs will be created by
meeting the EU’s biofuel target of 5.75 percentrahsport fuel by 2010. Interestingly, in the
U.S. “small bioethanol and biodiesel producers” stibute plants producing less than 60
million gallons per annum. These producers areldéigor small producer excise tax credits,

with a maximum credit of up to $1.5 million per anm (Eidman, 2007).

However, there still appears to be a lack of arcesl comprehensive policy framework for
the development of a SA biofuels industry, as nohé&he aboveproposed initiativehave
been implemented to date. There are also concenum@ stakeholders that government
policy is taking too long to formulate, compoundiegisting uncertainty in the industry.
These concerns appear to be further aggravateuetfacét that South Africa’s commitment to
the framework of the Renewable Energy White Pape@ot binding. Therefore, if the targets
for 2013 were not reached the government could lgifigpift the goal posts” to a later target
date. Thus, South Africa’s biodiesel market is prely characterised by several small- and
medium-scale producers (Amigwet al, 2008), which may be of direct consequence to
existing biofuel policy given that the most suppoutrently exists for producers operating
below the small-scale producer threshold of 30016665 per annum. Importantly, Funké
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al. (2009) contend that the incentives and commitmastgproposed by the SA biofuels
industrial strategy (DME, 2007) are inadequate édthbestablish and sustain a domestic
biofuel industry. With specific reference to potahtSA biodiesel production, Funket al
(2009: 241) point out that “revised and more cleatkfined strategies are required to
stimulate the set up of a biodiesel industry thah @ventually lead to the successful
obtainment of the objectives as set out in theugib$trategy”. These authors, however, made

no further attempt to quantify or propose possgakcy measures.

There is perhaps too much current emphasis placedewelopment-oriented small-scale
biofuel production in the SA context, with the eg® outcomes from such ventures
potentially being relatively unrealistic. Therefpthere is a clear need fobjectiveresearch
that quantifies and qualifies the level of SA goweent support required to promote local
biofuel initiatives — both at the commercial andafitrolder level. However, the need for
government to play a proactive role in biofuel nedsk at the very least through the provision
of appropriate incentives, is clearly evident. Soadglitional biofuel policies that the SA
government could consider for future biofuel proimotare summarised in Table 2.1. The
following chapter presents a detailed review oftdes which influence the economics of
biodiesel production.
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CHAPTER 3: FACTORS AFFECTING THE ECONOMICS OF BIODI ESEL
PRODUCTION

The foregoing chapters have explored prominentnatéonal debates and alternative policy
measures and implications which have applicatiorbitduels in general. Given that the
objectives of this study are to determine the enwoofeasibility of on-farm biodiesel

production on crop farms in KZN, this chapter faesson technical and economic issues
pertaining specifically to the biodiesel productiprocess. Alternative feedstocks, scale of
production, and studies of biodiesel productiontc@nd feasibility are evaluated. Finally,
some key aspects that play a significant role iterd@ning the long-term success and

viability of these ventures are presented.

3.1 General Overview

Meheret al (2006) and Murugesagt al. (2009) suggest that diesel fuels have significant
importance in the economies of developing countiieshis regardMulugetta (2008) notes
that road transport is the dominant means of mogowds and services in Africa, accounting
for approximately 85 percent of the total fossiélficonsumed in the transport sector - of
which more than 55 percent comprise of diesel fu€les emphasises the importance of
diesel fuels to the African continent. In contrgsdirol is currently the dominant fuel-type in
South Africa, with an estimated 11069 million Igref petrol and 9762 million litres of diesel
being consumed in 2008 (SAPIA, 2008). However, IIME (2002) estimated that diesel
comprised 54.7 percent of energy used in the Skwatural sector. Comparable figures for
petrol consumption were 3.3 percent, clearly ilathg the importance of diesel fuel to the
agricultural sector in particular (DME, 2002). Figu3.1 provides a summary of South

Africa’s inland consumption of various petroleunogucts for the period 1988 to 2008.

Biodiesel is a diesel fuel, primarily alkyl (methgt ethyl) esters (an organic compound with
two oxygen atoms) of long-chain fatty acids derivieain renewable feedstocks, such as
oilseeds, waste vegetable oils, cooking oil, anifa#s, trap grease, or other triglyceride-
bearing biomass, such as microalgae, that can bd ums blends or neat/pure form in
compression-ignition engines (Haatsal,, 2006; Kojimaet al, 2007; Petrou & Pappis, 2009).
Biodiesel is regarded as being a renewable diestldubstitute, with the advantages of

diminishing dependence on foreign petroleum, mitnga greenhouse gas emissions, and
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improving urban air pollution (Tareeet al, 2000). Similarly, Zhangt al (2003b) and
Siriwardhanaet al (2009) note that biodiesel is recommended for asd is a renewable
domestic resource with an environmentally frienddynission profile and is readily
biodegradable, as well as being non-toxic in nafiManiyappaet al, 1996; Mehert al,
2006; Marchettet al, 2007; Murugesaat al, 2009). Since biodiesel can be produced from a
variety of oils, the resulting fuels can displayiler variety of physical properties, such as
viscosity and combustibility, than bioethanol (Whwhtch Institute, 2007; FAO, 2008).
However, information on the production, quality gfieations, performance, and emission
properties of biodiesel have become increasingiilabie in the past three decades (Heias
al., 2006).
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Figure 3.1: South African Inland Consumption of Petoleum Products, 1988-2008
Source: Adapted from SAPIA (2008: 59).

Hu et al. (2008) estimate that compared to conventionaali€soybean-based) biodiesel had
31, 44, 36, 29 and 67 percent lower source-to-whege@rocarbon, carbon monoxide,
particulate matter, sulphur oxides (§Oand carbon dioxide emissions, respectively.
However, it should be noted that nitrogen oxide {N@missions were comparatively 79
percent higher. Similar conclusions are reachedBhghaet al (2009) for a variety of

biodiesel feedstocks. Furthermore, biodiesel careigdly substitute for petroleum diesel fuel
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in diesel engines with minor modifications andigtglreduction in power and fuel efficiency
(Ranesest al, 1999). The FAO (2008) notes that biodiesel'srgneontent is typically 88

to 95 percent of that of diesel; however, biodiesgroves the lubricity of diesel and raises
the cetane value, resulting in the fuel economlgath generally being comparable. For these
reasons, Tareeet al. (2000) and Sharma and Singh (2008) suggest ibdielsel has the
potential of (partially) displacing petroleum dieas an engine fuel in the long-run, as these
benefits hold true not only for neat biodiesel but blends too. Subsequently, campaigns
have been planned in numerous countries to intedun encourage the use of biodiesel
(Carrarettoet al, 2004), resulting in increased production of ésdl in recent years (Haas
et al, 2006; Martinot, 2005, 2007, 2009). This trencexpected to continue in the future
(Haaset al, 2006). Russi (2008: 1171), however, contends‘tha amount of biodiesel to
be produced is a genuine political decision and dae really depend on market trends”.

Under current production patterns the leading biagliesel producing nations by volume, in
descending order, are Germany, U.S., France, Argerdnd Brazil (Martinot, 2009).
Johnston and Holloway (2007), however, estimate ttere is significant potential for the
expansion of biodiesel production worldwide. TaBlé lists the top ten nations ranked in
terms of overall biodiesel production volume potntThe average feedstock dependence
among these countries is 28, 22, 20 and 11 pefeesbybean oil, palm oil, animal fats and
coconut oil, respectively, whilst the remaindedistributed among rapeseed, sunflower and
olive oils (Johnston & Holloway, 2007). The deveilognt of the biodiesel industry on the
African continent, however, is still in its infan¢fmigunet al, 2008b).

Table 3.1: Leading Countries in Terms of Absolute Bdiesel Production Potential

Volume Production Volume Production
Rank Country Potential Cost Rank Country Potential Cost
(million litres) | ($/litre) (million litres) | ($/litre)

1 Malaysia 14540 0.53 6 Netherlangls 2496 0.79
2 Indonesia 7595 0.49 7 Germany 2024 0.79
3 Argentina 5255 0.62 8 Philippinep 1234 0.53
4 USA 3212 0.70 9 Belgium 1213 0.78
5 Brazil 2567 0.62 10 Spain 1073 1.71

Source: Adapted from Johnston and Holloway (2007:970).
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A common criticism of biodiesel, however, is tht&t properties at low temperatures are
inferior to those of conventional diesel fuel (Gaettoet al, 2004; Demirbas, 2007; Kojima
et al, 2007; Worldwatch Institute, 2007; Sharma & Singf08). This is because biodiesel
has a greater tendency to form wax at low temperatand subsequently clogs fuel filters,
thus posing technological challenges in relativeaid climates and in winter applications in
temperate climate countries (Kojimet al, 2007). Furthermore, Carrareted al (2004)
caution that when using biodiesel, tanks shouldarsefully cleaned before storage, due to the
detergent properties of some cleaning chemicald;samce the fuel is not compatible with
some plastic materials used in pipes and gaskessstant materials should be used (e.g.,
Viton or Teflon). Other problems associated witlingsbiodiesel directly in diesel engines
are discussed by Murugesainal (2009).

Nevertheless, “biodiesel technology is making tlaagition from a research endeavour to a
worldwide commercial enterprise” (Ha&t al, 2006: 672). Amiguret al. (2008a: 698)
suggest that the economics of biofuel productioth @nsumption will depend on a number
of interrelated factors that are specific to thealcsituation, including (i) the cost of biomass
feedstock (which varies between countries accordimgland availability, agricultural
productivity, labour costs, etc.); (ii) biofuel phaction costs (which varies among countries
and depends on the plant location, size and teobggpl (iii) the cost of domestic fossil fuel
(which depends on fluctuating oil prices, exchangge, and domestic refining
characteristics); and (iv) the strategic beneftt anportance of substituting imported oil with
domestic resources. Clearly, the economics of basdiproduction and use will likely differ

by country and individual project situation.

3.2 Biodiesel Production Process

An important economic consideration in manufactyifimodiesel is the choice of production
process, as significant capital and operating dd&trences exist (Amiguret al, 2008b).
The technologies available for converting vegetalile and animal fats into biodiesel have
been researched extensively (Zhatgl, 2003a, 2003b; Haa al, 2006; Marchettet al,
2007; Basheet al, 2009). Van Gerpen and Knothe (2005: 26) and ¥bal (2008: 182)
contend that biodiesel may be obtained by four agnnmeans: (i) direct use and blending of
oils; (ii) microemulsions of oil; (iii) thermal ccking (pyrolysis of vegetable oil); and (iv)

transesterfication. Presently, however, the mesjuently used means to produce biodiesel is
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to transesterify triacylglyerols in vegetable oits animal fats with an alcohol (i.e.,
transesterfication), in the presence of either l&aliaor acid catalyst (Zhangt al, 2003a,
2003b; Rajagopal & Zilberman, 2007; Yai al, 2008). Catalysts are typically used to
improve transesterfication reaction rates and gi€¥buet al, 2008).

Haaset al, (2006) suggest that the choice of chemical teldgy to utilize in a production
plant depends on the available feedstock and mfityuFurthermore, these authors note that
the choice of conversion technology and the schfgaduction will directly influence both
capital and operating costs. There appears to h&eosus, however, that the alkali-catalysed
transesterfication is the most commonly utilisedbcgess, particularly for commercial
biodiesel production (Zhanet al, 2003b; Amiguret al, 2008a, 2008b; Yoet al, 2008).
This is due to its thorough and comparatively fastaction rate than acid-catalysed
transesterfication (Zhargt al, 2003b; Demirbas, 2007; Baséiaal, 2009; Murugesast al,
2009). Moreover, the reaction occurs at a relagil@lver temperature and pressure, resulting
in lower capital and operating costs (Demirbas, 720Bmigun et al, 2008a, 2008b).
Similarly, Zhanget al (2003b) suggest that capital costs are signifigdawer for alkali-
catalysed processes. Therefore, Amiginal (2008a, 2008b) conclude that the alkali-
catalysed transesterfication process is typicdlly most economical means of producing
biodiesel. Youet al (2008) note that a limitation to the alkali-cgs®d process is its
sensitivity to the purity of reactants, and is jgatarly sensitive to both water and free fatty
acids (FFAs). A comprehensive review of other tecdinaspects of biodiesel production
through the transesterfication process is provigeteheret al (2006).

The sale and/or productive use of by-products dautt to the viability and competitiveness
of biodiesel plants (Coyle, 2007; Amigwet al, 2008b). Glycerine is produced as a by-
product of transesterfication (Zharey al, 2003a; Marchettet al, 2007; Rajagopal &
Zilberman, 2007; Youet al, 2008). The production process also typicallydgeadditional
by-products such as crushed bean cake/meal, wlaichbe used as a protein-rich input in
animal feeds (Kenkel & Holcomb, 2006; Amigen al, 2008b; FAO, 2008). Furthermore,
Amigun et al (2008b) note that separated FFAs can sometimesltdor further processing
to the oleo-chemical industry, and in some caséaspmum sulphate fertilizer is another by-

product from biodiesel production.

Amigun et al (2008b) note that glycerine can constitute ashmagc10 percent of the product
created in the processing of biodiesel. Ranedeal (1999) suggest that glycerine is a
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valuable by-product which can be used in pharma&asf cosmetics, toothpaste, and
numerous other commercial products, such as foodegsing and feed applications (Coyle,
2007), and the development of films and casing nese (Kenkel & Holcomb, 2006).
Numerous authors note that the credit for the sdleéhe glycerine by-product has a
significant impact on the net value of the totalnufacturing cost of biodiesel (Nelsehal,
1994; Bender, 1999; Zhangt al, 2003b; Haast al, 2006; Amigunet al, 2008b). For
example, Zhangt al (2003b) and Haast al (2006) estimate that this credit could resulkin
reduction of production costs of approximately 1@l &ix percent, respectively. Amigu

al. (2008b) suggest that a typical biodiesel plaetdg crude glycerine of approximately 80
percent purity. Haast al (2006), however, note that substantial commera@hle of this by-
product is invariably only realised if the glycezins fully purified, which is a relatively
expensive process. These authors subsequentlystuggesmall to medium sized operations
often find it most cost effective to only partiajyrify the glycerine (by removing methanol,
fatty acids and most of the water) and then selirvggproduct to industrial glycerine refiners.
Bender (1999) and Amiguat al (2008b) contend that glycerine markets are Jelatind
suggest that extensive biodiesel production cookergially flood the glycerine market and
drive glycerine prices down. A similar view is hddg Muniyappaet al (1996). Amigunet

al. (2008b) suggest further that a substantial drophe glycerine price would affect the
profitability of biodiesel production in the seng®t only large-scale producers may find it
profitable to refine glycerine. Eidman (2007) camtgs that glycerine currently has a very

limited market.

Kenkel and Holcomb (2006) note that depending enféledstock variety used, the feed by-
product from oilseed-based biodiesel productiomesgnts between 60 and 80 percent of the
feedstock weight. These authors suggest furthdratffaough protein content varies across
feedstock varieties, oilseed meals are regard@dasin-rich feed sources which are suitable
for both ruminant and non-ruminant livestock. Forample, Bender (1999) notes that
sunflower and rapeseed meal have lower nutritiqnality than soybean meal and, therefore,
command less value on the agricultural market g@bean meal. He suggests further that
the relatively high market price of soybean mealpted with the fact that a large amount of
meal resulting from the relatively low oil contewit soybeans (see Table 3.2) may actually
result in soybean-based systems having the lowést piroduction cost — despite soybeans
typically being the most expensive raw feedstoclsiriilar conclusion is reached by Meyer
et al (2008). Kenkel and Holcomb (2006) and Eidman {2G€uggest that the marketing of
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feed by-products in particular may become a lingitiactor for the success of U.S. biodiesel
facilities in the future, as they may contributeato oversupply in the feed protein market.
Whether a similar situation exists in developingutmies, however, is highly debatable.
Figure 3.2 illustrates a typical flow chart of athiesel production process.

Nguyen and Prince (1996) emphasize the importahdetermining the optimum (least-cost)
plant capacity for biofuel processing facilitiescodbrding to Amigunet al (2008a), a
significant technological issue in the productidrbmdiesel is whether a batch or continuous
flow plant should be constructed. Eidman (200Agsdhat the majority of biodiesel plants
in the U.S. currently use continuous flow process&mntinuous flow plants appear to be
preferred for large-scale operations (Amigetnal, 2008a), and have the ability to produce
continuously within set parameters. Due to the gihelarger scale of production required,
continuous flow processes typically have compaesivhigher capital costs than batch
processes (Eidman, 2007; Amigeh al, 2008a). However, higher capital outlays may be
mitigated by several important operational advaegaguch as lower processing costs and
generally more consistent output than batch prese¢Bidman, 2007). Lower processing
costs may arise from the ability to re-use catalyatd other chemicals which is often
infeasible in batch processes (Bender, 1999; Amejwat, 2008a).

Batch processes allow a quantity of biodiesel topb&cessed in separate consignments.
Amigun et al (2008a) contend that the comparatively loweinahitapital requirements and
the ability to regulate production within demanduis in batch processes typically being
better suited to small-scale production operati@msl thus to the African continent. These
authors suggest further that since government grotlicies in Africa are often regarded as
being both uncertain and unpredictable, investoay wombat risk by favouring ventures

with relatively smaller capital outlays.
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3.3 Biodiesel Feedstocks

Eidman (2007) and Kojimat al (2007) note that there is currently limited bisbl
production from animal fats and recycled waste, @tsed emphasise that there is little scope
for expanding biodiesel supply from these souress,producers struggle to collect and
process sufficient quantities to provide a conssaply for a large-scale production plant.
Surprisingly, the opposite view is held by Gatial. (2008: 1652), who contend that waste
edible oils should be the primary feedstock fordmsel production due to their “abundant
availability”. Nevertheless, Nelsoet al. (1994) point out that the above materials areroft
less expensive than most oils produced from oilsgeds such as soybeans, rapeseed and
sunflower. This may be due to the fact that anifatd and waste greases typically have
lower capital and operating costs than the oilsestoise the press and oil extruder are not
required (Bender, 1999).

There is broad consensus that the majority of bsliis currently produced from vegetable
oils (Eidman, 2007; Kojimat al, 2007; Worldwatch Institute, 2007; Bareteal, 2008; Gui

et al, 2008; Morroneet al, 2009). However, the choice of feedstock is oftersed on
variables such as local availability, governmestgbport and general performance as a fuel
(Haaset al, 2006). Similarly, Sharma and Singh (2008) codté&mat the choice of raw
materials depends largely on its availability andhportantly, cost. Nevertheless, a
comprehensive review of the fuel properties andoperance of biodiesel produced from
animal fats is provided by Wyadt al (2005).

Evidently, a wide variety of biomass feedstocks @sed for biodiesel production (Petrou &
Pappis, 2009). Demirbas (2007) and Bashal (2009) contend that more than 350 oil-
bearing crops have been identified worldwide. Hosvewnot all of these are considered
suitable for biodiesel production. The FAO (2008iggest that oil used for biodiesel
production can be extracted from most oilseed cr§ogbeans are currently the dominant
oilseed crop cultivated worldwide (Worldwatch Ingte, 2007). Therefore, it is not
surprising that, globally, the prominent biodie$eédstocks include soybeans in Brazil,
Argentina and the U.S. and rapeseed in Europeojrical and subtropical countries biodiesel
is increasingly produced from palm, coconut a@atrophaoils. Table 3.2 provides a brief

summary of agronomic data for selected oilseedscrop
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Table 3.2: Agronomic Data for Selected Oilseed Crap

. Oil Content Minimum Maximum Average | Avergae | ., Ol . . Productive]
Oilseed Water Water ; o Yield/Unit | Time to Full .
(% of Seed . . Trees/hg Crop Yield | Oil Yield . Life
Crops Weight) Requirement Requirement (kg/ha) (kg/ha) Water Maturity (Years)
(mm/annum)| (mm/annum) (kg/mm)
Coconut 70 600 1200 100 na 4500 5.00 5-10 Yeqrs 50
Oil Palm 80 1800 2500 150 na 5000 2.33 10-12 Yeprs 24
Groundnut] 50 400 500 na 1015 508 1.13 100-120 Days naj
Rapeseed 40 350 450 na 830 332 0.83 120-150 Dpys na
Castor 45 500 650 na 1100 495 0.86 150-280 hays N4
Sunflower 40 600 750 na 540 216 0.32 100-120 Dpys na
Soybean 18 450 700 na 1105 199 0.35 100-150 Days na
Jatropha* 30 150 300 2000 2000 600 2.67| 3-4 Yedrs 2(
Pongamia 30 150 300 1000 5000 1500 6.67 6-8 Yeals 25

* Crop not grown commercially, calculations based o estimates

Source: Adapted from Rajagopal and Zilberman (2007102).

Eidman (2007) contends that the supply of biodiéssdstocks is a significant factor limiting
the development of the U.S. biodiesel industry. igesy, the Biofuels Industrial Strategy of
the Republic of South Africa recommends tbatrophabe excluded from consideration for
the production of biodiesel, as “future researcistib needed to test the usability” of this
feedstock in South Africa (DME, 2007: 3). Nevertssd, Jatrophaplants are expected to
have significant oil yield potential, particularip arid regions (see Table 3.2). Recent
international studies on the potentiallJatrophaas a biodiesel feedstock include Tiwetrial
(2007), de Oliveiraet al (2009) and Gunaseelan (2009). Nevertheless, Deeifal et al
(2009) conclude that further agronomic studies stit necessary to enhance the seed

production and crude oil propertiesJaftropha

34 Studies of Biodiesel Production Costs

Johnston and Holloway (2007) and Amigetral. (2008a) note that biodiesel production costs
typically vary by geographic region and choice @édstock (see Table 3.1). In this regard,
Mulugetta (2008) suggests that the factors of pcodn for manufacturing biodiesel in Sub-
Saharan Africa and in other developing countries likely to be different from those in
industrialised countries, due to differences irhtedogical and managerial capability and
associated labour costs. Amigwt al (2008b) contend that the labour component of
production costs depends on the production scatleeoplant (production capacity), the level

of sophistication (degree of automation), the tgpe@rocess (batch or continuous), and the
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feedstock variety processed. Mulugetta (2008) nfatdker that because there is currently a
general lack of empirical experience with respecbiodiesel production in Africa, local

studies often make use of production data from geiend North America.

There appears to be consensus that raw matermltharmost significant cost element of
biodiesel production (Nelsoet al, 1994;Withers & Noordam, 1996; Van Dyne & Blase,
1998; Bender, 1999; Fortenberry, 2005; Nelson &r&ok 2006; Coyle, 2007; Demirbas,
2007; Eidman, 2007; Amiguet al, 2008a, 2008b; Mulugetta, 2008; Petrou & Pa}i69).
The cost share of feedstock typically varies bydgtand feedstock variety. For example,
Tareenet al (2000) note that soybean prices account for aqmately 75 percent of
soybean-based biodiesel production costs. Howeélaaset al (2006) estimate that this may
be as high as 88 percent using crude, degummecdaoyl as feedstoclBy comparison,
Weber (1993) and Withers and Noordam (1996) estichtdtat feedstock costs comprised 64
and 70 percent of total costs, respectively, usapgpseed as feedstock. Mulugetta (2008)
estimates oil palm accounts for more than 85 péroérproduction costs in Ghana; and
Nelson and Schrock (2006) estimate a cost shaeppfoximately 81 percent when using
beef tallow as feedstockoyle (2007) suggests that with recent trends shgi agricultural
commodity prices, the cost share of feedstock mamyticue to increase in the future.
Therefore, Amigun et al (2008a) conclude that feedstock costs are tylgitla¢ single most

important factor that influences the economic fieidisy of biodiesel production.

Amigun et al (2008a, 2008b) suggest that despite capital aiper usually being the
primary barrier that must be overcome in establigla biodiesel production plant, the long-
term success of such ventures are frequently megerdlent on the daily operating
efficiency than on the initial capital expendituFar example, high operating expenses, low
and/or inconsistent product quality and yields mmagult in the failure of the biodiesel
production facility. This is because capital castypically a relatively small share of total
cost (approximately five percent in the industgaekle production of biodiesel) (Amiguat

al., 2008b). Similarly, Weber (1993) estimated thapital costs only constitute a small
proportion of total operating expenses (less thapdrcent). Haast al (2006) contend that
significant components (nearly one-third) of equgmincosts are for feedstock and product
storage tanks. These authors, therefore, suggaststibstantial savings could arise from
reducing storage capacity; for example, by negatiatimely removal of products, or

accepting reduced inventory holding capacities.
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Amigun et al (2008b) suggest that capital costs are influermethe plant’s capacity and
location. In this regard, Kenkel and Holcomb (20881) suggest that significant factors
influencing the economics of locating and operatingfuel plants include: (i) feedstock
availability; (ii) access to market centres forfhils; (iii) access to markets for by-products;
(iv) utility costs and availability; and (v) stdt@zal incentives. Similarly, Lambest al
(2008) suggest that the location of bioethanol tglam the U.S. is determined by
infrastructure, product and input markets; fis¢ailautes of local communities; and state and
federal incentives. These authors suggest furtterthe availability of feedstock dominates
the site selection decision, while access to byhpecb markets and transport infrastructure are
also important factors. A similar view is held byffany and Eidman (2003). It is not
surprising, therefore, that Kenkel and Holcomb @00bserve that the majority of existing
bioethanol and biodiesel plants in the U.S. arecentrated in areas of high crop production,
such as lllinois, lowa, Nebraska, Minnesota, andtls®akota. Accordingly, Amiguet al
(2008b) note that the economics of biodiesel pradnowill be significantly influenced by
localised variables, and suggest that locations offer relatively low utility rates (e.qg.,
electricity), existing infrastructure, and high dséock availability would be preferable
production sites. Coyle (2007) contends that enesyya noteworthy production cost
component, which may account for as much as 20epéenn some countries. However,
Kenkel and Holcomb (2006) note that biodiesel @aate typically relatively low-utility
operations compared to bioethanol plants.

