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Summary

Liquid biofuels are fossil fuel replacements in the form of fuel ethanol and biodiesel.
Advocates of biofuels highlight their potential to mitigate climate change from reduced
greenhouse gas emissions and socio-economic benefits for countries that achieve a higher
degree of self-reliant energy supply. Critics emphasise social drawbacks from biofuel
production and suggest that crop-based biofuels could jeopardise food security. The
cultivation of biofuel feedstock has furthermore been reported to promote agricultural
expansion and thus pose threats to biodiversity. Intense agricultural practices, coupled with
land transformation, have also led to question as to whether or not biofuels reduce the carbon
footprint of transportation fuels.

The South African government established a biofuels strategy in 2007. Besides having
declared self-imposed renewable fuel targets, the policy paper encourages the participation of
black people in this emerging industry. The proposed fuel ethanol plant in Cradock, Eastern
Cape, is likely to be the first operational bioethanol project in the country. As one of the first
biofuels-related Black Economic Empowerment (BEE) programmes, 25 Cradock farms have
already been purchased and allocated to black emerging farmers. The intention of this
initiative is to enable part of the ethanol plant feedstock to be produced by these emerging
farmers.

The present dissertation aims to determine the magnitude and relevance of concerns
highlighted in the global biofuels debate for fuel ethanol production at the proposed Cradock
plant. This incorporates environmental impacts from agriculture, greenhouse gas emissions
during the biofuel production chain, food security impacts, and the performance of socially
equitable development. A total of 44 face-to-face interviews were held, comprising 22
commercial farmers, 12 emerging farmers, and representatives from the governmental,
commercial and research sectors. The interviewees were questioned on the various socio-
economic, environmental and agricultural aspects of the Cradock fuel ethanol project. The
inputs of the interviewees were complemented with descriptive statistics on food production,
fertiliser and water use, biome maps and a life-cycle assessment of the carbon footprint of the
biofuel that will be produced in Cradock.

The farmers raised concerns that a drawn-out administrative process had resulted in
disinterest to participate in the project, and that many had thus made their plans independent

of the proposed biofuel plant. However, expectations towards the ethanol project were almost
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exclusively positive, and support for feedstock production will be assured if economic offsets
are adequate. The BEE programme is seen with scepticism by the commercial farmers, and
the emerging farmers face substantial problems on their allocated farms. Most of these farms
are in a deteriorated condition and the emerging farmers lack crucial farming implements.
Delays between purchasing and allocating the land have been identified as the main factor for
the deterioration of farms. Poor training and supervision were frequently raised as potential
pitfalls by the commercial and emerging farmers.

The agricultural land-use footprint of fuel ethanol production in Cradock will be small.
With a projected annual production of up to 16,000 litres of ethanol per hectare from sugar
beet, yields are substantially higher than in other countries. Agricultural activity takes place
on existing farm land, or on biomes classified as “least concern”. Because biofuel feedstock
will replace some of the maize crops currently grown, the use of climatically critical nitrogen
fertiliser is likely to decrease with biofuel feedstock production. Food security is unlikely to
be jeopardised because of i) animal feed co-production during feedstock-to-ethanol
conversion operations, ii) the scale of the project, and iii) agricultural expansion and positive
yield development which offset a shortage in food crop production. Despite the high yields in
the area, greenhouse gas emission savings are found to be relatively low (27 to 33 %,
depending on land-use change and cultivation practice). This is mainly due to the high carbon
footprints of coal and the grid electricity that will be utilised during conversion operations.

It is concluded that much of the global biofuels controversy does not apply to the specific
Cradock case, and that fuel ethanol production from sugar beet has the potential for biofuel
production with few negative environmental and social impacts, although initial emission
reductions and net-energy benefits will be small. The future incorporation of alternative and
renewable technologies to produce South Africa’s grid electricity