Prominent empirical evaluations of biodiesel prdduc costs include Bender (1999), who
reviewed 12 economic studies of biodiesel productiavolving several varieties of

feedstocks and operational scales. Estimated fmtadluction costs ranged from U.S.
$0.30/litre for biodiesel produced from soybeansUds. $0.69/litre using rapeseed as
feedstock. Bender (1999) concludes that the ecarsoraf biodiesel production can be
regarded as being relatively volatile, primarilyedo the significant effects of feedstock cost
and meal credits. He notes further that factord sag capital costs, electricity costs and

glycerine credits can also have a prominent infbeeon the production costs for biodiesel.

Zhanget al (2003a, 2003b) designed and simulated four @iffecontinuous flow processes

for biodiesel production. These authors contentdbapite the alkali-catalysed process using
virgin vegetable oil as feedstock having the lowkstd capital cost, the acid-catalysed

process using waste cooking oil was a more ecorallyiviable alternative. Yoiet al

(2008) evaluate the economic costs of three bietigants with capacities of 8000, 30 000
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and 100 000 tons of biodiesel per annum. ThesdpEmployed continuous flow processes
using an alkali catalyst, and the raw material@fbean oil. Of the economic variables that
they analysed, these authors suggest that plaacitgpprices of feedstock and diesel, and
yields of both biodiesel and glycerine were the imsgnificant factors affecting the

economic viability of producing biodiesel. A summasf the findings of these and other

selected economic evaluations of biodiesel prodoatosts is provided in Appendix B.

Meyer et al (2008: 333) estimated the profitability of prothg biodiesel using either
soybean or sunflower as feedstock for an “averagge plant” in South Africa during 2006.
Their results are presented in Table 3.3. Unfotelgathe authors do not provide an exact
specification of the plant's capacity. Moreover)yothe sale of oil cake was accounted for,
while credits from other by-products, such as glyee which could further enhance the
estimated gross margins, were ignored. However,evletyal (2008) conclude that neither
sunflower nor soybean feedstocks would yield atp@splant profit by producing biodiesel

under 2006 market conditions in South Africa.

Table 3.3: South African Biodiesel Plant Profit Catulations, 2006 Prices

Income from Total costs of .
Cost Income from L . Profit
Feedstock (Riton) |byproduct (R/ton) biodiesel sales production (cllitre)
yp (cllitre) (cllitre)
Soybeans 1959 2076 336.45 366.30 -29)87
Sunflower 2338 1505 336.45 598.55 -262.27

Source: Adapted from Meyeret al. (2008: 333).

Since feedstock costs comprise a significant progorof total biodiesel production costs,
numerous authors conclude that the future promotbnbiodiesel production should
primarily target the reduction of feedstock costwotugh the development of new
technologies which increase yields of availablelgecks, and/or allow the use of lower cost
alternatives (Withers & Noordam, 1996; Zhaeteal, 2003b; Haast al, 2006; Coyle, 2007;
Amigun et al, 2008b; Youet al, 2008). Amiguret al (2008b) also emphasize the need to

explore possible new applications for the glycebgegroduct.
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35 Scale of Biodiesel Production

Amigun et al (2008a) suggest that existing bioethanol plamtsAfrica are currently
geographically concentrated in the Southern Afrid2evelopment Community (SADC)
countries, as well as in Ethiopia and Kenya. HoweWeodiesel technology can still be
regarded as an emerging technology on the Africemireent (Amigunet al, 2008a, 2008b),
with the possible exception of South Africa and Habwe (Amigunet al, 2008b).
Interestingly, these authors observe that while Afiecan continent’s first commercial
biodiesel plant was recently established in Zimbabsmall-scale biofuel plants currently
dominate biofuel production in Africa.

Perloff (2007: 204) notes that a cost function bithieconomies of scale if the average cost
of production decreases as output expands. PatersThielmann (2008) suggest that the
most prominent biofuel promotion policy instrumertsnandatory blending quotas and tax
exemptions — are designed to primarily generate@woies of scale via stimulating demand.
They, therefore, contend that the success of timesesures depends on whether the average
production costs can be sufficiently reduced to endkofuels commercially viable
alternatives. However, Bender (1999) contends ltfatiesel production costs do not reflect
economies of scale, since scale-dependent expsnsbsas labour only constitute a small
proportion of the operating costs. Amigehal (2008b) find some evidence of economies of
scale for labour in biodiesel plants. However, tlenclude that since the single most
important factor influencing the economic viabily biodiesel are feedstock costs there are
no significant economies of scale involved in thediesel production process. Similarly,
Amigun et al (2008a) contend that biodiesel production faesitare relatively insensitive to
economies of scale. In contrast, Eidman (2007 )sfiemidence of economies of scale for both
bioethanol and biodiesel plants in the U.S. Howgliercontends that the gains in production
efficiency that may accrue to larger processingjifees will not be sufficient to replace the
excise tax credit that has stimulated rapid groimtithese industries in the U.S. in recent

years.

Mulugetta (2008) suggests that discussions suriagnbiofuels in Africa are partly an
attempt to gain more control and independence evargy supplies by exploring and
evaluating the quantity of biofuel that can realaty be produced from domestic resources;
but also has elements of energy security, povedyction and fiscal stability. In this regard,
Peters and Thielmann (2008) and Russi (2008) expattbiofuel promotion will increase
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the value-added component in the agricultural seetwd in so doing contribute to both rural
employment and development. Amigahal (2008b) note that African biodiesel production
programmes could make a significant contributionpbwerty alleviation on the continent
through job creation and by stimulating economitivég in rural areas. Similarly, Van Dyne

et al (1996) suggest that biodiesel production in ruammunities has the potential to

increase economic activity through job creation andncreased tax base.

However, although the overall employment effectsrirthe operational side of a biodiesel
plant will likely be positive, these new jobs mag partially offset by job losses in other
industries (Van Dynet al, 1996; Peters & Thielmann, 2008), such as thk figh-protein
meal, and grain handling industries (Van Dyeteal, 1996). These authors suggest further
that temporary jobs may be created during the kstabent phases of biodiesel plants.
Nevertheless, Van Dynet al (1996) conclude that small-scale, community-bdsediesel
production and local ownership hold significant gudial to provide benefits to both the
agricultural sector and rural communities. Simyathe Worldwatch Institute (2007) suggest
that larger-scale biofuel production may resuligneater industry concentration, be of less
benefit to local communities, and will likely regeimore complex infrastructure, such as the
use of pipelines and large processing facilitigseyl contend that this could lead to political,

economic, social and environmental effects morelairto those of fossil fuels.

It has been suggested that small-scale, commuagg biodiesel production opportunities
are most suitable for diversified cropping and steek enterprises, which produce oilseeds
and have a need for a dietary protein source, sscbilseed meal, for livestock rations
(Weber, 1993; Van Dynet al, 1996). Furthermore, the small-scale, communétyelol
concept appears to have the greatest potentiauimress where a large difference between
the relative prices that farmers obtain for thelseeed and the price paid for high-protein
meal exists (Weber, 1993; Van Dyatal, 1996; Van Dyne & Blase, 1998; Bender, 1999).
Van Dyne and Blase (1998) suggest that the largerprice difference, the greater the
potential for profitability and financial succes$ such ventures. These authors contend
further that potential benefits arise primarily dese the farmer/feeder internalises the
transaction costs relative to the conventional mi@mg system by using both the high-protein
meal and biodiesel on their farms. This situatlomyever, will likely be location specific and
may not be apparent in all areas (Van Dyteal, 1996; Van Dyne & Blase, 1998).

Interestingly, however, Weber (1993) indicates thaybeans are often the most viable

58



feedstock to use in a community-based operatiamarily due to the high value of the feed

by-product.

Kenkel and Holcomb (2006, 2009) note that agricaltyoroducers have been actively
involved in the growth and development of both taeol and biodiesel industries in the
U.S., with a significant proportion of operatioqdénts being farmer-owned, reflecting their
producers continued interest in value-added amsuitThese authors, however, suggest that
the proportion of farmer-owned plants in the U.Bpears to be decreasing as the rapidly
increasing size and scale of both bioethanol aadiésel plants makes it progressively more
difficult for individual producers or farmer groups finance these ventures. Furthermore,
this trend has been compounded by the willingnéssitside investors to participate in the
biofuel industries in the U.S. In fact, Hettinghal. (2009) estimate that the average size of
dry grind bioethanol plants in the U.S. has incedaby approximately 235 percent since
1990. A similar view is held by Gordon (2008), whlso suggests that in the future the
dependence of second generation biofuels on patdathnology and seedstocks that are
protected by trade regulations may serve to comghotire prominent influence of
agribusiness and biotech multinationals in bioepermrkets. She suggests further that if
small-scale producers continue to lack the capitditastructure or economies of scale to
access global biofuel markets, they may be ableatticipate in biofuel production only as

suppliers of raw materials.

Small-scale producers in Ohio, interviewed by Maogcet al (2009), suggested that
feedstock availability and price competitivenessembie most significant challenges to their
operations; whilst technical problems, public smagm, regulatory concerns, and access to
financial capital were also identified. It shoulthwever, be noted that this sample only
comprised of five small-scale producers. Hztnal (2008) report very similar challenges

experienced by small-scale bioenergy venturesral China.

In addition to economies of scale, the unit co$tmany goods and services tend to decrease
with increasing experience in the industry (Goldengket al, 2004). This effect is often
referred to in the economic literature as learninygdoing, progress curves, experience
curves, or learning curves. Perloff (2007: 210)gasgs that this effect may be a function of
time and/or cumulative output in an industry. Hegtiet al (2009) suggest that experience
curves link developments in production costs (ocg®) with cumulative production, thus
representing accumulated experience of producfitnis concept has been applied to the
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production costs of numerous renewable energy tdobies, a general overview of which is
provided by McDonald and Schrattenholzer (2001).

Hettingaet al (2009) and van den Wall Bale al. (2009) found evidence of experience
curve effects in the maize-based and sugarcanetimsethanol industries in the U.S. and
Brazil, respectively. These authors estimate thdiath countries production costs in these
industries have declined by approximately 60 perserce 1975. Goldemberg al (2004)
also found evidence of experience curve effecteenBrazilian bioethanol industry. Hettinga
et al (2009) suggest that in the case of U.S. maizeebbmethanol the decline in production
costs can be attributed to higher maize and bioelhgields associated with continued
technological advancements, increased averagehbioet plant size, and lower energy use.
Van den Wall Bakeet al. (2009) contend that it is also likely that the arergy balance of
the bioethanol has improved over time, due to highelds per hectare, more efficient
transport systems, and superior conversion tecgreso

A prominent application of experience curve anayietheir extrapolation to investigate
potential future production cost reductions asrecfion of projected future production levels
(Hettingaet al, 2009; van den Wall Baket al, 2009). In this regard, both these sets of
authors estimate significant future bioethanol pidin cost reductions in the U.S. and
Brazil. Hettingaet al (2009), therefore, conclude that despite beinganded as first
generation biofuel technologies, considerable ceductions may continue to occur in the
future. Importantly, however, van den Wall Ba&eal (2009) conclude that the Brazilian
bioethanol industry in particular demonstrates Hmh early and continued governmental
support can lead to significant reductions in puaiiun costs, now allowing Brazilian
sugarcane-based bioethanol to compete directly wahventional fossil fuels without
subsidies. Essentially, their infant industry haswmn up. These authors note that similar
studies are currently being conducted in Germabhigsliesel industry. However, given the
presence of experience curves in bioethanol inggstit would not be surprising if
comparable conclusions were established for bieti@®duction.

Given the relative insensitivity of biodiesel tooaomies of scale and the current general lack
of a clear and comprehensive government biofuetpain the African continent, Amiguet

al. (2008a, 2008b) suggest that a possible implinatiould be that it may be preferable to

construct a relatively large number of small, déadised biodiesel plants rather than large-
scale centralised biodiesel plants in Africa, am@ans of combating risk whilst gaining
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valuable experience in the production of biodieS&mhilar recommendations are made by
Collins-Chase (2005) and Nolte (2007). Nevertheldss Worldwatch Institute (2007: 133)
postulates that “despite well-meaning efforts toaemage small-scale biofuel production in
many countries, larger-scale owners and corporatvait probably still dominate the future

biofuel industry”.

3.6 Biodiesel Feasibility Studies

A common argument against the use of various bisfaee their high costs of production,
although this is no longer the case for sugarcased bioethanol produced in Brazil (van
den Wall Bakeet al, 2009). Presently, however, there appears to be consehsiisat
significant barrier to the commercialisation of dimsel is its comparatively higher
production cost than conventional diesel fuel (Mappaet al, 1996; Zhanget al, 2003a,
2003b; Youet al, 2008). Tareeret al. (2000) note that neo-classical economic prinsiple
propose that if two inputs (e.g., biodiesel andvesriional diesel) are perfect substitutes in
production, the first-order condition of least-cqstoduction is simplified to a direct
comparison of input costs. Numerous studies hatabkshed that biodiesel is more costly to
produce than conventional diesel and subsequeatiglede that biodiesel production is not
economically feasible (Griffiret al, 1985; Nelsoret al, 1994; Withers & Noordam, 1996;
Ahouissoussi & Wetzstein, 1997; Bender, 1999; Fdre¢ery, 2005; Haa®t al, 2006;
Wassell & Ditmer, 2006; Whittington, 200@emirbas, 2007; Eidman, 2007; Nolte, 2007,
Sawyer, 2007; Amiguet al, 2008b; Siriwardhanet al., 2009).

For example, Eidman (2007) estimated that averagghdsel prices in the U.S. since January
2005 were approximately $1.25 per gallon highenttiee average U.S. wholesale price of
diesel fuel. He notes further that purchasers adiesel had received approximately $1.00 of
this difference through the refund of the volunwekcise tax credit, inferring that biodiesel
had been selling at a premium of approximately 3@&r gallon. Tareeet al (2000) suggest
that without considering the potential positive ezrtlities associated with biodiesel
production, economic agents would not substitutaliesel for conventional biodiesel until
there is a reversal in the relative prices of theld that they are facing. These authors suggest
further that neo-classical theory proposes thaheeuc agents that do not internalise the
positive externalities of biodiesel production webukquire a subsidy equal to the amount of

the price differentials. It is, therefore, not sugsmg that Eidman (2007) concludes that
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continued growth of the biodiesel industry in th&Uis highly dependent on the continuation
of the excise tax credit, or alternatively anotliemm of subsidy to replace it. Similarly,
several studies reach the conclusion that tax theenand/or subsidies are necessary for
biodiesel to become competitive with conventionakdl (Ahouissoussi & Wetzstein, 1997;
Bender, 1999; Fortenberry, 2005; Wassell & Ditm2006; Demirbas, 2007; Martinez-
Gonzalezet al, 2007; Nolte, 2007; Amiguret al, 2008b; Peters & Thielmann, 2008).
Amigun et al (2008b), however, contend that while a subsidylaidbe useful in the
establishment phase of the plant, it would notyfallidress the primary concerns of investors

which are related to fluctuations in the domina®dstock cost component.

The Worldwatch Institute (2007) suggest that o@tsid Europe, disparities between the
prices of conventional diesel and biodiesel areicbjly larger than for petroleum and
bioethanol. They attribute this primarily to oilseerops grown in temperate regions being
relatively more expensive to produce than sugarstarch crops, since they are less
productive per unit of land. Nelsoet al (1994), however, note that although biodiesel
typically costs more than conventional diesel,ttital costs of biodiesel blends may be lower
than other alternative fuels. They suggest thatithlargely because biodiesel can be utilised
in an unmodified diesel engine and that it canrbasported and distributed using existing
infrastructure. InterestinglyWeber (1993) notes that in the absence of goverhmen
intervention soybeans are typically the best pearing biodiesel feedstock variety from an
economic standpoint, and in contrast to the abbwdies, Youet al (2008) find that a plant
capacity of 100 000 tons of biodiesel per annurmgua continuous flow processes with an

alkali catalyst, and the raw material of soybedntoibe economically feasible

However, Tareert al (2000) argue that the above empirical evaluatiens to ignore the
stochastic nature of fuel prices, and stress thltymakers should consider price volatility
effects when determining appropriate budgets fimriative fuel programmes. These authors,
therefore, set about establishing an empirical fotkmeasuring the trade-off of a relatively
more expensive input, biodiesel, with lower priceftdand volatility compared with a

relatively cheaper but more volatile priced inmutnventional diesel.

From a SA standpoint, Funlet al (2009) emphasize that the cost of production ohbot
bioethanol and biodiesel will play a significanteran terms of competitiveness, particularly
in export markets. They suggest further that tloe #aat biodiesel is typically more costly to
produce than its conventional diesel counterpartedtes a significant challenge for the
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successful marketing of biodiesel in South Afrianpd could hamper the successful
development of a biodiesel market, especially ghtliof voluntary blending as stipulated in
the biofuel strategy. It further indicates that & industry might face a serious threat if
local blending mandates are imposed” (Fuekal, 2009: 231).

3.7 Critical Success Factors

The Worldwatch Institute (2007: 150) recognize ¢hkey economic barriers which biofuel
markets face, namely (i) competition with convenéibfossil fuels on a direct production
cost basis (excluding environmental and/or sociateraalities); (i) insufficient,
unpredictable and/or inconsistent biofuel suppaoticges; and (iii) relatively immature and
unstable markets that are perceived as being higisky long-term or high-volume
investment opportunities. McCormick and Kaberged0O@ identify that the key barriers
obstructing the expansion and implementation othérgy systems in general in the E.U.
include: economic conditions; experience, know-htawd institutional capacity; and supply
chain co-ordination (e.g., vertical integration apdrtnerships). Similar implementation
barriers are identified by Costello and Finnell 489 Rooset al (1999) and Résch and
Kaltschmitt (1999). Thus, McCormick and Kabergedd?2: 451) suggest that these barriers

could be combated by:

* Investment grants and other incentive-based pohegasures, which are critical to
favourably altering economic conditions and assisin making bioenergy systems

competitive with traditional fossil fuels.

» Developing know-how and institutional capacity, aelhioften require pilot projects to

stimulate appropriate learning processes.

» Supply contracts and partnerships, which are usifuestablishing functioning
bioenergy systems.

While many factors are likely to influence the prability of biofuel industries, Eidman
(2007: 346) suggests that the most prominent infltas will stem from: (i) the price of
conventional fuels; (ii) the price of feedstocksiyda(iii) government biofuel policies.

Similarly, Coyle (2007) contends that the futurdl@ak for global biofuel production will
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likely depend on interrelated factors including gitices, the availability and cost of
feedstocks, sustained governmental support, teofiwall advancements that improve the
feasibility of second generation biofuels, and cetitfon from unconventional fossil fuel
alternatives. In terms of governmental support,civlappears non-negotiable at least in the
developmental stages of biofuel ventures, Rosch Kadtbchmitt (1999: 356) recommend
that “a broad and long lasting market introductwmogramme is required. To finance such a
programme funds with sufficient finances over an#igant period of time must be

available”.

Tiffany and Eidman (2003: 18) identified the follmg five factors as the most important
determinants of financial success for bioethanahtd in all localities: (i) maize price; (ii)

bioethanol price; (iii) natural gas price; (iv) e@msion rates (e.g., litres of bioethanol per ton
of feedstock); and (v) plant capacity. However,sthauthors note that numerous other
factors, either individually or in conjunction witbne another, may also influence the
profitability of bioethanol ventures. These includapital costs; percentage of debt incurred;
interest rates; by-product prices; electricity spsind federal, state, and/or local production
subsidies; and other incentives. Similarly, Ken&et Holcomb (2009: 460) emphasize the
importance of long-term competitiveness with coriveral petroleum-based fuels; proven

and standardized technologies; consistent publicyp@nd appropriate business models.

Kenkel and Holcomb (2006), however, suggest that ltg-run profitability of biofuel
projects is driven primarily by feedstock availétil access to markets for biofuels and by-
products, as well as utility costs and their amiiy (e.g., natural gas and electricity).
Furthermore, the continued enhancement of agri@llpproductivity has been identified as a
key success factor, particularly in preventing cargd conflicts between food and biofuels
(Cassman & Liska, 2007; Pingadt al, 2008). Tiffany and Eidman (2003) suggest further
that returns to bioethanol production are ofteratite, and suggest that staying power and
risk management strategies are becoming incregsiogicial to the survival of such
ventures, particularly during periods of high fededk and natural gas prices. These will

likely be applicable to biodiesel ventures.

Plant location is undoubtedly a critical successdiinfluencing the viability of biofuel
ventures in general, as it has a significant bgadn the associated costs of production
(Tiffany & Eidman, 2003; Kenkel & Holcomb, 2006; Agun et al, 2008a, 2008b; Lambert
et al, 2008). Tiffany and Eidman (2003) conclude thiants should ideally be located in
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areas of historically low feedstock prices, and ehagadily available, stable supplies of
feedstock. Locations with cheap utilities and g@mtess to transportation would also be
preferable. Furthermore, from the perspective otlkstale, community-based biodiesel
production, plants located in areas of mixed fagnaperations, including both crop and
livestock enterprises, with large differences betvhigh-protein meal and oilseed prices, are
expected to have greater potential for success ¢Wwd®93; Van Dynet al, 1996; Van
Dyne & Blase, 1998; Bender, 1999).

The Worldwatch Institute (2007) emphasise the ndéed policy-makers to take a
comprehensive approach that encompasses all re¢lesemtors and stakeholders. These
sentiments are echoed by Meyer al (2008) and Funkeet al (2009) from the SA
perspective. Whilst this will certainly be a difii¢ task, the Worldwatch Institute (2007: 312)
suggest that “the alternative will result in ineféint feedstock and fuel production, missed
production targets, incompatibilities in the intrasture, bottlenecks in the system, lost
economic development opportunities and environnhel@gradation”. Finally, Amigumet al
(2008a) suggest that a general lack of a good stadeting and application of key concepts
of cost estimation, which are regarded as beirtgcalito the success of such ventures as they
directly impact profitability, are prominent bamseto the commercialisation of biofuel
industries in Africa. The research methodology usethis study is presented in the next

chapter.
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CHAPTER 4: RESEARCH METHODOLOGY

This chapter deals with fundamental consideratinriee development of a commercial crop

farm model in the KZN province which may consider-farm soybean-based biodiesel

production as a potential means for value addirfges€ include the demarcation of the

specific regions of the province that are suiteddgbean production, the determination of
enterprise production costs, and appropriate maneage practices. Particular emphasis is
placed on the analysis of agricultural land rertt aimulated cropping behaviour in order to

evaluate the effects of alternative biodiesel pgolitreasures and possible farmer investment
behaviour. For these purposes, accurate and relith sources are imperative.

4.1 General Overview

Duloy and Norton (1975) note that mathematical progning used to simulate market
behaviour has been a widely researched field emee sSSamuelson (1952) first illustrated
that an objective function exists, which, when maiged, guarantees the fulfilment of the
criteria of a competitive market. Duloy and Nortd®75: 591) add that Samuelson’s (1952)
fundamental methodology has prominent application empirical economic studies,

“particularly in the context of agricultural plamg models which may contain rather detailed
supply side specifications”. In this regard, Hazeltl Norton (1986: 31) point out that King
(1953) and Heady (1954) were among the first toontephe application of linear

programming in farm planning models.

Beneke and Winterboer (1973) note that linear @mgning is a planning method that aids
decision-making when a large variety of alternatheices exist. Hazell and Norton (1986:
19) suggest that “the solution to a linear prograngnproblem is usually a unique farm plan
in terms of the optimal activity levels chosen”. whever, Beneke and Winterboer (1973: 4)
conclude that the fundamental benefit of usingdingrogramming as a planning method is
not that it leads to an individual “foolproof” farpglan, but rather that it provides the means to
quickly and effectively analyse a wide range oémlative decisions. Apland (1986: 1) adds
that “the availability of efficient solution algdhims and the accessibility of computer
routines which use these algorithms” makes lineag@mming a particularly attractive

modelling alternative.
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For the above-mentioned reasons it is not surgrigiat Burtoret al (1987) note that linear
programming has been extensively applied in agtcall economics research and extension.
From a crop farming perspective, Brink and McCa#748: 259; 1979:14) suggest that crop-
planning models can be used for at least threegses (i) to aid farmers in planning their
land allocations; (ii) to help farmers budget ragito investments; and (iii) to assist policy
makers predict farmer responses to policy decisibhese authors note further that for all
the above rationales it is important that the pmogning model accurately predicts land
allocation distributions among crops. Thus, lingargramming, using the traditional simplex
algorithm, which Duloy and Norton (1975: 591) retgad as “the most powerful
computational programming algorithm available”, wased in this analysis to model
commercial crop farms in the historically high segh-producing regions of KwaZulu-Natal
(KZN).

4.2 Development of the Baseline Model

The Biofuels Industrial Strategy of the RepublicSmfuth Africa identifies three primary field

crops to be considered as feedstocks for domesididsel production, namely sunflower,
canola and soybeans (DME, 2007: 3). However, ssuwrdlower and canola are grown in
relatively small quantities in KZN (largely due teelatively unfavourable growing

conditions) (Whitehead, 2010), soybeans are thg dlistic potential biodiesel feedstock
that is currently grown in large quantities in tK&N region. Subsequently, a linear
programming model of a typical commercial crop fainmthe historically high soybean-
producing regions of KZN was developed. More spedlify, these high soybean-producing
areas include the Bergville/Winterton, NewcastlefNandine, Vryheid and Midlands

regions of KZN (Oates, 2010; Whitehead, 2010),gsaled in Figure 4.1. Importantly, these
areas also hold the greatest potential for futipamesion of soybean production in the KZN

province.

The linear programming baseline model, comprisifgaews by 50 columns, was developed
using 10 years of yield, variable cost and produate data from COMBUD field crop
budgets, which are compiled annually by the KZN &épent of Agriculture, Environmental
Affairs and Rural Development (KZNDAEARD). Thesecame and cost budgets are
generated primarily as a short-term planning ardfiield crop farmers in the KZN region.

These budgets explicitly assume that the yield da&l in their analyses are the “long-term,
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Figure 4.1: Regions in KwaZulu-Natal of Historicaly High Soybean Production and
Significant Cropping Potential for Future Expansion of Soybeans
Source: KZNDAEARD (2010).
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realistically attainable yield under normal clintaticonditions, and with acceptable
management practices” (KZNDAEARD, 2009: iii). Th©RBUD field crop budgets are a
widely accepted source of data, and Whitehead (28dggests that these budgets adequately
reflect the average production circumstances fagedtop farmers in the KZN region.

Ford et al (1995) reported that the use of historical datacalculate risk measures in
programming models worked at least as efficienty methods which used conditional
information based on futures market prices. Theydérs of COMBUDdata used in this
analysis include the production years 2000/01-2Dm9All nominal price and cost data were
adjusted to a real 2009/10 basis, using the SA @oasPrice Index (CPI).

The COMBUD field crop budgets cater for both drglaand irrigation land categories. Crops
considered in the baseline model include soybeaaage, dry beans, sorghum, groundnuts,
and winter wheat. Wheat produced on arable drylaodever, was ignored in the analysis as
crop farmers in the historically high soybean-pradg regions of KZN, particularly in the
Bergville/Winterton areas, typically only plant wem wheat under irrigation (Whitehead,
2010). Additionally, cotton was not consideredhe baseline model as the total area planted
to this crop in KZN has fallen markedly from approately 6850 hectares in 2005/06 to a
mere 600 hectares in 2009/10 — with no cotton pthninder irrigation in the current
production season (Cotton South Africa, 2010). Ertty, the typical crop farmer in the KZN
region has substituted away from planting cottorhitdhead (2010) suggests that poor
product prices, less than ideal growing conditioasd institutional problems were likely

contributors to the apparent failure of cotton BNK

Koller (2003: 3) suggests that “conventional tiBagcomprises all tillage practices which
leave fewer than 15 percent of crop residues onstfilesurface after planting. Typically,
conventional tillage incorporates the looseningaif using a mouldboard plough, which is
followed by discing and/or harrowing for seedbedpgaration (Beauchamp and Hume, 1997:
644; Koller, 2003: 3). Conventional tillage praescallow for the incorporation of both lime
and fertilizers into the soil, combating weed aedtputbreaks, reductions in soil compaction
levels and loosening the general soil structure floe promotion of crop growth
(Throckmorton, 1986: 60).

In contrast, “conservation tillage” includes anjatie and planting practice which leaves a
minimum of 30 percent of crop residues on the soiface after planting (Koller, 2003: 3).
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Thus, based on this definition, conservation télagncompasses the concept of no-till
practices. In no-till systems, ploughing is elimetand planting is achieved with direct-drill
seeding equipment, resulting in minimal soil disance (Beauchamp and Hume, 1997: 644;
Koller, 2003: 5). Thus, weed control in no-till $gs1s is largely dependent on the use of
herbicides (Throckmorton, 1986:85; Koller, 2003: i) the last five production seasons a
notable addition to the COMBUD field crop budgetsstbeen the inclusion of production
budgets for maize and soybeans using no-till prastin the KZN region. However, since
this has only been a recent inclusion in the bugjgat attempt was made to extrapolate
comparable production costs, based on COMBUD estgnat conventional tillage practices,
for no-till maize and soybean production for theige from 2000/01 to 2004/5, as it was
necessary to have equal spans of time-series ala#dl trops and respective tillage practices.
Chemical costs were consistently higher and diesatje comparatively lower for the no-till

system throughout the 10 year study period.

Kdller (2003: 3) attributes the shift in focus @frecultural management away from intensive
tillage practices toward less intensive and arguatmore sustainable soil-cultivation
practices, including no-till, to factors such asremasing costs of fossil fuels, adverse effects
of soil erosion, and increased environmental polfut Thus, savings associated with
reductions in management requirements, lower macpiabour, and fuel costs, as well as
combating erosion have contributed to farmers ngwaway from conventional tillage
practices (Throckmorton, 1986: 61; Beauchamp & HU®87: 644).

So et al (2009) report that improvements in the physicedpprties of soil, as direct
consequence to prolonged use of no-till practiggemote increases in long-term crop
productivity. Moreover, Bescansat al (2006) contend that the most significant factor
influencing the wide-spread adoption of conservatibage practices is the preservation of
soil water. Therefore, since anecdotal evidencgestg that benefits such as improved levels
of water infiltration, reductions in evaporatiorsées, and enhanced moisture retention are
more likely to be prevalent on non-irrigated craoylgThibaud, 2010; Whitehead, 2010), a
conservative four percent long-term yield bendifitfavour of no-till soybean and maize
production was assumed for the arable dryland oayediowever, the respective yields for
the irrigation land category between tillage praesiwere conservatively assumed to be equal
in this analysis (Thibaud, 2010; Whitehead, 2010).
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Since the COMBUD budgets did not cater for noqiilbduction of other crops (except for
maize and soybeans), it was tentatively assumet abi@der crops incurred identical
production costs and yields under both tillage ficas. Prices received were also assumed to
be equal for the respective crops. Evidently, havefurther research into the exact nature of
the differences in production cost and yield datédnveen no-till and conventional tillage
practices is necessary for all field crops at bibth regional and national level in South
Africa. Nevertheless, the baseline model incormsrat discrete choice between no-till and
conventional tillage practices, reflecting a rdaishoice facing all crop farmers in the KZN

region.

Other significant aspects of the baseline modekwke farm size, crop rotation and diesel
price assumptions. The constraining resource inbdéeeline model was the total area of
cropland, in both the categories of arable drylamdl irrigation. After consulting with
numerous crop farmers and other industry role pfaye was determined that a typical
commercial crop farm in the historically high sogheproducing regions of KZN comprised
of approximately 220 hectares of arable dryland @28 hectares of irrigation land.
However, as one of the overall objectives of thiglg was to determine the optimal farm size
necessary to sustain a given biodiesel productiantpn the historically high soybean-
producing regions of KZN, little importance was qad on the initial farm size used in the

baseline model, as this was to be varied in théy/sisa

As far as crop rotations are concerned, theredadronsensus among farmers and advisors
that were consulted that a 1/3 soybean — 2/3 meotation is most prevalent in the
historically high soybean-producing regions of KAMoreover, the area planted to soybeans
under irrigation in the summer will typically beapited to wheat in the winter, particularly in
the Bergville/Winterton areas. Finally, diesel fueds assumed to cost commercial crop
farmers R6.77 per litre in the baseline model. Tgrise was based on five years of diesel
price data, adjusted to a 2009/10 basis, and atiogurior the diesel subsidy of
approximately R0.94 per litre farmers currentlyaige (Whitehead, 2010). It is important to
note, however, that these assumptions are baséuedypical situation among commercial
crop farmers in the historically high soybean-pradg regions of KZN; individual farms in
these areas may well deviate from these assumptibmib in farm size and management
practices. The key assumptions in the baseline msdemarised in the form of a simplified

linear programming matrix, are presented in Table 4
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4.3 Inclusion of Risk in the Model

The presence of risk and uncertainty are typicaratteristics of all farming enterprises
(Low, 1974; Schurle & Erven, 1979; Kaiser & Boehll®80; Hazell, 1982; Hazell & Norton,
1986; Ortmanret al, 1992; Stockil & Ortmann, 1997; Pannetlal, 2000). Ortmann (1985,
1988) and Tomek and Robinson (2003) note thata@gskbe regarded as an implicit cost of
doing business. More specifically, Barry and Fragf&76) suggest that this cost is the
additional expected return, or premium, that fasneqguire as compensation for assuming
the risk. As such, the inclusion of risk resultstive marginal cost or supply curve shifting
leftward, inferring that the higher the level ofkj the less famers are expected to produce at
a given price level, and vice versa (Hazell & Sc¢ara, 1974; Nieuwoudet al, 1988;
Tomek & Robinson, 2003). Moreover, Tomek and Rafing2003) note that empirical
economic research robustly supports the view thaeases in risk translate into reductions
in supply, ceteris paribus(for example, see Brorsest al, 1987;Nieuwoudtet al, 1988;
Tronstad & McNeill, 1989).

Kaiser and Boehlje (1980) and Hazell and Nortor8B@)3uggest that risk in agriculture can
be attributed to a wide variety of price, yield aiedource risks (including natural disasters)
which cause farmers’ incomes to vary, often sulistlyy from one year to the next.
Similarly, Ortmannet al (1992) point out that farmers face a combinatainvariable
weather patterns, volatile input and product pricapidly advancing technology, changing
environmental regulations and changing governmeolicips (both domestically and
internationally). It is, therefore, not surprisititat an abundance of evidence suggests that
farmers around the world conduct their agricultymactices in a risk-averse manner (Young,
1979; Hazell, 1982; Bardsley & Harris, 1987). Thiew, for example, is supported by
empirical evidence from Wolgin (1975), Wiens (1978)oscardi and de Janvry (1977),
Dillon and Scandizzo (1978), Binswanger (1980), @@md Wonder (1980), and Bardsley
and Harris (1987). Young (1979) contends furthet flarmers in developing countries are

more uniformly risk-averse than comparatively wieialt farmers in developed countries.

From a South African standpoint, it has also beeti-established that farmers typically
behave in a risk-averse manner, and that smalllokte generally comparatively more risk-
averse than commercial farmers (Fereral, 1997; Mac Nicolet al, 2007; Ferreet al.,
2009). In addition to the typical price and yieisks South African farmers face, numerous
other challenges contribute to an uncertain detisi@king environment (Mac Nicat al,
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2007). Ortmann (2005: 286) points out that thesallehges include the deregulation of
domestic markets in the 1990s, land reform initedji AgriBEE (Black Economic

Empowerment in Agriculture), restrictive labour ikgtion and minimum wages, property
(rural land) taxes, skills levies, uncertain watghts, HIV/Aids, a volatile exchange rate, and
high transport and communication costs. Nieuwaetdal (1976: 487) conclude that it is
imperative that risk be included in planning model%an effort to account for the realities of

dynamics within the context of a static planningdil®.

Hazell (1982) and Hazell and Norton (1986: 216)enbiat from a theoretical standpoint the
failure to incorporate risk in planning models da@ expected to result in the following
undesirable consequences: (i) overstatements obukgut levels of risky enterprises; (ii)
highly specialised cropping patterns; (iii) biasestimates of the supply elasticities of
individual commodities; (iv) overestimation of thhalue of particular resources, such as land
and irrigation water; and (v) the erroneous preaiictof technology choices. Hazell and
Norton (1986) suggest further that the above biasey be considerably large when
modelling low-income agricultural systems, whergkriaversion is expected to be most
evident. For these reasons, Ortmann (1985, 198®)lwdes that it is imperative to include
the extent to which farmers discount their expedtedmes in programming models. It is,
however, important to keep in mind that althougdk ris undoubtedly an important factor
which might encourage a decision maker to deviate fa profit-maximising alternative, it is

certainly not the only force which may alter theffircriterion (Sonka, 1979).

An interesting, and somewhat contrasting, viewekl by Pannelét al. (2000), who contend
that for the various types of decision problemsqdently modelled by agricultural
economists, the incorporation of risk aversion rof@dds relatively little value to the
analyses. These authors do not dispute that risksin influences farmer’s optimal plans,
but rather suggest that the impact on farmer weli®minimal. Pannebt al (2000: 72) add
that “this is likely to be true for any choice ilvimg a continuous or approximately
continuous decision variable (e.g., areas plantedut levels, stocking rates, feeding
strategies and investment in futures contractshieyTdo, however, concede that it may be
less true for comparatively large discrete choi¢eg)., purchasing of land or large

machinery).

Nevertheless, as Hazell (1971) and Kaiser and B»e(l980) note, conventional

deterministic linear programming models explicithgnore uncertainty. For the
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abovementioned reasons, this may result in unaaileptesults to the farm operator, or have
little relation to the decisions farmers actuallyaka in practice (Hazell, 1971; Hazell &

Norton, 1986). Subsequently, ever since Freund §L9%st developed a relatively crude

farm production model that incorporated risk, mdrkgrogress has occurred in linear
programming methods that permit the inclusion @k rin agricultural planning models

(Hazell, 1982; Lambert & McCarl, 1985; Kaiser & Apld, 1989), at both the farm and sector
levels (Hazell, 1982).

Lambert and McCarl (1985) note that maximising etpé utility has been the principal
theoretical foundation for risk analyses. Scott 8ader (1972) provide a brief overview of
some of the more prominent developments in thid fié research, and note that Markowitz
(1952, 1959) first developed the expected incomeamee (E-V) efficient frontier as a
theoretical approach to portfolio selection. Baur(i®63) later established a criterion that
significantly reduced this efficient set for thecdgon maker, by comparing the standard error
confidence limits of expected incomes from the ladé portfolio combinationdVhile most
early studies attempting to account for risk made of quadratic programming techniques,
as developed by Markowitz (1952, 1959), Hazell ()9and Hazell and Scandizzo (1974)
recommend the use of linearization techniquesaheattv conventional linear programming to
be utilised. In this regard, McCarl and Tice (19888) contend that their approach “works
well for risk programming and provides superb cotapanal advantages for large
problems”. For these significant benefits, as wesrationale for Ortmann (1985, 1988) and
Ortmann and Nieuwoudt (1987a, 1987b), the methagofor incorporating risk in linear
programming models first proposed by Hazell (197dnd later refined by Hazell and
Scandizzo (1974), has been adopted in this study.

In this analysis possible risk-averse behavioutaohers was catered for by maximising the
criterion E -0 o, where E is expected income (gross marding, an aggregate risk-aversion
parameter, and is the standard deviation of income (gross mar@@aumol, 1963; Barry &
Robison, 1975; Ortmann, 1985: 96; Hazell & Nortd®986: 91-93). Thus, the objective
function treats risko) as a cost that is weighted by the risk aversioefficient ). The
larger theb-value, the greater weight is attached to risk #wedmore diversified the resulting
farm plan is expected to be. A valuebof O implies risk-neutrality (Nieuwoudtt al, 1976;
Ortmann, 1985, 1988; Nanseki & Morooka, 1991), tesy farm plans will thus be
mathematically equivalent to the solution of a ded linear programming model with

maximised expected net returns as the objectivetitum (Nanseki & Morooka, 1991).
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Brink and McCarl (1978), Ortmann (1985, 1988) andntann and Nieuwoudt (1987a,
1987b) note that risk associated with various @nises is typically regarded as being
reflected in the deviations of detrended grossnme® (or gross margins) per hectare from
their mean. These deviations should, therefore, smumero for each activity (Hazell &
Norton, 1986: 235). In practice, the mean absaig&@ation of variance is approximated by
an estimate of the standard deviation (see equdt®®)n This technique has been used in both
sector (Simmons & Pomareda, 1975; Nieuwoetdal, 1976; Hazell & Scandizzo, 1977;
Ortmann, 1985, 1988; Ortmann & Nieuwoudt, 1987871 and farm level studies (Brink &
McCarl, 1978, 1979; Brandaet al, 1984; Lyneet al, 1991a, 1991b). However, it has
certainly been more prominent with sector modeds tiith individual farm models (Hazell,
1982; Hazell & Norton, 1986: 93).

Using a combination of the approaches used by Bam#t McCarl (1978: 259), Ortmann
(1985: 96; 1987a: 243; 1988: 439), Ortmann and Waawdt (1987a: 304; 1987b: 122), and
Lyne et al (1991b: 45) the basic inclusion of risk as a dastor can thus be illustrated as

follows:
Max L = [P'YX - C'X - 0 (X'Q X)*?] (4.1)

where P’YX is crop income, P being a vector of pridorices, Y a diagonal matrix of yields
per hectare, and X a vector of crop areas; C’Xraglpction costs, C representing a vector of
production costs per hectar@;is a famer’'s risk aversion coefficien® is a variance-
covariance matrix of gross margins per hectare; (@ X) represents variance in gross

margins.

The standard deviation estimate can therefore loelaged in the following manner:

Est (X'Q X)"?= 4.2)

VA
T
whereA = TII/ 2(T — 1), which is regarded as a “correctiontdat¢o convert the square of
the mean absolute deviation to an estimate of thpulption variance (assuming the
population is normally distributed)” (Simmons & Parada, 1975: 473). In the above

specification, T is the total number of periodssidered, andl is the mathematical constant.

Ortmann and Nieuwoudt (1987a, 1987b) note that dheve approximation procedure
captures both variances and covariances from pass gnargin per hectare data for various

crops, where the latter are reflected in the tierées of gross margin per hectare data for the
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crops included in the model. Inclusion of risk inlimear programming matrix using an

estimate of standard deviation is demonstratedalsiel4.2.

Table 4.2: Inclusion of Risk in a Linear Programming Matrix

Activities
Crop 1 Crop 2 Crop3 | ... ND1ND2IND3 ND4 NDj ND§ O.5TA[ Std De RHS
Grow Sell Grow Sell Grow Sell

Dland (ha) L 220
Tl (R). DF1 DF1 DFL | | ... 1 G. 0
T2 (R) DF2 DF2 DF2 | | ... 1] GO
T3 (R) DF3 DF3 DE3 | | ... 1 GO
T4 (R) DF4 DF4 DF4 | | ... 1 GO
T5 (R) DF5 DF5 DF5 | | ... 1 GO
T6 (R) DF6 DF6 DF6 | | ... 1 GO
TDID (R) 1 -1 -1 -1 -1 -1 1 EO
TDCON (R) -0.458 1 E O
OBJ (R) -AVC AP -AVC AP -AVC AP | ... -0 MAX!
Where OBJ = objective function

Dland = dryland

DF1...6 = gross margin deviations from trémd6 years

TDID = total deviation identity

TDCON = converts total deviation to standardiaten

AVC = average variable cost per hectare

AP = average price per ton

ND1...6 = negative deviation counters

0.5TAD = half the sum of total deviations

Std Dev = estimated standard deviation

0 = risk aversion coefficient

0.458 = 27%°/ T, whereA = TII/ 2(T — 1), T = 6 years

Hazell (1982) points out that the above criterianffess from theoretically stringent
assumptions that the producer has a quadrati¢dyutiinction and/or that farm income is
normally distributed. However, Tsiang (1972) argukdt the criterion has computational
appeal and provides a close approximation to mesé&rable decision criteria, particularly if
the risk taken is small relative to the producéntal wealth. Hazell (1982) notes further that
this condition may be satisfied on commercial fafmsalternatively on small farms where
substantial income arises from off-farm sourcehoagh it may not hold true for small
subsistence farms in developing countries. Howelvambert and McCarl (1985) contend
that whilst the above-mentioned assumptions hawen bepeatedly debated, this has not

hampered widespread application.
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4.4 Model Validation

McCarl and Apland (1986: 155) note that model \atiwh is an imperative component of
any empirical economic analysis, since “a modehoame utilised with confidence unless it
is considered a valid portrayal of the system mled&l. Brink and McCarl (1979) suggest
that, in the context of crop planning models, thditg of the model to adequately predict
cropping patterns may be of greater interest tteaoapacity to predict farm income and farm
income changes (for example, as a result of a measiment). Similarly, Ortmann (1985,
1988) contends that before a model can be usedaloate various policy measures, model
outputs should be compared with actual croppin@belr and prices. Furthermore, this will
allow an additional means to check the accuracgost data (Nieuwoudt, 1980; Ortmann,
1985, 1987b, 1988). McCarl and Apland (1986) ndtat twhilst approaches to model
validation can vary widely, a systematic approach allow for a semi-objective means to
evaluate the strengths and shortcomings of a givaatel. These authors conclude that model

validation requires measuring how adequately thdehserves its intended purpose.

When using cropping models which incorporate rigkniaximising the criterion E 8 o,
Ortmann (1985, 1988) and Ortmann and Nieuwoudt {498987b) note that the sensitivity
of the model can be determined by testing varicalses of6 in successive optimisations.
Thus, thed value that gives solutions that most closely rddemctual cropping behaviour
and prices can thereafter be used in the modetdtyse various alternative choices farmers
may face and an assortment of policy measuregiditian to predicting cropping behaviour,
Ortmann (1985, 1988) contends that of particulgrartance is the effect @f values on the
shadow price of land. Generally, these show deesagth increasin@ values. At the
theoretical optimun® value, however, the shadow price of land per mecthould emulate
actual land rents observed in the research arealaBy, Nieuwoudtet al. (1976) placed
some significance on the influenéevalues had on the shadow prices of peanut acreage
allotments in various regions in the USA. The fiat 6 values can be easily manipulated
when using the criterion E 6-¢ provides the modeller with a relative degree exkifbility.
Thus, Ortmann (1985, 1988) and Ortmann and Nieutw887a, 1987b) conclude that the

coefficient can essentially be regarded as a fimégy device.

* McCarl and Apland (1986:155) define validation “esercises designed to determine whether there is a
sufficient relationship between modelled behaviand observed behaviour such that the model usamient
to use a model as a predictor”.
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Previous empirical analyses include that of Simmand Pomareda (1975), who found, in
their simulation of Mexican vegetable productionl &xports, that a value 6f= 0.5 gave the
best simulations for export vegetables, chickpbaans, and wheat. Nieuwouwgttal (1976)
established that a value 6f = 2 provided the best results when they modellednpt
production in the U.S. Hazell and Scandizzo (196tnd that their model of agricultural
production at a subsector level in Mexico providlee best fit with a value df = 1. Brink
and McCarl (1978), in their study of U.S. Cornldaltmers, reported that a valuetof 0.23

as providing the minimum absolute deviation betwaetual and predicted cropping patterns.
Similarly, Ortmann (1985, 1988) and Ortmann anduieudt (1987a, 1987b), in an analysis
of the South African sugar industry, ascertaineat th value ofd = 0.25 gave the most
meaningful results in terms of predicting cropppegterns and emulating actual land rents.
Brandaoet al (1984) reported values of 0.9 and 1.2 for landlords and tenanhéas in
Brazil. Similarly, Lyneet al (1991a) used & value of unity in their study of small-scale
farmers in South Africa. However, while a companigxf 6 values with past research is often
interesting, Brink and McCarl (1978) warn that seckefficients are not necessarily directly
comparable due to possible differences in risk Miode(e.g., calculation of deviations),

crop coverage, and aggregation.

Despite theéd coefficient often being referred to as a risk ai@r coefficient in farm or sector
models, Ortmann (1985, 1988) notes that it is dqomeable whethe® in fact measures
aggregate risk aversion. Hazell (1982: 386) pomiisthat there are two major criticisms of
using 6 as a fine-tuning device to validate the model: &imay be biased by model
misspecification and data errors; and (ii) if farméave access to risk-sharing institutions
(e.g., crop insurance and/or futures markets), tivedr farm planning decisions will not
adequately reflect their real risk preferences.réfoee, if such risk-sharing institutions are
omitted from the model, thé value will likely be underestimated. Similarly, iBk and
McCarl (1978: 260) note that attributing all of tHéference between plans to risk alone
“would embody strong assumptions”, as the currestua farm practices will also be
influenced by other enterprise mixes (such as toag, or forward commitments (such as
contracts for future delivery). Ortmann (1985: 1d®)wever, adds that it may be as or even
more essential to capture the effects other thalnin the model. Thus, Nieuwoudt al
(1976), Ortmann (1985, 1988) and Ortmann and Nieuwlv1987a, 1987b) placed very little

significance on thé value, which was used only to fine-tune and imprdive predictive
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capacities of their models. As such, relativelifdican be concluded about farmers’ levels of

risk aversion in the sectors these authors studied.

4.5  Agricultural Land Rent and the Shadow Price ol.and

Land use and land value have been prominent in¢eriesthe agricultural economics
discipline for many years (Robinscgt al, 1985; Just & Miranowski, 199Miiller &
Platinga, 1999). However, despite the renting ofcagural land being evident ever since the
development of “organised land settlements” (Badp@986: 131), Ortmann (1987b) notes
that the economic interpretation of land rent hasnba somewhat contentious issue amongst
economists for a number of years. Goodwin (1977) 8fines economic rent as “that price
that a resource is paid in excess of the priceithaecessary to keep it from transferring to
some other use”. In more formal economic termsm@nn (1987b) regards rent as the return
to a unique factor of production, such as landy evel above its opportunity cost. Nieuwoudt
(1976: 194) points out that any factor of produttiith a positive-sloping supply captures
rent; and since rent is a residual, it does natrdahe price, but rather is determined by it.
Thus, since the supply of agricultural land hasoaitpre slope (Bullocket al, 1977), the
economic deduction is that agricultural land caggurent. From an agricultural perspective,
therefore, rent can be regarded as the returmtb(iacluding fixed improvements) once both

implicit and explicit costs of production have beatounted for (Ortmann, 1987b).

A principal feature of popular land value literagus the assumption that the value of land is
equal to the discounted present value of expecatead returns from the land (Robinsen
al., 1985; Burt, 1986; Goodwiet al, 2003). For example, Krenz (1975) points out that
agricultural land is worth only what farmers ardliwg to pay for it, which is a function of
expected profits from future production. Howevelar€ et al (1993) andChavas and
Thomas (1999) contend that simple capitalizatioomfdas sometimes fail to adequately
represent observed land prices, as factors otherekpected income streams, such as levels
of risk aversion (Just & Miranowski, 1993; ChavasT&omas, 1999), transaction costs
(Chavas & Thomas, 1999), or various other speaddtrces (Melichar, 1979; Falk, 1991)
can influence land prices. Moreover, Goodwinal (2003: 750) highlight that the standard
capitalization model is based on expected retuwisen expected returns are actually

“inherently unobservable”. SimilarlyKrause and Brorsen (1995) established that risk is
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significant factor explaining the variability indtcash rental value of agricultural land. Their

results suggest that as risk increases, the reaita¢ of agricultural land falls.

Lence and Mishra (2003: 760) contend that “farmlealties are intrinsically associated with
the economics of the farm sector”. A relativelyagihtforward measure of the return
attributed to land is the cash rent a tenant wpalgdto acquire control of the land in question
(Robinsonet al, 1985; Krause & Brorsen, 1995). Another possitleasure is residual

income to land (Krause & Brorsen, 1995). Howevelst@n (1986: 5) contends that the
residual income to land measure suffers from diggnit measurement problems,
“particularly related to imputing costs for capitequipment and management”, and
erroneously treats land as the residual claimantafgricultural production (Krause &

Brorsen, 1995). Nevertheless, Alston (1986) suggélsat cash rent data corresponds
relatively closely to the concept of expected reimilarly, Falk (1991) established that
farmland rents and prices were highly correlatedgt that land price movements were
significantly more volatile than rent movements.wdwer, Clarket al. (1993) point out that

Falk (1991) did not find the farmland rent and eritme series to be unambiguously co-

integrated.

Nevertheless, Nieuwoudt (1980) and Ortmann (19&fbue the case that land rent data
provides an adequate indication of the averagatpbaity of an agricultural enterprise after
accounting for all costs of production, includingamagement and production risks.
Furthermore, Ortmann (1987b: 251) contends that féat that relatively few farms in South
Africa are rented does not negate the value of datd as a proxy for the profitability of a

crop’.

4.6 A Comparison of Model Solutions with Typical Laxd Rental Rates and Observed

Cropping Behaviour in the Soybean-Producing Regionef KwaZulu-Natal

Before the model can be utilised to evaluate adtiera biodiesel policies and possible farmer
investment behaviour, simulated results should bmpared with the current observed
agricultural situation in the historically high dman-producing regions of KZN. This was
achieved by examining the relationship between dineulated shadow price of land per
hectare and actual rental rates of agriculturad laer hectare, as well as comparing predicted
cropping behaviour with observed trends in theaeg&ensitivity of the optimal solution was
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determined by using successive value$.ofhe value of) which yields estimates that most

closely resemble observed trends in rental ratesgo€ultural land and cropping behaviour

in the soybean-producing regions of KZN will thdteabe used to study various biodiesel
policy measures and their impacts on farmer investnbehaviour. Thus, as suggested by
Nieuwoudtet al (1976), Ortmann (1985, 1988) and Ortmann and \Maoewlt (1987a, 1987b),

0 in essence was used to fine-tune the model.

Estimates of the value of agricultural land wittoggring potential, for both dryland and
irrigation land categories, in the high soybeandpimng regions of KZN were obtained from
various farm property evaluators, property ageamsl agricultural divisions of commercial
banks. These estimates were based on recent cdig&aam sales, actual farm financial
records, as well as experience in the agriculiadhlstry in KZN. The market value estimates
for arable dryland across the study areas ranggdeba R 8 000 per hectare and R 25 000
per hectare, whilst the irrigation land value esti@s ranged from R 20 000 per hectare to as
much as R 45 000 per hectare. Clearly, market sa@ieagricultural land with cropping
potential vary markedly by region in KZN. Nevertss, the numerical average of these
estimates of land values were approximately R 1% @£ hectare and R 35 000 per hectare
for dryland and irrigation land, respectively. Bsites of rental rates for agricultural land
with cropping potential in the historically highyean-producing regions of KZN ranged
from four percent to as high as nine percent. Hanethe average estimated rental rate was
between four and five percent. The simulated shaoloves of land at various valuestoére
presented in Table 4.3. As anticipated, these gall@erease with an increase in the value of
0, as greater weight is placed on risk — which isnaplicit cost of doing business (Ortmann,
1985, 1988; Tomek & Robinson, 2003).

Previous estimates of agricultural land rental gate South Africa include the study by
Nieuwoudt (1980), who reported a capitalizatiorerat 5.4 percent for agricultural land in
South Africa for 1978/79. Similarly, Ortmann (198887b) found the capitalization rate for
South African sugarcane land, inclusive of canetagjato be 6.3 percent and between four
and five percent for land only. In contrast, PofB983) estimated a comparatively lower rate
of 3.2 percent for agricultural land in South A#&itor 1982. To the author’'s knowledge, no
other recent empirical estimates for SA agricultlaad rental rates are available.
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Table 4.3: Average Values and Estimated Rental Rageor Arable Dryland & Irrigation
Cropping Land in the Soybean-Producing Regions of WaZulu-Natal (2009/10 = 100)

Land Category La?s /r\]/;t)lue EStiTétﬁzg) Ren Rer?tfiglzt(\a/ilue EAS\:i?;th]:d

(%) Rental Rate (%9

0= 00 [ o T 550 | rreess T soe ] 2%
005 [ o | sso0 | seeras | gems ] 0%
0220 [ oS00 | aorer | 1s0r ] 2%
1 e e L
=20 o T sso | Tmes |35 ]

A study of the estimated average rental rates ¢picaltural land in the historically high
soybean-producing regions of KZN in the model witere? indicates that these appear to be
the most realistic simulated rental figures, ay tt@mpare favourably with actual rental rates
observed in the industry and are broadly in linthwvhistorical SA trends. It should be noted
that agricultural land rentals, and hence land esliend to be farm specific, depending on
many inter-related factors such as soil fertiliggter availability, management practices and
subsequent yield/profit potential, the total pasieé of land available, proximity to markets,
and infrastructure (Vitaliano & Hill, 1994; Baret al, 2000: 345). However, the rental rates
are expected to be relatively similar, typicallytive region of four to five percent in the SA

case.

By comparison, average cash rental rates for alpland in the U.S. during 2009 were
approximately 3.4 percent (USDA, 2009), and hauetflated around this rate over the last
five years. However, areas of historically higheopping production appear to command
higher rental rates. For example, the U.S. Corishalterage cash rental rate for cropland
ranged from approximately 3.8 to 4.4 percent betw&@5 and 2009, with the mean for this
period being approximately four percent. When eaftihg the numerical average of both
land categories in the historically high soybeandpcing regions of KZN in the model

where0 = 2, it is interesting to note that these estimaee relatively similar to recent
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average cash rental rates of cropland observdteit/iS. Cornbelt region, as reported by the
USDA (2009).

In addition to the cash rental rates, it is alsintérest to examine the effects of increaging
values on predicted cropping behaviour in the sagh@oducing regions of KZN. Table 4.4
presents the predicted areas planted to the réapestimmer and winter crops under
successivé values. As anticipated, the larger thealue, the greater weight is attached to
risk and the more diversified the resulting farrarplHowever, given the relatively stringent
assumptions made in the baseline model (e.g.,ablailand, crops considered, crop rotation
constraints, etc.) there is unlikely to be consablé variation in simulated cropping patterns.
Moreover, for the baseline model developed in &émalysis,# may also capture some fixed

costs associated with planting the various fietshsrunder the respective tillage practices.

Table 4.4: Comparisons of Predicted Cropping Patt@s at Various 6 Values in the
Soybean-Producing Regions of KwaZulu-Natal (2009/18 100)

Model Solutions for
Particulars 0=0 0=05 =1 =15 0=2
Dryland | Irrigation| Dryland| Irrigatio) Dryland Irrigatioh Dryland | Irrigation| Dryland]| Irrigatio

Tillage Practice

Conventional No No No No No No No No No No
No-Till Yes Yes Yes Yes Yes Yes Yes Yes Yes Yeq
Summer Crops
Soybean (ha) 73 73 73 73 73 70 70 70 70 70
Maize (ha) 147 147 147 147 147 140 140 140 140 14(
Dry Beans (ha) 0 0 0 0 0 10 10 10 10 10
Sorghum (ha) 0 0 0 0 0 0 0 0 0 0
Groundnuts (ha) 0 0 0 0 0 0 0 0 0 0
Total (ha] 220 220 220 220 220 220 220 220 220 22(
Winter Crops
Wheat (ha) 0 73 0 73 0 70 0 70 0 70
Total (ha 0 73 0 73 0 70 0 70 0 70
Objective Function Value (R) 2 244 047 1796 246 1357672 925 897 497 872

In sector models, correlations between actual aedigted cropping areas can be statistically
analysed, and the value which yields the closest fit to actual crogpareas would be
selected to study further policy measures (Nieuwaidal, 1976;Ortmann, 1985, 1988;
Ortmann & Nieuwoudt, 1987a, 1987b). In contrastaan level models of this nature, where

a typical farm size was selected as the baselindendt is important that the cropping
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patterns predicted by the baseline model are m Wwith the planting activities of commercial

crop farmers in the soybean-producing regions diKZ

In the last decade commercial crop farmers in te®iically high soybean-producing regions of
KZN have moved progressively away from conventiatiilge practices in favour of zero or
minimum tillage (Whitehead, 2010). All successivedal optimizations depict this preference of
no-till over conventional tillage on a typical coramial crop farm in the high soybean-
production regions of KZN. However, some farmerghiese areas may still have a preference for
conventional tillage systems. Additionally, the doanmt crops planted in these regions of the
KZN province have consistently been maize, soybeadsirrigated winter wheat. Dry beans are
planted to a lesser extent by some farmers in igterttally high soybean-producing regions of
KZN, particularly the Bergville/Winterton area, busually not on a consistent or annual basis.
Dry beans, however, are historically a more commmaans to diversify cropping enterprises in
the KZN region than sorghum and/or groundnuts (@fetad, 2010). The predicted dominance of
maize, soybeans, and irrigated winter wheat isestith Table 4.4 as the areas planted to these
crops are relatively stable in all successive maddlitions. Frond values greater than unity,
however, dry beans are drawn into the predictedtisol as a means of crop diversification. This,
however, is not considered to be unrealistic ferhistorically high soybean-producing regions of
KZN (Whitehead, 2010).

Generally, all optimisations perform comparablytenms of predicting cropping behaviour on a
typical commercial crop farm in the soybean-prodgcareas of KZN. However, the model
where® = 2 clearly outperformed the others in terms ofiidating observed rental rates for
cropland in these regions. For this reasbnr,2 was selected to use in the baseline modeh upo
which alternative biodiesel policies and possildenfer investment behaviour will be based.
Interestingly, Nieuwoudeét al. (1976) utilised the identical value @fvhen they modelled peanut
production in the U.S.

Similar to Nieuwoudet al (1976), Ortmann (1985, 1988) and Ortmann and \Woewult (1987a,
1987b), no attempt will be made to draw conclusiahsut the level of risk-aversion among
commercial crop farmers in the soybean-produciigipres of KZN. This is due to the fact titat
may capture numerous other factors such as modsipexifications (Hazell, 1982). These may
include incorrect constraints, incomplete or inaatel data, different objective functions and risk
sharing activities - in addition to levels of rigkersion (Ortmann, 1985, 1988). Thasyas used

only to fine-tune the predictive capacity of thedab
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CHAPTER 5: AN ECONOMIC EVALUATION OF POTENTIAL ON-F ARM
BIODIESEL PRODUCTION ON COMMERCIAL CROP FARMS IN TH E
SOYBEAN-PRODUCING REGIONS OF KWAZULU-NATAL

In the previous chapter the fundamentals of thelbss commercial crop farm model in the
historically high soybean-producing regions of KZthas developed and validated. This
chapter expands upon this model to evaluate pateoti-farm biodiesel production using
soybeans as the feedstock. It also presents resulthe economic feasibility of on-farm
soybean-based biodiesel production in the studyomeg The influence of key solution
variables on the viability of these ventures is Igged in detail, followed by some

conclusions and recommendations.

5.1 Development of the Baseline On-Farm Biodieseftdtluction Model

The baseline model, whebe= 2, discussed in the preceding chapter was usdaeabasis to
develop a mixed integer linear programming modatgrising approximately 55 rows by 70
columns, in order to analyse the economic feagthilf soybean-based biodiesel production
on commercial crop farms in regions of KZN withtbrscally high soybean production and
significant cropping potential for future expansiainisoybearts Data on the associated costs
of purchasing, installing and operating variousagdes and qualities of both oil extrusion
and batch processing biodiesel plants were obtaiinech domestic and international
technology suppliers. The economic evaluation ofchbgprocessing biodiesel plants is,
therefore, an exploration of the recommendationé&migun et al (2008a), who postulate
that the comparatively lower capital requirementdafive to continuous flow biodiesel
plants), as well as the ability to regulate progucivithin demand results in batch processes
being well suited to small-scale biodiesel produttoperations, and thus to the African
continent. Moreover, these authors point out tbater capital outlays may be a means of
combating risks in biodiesel industries in the évlat government energy policies are both
uncertain and unpredictable. Against a backdropeggent criticisms of the SA biofuels
industrial strategy and limited local research, aralysis of batch biodiesel processors’

appropriateness in the KZN region is well justified

® The full linear programming matrix for the baselion-farm biodiesel production model is availalterf the
author
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In an effort to remove bias, quotations receivennfisix different technology suppliers were
used to average capital expenditure cost estinfiatds/o representative oil extrusion plants
of different capacities, yet comparable qualiti&snilarly, quotations from six technology
suppliers were used to estimate average capitanekiure costs for five batch processing
biodiesel plants of differing quality and capacitBiodiesel plants were subsequently
classified into broad quality groups, “high-techida“low-tech”, based on the composition
and longevity of their respective components. Hepsmates of the associated capital costs
for the biodiesel processing plants are believetidaelatively more representative of the
current SA industry than recent studies such asteN@007), who utilised only one

international technology supplier.

Fixed costs for the respective plants were anreglissing the standard capital recovery
approach (Gittinger, 1982; Monke & Pearson, 19838suming a real discount rate of five
percent, zero salvage value, and an economic flifis gyears for the oil extrusion plants and
“high-tech” biodiesel plants. Similarly, an econantife of five and 20 years were assumed
for “low-tech” biodiesel plants and buildings, resfively. Annual capacities were based on

the assumption of a six hour working day, for 249<per annum (Lagrange, 2010).

There appears to be consensus among market pantisjgechnology suppliers and industry
specialists that variable extrusion costs of ptahare in the region of R250.00 and R300.00
per ton; a similar conclusion was reached by N@@07). However, the relevant parties

consulted indicate that it is important to accdantadditional variable costs such as transport
and storage, which increase variable costs quitesiderably. Thus, based on these
consultations, the variable (operating) cost gee Ibf soybean oil was assumed to be R3.75
in the baseline potential on-farm biodiesel progucimodel Similarly, the average variable

cost to produce a litre of biodiesel from soybednvas assumed to be R2.00, comprising
primarily of chemical costs. These are believebdaelatively conservative estimates of the
associated production costs for the respective ymtamh processes. Table 5.1 provides a
summary of the baseline assumptions regarding dgpannual fixed costs, and variable

(operating) costs for the respective oil extrusaod batch processing biodiesel plants.
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Table 5.1: Key Plant Assumptions in the On-farm Bidiesel Production Model (2009/10
=100)

o]] Qil Biodiesel | Biodiesel | Biodiesel | Biodiesel | Biodiesel
Extrusion| Extrusion| Plant 1 Plant 2 Plant 3 Plant 4 Plant 5
Plant 1 [ Plant2 |(Low-Tech)| (Low-Tech)| (High-Tech) (High-Tech) (High-Tech

Annual Capacity (Litres) 907200 259200 48000 96000 O 960000 [ 1920000
Annualised Fixed Cost (Rand) 5942 1584f5 21646 36752 30%1| 108099 187966
Variable Cost / Litre Product (Ranqi) 3.75 3.75 2 2 2 2 2

The DME (2006: 109) suggests that one ton of sayl@aduces 171.4 litres of biodiesel,
with additional by-products being 0.680 tons ofs®gn oilcake, and 0.215 tons of glycerine.
These figures appear to be based on the assuntpadrsoybeans have an 18 percent oil
content (e.g., Rajagopal & Zilberman, 2007: 108 approximately a 95 percent conversion
rate efficiency factor from soybean oil to biodies@he oil content and efficiency factor
assumptions, as proposed by the DME (2006), map@aeinrealistic, but they may be overly
optimistic as some industry participants indicateatt using traditional oil extrusion
technology a comparatively lower yield of approxieta 120 litres of soybean oil per ton of
soybeans can be expected, as roughly six percethieadil remains in the soybean oilcake
(Bullock, 2010; Fichart, 2010). Nevertheless, imerto be consistent with the apparent
thinking of current South African policy makers, neersion ratios for soybean-based
biodiesel and associated by-products used in tiag/sis are based on those proposed by the
draft National Biofuels Strategy (DME, 2006). Thesmversion ratios were converted to a

tons per litre basis (see Table 5.2).

In contrast, studies by the Bureau for Food andoigiural Policy (BFAP) (2008), Meyest

al. (2008) andrunkeet al (2009) used more favourable conversion and extnacttes of
approximately 194 litres of biodiesel and 800 kikngs of oilcake per ton of soybeans,
respectively. At this juncture, it is important hgghlight that a significant difference in the
above research and this study is that these caoweratios are applicable to large-scale
continuous flow biodiesel plants, as well as utilisthe more efficient hexane oil extrusion
process. The focus of this study, however, is ssalle batch processing biodiesel plants
and traditional oil extrusion systems — both of ehare typically less capital intensive, yet

not as efficient processes as those used in thgiestunentioned above. Nevertheless,
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evidence reflecting gains from economies of scaléhe biodiesel production process have
been mixed (Bender, 1999; Eidman, 2007; Amigual, 2008a, 2008b).

There is broad consensus that the sale and/or gireduuse of by-products contribute
significantly to the economic viability and competness of biodiesel plants (Coyle, 2007;
Amigun et al, 2008b). Moreover, it is believed that the refaty high market value of
soybean oilcake in particular may result in soylselaaving the greatest potential as a first
generation biodiesel feedstock (Bender, 1999; Meyat, 2008). However, market prices of
soybean oilcake in South Africa are highly volgtdempounded by the fact that the country
has historically been a net importer of this comityo(Funkeet al, 2009; Protein Research
Foundation, 2010). Funkat al. (2009: 234) point out further that domestic oilcgkees are
subsequently highly dependent on internationalegriand domestic supplies are directly
dependent on the international market, as welhesnational policy developments — such as
biofuel policies in the U.S. and E.U. Accordingly, similar situation exists for the SA

soybean oil market.

The long-term (10 year) KZN average soybean pradpcee estimated in the baseline
model was R3039 per ton (2009/10 = 100). Under20@9/10 price relationships (e.g.,
exchange rates, transaction costs, etc.) assuméte iBFAP model, this would result in
simulated prices of approximately R3738 and R91&0t@n for soybean oilcake and soybean
oil, respectivel§. This translates to a price of approximately R84 litre of soybean oil.
Thus, given the scarcity of sufficient spans of diseries data for these commodities,
particularly soybean oil, these prices were assummedhe baseline on-farm biodiesel
production model. By comparison, industry particisaand technology suppliers suggest that
under current (2009/10) market conditions, biodiesdis on average at between R6.50 and
R6.60 per litre. The BFAP model predicts similaodesel prices (Funke, 2010), lending
more credibility to previous price estimates. Thaikiodiesel selling price of R6.55 per litre

was assumed in the baseline on-farm biodiesel jgtamumodel.

Internationally, the crude glycerine by-productreatly has a very limited market (Eidman,
2007). The same appears to be true in the Soutitafsfrcontext, where local industry
participants and technology suppliers report thatem current (2009/10) market conditions
crude glycerine typically sells for approximatelfL.BO per kilogram. However, anecdotal

evidence advocates further that the difficultiesdéfling this by-product, given current uses

® These are based on the author’s calculations orFBRAdel solutions received from Funke (2010).

89



of glycerine, infer that this price is more or legsts upper limit and would likely decrease
with an increase in the supply of glycerine, asseguence to increased local biodiesel
production. Nevertheless, in order to reflect cotrr@009/10) market conditions, a market
price of R1000 per ton was assumed for crude glyean the baseline on-farm biodiesel
production model. An additional novel feature atmodel was the allowance made for the
possible on-farm use of biodiesel for the plantwagyesting requirements of the respective
field crops. Key features of the baseline potemiaifarm biodiesel production model are
summarised in the form of a simplified linear p@ming matrix (see Table 5.2).

Table 5.2: A Partial Mini-Tableau of the Baseline Mbdel (2009/10 = 100)

Soybeans Qil-Extrusion Biodiesel Sell | Sell | Sell| Sel | Use| Buy| RHS
Dryland | Irigated Plant 1 Plant 2
Soygrow| Soygrow  Soysell Soybuy| GIN | Operation| GIN | Operatiop Soyqil Biodiesel Oilcake Giying Biodiesd| Diese
(ha) | (ha) | (ton) | (ton) (ltre) (Itre) | (itre)) (itre)| (ton)] (ton) | (itre) | (itre)
Dryland (ha) 1 L220
Irrigation (ha) 1 L220
Transfer (ton) 208 35 1 -1 0.005555p6 L0
OP1 capacity (litrg 90720 1 L0
BP1 capacity (litre -48000 1 L0
Soy oil (ltre) -1 1 1 L0
Conversion (litre) 0.95 1 1 L0
Qilcake (ton) 0.0037778 1 L0
Glycerine (ton) -0.001254 1 L0
Dieseluse (litre) 2 3 4 4] Lo
Objective (R) -3657| 5758 3039] 3439  5OA%  -375  -21666 .002| 844| 6.55| 3738 1000 67 MAY!

5.2 Baseline On-Farm Biodiesel Production Results

The baseline model results reflect the currentitn facing commercial crop farmers in the
historically high soybean-producing regions of KZMased on the macroeconomic
assumptions and optimistic conversion ratios asgmied in the previous section. Table 5.3
provides a summary of the key solution variablegtie baseline optimisation, with= 2.
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Table 5.3: Optimistic On-Farm Biodiesel Production Baseline Results (29010 = 100)

Cropping Behaviour Dryland | Irrigation Investment Behaviour

Tillage Practice Oil Extrusion

Conventional No No Plant 1 Yes (1)

No-Till Yes Yes Plant 2 No

Summer Crops

Soybean (ha) 70 70 Sell Soybean Oil (litres) 70 308

Maize (ha) 140 140 Sell Soybean Oilcake (tong) 266

Dry Beans (ha) 10 10

Sorghum (ha) 0 0 Biodiesel

Groundnuts (ha) 0 0 Plant 1 (Low-Tech) No
Total (ha 220 220 Plant 2 (Low-Tech) No

Winter Crops Plant 3 (High-Tech) No

Wheat (ha) 0 70 Plant 4 (High-Tech) No
Total (ha 0 70 Plant 5 (High-Tech) No

Buy Soybeans (tons) 0 Sell Biodiesel (litres) 0

Sell Glycerine (tons) 0
Objective Function Value (R) 573 980

" Assumes a yield of 180 litres of soybean oil jperaf soybeans

It is important to note that the predicted croppb®haviour is identical to that presented in
Table 4.4. As far as simulated potential farmeestment behaviour is concerned, under the
baseline assumptions the smallest oil extrusiontplRlant 1) is drawn into the optimum
solution. Consequently, an increase in the objectiinction value relative to the results
reported in Table 4.4 occurs, which reflects fagrigghaving in a profit maximising manner
by pursuing oil extrusion ventures. The baselindutsan, therefore, estimates that
approximately 70 308 litres of soybean oil and 266s of soybean oilcake will be sold.
Importantly, however, no combination of oil extrusiand biodiesel plants are drawn into the
optimum solution for an individual commercial crégrm in these regions. As such, no

biodiesel production occurs.

However, this solution is highly sensitive to batie soybean oil price and soybean oilcake
price. For example, in the event that the pricesaybean oil and soybean oilcake decrease
by R1 per litre and R50 per ton, respectively, shaallest oil extrusion plant is no longer
drawn into the optimum solution. Accordingly, ne&ithof these by-products are sold and once
again no biodiesel production occurs in these regias presented in Table 5.4. Not
surprisingly, since no oil extrusion or combinatiohoil extrusion and biodiesel plants are
drawn into this solution, the objective functionueareverts back to that presented in Table
4.4 (R497 892).
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Table 5.4: Optimistic Baseline Results, assuming Decreased Soybean GV (44/litre)
and Soybean Oilcake Prices (R3688/ton) (2009/10 eQ)

Investment Behaviour

Oil Extrusion Biodiesel

Plant 1 No Plant 1 (Low-Tech) No

Plant 2 No Plant 2 (Low-Tech) No
Plant 3 (High-Tech) No
Plant 4 (High-Tech) No
Plant 5 (High-Tech) No

Sell Soybean Oil (litres) 0 Sell Biodiesel (litres) 0

Sell Soybean QOilcake (tons) 0 Sell Glycerine (tons) 0

Objective Function Value (R) 497 872

" Assumes a yield of 180 litres of soybean oil peraf soybeans

The fact that biodiesel is not produced under eittieghese scenarios is not surprising, given
that soybean oil is currently a higher-value pradioreover, net variable costs per litre are
comparatively lower than those of biodiesel proaurctThis clearly emphasises the need for
intervention should the SA government realisticalfgh to pursue domestic soybean-based
biodiesel production. Furthermore, given that therkats for both soybean oil and soybean
oilcake are highly volatile, and the sensitivitytbé baseline model to these two commodity
prices, which are closely related, the observeddtraf individual crop farmers (not only in
the KZN region) typically not establishing oil exsion plants, let alone soybean-based
biodiesel plants, may reflect general preferenaesavoiding these relatively riskier
enterprises (Funke, 2010; Hislop, 2010).

Nevertheless, in an attempt to quantify the lee@vernment intervention necessary to
draw biodiesel production into the optimum linealogramming solution, the original
baseline price assumptions are maintained. This nuybe overly unrealistic given that
South Africa is a net importer of both soybean anld soybean oilcake. As such, their
respective prices are already likely to be reldyivelose to import parity levels. Thus,
successive optimisations of the baseline model withemental increases in the biodiesel
price were analysed to establish the minimum bg®ligrice required to draw biodiesel
production into the solution. Table 5.5 presenssimmary of these successive optimisations

using the optimistic soybean oil conversion ratios.
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Table 5.5: Optimistic Baseline Results under Various Farm-Level BiodiesePrices,
assuming Soybean Oil = R8.44/litre and Soybean Odke = R3738/ton (2009/10 = 100)

Investment Behaviour
Biodiesel Price (R/litre) 6.55 7.55 8.55 9.55 10.19 10.74
(Baseline
Oil Extrusion
Plant 1 Yes(1)| Yes(1)|[ Yes(l) VYes(l Yes (1 Yes (L)
Plant 2 No No No No No Yes (7)
Sell Soybean Qil (litres) 70 308 70 30B 70 308 70 3p8 0 0
Sell Soybean Oilcake (tons) 0 0 0 0 343 7197
Biodiesel
Plant 1 (Low-Tech) No No No No No No
Plant 2 (Low-Tech) No No No No | Yes (1) No
Plant 3 (High-Tech) No No No No No No
Plant 4 (High-Tech) No No No No No No
Plant 5 (High-Tech) No No No No No [ Yes (1)
Sell Biodiesel (litres) 0 0 0 0 86184 1809864
Sell Glycerine (tons) 0 0 0 0 114 2390
Buy Soybean (tons) 0 0 0 0 113 10193
Objective Function Value (R) 573980 573980 57398p 573930 576 113 638 27
Implicit Subsidy (R/litre) 0.00 1.00 2.00 3.00 3.64 4.17

Assumes a yield of 180 litres of soybean oil jper af soybeans

Given the underlying assumptions in the baselinalehothe minimum biodiesel price

necessary for biodiesel production to be drawn theooptimum solution is R10.19 per litre,

implying a subsidy of R3.64 per litre. Subsidisatmf the biodiesel price up to the soybean

oil price (R8.44/litre) would subsequently be irfguént for farmers in the historically high

soybean-producing areas of KZN to establish andab@ea batch processing biodiesel plant.

Therefore, these preliminary results provide evidetihat supports the notion of Furdeal

(2009), who contend that the incentives and comemts outlined by the SA biofuels

industrial strategy (DME, 2007) are inadequate édthbestablish and sustain a domestic

biodiesel industry.

At a biodiesel price of R10.19 per litre on-farnylsean-based biodiesel production in these

areas of KZN is so viable that it actually warrafaismers to buy in soybeans to supplement

their own production. In this scenario the optimsolution utilises a combination of the
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smallest oil extrusion plant (Plant 1) and the dstg_ow-Tech biodiesel plant (Plant 2). The
ability of this model to establish such optimum dnations is envisioned to assist both
policy makers and technology suppliers in promoting “most viable” plants of a given
capacity and quality. Interestingly, the minimurodiesel price required to draw in the High-
Tech biodiesel plants into the optimum solutionRi$0.72 per litre. This scenario uses a
combination of one small oil extrusion plant (Plajtseven large oil extrusion plants (Plant
2) and the largest High-Tech biodiesel plant (PEntThis solution is highly dependent on
buying in soybeans (10193 tons) and contributestively little to the objective function
value. Not surprisingly, however, at high biodiggetes no biodiesel is used on-farm for the
planting/harvesting activities because the oppdtucost of using biodiesel is relatively
high. In fact, biodiesel use on farms is only dranto the optimum solution at diesel prices
exceeding R10.95 per litregteris paribusThis is approximately R4.18 per litre higher than
the diesel price assumed in the baseline model @R6.77/litre, which accounts for a

R0.94/litre government subsidy).

Evidence from both U.S. and domestic commerciap daymers suggests that some farm
managers prefer planting maize and soybeans iraéiaio of equal proportions (i.e., 50%
soybeans and 50% maize) (Nieuwoudt, 2010; Whiteh2@tD). If the baseline crop rotation
constraint is relaxed to permit a minimum 1/3 s@be 2/3 maize rotation and a maximum
of 1/2 soybean — 1/2 maize rotation, the minimumliait subsidy for the optimistic scenario
decreases by approximately R0.09 per litre. That®wol results in the identical quantity of
biodiesel production as the baseline model (86it84s). However, soybeans are no longer
purchased in the market as approximately equatarkrigated land are planted to soybean
(102 ha) and maize (108 ha). Nevertheless, relakiadgaseline rotation constraint does not
appear to have considerable influence over the mumi level of government support

required to stimulate biodiesel production in tihghtrsoybean producing regions of KZN.

When using the less optimistic conversion ratieassyecommended by industry role players
and technology suppliers, the situation is somevdiff¢rent. As anticipated, the level of

government intervention necessary to stimulateasmfbiodiesel production in the soybean
producing regions of KZN is markedly higher. Tale6 presents a summary of the
successive optimisations, again using incremenkadjizer biodiesel prices, but assuming the
less optimistic conversion ratio of 120 litres dfper ton of soybeans.
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Table 5.6: Less Optimistic Baseline Results under Various Farm-Level Biodie$@rices,
assuming Soybean Oil = R8.44/litre and Soybean Odke = R3738/ton (2009/10 = 100)

Investment Behaviour
Biodiesel Price (R/litre) 6.55 8.55 10.55| 10.92 12.98 13.34
(Baseline
Oil Extrusion
Plant 1 No No No Yes (1) | Yes(1)| Yes(1)
Plant 2 No No No No No Yes (7)
Sell Soybean Qil (litres) 0 0 0 0 0 0
Sell Soybean Oilcake (tons) 0 0 0 266 514 10796
Biodiesel
Plant 1 (Low-Tech) No No No | Yes (1) No No
Plant 2 (Low-Tech) No No No No | Yes (1) No
Plant 3 (High-Tech) No No No No No No
Plant 4 (High-Tech) No No No No No No
Plant 5 (High-Tech) No No No No No | Yes (1)
Sell Biodiesel (litres) 0 0 0 44528 86184 1809864
Sell Glycerine (tons) 0 0 0 60 114 2390
Buy Soybean (tons) 0 0 0 0 365( 15485
Objective Function Value (R) 497 872 497874 49787 498108 590464 63215
Implicit Subsidy (R/litre) 0.00 2.00 4.00 4.37 6.43 6.79

Assumes a yield of 120 litres of soybean oil jper af soybeans

Under these less optimistic assumptions, the mimrbiodiesel price necessary for biodiesel
production to be drawn into the optimum solutiorapgproximately R10.92 per litre. This is
R0.73 per litre higher than under the optimistiersrio, and implies a government subsidy
of R4.37 per litre. Interestingly, however, theioptm solution combines both the smallest
oil extrusion (Plant 1) and smallest Low-Tech besdl (Plant 1) plants. This is different
from the optimistic scenario. Subsequently, thengjtya of biodiesel produced at this
minimum biodiesel price is significantly lower (B litres) under the less optimistic
scenario. However, the less optimistic solutionsdonet require soybeans to be purchased to
supplement farm production. Importantly, the exidaosof all plants from the optimum
solution under baseline assumptions for the lessmegtic (arguably realistic) scenario

supports the view that individual crop farmers tglly do not establish oil extrusion plants
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or biodiesel plants, owing to the price volatilibherent in the markets for both soybean oil
and soybean oilcake (Funke, 2010; Hislop, 2010).

Only at a farm-level biodiesel price of R12.98 fitne does the less optimistic solution
combine the largest Low-Tech biodiesel plant (”RIamtith the smallest oil extrusion plant.
At this price the identical quantity of biodies86(84 litres) is produced as in the optimistic
assumptions. However, this solution requires caraioly more soybeans to be purchased in
the market (365 tons). Moreover, the minimum bisdigrice required to draw in the High-
Tech biodiesel plants into the optimum solution emthe less optimistic assumptions is
R13.34 per litre. This is R2.62 per litre higheanhfor the optimistic scenario, to achieve the
identical level of biodiesel production, using tekame combination of plants. This less
optimistic scenario, therefore, is even more hgaddpendent on buying in soybeans (15485
tons). Biodiesel use on farms is only drawn inte léss optimistic solution at diesel prices
exceeding R12.94 per litreeteris paribusThis is approximately R1.99 per litre higher than

the minimum diesel price required for on-farm usafjbiodiesel in the optimistic scenario.

Relaxing the less optimistic baseline crop rotat@mmstraint to permit a minimum 1/3
soybean — 2/3 maize rotation and a maximum of @ypesan — 1/2 maize rotation, results in
the baseline minimum implicit subsidy level reqdir® stimulate biodiesel production in
these regions of KZN being unchanged (R4.92/litr¢Qwever, the area of irrigated land
planted to soybean increases marginally to apprataly 73 hectares. Consequently,

biodiesel production increases (relative to theshas) to 45600 litres.

5.3 Effect of Farm Size on Economic Feasibility dBiodiesel Production

Evidence reflecting gains from economies of scaléhe biodiesel production process have
been mixed (Bender, 1999; Eidman, 2007; Amiginal, 2008a, 2008b). Therefore, an
evaluation of the potential influence of farm s plant choice and level of government
intervention necessary to stimulate biodiesel petidn, whilst holding other baseline
variables constant, is interesting. Importantlyesi baseline assumptions include equal
allotments of arable dryland and irrigated landguFré 5.1 presents a summary of the
minimum level of government support needed to doaadiesel production into the optimum
linear programming solution for the baseline mag®der both optimistic and less optimistic
conversion ratio assumptions at various farm sieetgris paribus Since on-farm soybean

production can be supplemented by purchasing soghieahe market priori expectations
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are that farm size will have little effect on thexél of government intervention required to

encourage domestic biodiesel markets to developottantly, soybeans are purchased at a
higher price than which they are sold as an allm@as made for additional cost factors such
as transportation and storage (approximately Rd6/t
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Ratio**
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Figure 5.1: Sensitivity of Government Biodiesel Syport to Farm Size, Ceteris Paribus
(Baseline Farm Size = 440 ha) (2009/10 = 100)

" Assumes a yield of 180 litres of soybean oil peraf soybeans

" Assumes a yield of 120 litres of soybean oil per ¢f soybeans

As in the previous section, it is interesting tesetve how the combination of oil extrusion
plants and respective biodiesel plants changedrv#ious optimisations (see Appendix C).
In both optimistic and less optimistic conversi@tio scenarios there is a general trend of
increasing capacity and biodiesel production whamf size is increased relative to the
baseline scenario. This merely reflects farmersi@ah a profit-maximising manner, as the
objective function values increase consistentlyhvidgrm size — irrespective of the level of
biodiesel production. Importantly, the minimum lewé government intervention necessary
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to stimulate biodiesel production decreases witieiases in farm size under both scenarios.
This may indicate that there are some cost savemgfits associated with economies of scale
in biodiesel production. However, as establishedtirer observations, these benefits do not
appear to be overly significant, particularly atgker farm sizes. As such, the level of
government support necessary is not particulamgsitige to farm size (i.e., total soybean

production).

Government intervention, therefore, is largesttfa relatively small farm sizes (i.e., 50-200

ha) as the total quantity of soybeans producedheset areas is so immaterial that these
scenarios rely, almost exclusively, on soybeanslmged in the market (see Appendix C).
This is particularly pertinent in the less optindstonversion ratio scenario. The largest
reduction in minimum level of government support the farm sizes considered occurs

between 200 ha and the baseline model (440 hahéoless optimistic scenario, where the

implicit subsidy decreases by R2.00 per litre. dntcast, the largest reduction in the implicit

subsidy level for the optimistic scenario occursaaen 100 and 200 ha (R0.43/litre).

Importantly, however, the relatively larger farnzes (i.e., 440-2000 ha) and subsequent
higher soybean production levels appear to be derably less sensitive to the (implicitly
subsidised) biodiesel price. This holds true fothbscenarios. For example, under the less
optimistic conversion ratio assumption the minimumplicit subsidy is approximately R0.78
and R0.07 per litre less at a farm size of 2 00@hlaa at the significantly smaller baseline
model (440 ha) and 1000 ha farm, respectively. Ripated, the less optimistic conversion
ratio scenario requires consistently more goverrimatervention than the optimistic
scenario. The margin between the two scenarioseweny becomes markedly smaller as
farm size increases. Nevertheless, it is againrappshat considerable support is needed to
stimulate on-farm biodiesel production in the histally high soybean-producing regions of
KZN — with implicit subsidies ranging from R3.32 ®1.17 per litre and R3.59 to R6.79 per
litre under the optimistic and less optimistic cersion ratios, respectively, for the range of

farm sizes considered.

5.4  Effect of By-Product Prices on Economic Feasildy of Biodiesel Production

Weber (1993) and Van Dyret al. (1996) contend that from a small-scale commubéged

standpoint, biodiesel production opportunities m@st suitable for diversified cropping and
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livestock enterprises, which produce oilseeds anetla need for a dietary protein source for
livestock rations. In a similar regard, severahaus have suggested that this concept has the
greatest potential for success in the event tHatge difference between the relative prices
that farmers obtain for their oilseed and the ppee for high-protein meal exists (Weber,
1993; Van Dyneet al, 1996; Van Dyne & Blase, 1998; Bender, 1999).réfae, it is useful

to examine the effects of higher soybean oilcakeepron the economic feasibility of on-
farm biodiesel production in the historically higtoybean-producing regions of KZN,
holding all other baseline variables constant. fédu2 provides a summary of the minimum
level of government support needed to draw biodlipseluction into the optimum baseline
linear programming solution under both optimisticdaless optimistic conversion ratio

assumptions at successive soybean oilcake paetsjs paribus
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Figure 5.2: Sensitivity of Government Biodiesel Syport to Soybean Oilcake Prices,
Ceteris Paribus (Baseline Soybean Oilcake Price = R3738/ton) (2000 = 100)

" Assumes a yield of 180 litres of soybean oil jperaf soybeans

" Assumes a yield of 120 litres of soybean oil per ¢f soybeans
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Evidently, the value of the soybean oilcake by-pigids critically important to the economic
feasibility of soybean-based biodiesel productias,there is a relatively strong negative
relationship between soybean oilcake prices andetled of government support required to
stimulate biodiesel production. Moreover, this Isoldue for both optimistic and less
optimistic conversion scenarios. As in the previsastions, successive optimisations have
implications for both the choice of respective pdarand biodiesel production levels.
However, in both scenarios the optimum plant comtiams appear to be particularly robust
and do not deviate from the baseline solution, exteelatively high soybean oilcake prices.

It is also interesting to point out that the qugnof biodiesel produced under the less
optimistic scenario increases marginally (relatiwvehe baseline) at a soybean oilcake price
of R4200 per ton. This solution, therefore, opexdte biodiesel plant at full capacity, and
requires approximately nine tons of soybeans t@umehased in the market. In contrast,
while the plant combinations remain unchanged ie tptimistic scenario, biodiesel

production decreases to 66793 litres for soybelaal®@ prices lower than the baseline level.

In the optimistic conversion ratio scenario, foe teoybean oilcake price range between
R2800 and R3400 per ton, an incremental increas®lD per ton results in a reduction in
the minimum implicit subsidy necessary to stimulaiediesel production of approximately
R0.40 per litre. A similar situation exists undiee tess optimistic conversion ratio scenario,
where an increase in the soybean oilcake pricel®ORper ton results in a decrease in the
implicit subsidy level of approximately R0.60 pérd, for the price range between R2800
and R3800 per ton. Outside of the respective peaoges for both conversion ratio scenarios,
the contribution of soybean oilcake prices to reidms in the minimum level of government
intervention slows considerably. This can be afiteldd to an increase in the opportunity cost
of biodiesel production, as exclusively soybeanesifrusion operations also become more
viable at higher soybean oilcake prices (througbghéri by-product realisation prices).
Therefore, this suggests that the baseline mininewrals of government intervention are

reasonably robust at relatively high soybean oddgalicesceteris paribus

Soybean oilcake prices exceeding R3800 and R420@peesult in unbounded solutions for
the optimistic and less optimistic conversion raenarios, respectively. This implies that at
these prices the linear programming formulationnidd the unrealistic result that an infinite

amount of profit can be made” (Schrage, 1984: k6}he present scenarios, therefore, the
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inference would be that an infinite quantity of Begns is purchased in the market and is

utilised in an infinite number of plants in the iopm solution.

Since crude glycerine markets are regarded as aitigvolatile and uncertain, there seems
little value in analysing the effects of increasglgicerine prices until alternative higher-
valued applications for this by-product have bestaldished. Currently, however, this
remains an area which requires further researcthh domestically and globally. This is
compounded by anecdotal evidence suggesting tmaéstec crude glycerine prices may fall

if there is a considerable increase in local biseli@roduction.

5.5 Effect of Soybean Oil Prices on Economic Feadity of Biodiesel Production

The sale of soybean oil in the market essentiadijves as an opportunity cost to the
production and/or sale of soybean-based biodid$a.implication, therefore, would be that
in the event that soybean oil prices are suffityehigh, farmers would rather sell the
soybean oil rather than using it to produce bicgligsee Table 5.2). As demonstrated in
Section 5.2, the viability of on-farm soybean oitrasion appears to be highly sensitive to
the soybean oil price. Therefore, given that SAbsay oil markets are characterised by
volatility, it is useful to analyse the effect dfanges in the soybean oil price on the minimum
level of government support required to stimulatediesel production on farms in the high
soybean production regions of KZN. Thus, Figure fr&sents a summary of the minimum
implicit subsidy necessary to draw biodiesel prdigducinto the optimum baseline linear
programming solution under both optimistic and leg8mistic conversion ratio assumptions

at successive soybean oil pricesteris paribus

The soybean oil price appears to have a relatiMeliyed impact on the economic feasibility
of on-farm soybean-based biodiesel in KZN in bathwersion ratio scenarios. For example,
the implicit subsidy is unchanged at soybean adgs up to R6.94 and R8.94 per litre for the
optimistic and less optimistic scenarios, respetyivThereafter, the opportunity cost (i.e.,
increased soybean oil prices) is sufficiently highwarrant successively greater levels of
government support to stimulate biodiesel productiGenerally, however, under both
conversion ratio scenarios a R0.50 per litre inseeen the soybean oil price results in a
maximum change in the implicit subsidy level of appmately R0.53 per litreceteris
paribus
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Figure 5.3: Sensitivity of Government Biodiesel Symort to Soybean Oil Prices,Ceteris
Paribus (Baseline Soybean Oil Price = R8.44/litre) (20099% 100)

" Assumes a yield of 180 litres of soybean oil peraf soybeans

" Assumes a yield of 120 litres of soybean oil jper af soybeans

Soybean oil prices exceeding R8.94 and R11.44itperésult in unbounded solutions for the

optimistic and less optimistic conversion ratio rea@os, respectively. Once again, plant

combinations appear to be relatively robust to ssswe optimisations. Only at soybean oill

prices exceeding R10.94 per litre does the biotliplsat capacity increase to the largest

Low-Tech biodiesel plant (Plant 2) for the less impdgtic scenario. This solution

subsequently requires approximately 365 tons obesags to be purchased in the market.

Similarly, biodiesel production levels in the legstimistic scenario are constant up to this

soybean oil price level, and increase only witheatargement of capacity. Estimated levels

of biodiesel production in the optimistic scenamomwever, are somewhat different, where

soybean oil prices below R8.44 per litre resulbiadiesel production reducing (relative to

the baseline) to 66793 litres — thereby failingojgerate the biodiesel plants at capacity.

Nevertheless, it is worth emphasising that the Ibaseninimum implicit subsidy levels of

R3.64 and R4.37 per litre for the optimistic andsl@ptimistic conversion ratio scenarios,

respectively, also appear to be robust for a radtiwide range of soybean oil prices.
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5.6 Effect of Soybean Prices on Economic Feasibility diodiesel Production

Amigun et al. (2008a) suggest that feedstock costs are typitiad single most important
factor influencing the economic feasibility of biedel production. With specific reference to
soybean-based biodiesel, Tareenal (2000) estimate that soybean prices account for
approximately 75 percent of production costs. Hataa. (2006), however, approximate that
this may be as high as 88 percent. Moreover, C@@087) postulates that with recent trends
of rising agricultural commodity prices, the cobage of feedstock may continue to increase
in the future. Thereforggn analysis of the influence of changes in the saglprice on the
minimum level of government support needed to sSteu soybean-based biodiesel

production in the soybean producing regions of KZMell justified.

Figure 5.4 provides a summary of the minimum impBabsidy necessary to draw biodiesel
production into the optimum solution, under bothimystic and less optimistic conversion
ratio scenarios, for successive soybean pricesortaptly, the price at which soybeans could
be purchased in the market was also varied acaptdithe farm-realisation price. All other
baseline variables were held constant. Given tleatddtock is such a significant cost
component of the biodiesel production procesgriori expectations are that relatively lower
soybean prices will improve the economic feasipitif on-farm biodiesel production in the
high soybean-producing regions of KZN through redumput costs, and vice versa. Thus, it
is anticipated that relatively low soybean pricel igsult in soybean-based biodiesel being a

more favourable means of value-adding for crop & the region.

Under both conversion ratio scenarios, it is cliet there is a relatively strong positive
relationship between the soybean price and thel leyegovernment support needed to
encourage biodiesel productiamteris paribusThus, as anticipated, the economic feasibility
of biodiesel production improves at lower soybeaicgs — clearly emphasising the

importance of feedstock costs to the productiorsmfbean-based biodiesel. Again, more
intervention is consistently required under thes leptimistic conversion ratio scenario.

Figure 5.4 only considers soybean prices up to B389 ton as it is probably unlikely that

the soybean oilcake price would be below the saylpe@e, particularly in the SA case

103



12.00
11.00
10.00
9.00
8.00
7.00
6.00

|
5.00 | |

4.00 I I B | ess Optimistic Conversion
3.00 Ratio**

B Optimistic Conversion Ratio*

Implicit Subsidy (R/litre)

2.00 -
1.00

0.00 —F

Q Q
Q Q
A" AN

© © © O OO DD DD D
SRS
SV M SN A N I AN

Soybean Price (R/ton)

Figure 5.4: Sensitivity of Government Biodiesel Symort to Soybean Prices,Ceteris
Paribus (Baseline Soybean Price = R3039/ton; Baseline Sedn Oilcake Price =
R3738/ton) (2009/10 = 100)

" Assumes a yield of 180 litres of soybean oil jperaf soybeans

" Assumes a yield of 120 litres of soybean oil per ¢f soybeans

In the optimistic conversion ratio scenario, foyls@an producer prices exceeding R3300 per
ton, an incremental increase of R100 per ton resalan increase in the minimum implicit
subsidy necessary to stimulate biodiesel producténapproximately R0.58 per litre.
Similarly, under the less optimistic conversioriagacenario, an increase in the soybean price
of R100 per ton results in a rise in the implicibsidy level of approximately R0.88 per litre,
for soybean prices greater than R3000 per ton. Mewesoybean prices below these
respective levels results in the gradual contrdoutbf soybean price adjustments to changes
in the minimum level of government interventionslow considerably. This can likely be
attributed to an increase in the opportunity costbiodiesel production, as exclusively
soybean oil extrusion operations also become miafgesat lower soybean prices (through
reduced input costs), particularly when a largeedifference between soybean producer
and soybean oilcake prices exists. Accordinglys thggests that the minimum levels of
government intervention are reasonably robust kitively low soybean prices;eteris

paribus Nevertheless, all else being equal, high soybpaces will likely result in
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considerable government support being necessargtiboulate soybean-based biodiesel
production, since at high soybean prices farmerslaveather sell soybeans than use it for

biodiesel production (see Table 5.2).

The combinations of plants drawn into the optimuiutsons appear to be relatively robust to
changes in the soybean price, as increases ingsigldblant capacities only occur at soybean
prices below R3000 and R2800 per ton for the ogtimand less optimistic conversion ratio
scenarios, respectively. Biodiesel production Igviel the optimistic scenario gradually
decrease with an increase in soybean producerspramed vice versa. In contrast, the
predicted biodiesel production quantity remainsstant (44528 litres) for the less optimistic
scenario, until the plant capacity increases aitikaly low soybean prices (e.g., R2700/ton),
ceteris paribus Soybean prices below R2900 and R2700 per tonltr@suunbounded
solutions for the optimistic and less optimistiaieersion ratio scenarios, respectively. This
appears to occur at these price levels becausbaeofdlatively large difference between
soybean and soybean oilcake prices (i.e., basgtiyleean oilcake = R3738/ton), resulting in

both oil extrusion and biodiesel production vensupeing highly profitable.

5.7 Combined Effects of Soybean, Soybean Oil and y®wan Oilcake Prices on

Economic Feasibility of Biodiesel Production

The preceding analyses of the influence of changingsolated variable in the baseline
model are useful in that they enable the reseatcheéetect which variables are most critical
to the economic feasibility of biodiesel productidtowever, while they may represent an
isolated (price) shock to domestic soybean markeassworth noting that both world and SA
prices for soybean, soybean oilcake and soybear®robably likely to move together to a
large extent (see Figure 5.5). Since South Afriaa be regarded as a relatively small
producer of these commodities, domestic pricesirdteenced by numerous fundamental
factors such as crude oil prices; internationalges; global weather patterns; international
supply and demand levels; subsequent world prigesghange rates; and domestic
production, demand and stock levels (for exampe, Geyser & Cutts, 2007). The BFAP
model explicitly accounts for these and other fex{deyeret al, 2008: 331; Funket al,

2009: 226), and was once again consulted in ampttéo further enhance the sensitivity

analysis of this study by simulating scenarios béraative world prices for soybeans,
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soybean oilcake and soybean oil and predictingrttpact of these on the implicit subsidy

required for SA biodiesel production.
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Figure 5.5: World Price Relationships between Soylams and By-Products, 1998-2010

Source: USDA (2010: 31-33)
Note: Commodity prices reflect the nominal mean piies of U.S., Brazil, Argentina and Rotterdam

Under the 2009/10 price relationships assumeddrBFAP model, simulations suggest that a
U.S.$50 per ton price change in the world soybe#@® nfers approximately a R278 per ton
change (in the same direction) for SA soybean predprice$. Thus, maintaining the same
price ratios between SA soybean prices, soybeaakal and soybean oil prices that were
used in the baseline analysis, five alternativeldvprice scenarios for these commodities are

summarised in Table 5.7.

Table 5.7: Summary of Alternative World Soybean Prte Scenarios (2009/10 = 100)

Scenario A B C Baseling D E

SA Soybean (R/ton) 2205 2483 2761 3039 3317 3594
SA Soybean Oilcake (R/ton) 2712 3054 3396 3738 4080 4422
SA Soybean QOil (R/ton) 6660 7500 8340 9180 10020 1086

" These are based on the author’s calculations ¢PBRodel solutions received from Funke (2010).
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Figure 5.6 presents a summary of the effects thktsmative soybean world price scenarios
have on the minimum level of intervention requitedstimulate soybean-based biodiesel
production in the soybean producing regions of KZWlative to the baseline model.

Importantly, the price at which soybeans could beclpased in the market was once again

varied according to the farm-realisation prices.
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Figure 5.6: Sensitivity of Government Biodiesel Symort to Changes in the World Prices
of Soybeans, Soybean Oilcake and Soybean (kteris Paribus (2009/10 = 100)

" Assumes a yield of 180 litres of soybean oil peraf soybeans

Implicit Susidy (R/litre)

" Assumes a yield of 120 litres of soybean oil jper af soybeans

Successively lower soybean world prices result steady decline in the minimum implicit
subsidy requirements under optimistic conversiosuamptions. As in all less optimistic
cases, Scenarios A, B and C combine the smalleskivusion and biodiesel plants together
in the optimum optimistic solutions. Therefore, thbility to reduce production capacity
(relative to the baseline) appears to contributéheosteady decline of government support
under optimistic conversion ratio assumptions. ®ane cannot be said for the less
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optimistic case, however, as these solutions ajreadsistently combine the smallest plants
together. Nevertheless, the rate at which lowerldveoybean prices contribute to lower

implicit subsidies in the optimistic scenarios stowwing to dryland sorghum enterprises
becoming more attractive at relatively lower SAlsegn producer prices. Scenario E results

in an unbounded solution for the optimistic sitoati

In contrast, the less optimistic implicit subsidstimated in the baseline model appears to be
relatively robust to changes in the world pricessofbeans, as it remains at a broadly
comparable level for all scenarios. Interestinggenario C results in a marginal increase in
the minimum baseline subsidy (approximately ROiB&)l This occurs because this solution
requires a relatively high biodiesel price subsidysubstitute away from planting dryland
sorghum at relatively low world soybean prices. &ter, the fixed costs of establishing the
smallest plant combination also need to be accduiotre The same reasoning can be applied
to Scenarios A and B.

5.8 Discussion

The foregoing analyses identified that the econor@asibility of on-farm biodiesel
production in the high soybean-producing regionsk@N is highly dependent on the
soybean price (i.e., the feedstock input cost) thedsoybean oilcake price (i.e., the highest
valued by-product). This is consistent with oth&ernational studies. For example, Bender
(1999) concludes that the economics of biodiesedyection can be regarded as being
relatively volatile, primarily due to the significaeffects of feedstock cost and oilcake meal
credits. Importantly, the relationship between ¢heso prices appears to have a significant
effect on the viability of these ventures. In casty however, farm size and the price of
soybean oil do not appear to have considerableienie on the economic feasibility of
biodiesel production. The former supports the motisat economies of scale are relatively
insignificant in the biodiesel production process.

Since feedstock costs comprise a significant pitogorof total biodiesel production costs,
numerous authors contend that the future promatfobiodiesel ventures should primarily
target a reduction of feedstock costs through tineldpment of new technologies which
increase yields of available feedstocks, and/ompgethe use of lower cost alternatives
(Withers & Noordam, 1996; Zhareg al, 2003b; Haast al., 2006; Coyle, 2007; Worldwatch
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Institute, 2007; Amiguret al, 2008b; Youet al, 2008). The results of this study broadly
support this recommendation. However, the gainsnflower input costs appear to be
relatively sensitive to the conversion ratios acbte Furthermore, developing cheaper and
more efficient small-scale oil extrusion equipmentarticular may also go a long way to

improving the viability of these ventures in the 8dntext.

The results indicate that considerable governm@ervuention is necessary to establish and
operate batch process biodiesel plants on comnhenwa farms in the historically high
soybean-producing areas of KZN. Importantly, thessailts, under both optimistic and less
optimistic conversion ratio scenarios, supportshealy by Funkeet al (2009), who contend
that the incentives and commitments proposed bySAebiofuels industrial strategy are
insufficient to both establish and sustain a domdsbdiesel industry. Moreover, they are
consistent with several international studies whiehch the conclusion that government
intervention in the form of tax incentives and/absidies are necessary for biodiesel to
become competitive with conventional diesel (Aheaisssi & Wetzstein, 1997; Bender,
1999; Fortenberry, 2005; Wassell & Ditmer, 2006;ntdas, 2007; Martinez-Gonzalet
al., 2007; Amiguret al, 2008b; Peters & Thielmann, 2008).

Under the baseline assumptions, the less optimistizversion ratio, as recommended by
industry role players and technology suppliersunesg an implicit subsidy of approximately

R4.37 per litre to draw biodiesel production inte toptimum linear programming solution.

Importantly, this is the minimum level of suppoequired in the areas of KZN that are best
suited for soybean production, inferring that ewssre intervention will be needed elsewhere
in the province (if soybean-based biodiesel pradacivere pursued). This minimum level of

subsidy appears to be relatively robust to altereagcenarios (e.g., farm size, soybean oil
price changes, etc.). In addition, the “Low-Techhadl-scale batch processing biodiesel
plants consistently appear to be preferable aintizidual farm level, unless even greater
levels of support are provided, or wide discrepasmdbetween the realisation prices for
soybean and soybean oilcake exist.

The SA government must decide whether the benefita increased biodiesel production
(e.g., possible rural development, environmentaheliess and favourable international
perceptions) outweigh the costs of the considergbl@rnment support that is required. For
example, obtaining the proposed two percent petmatrdevel of biofuels in the national
liquid fuel supply, equivalent to 400 million liseper annum, by 2013 (DME, 2007) using
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only soybean-based biodiesel produced on farms Witch processors at a minimum
(arguably realistic) subsidy of R4.37 per litrefens that the venture will cost government in
the region of R2 billion per annum if they are teehtheir target. Importantly, soybeans are
believed to have the greatest potential as ageseration biodiesel feedstock (Bender, 1999;
Meyeret al, 2008), implying a high likelihood of even moleated levels of support being

required for sunflower- and canola-based biodipsaiiuction ventures.

The primary objectives of the SA biofuels indudtetrategy are poverty alleviation and the
stimulation of economic activity in the former hdareds. Given that South Africa has
consistently been a net importer of both soybeésaké and soybean oil, and the fact that
soybean oil is currently a higher-valued productlistitosting less to produce than biodiesel,
it is recommended that government consider prorgatimybean oil extrusion ventures as a
means of stimulating rural development for smatllscfarming initiatives rather than
soybean-based biodiesel production. Although saylmlaake and soybean oil markets are
characterised by volatility, indications of thisearch are that considerably less support may
be necessary to make these viable business opft@sufiowever, more research is required
to evaluate the economic feasibility of small-sdailediesel production. This is the focus of
the following chapter.

Similarly, commercial farmers are more likely to imeentivised by the soybean oil price
than the biodiesel price. Soybean oil extrusiontwes for commercial farmers are likely to
be most suited to farmers who are diversified iopping and livestock enterprises, and,
therefore, may have a demand for dietary proteiorc®s such as soybean oilcake.
Nevertheless, increased local production of soylml@ake may result in a positive supply
response from domestic livestock industries throongine readily available high protein feed
inputs. In so doing, the food versus fuel debat@ireg an expansion of biofuel production
could essentially be reduced. If, in the future, tinodiesel production process becomes more
economical, for example through cheaper and mofeieft equipment (both for oil
extrusion and biodiesel production) or significgméduced feedstock costs, government can

further evaluate their biofuel policies.

Funkeet al (2009: 231) emphasize that the fact that biodies&ypically more costly to

produce than its conventional diesel counterparedtes a significant challenge for the
successful marketing of biodiesel in South Afriend could hamper the successful
development of a biodiesel market, especially ghtliof voluntary blending as stipulated in
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the biofuel strategy. It further indicates that ®euth African industry might face a serious
threat if local blending mandates are imposed” & an tariff protection is provided for
domestic producers. Mandates that are used in gomjun with subsidies have proven to be
an effective means of promoting biofuel industriaound the world. However, the
Worldwatch Institute (2007: 314) point out that @eny, now the leading biodiesel
producer, first instituted subsidies for biodiepebduction which were later followed by

mandates.

This may well represent the correct approach tmvioin the SA case (should government
pursue biodiesel ventures), where subsidies wolltwvathe establishment of domestic
biodiesel production systems which utilise feedstother than waste oils, which arguably
have very limited long-term potential and littleope for expanding biodiesel supply. Once
SA biodiesel production systems are establishedh \wossible gains arising from the
learning curve effects present in biofuel industrienandatory blends could follow and
subsidies could potentially begin to be phased Bhis, however, is likely to be a relatively
drawn out process, which invariably casts even nuawebt as to the SA government’s

chances of meeting the 2013 targets outlined bReéreewable Energy White Paper.
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CHAPTER 6: A NORMATIVE ECONOMIC ANANLYSIS OF COOPER ATIVE
BIODIESEL PRODUCTION USING SOYBEANS PRODUCED BY
SMALLHOLDERS IN KWAZULU-NATAL

The SA biofuels industrial strategy promotes a tgwaent-oriented strategy with feedstock
produced by smallholders and processed by traditiproducer-owned cooperatives. This
chapter examines a proposal to apply this strateggmall-scale farmers in KZN, using

soybeans as feedstock for biodiesel productionstFit is argued that value-adding
cooperatives established under South Africa’s ctir@ooperatives Act would fail to attract
the capital and expertise needed to process beldiggng to ill-defined voting and benefit

rights. Second, a mixed integer linear programnmrgglel is used to determine the viability
of producing biodiesel from soybeans, viewed frdra perspective of the smallholder as
grower and co-owner of the processing plant. kaacluded that smallholder participation
would require a rental market for cropland, co-omshg of the processing plant in a non-
traditional cooperative or investor-owned firm,darrhation and training, and a high level of

government subsidy.

6.1 General Overview

The SA government currently encourages the use@beratives as organisations that have
the potential to promote the development of smadlesfarmers and other local communities
(Ortmann & King, 2007a, 2007b; Lyne & Collins, 2008 his is not necessarily a novel
concept, however, as cooperatives have been endorsaimerous developing nations as a
means to stimulate agricultural growth and ruraveligpoment (Chibandat al, 2009;
Nganwaet al, 2010), and are a prominent form of businessrosgion around the world
(Cook & lliopoulos, 2000). Since the primary objeet of the SA biofuels industrial strategy
are poverty alleviation and the stimulation of emmic activity in the former homelands
(Funkeet al, 2009), it is not surprising that the biofuelslusstrial strategy explicitly states
that the SA government intends using cooperatigetha preferred organisational vehicle to

integrate smallholders into the domestic biofuetiustry (DME, 2007).

Most recent SA academic publications have adogtedriternational Cooperative Alliance’s
(ICA) definition of a cooperative, which they redaas “an autonomous association of

persons united voluntarily to meet their commonneooic, social, and cultural needs and
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aspirations through a jointly-owned and democr#tigaontrolled enterprise” (ICA, 2010).
Ortmann and King (2007a, 2007b) point out that nibmerous forms of cooperatives have
been established around the world in various basiaetivities, agricultural cooperatives can
typically be classified as either marketing, faunpgly or service cooperatives.

Lyne and Collins (2008: 180) suggest that agricalticooperatives can be regarded as
vehicles to “facilitate vertical coordination witler horizontal integration between, small

farmers who would otherwise be excluded from valdding opportunities and discerning

markets”. With regard to biofuel production, the Mdwvatch Institute (2007: 322) postulates
that cooperatives may “allow small- and medium-gizgoducers to share more in the
economic gains of the biofuel industry and to nigeton a more equal footing”. Bender
(1999) suggests that the processing of biodieséhtmger cooperatives could potentially play
an important role in the development of rural ecoi®s whilst using local renewable

resources. However, this study argues that the tfpeooperatives permitted by South

Africa’s new Cooperatives Act will not attract theapital or expertise required by

smallholders to establish and manage biofuel pedegsplants. This argument is based
largely on theory drawn from the New Institutiof&donomics (NIE), and in particular the

literature relating to ill-defined property rights traditional cooperatives (e.g., Cook &

lliopoulos, 2000).

A comprehensive history of agricultural cooperatiue general, as well as their development
and implementation in SA agriculture in particulés, provided by Ortmann and King
(2007a). Similarly, the rationale behind and depeient of the current Cooperatives Act of
South Africa (Act 14 of 2005) has been well docutadn(Ortmann & King, 2007a; Lyne &
Collins, 2008; Chibandat al, 2009; Nganwat al, 2010). An explicit core purpose of this
Act was to target and ensure the provision of suggogrammes for development-orientated
cooperatives, established primarily to assist gsqupeviously disadvantaged by the apartheid
system (Ortmann & King, 2007a; Lyne & Collins, 2008nportantly, however, Lyne and
Collins (2008: 193) and Nganved al (2010: 40) point out that the current Cooperatiet

of South Africa specifies institutional arrangensetitat are typical of so-called “traditional

cooperatives”.

Ortmann and King (2007a: 50) contend that “overghst few decades, the rapidly changing
economic environment, reflected in increasing diabtion and agricultural industrialization,

has led many cooperatives to undertake substasttiaitural changes in order to adapt to the
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new situation”. Lyne and Collins (2008), howevarggest that recent international trends in
movements towards new cooperative models can bbuatid to attempts to avoid the
institutional problems inherent in traditional ceogtives. Subsequently, these authors
criticise the current Cooperatives Act of Southigdrand warn that “few development-
oriented cooperatives are likely to survive thdiahistages of enterprise development when
weak institutions are imposed on communities berefapital and lacking in business skills”
(Lyne & Collins, 2008: 182)Thus, Cook (1995) and Ortmann and King (2007a, BPO7
emphasise that both proponents and potential driwlecooperatives need to be aware of the
institutional flaws of traditional cooperatives. éde inherent flaws are the focus of the

following section.

6.2 Fundamental Institutional Problems Inherent inTraditional Cooperatives

Considerable international research has focusseth@mundermining weak institutions of
traditional cooperatives and subsequent difficaltieey have in raising equity capital (Cook
& lliopoulos, 2000; Ortmann & King, 2007a; Lyne &ollins, 2008). Cook (1995) identified
five institutional problems of traditional coopevass, arising primarily from poorly defined
property rights (i.e., voting and benefit rightsle classifies these as the free-rider, horizon,
portfolio, control, and influence cost problems.ok@¢1995: 1158) suggests further that these
ultimately result in “members having tendenciesitaler-capitalize their cooperatives”. The
flawed property rights that cause these probleram srom the cooperative principles of
Democratic Control, Member Economic Participatiamd e8Dpen Membership and, which
legislators have generally interpreted as egaditavioting rights, patronage-based returns and
redeemable/non-tradable equity shares (Lyne & @9ll2008; Nganwat al, 2010). Causal
relationships between these rules of a traditim@mperative, the institutional problems
identified by Cook (1995) and their detrimentaleets on equity and debt capital have been

well documented and are not discussed at exhaustigéh her®

Cook (1995) suggests that the free-rider problezouing particularly in open membership
cooperatives, results when property rights are tremtable, insecure, or unassigned. Both
internal and external free-rider problems can bso@ated with traditional cooperatives
(Cook & lliopoulos, 2000; Ortmann & King, 2007a)hds, Sykuta and Cook (2001: 1275)

® Ortmann and King (2007a) provide a comprehensivieveof this literature, while Nganwa et al. (2010)
examine these relationships in case studies ofig@vent-oriented cooperatives in KwaZulu-Natal.
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surmise that the free-rider problems arise “whemgydrom cooperative action can be
accessed by individuals that did not fully investdeveloping the gains, whether those
individuals are new(er) members or non-members atquire identical rights as the initial
investors without paying an appreciated marketepioe their shares (Poulton & Lyne, 2009).
Subsequently, Cook (1995) points out that a disitice for existing members to invest
equity capital in their cooperative is created. Mgaet al. (2010: 42) identify an additional
internal free-rider problem that is particularlyoprinent in production/farming cooperatives
that unambiguously reward all members equally, abdlur problem”, which exists when

cooperative members are not remunerated for theividual level of labour input.

Porter and Scully (1987) and Sykuta and Cook (2@fahjtend that the horizon problem
arises in the event that a member’s residual clamthe net income generated by an asset do
not extend as far as the productive/economic lifthat asset. It arises because members of
traditional cooperatives are prohibited from transhg and/or trading owner rights/shares at
their market values (Cook, 1995; Lyne & Collins08). The implication, therefore, is that
investors cannot realise the full benefit of lorgat investments as capital gains upon exiting
the cooperative (Lyne & Collins, 2008; Poulton &rey 2009). Thus, the horizon problem
results in an environment that creates disincestiice members to invest in assets and
growth opportunities, particularly those with lotegm payoffs (e.g., research and
development), in favour of increasing current pagtagCook, 1995; Cook & lliopoulos,
2000; Ortmann & King, 2007a) and accelerating ggquetddemptions (Cook & lliopoulos,
2000).

Sykuta and Cook (2001: 1275) point out that simitathe horizon problem, the portfolio
problem stems from “the tied nature of the equityhie cooperative” — where the investment
decision is linked to the patronage decision (C&okiopoulos, 2000). The prohibition of
transferring and/or trading owner rights/shareshair market values leads to suboptimal
investment portfolios, as members cannot reallooatdiversify their own investments in a
manner that reflects their individual interests gedsonal risk preferences (Cook, 1995;
Cook & lliopoulos, 2000; Sykuta & Cook, 2001; Ly&eCollins, 2008; Poulton & Lyne,
2009). Hence, it is not surprising that Cook (199557) and Cook and lliopoulos (2000:
336) refer to this as “another equity acquisitiamiem” facing traditional cooperatives.
Lyne and Collins (2008) suggest that the disineesticreated by this problem are further
exacerbated in the event that risk-averse membsgstheir democratic voting rights to

pressurise management into making overly consersatvestments.
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The control problem is relatively typical of pripail-agent problems brought about by a
divergence in the interests between the membeitheofcooperative and its management
(Cook, 1995; Nganwat al, 2010). Traditional cooperatives are susceptibléhis problem
due to the fact that cooperative shares are pielidfrom trading at market values (Cook,
1995). Thus, the lack of an equity market, and egbsnt market pressures and signals, for
cooperative shares renders members incapable otaring the cooperative’s value and/or
evaluating management’'s performance (Ortmann & Ki@07a; Lyne & Collins, 2008;
Poulton & Lyne, 2009; Nganwet al, 2010). In a similar regard, Ortmann and King((24)
point out that an absence of equity incentive sd®erior managers may create further
difficulties for traditional cooperatives to aligime incentives of mangers with those of
shareholders. Arguably what is more important, haxes that shareholders cannot sanction

poor managerial performance by disinvesting (Ly2#4,0).

Influence cost problems are present in all orgaioisa where decisions influence the
distribution of wealth and/or other benefits amangmbers (Cook, 1995; Sykuta & Cook,
2001), and occur where minority investors with gdshterests attempt to manipulate a given
decision in pursuit of their own selfish intere§®ook, 1995). Ortmann and King (2007a)
note that these costs may include the direct adstdluence activities, as well as the costs of
misallocated scarce resources owing to poor decisiaking. Sykuta and Cook (2001: 1275)
contend further that these costs are more substamtine event that there are a wide variety
of interests among members and/or the potentiasgaie significant. Nganwet al. (2010)
suggest that these problems can likely be attribtethe fact that members of traditional
cooperatives have equal voting rights irrespeatifveheir levels of investment. Furthermore,
Hendrikse and Veerman (2001) demonstrate thatrfgrgaven level of equity capital (which
is typically scarce in traditional cooperativespditional cooperative’s creditworthiness is
compromised by the influence cost problem, whiclum reduces their ability to raise debt
capital. Hendrikse and Veerman (2001) and Poultod bByne (2009) contend that this

problem is more severe when the degree of asseifisfg is high.

In summary, Lyne and Collins (2008: 185) point that “traditional cooperatives struggle to
raise equity capital because ill-defined properights leave investor-principals without
residual claim, without residual control, and withanformation to evaluate their agent-
managers”. These authors and Ngamival. (2010) also highlight the difficulties traditidna
cooperatives have in raising debt capital, pringpadue to the influence cost problem.

Chibandaet al (2009: 298) emphasise that “when equity and dapital are constrained, the
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cooperative is unable to finance investments inwvgicassets”. This casts serious doubt on
South Africa’s decision to use traditional coopees as a vehicle for small farmers to
finance value-adding assets (Lyne & Collins, 2088¢h as oil extrusion and/or biodiesel
plants. Persistence with this organisational modé& most likely limit the role of
smallholder marketing cooperatives to one of cating with a processor. This single
contract would replace the numerous small contraai$ high transaction costs that the
processor would face if he attempted to deal wimynindividual small growers. Thus,
establishment of a traditional cooperative (hortabnntegration) could give smallholders
access to processors via contractual arrangemeatc@l coordination) but only where
processors operate. Elsewhere, these cooperatiibdave to integrate vertically into
processing but this will almost certainly requirestaft away from traditional cooperative
status in order to attract the capital needednanite plant and equipment, and the expertise
needed to manage it (Lyne, 2010).

6.3  Characteristics of Small-Scale Agriculture in KvaZulu-Natal

Subsistence farming has historically been a featdr@oor households in South Africa,
including the KZN province, as a means to ensueg tlvelihoods (Hendriks, 2009a). While
the vast majority of rural households derive atietdy small proportion of their total income
from agriculture, a significant number are highBpdndent on farming activities, as well as
attaching a relatively high value to land as a fafnsocial security (Lynest al, 1996).
Farmland is seldom privately owned in the formemktands of South Africa, and is
administered by tribal authorities who allocatedda household heads and settle boundary
disputes. These land allocations confer use rightshouseholds are not permitted to sell
land (Lyne & Nieuwoudt, 1991; Kille & Lyne, 1993).

The rural areas of the former KwaZulu homeland €béter referred to as Ngonyama Trust
land) are characterised by both high populatiorsqaee and uniformly small farm sizes
(Lyne et al, 1996; Crookes & Lyne, 2001). The vast majoritytheese land allotments are
less than two hectares in size (Lyne, 1989; Nieuwlol990; Lyneet al, 1991b; Thompson,
1996; Matungukt al, 2001; Dengu & Lyne, 2007; Hendriks al,, 2009b). Nevertheless, it is
“patently obvious” that the land is not farmed mgvely (Thompson & Lyne, 1991: 288).

Nieuwoudt (1990) contends that these small farmssimply that profits from agriculture,
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even under optimal technological conditions, akelyi to be unattractive when compared to

potential wage employment. A similar view is held@rookes and Lyne (2001).

Given the relatively specific nature of this anayst is important to consider some key
aspects of crop farming in the Ngonyama Trust laidsglespread under-utilisation of land in
an area where land is scarce and labour is abuhdanbeen explained by the absence of an
efficient rental market for cropland (Lyne, 198%hcompson, 1996). When a household (i)
values land for the social security that it progidend (ii) earns more from off-farm wage
work than it can from cultivating a very small faramd (iii) cannot lease land to other
households that do rely on farming, it will tend leave cropland idle as there is no
opportunity cost attached to under-utilisation. €\fa989) estimated that 22 percent of arable
Ngonyama Trust land was left idle. Consequentlgrage crop yields are typically very low
(Thompson & Lyne, 1991).

In addition, crops grown by small-scale farmersenavprimary purpose of meeting, at least
partially, household food security requirements tivigul et al, 2001; Hendrikset al,
2009). Staples like maize, dry beans and potatssife prominently (Matunget al, 2001;
Hendrikset al, 2009). However, Whitehead (2010) notes that kmlalers in KZN have
little or no experience cultivating soybeans — thediesel feedstock considered in this
analysis. Moreover, Figure 6.1 shows that the waaority of Ngonyama Trust lands fall
outside the regions of high soybean productionmicte

Ghatak and Ingersent (1984: 23) regard poverty thg ‘butstanding characteristic of
traditional agriculture”. Numerous empirical stuglia the KZN region support this view (for
example, see Lyne, 1989; Thompson, 1996; Matuegal, 2001; Hendriket al, 2009b). In
fact, in their recent study of the Embo communigndrikset al (2009b: 27) conclude that
“these rural households have very small farms, predood largely for subsistence purposes,
and have per capita cash incomes less than US$araflay — most of which comes directly
or indirectly from wage earnings, state pensiond amlfare grants”. Lyne (1989: 22)
contends that even the relatively wealthy are pobnerefore, given that limited access to
capital is a considerable constraint to rural depedent in South Africa (Ortmann & King,
2007b), even a large group of smallholders williagnvest in a producer-owned firm would

struggle to finance oil extrusion and/or biodigdahts.
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Lyne (1996) surmises that South African small-s€ateners have limited access to factors of
production, credit and information. He points ourttlier that efforts to convert these largely
subsistence farmers into commercial growers arenofonstrained by inadequate property
rights and high transaction costs (also see Thomgshyne, 1995). The underutilisation of
arable land in the rural areas of South Africa l@esn largely attributed to the general lack of
an active rental market, which would create an dppdity cost (in the form of sacrificed
rental income) to penalise non-use (Nieuwoudt, 1898e & Nieuwoudt, 1991; Thompson
& Lyne, 1991, Lyneet al, 1996). Given that economic theory suggests dip@selationship
between exclusive and secure property rights anestiments in fixed improvements to land,
Kille and Lyne (1993: 108) suggest that there ayau$al relationships between property
rights to land, land transfers, efficiency of lanse, access to credit, and the incentive to

conserve and improve land”.

6.4  Traditional Cooperatives versus New Cooperativdlodels

Ortmann and King (2007b) explored the appropriagsmé traditional cooperatives for small-
scale farmers in two communal areas of KZN (Imperahd Swayimana). In their view,
these cooperatives would face considerable fremrltbrizon and portfolio problems during
establishment, and that surviving cooperatives d@also be constrained by control and
influence cost problems. Recent empirical studiesKiZN concluded that traditional
cooperatives (as specified by the current Coopasthct of South Africa) are inappropriate
vehicles for promoting rural development owing togy defined property rights (Chibanda
et al, 2009; Nganwat al, 2010).

Thus, Cook and lliopoulos (2000: 346) point outt tfidarifying property rights leads to the
increased probability of creating investment inoed’. Similarly, Chaddad and Cook
(2004) regard secure benefit and voting rightshes most effective means for providing
economic agents with necessary incentives to ¢reatentain and improve assets. Not
surprisingly, therefore, in large-farmer settingstitutional changes that better align voting
and benefit rights with levels of individual invesnt have strengthened incentives for
patrons and banks to finance cooperative assetsesCaf traditional cooperatives
reorganising to alternative ownership structured amendments being made to cooperative
laws to permit “hybrid cooperatives” have been vadgltumented in recent literature from
developed countries (Hendrikse & Veerman, 2001;ddbhd & Cook, 2004; Bekkum &
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Bijman, 2006; Woodford, 2008; Lyne & Collins, 2008hese organisational innovations are
a response to increasingly competitive and disngriood markets where value must be
added to products in order to maintain prices aratket share. Value adding requires
substantial investment in plant, equipment, bragmdend promotion that traditional

cooperatives could not finance (Lyne, 2010).

Chaddad and Cook (2004) propose a typology in whielditional cooperatives and
investment-oriented firms (IOFs) are at two oppgsiextremes. They identify five
alternative, non-traditional cooperative modelst thary according to ownership structure
(see Figure 6.1), but caution that the legal emvitent affects the ability of cooperatives to
engage in organizational restructuring (Chaddad @WK, 2004). The upper branch of the
figure describes three cooperative models whereeostip rights being limited to member-
patrons, namely: proportional investment coopeesti{PICs); member-investor cooperatives
(MICs); and new generation cooperatives (NGCs). elmw, all three of these organisational
forms explicitly maintain patron control of the gmative at the cost of limiting access to
external sources of capital. Crucially, howevebjaliesel production cooperative is likely to
require significant contributions of both capitaldaexpertise to establish and operate. Lyne
and Collins (2008: 189) point out that these aeettrs of production that the community is

sorely lacking but which could be acquired by tgkom an experienced business partner”.
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Figure 6.1: An Ownership Rights Perspective of Altmative Cooperative Models
Source: Adapted from Chaddad and Cook (2004:352).

The Worldwatch Institute (2007: 312) suggests thatmost efficient means to accelerate an
expansion of biofuel production “is for governmeftuscreate a policy environment that is
conducive to private-sector investment in the dgwelent of these fuels”. Moreover, Gordon
(2008) contends that if small-scale producers oomtito lack the capital, infrastructure or
economies of scale to access global biofuel markety may be able to participate in biofuel
production only as suppliers of raw materials. Ef@e, it is important to emphasise that,
just like traditional cooperatives, PICs, MICs ahNdsCs do not permit equity-sharing
arrangements with strategic partners as they cestrivestment to member-patrons only.
Consequently, none of these models is expecteé appropriate for promoting smallholder
biodiesel production in KZN. However, NGCs - whiate characterised by tradable delivery
rights and restricted membership — may well proadeeffective means for South Africa’s

large commercial farmers to participate in biofuehtures, as in the U.S. (Jens&nal,
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2004; Kenkel & Holcomb, 2009). South Africa’s nevodperatives Act of 2005 provides

sufficient flexibility to convert a traditional cperative into a NGC.

When considering the potential for KZN’s small-gcdhrmers to participate in biodiesel
production, it would be prudent to explore altew®&torganisational models that facilitate
equity-sharing with strategic partners. Such moaess illustrated by the lower branch of
Figure 6.1, where ownership rights are not onhtridged to member-patrons. However,
Chaddad and Cook (2004: 352) point out that witts¢gharrangements “members may have
to share profits and eventually control rights watliiside investors who are not necessarily
patrons of the cooperative and thus may have divgrigterests”. The two new cooperative
models identified by these authors that permit m@amber investment are: cooperatives with

capital seeking entities and investor-share coopesa(ISCs).

The “cooperative with capital seeking entities” rabgermits participation of an external
investor in a subsidiary firm that is co-owned by ttooperative and the external investor
(Chaddad & Cook, 2004). However, creating a co-alsebsidiary does not address
institutional problems within the cooperative. Aotingly, members will still have little
incentive to invest in the cooperative in orderrtorease or even maintain the cooperative’s
shareholding in the subsidiary. The subsidiaryrefoge, will ultimately be dominated by the
external investor and the conflicts between inwassemd patrons will persist (Lyne, 2010).
With reference to this model, sometimes referrecgathe Irish model, Lyne and Collins
(2008: 190) suggest that “a unitised trust woulttdreserve as a warehouse for members’
interests in an IOF as tradable units assigningfiteand voting rights that are proportional
to individual investments in the trust can be mattHdirectly to shares acquired by the trust
in the IOF".

In contrast to the Irish model, ISCs issue “semacésses of equity shares in addition to the
traditional cooperative ownership rights held bynmber-patrons” (Chaddad & Cook, 2004
357), although these ownership rights are typicdistinct from those of member-patrons.
Essentially, multiple classes of shares may bestsso different owner groups, with investors
earning market-related returns in dividends andtabgains. While such arrangements can
certainly improve a cooperative’s access to capital expertise, they sacrifice the advantage
of inexpensive supply contracts (Sykuta & Cook, P0énjoyed by NGCs where investment
is proportional to patronage (Bekkum & Bijman, 206€haddad and Cook (2004) and
Bekkum and Bijman (2006) provide numerous inteoral examples of ISCs. While they all
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reward investors with dividends and capital gameugh a class of non-redeemable/tradable
equity shares, these shares confer zero or limibéidg rights to ensure that control remains
with patrons. As a result, ISCs still suffer from iafluence cost problem (Lyne & Collins,
2008) that is likely to discount the value of nséstor-shares relative to an equivalent IOF.

Lyne and Collins (2008: 192) argue that cooperatn@uld exploit a provision made in South
Africa’s Cooperatives Act of 2005 for “funds of mbers” and reorganise, initially, as a
MIC. Logically, the MIC could then convert to IS@gis by extending membership to non-
patron investors. However, the authors recogniaettiis will depend on how the definition
of a patron is interpreted. The Act states that bwship is “open to (natural and juristic)
persons who can use the services of the coopétalihes, it could well be argued that a
strategic partner with expertise in processing ustsf is utilising the services of the
cooperative and, therefore, qualifies for membgrsnd equity sharesrom the specific
standpoint of biofuel production, Kenkel and Holdon{2009) conclude that hybrid
cooperative models, which accommodate both patr@hren-patron investor owners, will
likely be required in order to access sufficienpital to develop and expand biofuel
industries in the U.S. These authors, however, what the long-term success of these
models are largely unproven to date, and speciicfubl production issues involving
feedstock pricing (the local monopoly problem),nplbcation, profit distribution and control

may prove problematic in such ISCs.

A proactive response by the SA government to tatdi biodiesel production ventures that
are aimed at stimulating economic activity in tbenfer homelands would be to establish and
nurture strategic equity-sharing joint ventures wasn previously disadvantaged
smallholders and business partners in the privetéos In this regard, however, Lyne and
Collins (2008: 193) conclude that “unfortunatelypudh Africa’s new Cooperatives Act
prevents prospective partners from taking up equityg development-oriented cooperative,
and the idea of using a cooperative to warehousehbees’ shares in an investor-owned firm
does not free its members from the problems crdatelitdefined property rights. A unitised
trust would better serve this purpose”. Although tarm “patron” is loosely defined in the
Cooperatives Act and could be interpreted as inofudtrategic partners, a proactive strategy
would amend the Act, making explicit provision fif8Cs in order to encourage equity-
sharing arrangements between smallholders anegicgbartners (Lyne, 2010). Kenkel and
Holcomb (2009) report a trend in U.S. ethanol indes where producers have moved

progressively away from the NGC model toward thtsst more closely resemble ISCs.
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More specifically, they suggest that “as the indudeveloped, and investors’ understanding
of the grain marketing system improved, projectedepers shifted toward business models
which could access non-producer capital while nglyon open market purchases for the
grain supply” (Kenkel & Holcomb, 2009: 462).

Another proactive strategy would be to extend pulslupport, currently offered only to
cooperatives, to development-oriented I0Fs (Lyn€dllins, 2008). Whereas, both the ISC
and IOF can alleviate free-rider, horizon, cont@mal portfolio problems, the IOF can also
combat the influence cost problem by assigningatiing rights in proportion to investment.
In South Africa, however, the IOF alternative may little political appeal as smallholders
could be distanced from control by a majority inees(Lyne, 2010). The Worldwatch
Institute (2007: 321) has emphasised that “the nmorelved farmers are in the production,
processing and use of biofuels, the more likely thiee to benefit from them”. The following
section presents an empirical assessment of theoestos of biodiesel production using
soybeans grown by smallholders in KZN when it isuased that there are sufficient
smallholders willing and able to grow enough feedstto supply a co-owned processing ISC
or IOF.

6.5 Economic Analysis of Cooperative Smallholder Bdiesel Production

The Department of Minerals and Energy’s (DME) crétefor licenses to manufacture
biofuels (DME, 2009: 2) require that “the produatiof feedstock under irrigation will only
be allowed in exceptional circumstances and ale@etanotivation will have to be provided”.
It further advocates that feedstock must be cukiyaand/or sourced from the former
homelands, which is consistent with the primaryeotiyes of the SA biofuels industrial
strategy of poverty alleviation and the stimulatioheconomic activity in the previously
disadvantaged regions. The mixed integer lineagnamming model developed in Chapters
4 and 5 used to evaluate the economic feasibifityogbean-based biodiesel production on
commercial farms in KZN was modified to represemtZN smallholder system. Figure 6.1
indicates those areas of the Ngonyama Trust lamatshiave significant agronomic potential

for soybean production and to which this analypislias.

The smallholder model initially assumed that eaimer operated no more than one hectare
of land for grain production. Irrigated land wasclkexled from the model in view of DME
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policy requirements. In reality, very few smallhetd have access to irrigated land and — if
they do - tend to use it for vegetable crops rathan grain crops where they do (Lyne,
2010). As in the large farm model, soybeans wetgammitted to exceed the area planted to
maize. This constraint provides for necessary codgtion and a degree of food security on
small farms. Smallholders were also assumed to thee same prices, use the same
technology, achieve the same yields and displaystree level of risk aversion as the
foregoing large commercial farmer. On the procesfiont, it was assumed that smallholders
would supply a processing plant that they co-owaedn ISC or IOF, and that (as shown by
the large, commercial farm model) a total arabkaasf 440 hectares would be sufficient to
warrant a small processing plant — provided thatstblution allocated more than one-third of

this land to soybean production.

The smallholder ISC/IOF model was then solved fiegty to find the soybean price at
which a co-owned processing plant would becomel@idthis occurred at a price of R3800
per ton of soybeanggeteris paribusand the solution for each (1ha) farmer includesze
(0.47ha) and drybeans (0.2ha) as its main foodscieigure 6.3 compares minimum levels of
government subsidy needed to draw soybeans (astéeidfor biodiesel) into the linear
programming solutions computed for the large conemkfarm and smallholder ISC/IOF
models. Under the more realistic less optimistiovarsion ratio, the minimum level of
government intervention needed to produce biodiesem soybean cultivated by
smallholders in the ISC/IOF model is estimated B2.B4 per litre. This is nearly three times
as much as the minimum subsidy estimated for tinenoercial farm model (R4.37/litre). A
similar situation exists under the optimistic corsien ratio, where the levels of subsidy are
estimated to be R7.22 and R3.64 per litre for tR€/IOF and large commercial farmer

models, respectively.

Higher levels of subsidy required for the smalllewldystem reflect the exclusion of irrigated
land and a greater proportion of the arable areppad to drybeans for food security
purposes. It could, however, be argued that thel lefrsubsidy estimated for smallholders is
understated because dryland crop yields observeshmatl-scale farms in KZN tend to be

much lower than those observed on large commefarats (Lyne, 1989: 9; Whitehead,

2010). More fundamentally, the expected farm gmossgin (E) generated by one hectare
amounts to just R3159 per annum — despite the gowemt subsidy. It seems unlikely that
this level of earnings would be attractive to sniatimers as they could earn substantially

more by working as unskilled labourers on a largemercial farm. In addition, the costs of
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developing ISCs or IOFs with large numbers of resegoor shareholder-patrons (upwards
of 400) may be prohibitively high. The largest bétcooperatives studied by Nganetaal
(2010) in KZN had a total of 105 members.
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Figure 6.3: Minimum Levels of Subsidy Estimated forLarge and Very Small Farmers
Growing Soybeans for Biodiesel Production in KwaZul-Natal (2009/10 = 100)

" Assumes a yield of 180 litres of soybean oil peraf soybeans

" Assumes a yield of 120 litres of soybean oil jper af soybeans

It has long been argued that a rental market fooyjgma Trust lands would encourage
voluntary transfers of use rights from non-farmimguseholds to emerging farmers, with
positive outcomes for equity, income and the adoptf land-saving farm technology
(Nieuwoudt, 1990; Kille & Lyne, 1993; Lynet al, 1996). Empirical studies and “action
research” conducted in various wards have shownrérdal markets for cropland can be
activated with only small adaptations to existiagure arrangements, and that these markets
allowed emerging farmers to grow their operatiomsl@vgenerating rental income for other
households too poor to farm (Thompson, 1996; Creékéyne, 2001). Figure 6.4 compares
the earlier smallholder ISC/IOF results with thestimated for a similar ISC/IOF model
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where emerging farmers have hired idle land fronghi®urs and increased their arable

areas operated from one to 10 hectares.
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Figure 6.4: Minimum Levels of Subsidy Estimated forLarge, Emerging and Very Small
Farmers Growing Soybeans for Biodiesel Productiomi KwaZulu-Natal (2009/10 = 100)
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In this case, expected annual farm gross marginn@pases from R3159 to a meaningful
R29838 per annum, and the number of shareholdesysatdeclines to a much more
manageable number (44). The required level of slylisiestimated to fall almost to the level
required for the large commercial farmer, the remma@ difference reflecting mainly the

absence of irrigation land.
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6.6 Discussion

While the SA government has undoubtedly recognikedeed and importance of promoting
rural development in the former homelands, theemirCooperatives Act of South Africa
stipulates conditions which are typical of tradidéb cooperatives. Consequently, they are
likely to suffer from a myriad of institutional gotems associated with inadequately defined
property rights. Moreover, contrary to the interoiaal trend of amending cooperative
legislation in order to permit and encourage investt by patron and non-patron members,
the SA Cooperatives Act has essentially denied Idpugent-orientated cooperatives access
to the complementary capital and expertise thatesjic equity partners could provide.
Access to external sources of financial and hunapital is expected to play an important
role in the successful and sustainable developwienibfuel industries, both globally and in
South Africa.

This issue is particularly pertinent if smallholsleare to engage in the biofuel industry as
more than just feedstock producers, which - it dolbé argued - should be the policy
objective if government is serious about maximidimg benefits for poor rural communities.
The SA government should not underestimate the litapoe of appropriate business models
in achieving this objective and this research suggpecent calls for the current Cooperatives
Act to be amended to give cooperatives a higheredegf flexibility in their choice of
institutional arrangements. It follows that the usttial biofuel strategy proposed for South
Africa should be amended to recognise smallhol8€r ér IOF biodiesel processing models,
and that government support dedicated to traditismellholder cooperatives should also be
used to establish and nurture these alternativ@dasf business organisation. In addition,
more general problems constraining economic dewvedop in the Ngonyama Trust lands
need to be addressed if cooperatives (or otherdaibusiness organisation) are to play an
important role in pro-poor development initiativeShese problems include uncertain
property rights and poor physical infrastructurat timit access to information and markets,

including land rental markets.

With specific regard to the production of soybean&ZN as feedstock for biodiesel, the
results of this chapter show that local processivauld require on-going subsidies -
regardless of whether the soybeans are grown ge lar small farms, or whether irrigated
land is used or not. Pro-poor rural developmenthmige better served by promoting
smallholder soybean oil extrusion ventures that expected to require less subsidy and
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which maintain the advantage (as for biodiesel pectidn) of producing oilcake that can be
used as a high protein input in animal feeds. Sd\ftica has consistently been a net
importer of both soybean oil and oilcake. The nsswdlso suggest that smallholder
participation is unlikely in the absence of a rémterket for cropland as prevailing farm
sizes are too small to make commercial productiosogbeans a worthwhile proposition —
even with high levels of subsidy. Preconditionsréf@e include a rental market for
cropland, support for smallholder organisationg li8Cs or IOFs that encourage investment
by patrons and strategic equity partners in proeggsiant, and extension and training for

small farmers who typically have little experienoehe production of soybeans.
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CONCLUSION AND POLICY RECOMMENDATIONS

Historically, alternative energy technologies haeen dependent on sustained governmental
support in order to be competitive with fossil ®ieh the marketplace. Biofuels are no
exception, and a significant portion of recent @ases in global biofuel production can be
attributed to government support in these industrgoarticularly among the current leading
biofuel producers (such as the U.S., the E.U. aa@iB. Therefore, government intervention
in biofuel markets, at least in the developmentjas, appears to be essential. The results of
this study support the initial hypothesis that amf biodiesel production in KZN, at both the
commercial and small-scale level, is currently moteconomically viable alternative to fossil
fuels, and indicate that considerable governmeppat (subsidy) is necessary to establish
and operate batch process biodiesel plants ondootimercial and smallholder crop farms in

the soybean-producing areas of KwaZulu-Natal (KZN).

Importantly, significantly more support will be rgiced at the small-scale farm level.
Therefore, this study suggests that the incentares commitments proposed by the South
African (SA) biofuels industrial strategy are infscient to both establish and sustain a
domestic biodiesel industry. Moreover, these resaite applicable to the areas of KZN that
are best suited for soybean production, inferrimaf £ven more intervention will be needed
elsewhere in the province if soybean-based biodmseluction were pursued. Soybeans are
also believed to have the greatest potential astageneration biodiesel feedstock, implying
a high likelihood of even more elevated levels wbEort being required for sunflower- and

canola-based biodiesel production ventures.

Results of this study identified that the econofemsibility of on-farm biodiesel production
in the soybean-producing regions of KZN is highgpdndent on the soybean price (i.e., the
feedstock input cost) and the soybean oilcake (riee the highest valued by-product). The
relationship between these two prices appears\e hssignificant effect on the viability of
these enterprises. Therefore, since feedstock costprise a significant proportion of total
biodiesel production costs and are often regardedha single most important factor
influencing the economic feasibility of biodiesebgduction, future promotion of biodiesel
initiatives should primarily target a reductionfeedstock costs through the development of
new technologies which increase the yields of abéél feedstocks and/or permit the use of
lower cost alternatives. Prominent technologicalovations of this nature may include
second and/or third generation biofuels, as welb@technology. Central to both these
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arguments, however, is the importance of addressingtraints to technology adoption and
market participation. It is also advisable, therefothat the availability of feedstock
dominates the site selection decision. In contgigterine markets are currently regarded as
being volatile and uncertain. It is recommended tdgernative applications for this by-
product be explored in future research if it isn@ke a significant contribution to the

economic viability of these ventures.

With the likely presence of experience curve effantbiodiesel industries (i.e., the reduction
of average unit costs as a function of time andlonulative output in the industry), it is
recommended that should the SA government wislutsue biodiesel production — which is
believed to be a genuine policy decision — it ipemative that they hasten their attempts to
finalise and implement a comprehensive, long-téwofuel policy framework. Furthermore,
since the vast majority of economic feasibilitydsas, irrespective of the scale of production,
establish the need for governmental support inuglofndustries, it is suggested that the
proposed SA biofuels industrial strategy, which@zhtes that only previously disadvantaged
individuals producing biofuels in the former hommeda will be eligible for government
support, may need to be revised if South Africtbi®iave a realistic chance of achieving its
proposed biofuel targets. There are also concarmsusding the fact that South Africa’s
commitment to the framework of the Renewable Eneéfdyite Paper is not binding. Less
ambiguous biofuel policies would certainly go adoway to creating a more conducive

environment for stimulating private investment ontestic biofuel initiatives.

If the SA government continues to view and prontotduel enterprises as a means of rural
and economic development in the former homelards,research advocates that traditional
cooperatives should not be the mechanism to ddtgse.vital that government does not
underestimate the crucial importance of appropiiatgness models in achieving their rural
development objectives. Thus, this research suppecent calls for the current Cooperatives
Act to be amended to give cooperatives a higheredegf flexibility in their choice of
institutional arrangements. Accordingly, this woalldo infer a need to revise the proposed
SA industrial biofuel strategy so that it recogsismallholder investor-share cooperative
(ISC) or investment-oriented firm (IOF) biodiesebpessing models, and that government
support dedicated to traditional smallholder coapees should also be used to establish and
nurture these alternative forms of business org#inis. However, it is also critical that
government address more fundamental problems tmstr@ain the economic development of

the former homeland areas if cooperatives (or othens of business organisation) are to
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play an important role in domestic developmentsied biodiesel initiatives. These
problems include uncertain property rights and pawoysical infrastructure that limit access

to information and markets, including land rentarkets.

Given that South Africa has consistently been aimgiorter of both soybean oilcake and
soybean oil, and the fact that soybean oil is elyea higher valued product whilst costing
less to produce than biodiesel, it is recommentatigovernment rather consider promoting
exclusively soybean oil extrusion business ventusssa means of value-adding for
smallholders, rather than soybean-based biodiegsduption. Although soybean oilcake and
soybean oil markets are characterised by volatilitgications of this research are that
considerably less public support may be necessamnake these business opportunities

viable - even at the relatively small-scale level.

However, the results also indicate that smallhopeticipation may well be unrealistic in the
absence of a rental market for cropland as prexpifarm sizes are too small to make
commercial production of soybeans a worthwhile psion. Specific requirements for
smallholder involvement, therefore, include (i) thstablishment of a rental market for
cropland; (ii) support for smallholder organisasofike ISCs or IOFs that encourage
investment by patrons and strategic equity partimepsocessing plants; and (iii) considerable
extension and training for smallholders who tydicahave very limited experience
cultivating soybeans. Nevertheless, increased lpcaluction of soybean oilcake may result
in a positive supply response from domestic livelstindustries through more readily
available high protein feed inputs. In so doinge fiood versus fuel debate against an
expansion of biofuel production could be reducedvdloping cheaper and more efficient
small-scale oil extrusion equipment in particulaayntontribute significantly to improving
the viability of biodiesel enterprises in the SAtaxt.

Future research could also be geared towards detagnwhether biodiesel subsidies (or
other forms of public support) are economicallytifieble at the national level in South
Africa (i.e., examine if the national benefits oetgh the costs of these enterprises). Should
government wish to pursue development-orientecectile smallholder biodiesel initiatives,
it may be advisable that more comprehensive smealesmodels are developed to aid this
decision. Importantly, these should incorporate enappropriate crop yields, food security
requirements and management practices, as welleagdditional costs of extension services
and transaction costs of collective action. Comiplardeasibility studies for large-scale
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continuous flow biodiesel plants, as well as ak#e and/or future generation biofuel

feedstocks could also assist policymakers in makifagmed decisions.

Finally, bioethanol and biodiesel are currently tleading biofuel varieties produced
worldwide. The main contributions of these biofueldl likely be to support farmers and
augment the existing supply of fuels used in transpion sectors. Under current production
levels biofuels contribution to global energy desh@a@modest. Their contribution in the SA
context, however, is currently insignificant and ynmeemain this way without clear
government policies on renewable energy and pr@dngovernment support for such
industries. Despite the fact that global biofueddarction levels are expected to continue to
increase in the future, with a similar trend patdht existing in South Africa, biofuels are
unlikely to be a panacea and should be used inunotipn with other renewable energy
technologies. Nevertheless, continued technologicatlvancements, infrastructure
development, and unambiguous government policidsraarventions (through the provision
of appropriate incentives) will certainly be cehtta the future developments of biofuel

industries.
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SUMMARY

Global biofuel production has risen substantialty recent years, driven primarily by
government support in these industries. The statetivations for biofuel initiatives are
numerous and have varied over time. Among the moshinent of these are to address
concerns over energy security, goals to improveirenmental quality, decreased traffic
congestion, reductions in the tax costs of farms&lybprogrammes, improving farm incomes
and enhancing rural economic development. Althodmbdiesel production has been
increasing at a proportionally higher rate tharethanol in recent years, the latter clearly
dominates biofuel production worldwide. The leadprgducers of biofuels include the U.S.,
Brazil, and the E.U., with the vast majority of lggd production originating from these
regions. Whilst numerous Asian and Latin Americamirdries are becoming increasingly
important biofuel producers, Africa’s current caim@ition to global biofuel production levels
can be regarded as being comparatively insignifiddawever, with a relative abundance of
underutilised land and labour, as well as favowajpowing conditions, various African

countries have been identified as having signititaofuel production potential.

The feedstocks necessary to produce biofuels ardjdly originate from the agricultural and
forestry sectors. However, the large expected asmein biofuel production has raised
numerous questions with regards to the feasibiéipproach, and potential impacts of such
activities - particularly the potential social aedvironmental implications. Thus, whilst
undeniably important, the decision to expand bibfueduction should not be based upon
economic concerns alone, as there are a numbeher i3sues including potential land use
changes, conflicts with food production, deforaetgtloss of biodiversity, and effects on
both water quality and quantity that also needdeebaluated. It is these issues and debates

that have contributed significantly to biofuelsrmpsuch a topical subject matter.

The fact that agricultural commodities have becampaits for energy production has caused
agricultural and energy markets to converge, withjom commodity prices showing an
increased correlation with crude oil prices in rdcgears. This has caused a trade-off
between food and biofuel production. Accordinglyere have been considerable debates
over the potential adverse implications of divegtfood crops for the production of biofuels,
and subsequent rises in commaodity prices, will haveglobal food, feed and fibre markets,
as well as food security. Since biofuels have omgently had a relatively significant
introduction into fuel markets, the full extent mdtential impacts on these markets are still
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largely uncertain. Distributional consideration®wever, suggest that Sub-Saharan Africa
and Latin America will be the most vulnerable regido price increases for various food
commodities, reductions in the availability of &g, and subsequent increased levels of

malnourishment.

Nevertheless, it has been established that the riefoa biofuels is only partly responsible
for recent increases in food prices. They have ladsm attributed to short-term trends such as
low inventory levels, supply shocks, monetary pgland speculation. It has been suggested
that enhanced agricultural productivity will setteereduce the upward pressure that biofuels
impose on food prices, and may simultaneously iwg@rdood security. Prominent
technological innovations of this nature includea® and/or third generation biofuels, as
well as biotechnology. Central to both these argusjehowever, is the importance of
addressing constraints to technology adoption aratkeh participation by developing

countries.

In addition to the food versus fuel debate, oth@mnpnent discussion points have revolved
around concerns surrounding the carbon and netggnbelances of biofuels, and
apprehensions about the degree of sustainabilibiadfiel feedstock production. The results
of studies on the carbon and net energy balancb®fafels have been mixed, and are highly
dependent on their underlying assumptions. Howetiere appears to be consensus that the
net energy balances for soybean-based biodiesebagarcane-based bioethanol are more
favourable than that of maize-based bioethanol.dLand water resources are already
limiting factors in the production of agriculturadbmmodities in many countries. Therefore, a
continued global expansion of biofuel productiomdasubsequent price increases for
numerous agricultural commodities, may have sigaift implications for land use, with
potentially adverse environmental consequencesigfrincreased cropping intensity and/or
an expansion of cropping area. The extent of sufbcte will depend critically on
agricultural management practices and which biofaelps see the most significant

expansion. These factors will typically vary byimeyg

While future generation biofuel technologies pramie have superior yields and be more
environmentally friendly than their predecessohgytare also expected to be suitable for
marginal lands that are not productive in tradiloagricultural practices. Moreover, they
will make use of a wider range of biomass resouticasdo not compete directly for food. It
would, however, be naive to assume that optimrstiewable fuel targets that have been set
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by various countries can be met by only drawing gimal lands into production, and
therefore, some land use changes will inevitablguoc Thus, against a backdrop of
considerable debate and controversy surroundingetiveronmental footprint of biofuels,
particularly regarding deforestation and the comtipetof biofuels with food and feed, it has
been suggested that establishing sustainabilitydarals and certification schemes are a
possible means to ensure that biofuels are prodiutea sustainable manner. Another
consideration, however, should be that continue@@acements in biotechnology may further
improve the productivity of current crop varietiegsguably reducing the land intensity of

biofuels, as well as develop new, superior biofaetistocks in the future.

Alternative energy technologies have historicallgetv highly dependent on sustained
governmental support/incentives in order to be cafitipe with traditional fossil fuels.
Importantly, this includes biofuels. While a sigo#int driver of the recent increases in
biofuel production has been the rising real oiteriprolonged government intervention has
undoubtedly been an essential feature of the dpuedat of the biofuel industries in many of
the present global market leaders in biofuel prtéidac Furthermore, trends indicate that this
will continue in the future. Biofuel developmentnche influenced by numerous national
policies, in multiple sectors, at various stagestha supply chain — ultimately creating
favourable market conditions for the productionbaifuels. While a wide variety of policy
tools are available for government interventiorbiafuel markets, the cost effectiveness as
well as the distributional implications of each lwikry, creating both winners and losers
among economic agents. This study evaluated thertamt characteristics of some widely
used biofuel and related policies, of which exdese credits, renewable fuel standards, and

mandatory blends are universal.

In general, the majority of agricultural and trgm#icies provide net benefits for agricultural
producers, while explicit energy policies striveaddress the problems that result from oil
consumption. Most explicit biofuel policies resuita reduction in the consumption of crude
oil at the national level, owing to either incredgoduction of biofuel or a reduced demand
for oil. Furthermore, policies that stimulate theguction of biofuels typically raise farm
income. The majority of policies’ abilities to remhigreenhouse gas emissions are largely
uncertain, while their respective implications émnsumer welfare and government revenue
are mixed, and typically vary by policy. No indivia policy, however, will provide an

optimum solution under all circumstances. Contintessearch into dynamic policies that, for
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example, vary according to crude oil prices andoant for both energy security and

environmental impacts of biofuels could be veryfuls@ years to come.

Energy is vital to all aspects of development. &gently, both conventional petrol and
diesel fuels have significant importance in theneenies of developing countries. Currently,
petrol is the most prominent fuel-type in Southiédr However, the agricultural sector is
clearly dominated by the consumption of diesel.dBisel is regarded as being a renewable
diesel-fuel substitute that can be used in blemgaice form in compression-ignition engines.
Biodiesel has the advantages of diminishing depecel®n foreign petroleum, mitigating
greenhouse gas emissions, and generally improvibgnuair pollution. Internationally,
biodiesel is a relatively well-established fuel, ttwicampaigns being planned and
implemented in numerous countries to introduce emcburage the use of biodiesel. Under
current production patterns the leading biodieseldpcing nations by volume include
Germany, U.S., France, Argentina and Brazil. In parson, biodiesel industries on the

African continent are currently regarded as bemtheir developmental stages.

The choices of biodiesel production process andsteek variety are important economic
considerations, since they have considerable imfpios for both capital and operating costs.
However, alkali-catalysed transesterfication appéabe the most frequently utilised process
for biodiesel production, particularly at the conroial level. While biodiesel can be made
from numerous feedstocks, it is currently mainlgdarced from vegetable oils. The relative
importance and cost share of biodiesel factorsroflyction may vary by region. However,

there appears to be consensus among researcheravih@materials (feedstock) are typically

the most significant cost element of biodiesel pwihn and its economic feasibility.

Therefore, it is recommended that the availabiifyfeedstock dominate the site selection
decision. Results evaluating the presence of ec@mwof scale in biofuel production have

been mixed. However, evidence of experience cuffexts (i.e., the reduction of average
unit costs as a function of time and/or cumulabwéput in the industry) have been found in
the bioethanol industries of both Brazil and thé&.U.demonstrating how both early and
sustained governmental support can lead to sigmificeductions in production costs in the

longer-term.

Given the relative insensitivity of biodiesel tao@omies of scale and the current general lack
of a clear and comprehensive government biofuaetpan the African continent, including
South Africa, some researchers recommend thatytbegreferable to construct a relatively
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large number of small, decentralised biodiesel tglarather than large-scale centralised
biodiesel plants in Africa, as a means of combatiskjwhilst gaining valuable experience in
the production of biodiesel. On-farm biodiesel prottbn in the province of KwaZulu-Natal
(KZN) using soybeans (the only biodiesel feedstolgntified by the SA industrial biofuels

strategy that is grown in significant quantitiekidN) may represent an application of this.

Mixed integer linear programming models were depetbin this study to determine the

economic feasibility of biodiesel production ontbabmmercial and small-scale farms in the
soybean producing regions of KZN. The commerciatehsimulated observed agricultural

land rental rates (estimated at 4.48% of the mariikete of land) and cropping behaviour of
crop farms in the study regions. The model incaaped various alternative crops, crop
rotations, tillage techniques, arable land categom@nd variance-covariance matrices to
account for risk in production. The small-scale elodas based on the commercial farm
model. All data were adjusted to a real 2009/10(sbas

Results indicate that on-farm biodiesel producti®rcurrently not economically viable at
both the commercial and small-scale level. Undeelyae assumptions it was estimated that
additional incentive, in the form of a minimum ingil subsidy of R4.37 per litre of biodiesel
are required to draw soybean-based biodiesel ptiauinto the optimum solution for
commercial farms. However, the minimum subsidy &milective smallholder biodiesel
production in the absence of a rental market fopkend was conservatively estimated to be
nearly three times higher (R12.14/litre). The ecoimoviability of soybean-based biodiesel
initiatives are highly dependent on the soybearutimrice and the soybean oilcake by-

product price.
The main conclusions and policy recommendations fitws research, therefore, include:

0] The current set of biofuel policy initiatives outid by the SA industrial biofuel
strategy is inadequate to establish and sustainesmybased biodiesel production
at both the commercial and small-scale farm lewdfZN. If the SA government
wishes to pursue biofuel ventures, it is imperatheat they take a more decisive,
comprehensive and long-term policy stance. Theeeftirere is a clear need to
revise the industrial biofuel strategy, and possible (non-binding) Renewable
Energy White Paper.
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(i) There is a need to amend the current SA Coopesathat (which specifies
conditions typical of traditional cooperatives) aéllow cooperatives a higher
degree of flexibility in their choice of institutial arrangements. Presently, value-
adding cooperatives would inevitably fail to attrdbe capital and expertise

needed to process biodiesel owing to ill-definetingpand benefit rights.

(i)  Since South Africa historically imports soybeancake and soybean oil,
government should rather consider promoting snealessoybean oil extrusion
ventures as a means for value-adding for smallheldémportantly, these
initiatives will likely require considerably lessumport than soybean-based
biodiesel production and may have positive spindtis domestic livestock

industries.

(iv)  Preconditions for smallholder participation in tf@mer homelands include a
rental market for cropland, support for developragnted smallholder
organisations like investor-share cooperatives ¢)S@nd investment-oriented
firms (IOFs) that encourage investment by patrors srategic equity partners in
processing plant, and extension and training faalsfarmers who typically have

little experience in soybean production.

(v) Biofuels are not a panacea and should be used murodion with other
renewable energy technologies. However, contineséarch into all aspects of
biofuel production and subsequent technology adsaents (particularly
pertaining to reductions in feedstock costs andfgroved process efficiency),
infrastructure development, and prolonged provisioh the correct set of
government incentives for these initiatives will\o&al to the future development

of biofuel industries.

Areas for future research include finding altenwmatapplications for the glycerine by-
product, establishing cheaper and more efficienallsgtale oil extrusion equipment,
determining whether biodiesel subsidies (or othermf of public support) are
economically justifiable at the national level inoush Africa, developing more
comprehensive collective smallholder biodiesel poddn models, and conducting
feasibility studies for large-scale continuous flowdiesel plants, as well as alternative

and/or future generation biofuels.
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APPENDIX A: Current Biofuel Production, Future Targ ets and Policies for Selected

[

h

b

f

d

2d

d

B

Countries
Country Biofuel Capacity Future Targets Main Sources 6 Biofuel | Explicit Biofuel Policies | Main Trade Policy for Biofuels
Australia 170 million litres of 350 million litres of Wheat and molasses Producer subsidy, capitdlmport tariff of $0.31/litre of bot
bioethanol biofuel by 2010 grants, vehicle standard bioethanol & biodiesel
Excise tax credit, Low export tax (5%) for soybed
. 204 million litres . mandatory blending, expq based biodiesel compared tg
0,
Argentina (2006) 5% biofuels by 2010 Soybean tax exemption on biofue| soybeans (23.5%) & soy oil ca
blends (20%)
25% blending of
I bioethanol (has been |in Mandatory blending, | 20% ad valorem import tariff o
. 17.5 billion litres ) ; S : ; ; :
Brazil (2006) effect for along time)  Sugarcane & soybean| capital subsidies & vehicle bioethanol (waived in case of
& 5% biodiesel from subsidies domestic shortage)
2013
S 5% bioethanol by 2010 Excise tax credit, . Import tariff of $0'122£.; fqr
240 million litres o . . . bioethanol & $0.11 for biodies
Canada h & 2% biodiesel by Maize & wheat mandatory blending, . )
bioethanol . o (lower tariffs & exemptions fo
2012 capital subsidies )
select countries)
. 1.2 billion litres of . Maize, cassava & Subsidies & tax bregks byt Import tariff of 30% on
China . Data not available only for non-grain .
bioethanol (2006) sugarcane bioethanol
feedstock
py - -
o 10A> bloethangl in Mandatory blending, tax Ad valorem import tariff of 159
. 400 million litres cities exceeding . breaks for sugarcane .
Colombia : Sugarcane & oil palm - . on bioethanol & 10% on
(2006) 500000 people sincH plantations, capital S
o biodiesel
2006 subsidies
. Lo . o
3.6 billion litres of 5.75 % of Excise tax credit (is beinp Aq vglorem QUty of 6.5/0 on
- . phased out), carbon ta: biodiesel & import tariff of
biodiesel (2005) & transportation fuel or] Rapeseed, sunflower, ) : h )

EU PR ) credit, mandatory blendin{ $0.26/litre on bioethanol (latter
1.6 billion litres of | energy basis by 201Qwheat, sugar beet & barl BY canital arants & fundingl  waived for some categories o
bioethanol (2006) & 10% by 2020 pital 9 9 ¢ categ

for R&D countries)
0, i 0]
.| 340 million litres o 10/.0 bl'oethanol & 10 . Mandatory blending & | Lower export tax for processe]
Indonesia - biodiesel effective Oil palm . . . A
biodiesel (2006) ) capital subsidies oils compared to crude palm gl
April 2006
360 million litres by Ad valorem import duty of 23.8
Japan Insignificant |2010 & 10% biofuel b Imported bioethanol Excise tax credit | on fuel bioethanol (to be lower
2030 to 10% by 2010)
Malaysia 340 million litres of 5% biodiesel since Oil palm Mandatory blending & | Lower export tax for processe
Y biodiesel (2006) April 2007 P capital subsidies oils compared to crude palm dil
Proposed: 2% of
national liquid fuel Excise tax credit of 40%
(400million litres) by Proposed: soybeans, | for biodiesel & 100% tax
South Africa Insignificant 2013 (until 2020), canola, sunflower, exemption for small-scalp N/A
including 2% biodiesql sugarcane & sugar beet biodiesel producers (<370
& 8% bioethanol 000 litres/annum)
blends
Thailand 330 million litres o Data not available Cassava, sugarcane, | Price subsidy & capital |[Import tariff of 2.5 baht/litre & a
bioethanol (2006)| molasses subsidies valorem tariff of 5% on biodies
36 billion gallons of
18.4 billion litres of biofuels by 2022, with Excise tax credit, Import tariff of $0.1427/litre of
bioethanol (2006) { 15 billion gallons fromy Maize, & in future mandatory blending, | bioethanol plus ad valorem tar

USA . . . . . . . .

284 million ltres off maize-based bioethar] cellulosic sources capital grants, vehicle with some exemption for
biodiesel (2005) | & 21 billion gallons of subsidies carribbean countries
"advanced biofuels"

Sources: Adapted from Rajagopal and Zilberman (2007 106). Data on Brazil's future mandatory
biodiesel blend from Pousaet al. (2007:5394); EU blend target for 2020 from Banset al. (2008:119); USA
future targets from Senauer (2008:1227); ProposedaoBth African data from DME (2006, 2007).
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Figure 3.2: Process Flow Chart for Biodiesel Production
Source: Adapted from Van Gerpen and Knothe (2005: 32) and M urugesan et al. (2009: 827)



Table4.1: Summary of Selected Key Aspects of the Baseline Model

Activities
) Dryland Irrigation | Dryland | Irrigation Total Tota No-
Soybeans Maze | e Conventional | Conventional | No-Till | No-Till |Conventional Till Buy | RHS
Conventional No-Till Conventional No-Till | [ ... INT INT Diesel
Dryland |Irrigated | Dryland | Irrigated Dryland | Irrigated | Dryland | Irrigated | | ...
Soygrow | Soygrow|Soygrow| Soygrow | Soysell | Mzgrow | Mzgrow | Mzgrow | Mzgrow | Mzsell | ...
Dland (ha) 1 1 r | T L 220
Iland (ha) 1 1 I T L 220
Soytr (ton) -2.0 -35 | -208 | -35 ' I I I e LO
Maiztr (ton) -6 -10 624 | -10 1 | LO
Soy-Mz Rotation (DRY) 2 I T Y e EOQ
Soy-Mz Rotation (IRR) 2 S T T e EOQ
Soy-Mz Rotation (DRY) 2 D EOQ
Soy-Mz Rotation (IRR) 2 10 EOQ
Total Dry Conventiona -1 I T Y e 1 EOQ
Total Irr Conventional -1 D Y e e 1 EO
Total Dry No-Till -1 I Y e 1 EOQ
Total Irr No-Till -1 S N 1 EQ
Link2 (] -1 -1 441 GO
Y e e T T T T T e T e -1 -1 441 GO
[ T e e e e Y T T 1 1 E1l
Dieseluse (litre) 60 60 20 35 75 75 20 0 | ] ... -1 LO
OBJ(R) -VC -VC -VC -VC P -VC -VC -VC -VC P | ... -6.77 | MAX!
WhereOBJ = objective function

Dland = dryland

lland = irrigation land

INT = integer activity

VC = variable cost per hectare

P = product price per ton




APPENDIX B: Summary of Selected Economic Evaluations of Various Biodiesel Plants

Nelson et al . N(\)/Sir?r?;s& Bender |Zhangetal.|Zhangetal.|Zhangetal .|Zhangetal .| Youetal.|Youetal.|Youetal.
(1994) (1996) (1999)* (2003b) (2003b) (2003b) (2003b) (2008) (2008) (2008)
Plant capacity 100000 7800 10560 8000 8000 8000 8000 8000 30000 | 100000
(tons/annum)
Alkali- Alkali- Alkali- Alkali- Alkali- Acid- Acid- Alkali- Alkali- Alkali-
catalysed catalysed catalysed catalysed catalysed catalysed | catalysed | catalysed | catalysed
Process type . catalysed . . . . . . .
continuous |, e batch continuous | continuous | continuous | continuous | continuous| continuous| continuous
process P process process process process process process | process | process
Virgin Hexane
Raw material ($ million) | Beef Tallow |Rapessed oil | Animal fats| vegetable Wgste . Wgste ) extraction 80be Soyl?ean Soyt?ean
oil cooking oil | cooking oil | of waste oil oil oil
cooking oil
Fixed capital cost Not
($ million) Not reported | Not reported reported 1.17 2.33 221 2.77 1.17 351 10.15
Total capital cost 12 Not reported|  3.12 1.34 268 255 3.19 1.35 4.04 11.67
($ million)
Total manufacturing cost 34 5.95 Not 6.86 7.08 5.15 5.62 6.89 21.72 67.8
($ million) reported
Net annual profit Not
($ million) Not reported | Not reported reported -1.03 -1.14 -0.18 -0.41 -0.024 1.975 8.879
After tax rate of return | Not reported | Not reported reg:)?: od -85.27% -51.18% - 15.63% -21.48% | -10.44% | 40.23% 67.38%
Biodiesel break-even 340 763 420 857 884 644 702 862 724 678
price ($/ton)
1.2
Glycerine credit 6 0.9 (technical- | 73 0.68 0.77 0.73 3.19 11.94 39.81
($ million) grade
glycerine)

*Only resultsfor one of the biodiesel plants evaluated isreported here.
Source: Adapted from Zhang et al. (2003b: 230) and You et al. (2008: 187).



APPENDIX C: Summary of the Effect of Farm Size on Economic Feasibility, Plant Combinations and By-Products

I nvestment Behaviour

Optimisitc Conversion Ratios

L ess Optimisitc Conversion Ratios

Baseline
Farm Size (ha) 50 100 200 440 1000 1500 2000
Biodiesel Price (R/litre) 10.72 10.72 10.29 10.19 10.06 9.93 9.87
Oil Extrusion
Plant 1 Yes(l) | Yes(1) | Yes(1) | Yes(l) | Yes(2) No Yes (1)
Plant 2 Yes(7) | Yes(7) No No No Yes(1) | Yes(l)
Sell Soybean Qil (litres) 0 0 0 0 0 0 0
Sell Soybean Oilcake (tons) 7197 7197 181 343 685 936 1252
Biodiesel
Plant 1 (Low-Tech) No No Yes (1) No No No No
Plant 2 (Low-Tech) No No No Yes(1) No No No
Plant 3 (High-Tech) No No No No Yes(1) | Yes() | Yes(1)
Plant 4 (High-Tech) No No No No No No No
Plant 5 (High-Tech) Yes(1) | Yes(1) No No No No No
Sell Biodiesl (litres) 1809864 | 1809864 | 45600 86184 | 172368 | 235364 | 314879
Sell Glycerine (tons) 2390 2390 60 114 228 311 416
Buy Soybean (tons) 10556 10510 99 113 97 0 0
Objective Function Value (R) 101014 | 162023 | 250923 | 576113 [ 12725671908 044| 2 526 417
Implicit Subsidy (R/litre) 4.17 4.17 3.74 3.64 3.51 3.38 3.32

Baseline
50 100 200 440 1000 1500 2000
13.34 13.34 12.92 10.92 10.21 10.21 10.14
Yes(1) | Yes(1) | Yes(1) | Yes(D) | Yes(l) | Yes(l) | Yes(2)
Yes(7) | Yes(7) No No No No No
0 0 0 0 0 0 0
10796 10796 272 266 514 514 1028
No No Yes(1) | Yes(1) No No No
No No No No Yes(1l) | Yes(1) No
No No No No No No Yes(1)
No No No No No No No
Yes(1) | Yes(l) No No No No No
1809864 | 1809864 | 45600 44528 86184 86184 | 172368
2390 2390 60 59 114 114 228
15848 15802 233 0 0 0 0
98322 | 155712 | 251220 | 498108 |1074238|1588832|2 103 578
6.79 6.79 6.37 4.37 3.66 3.66 3.59
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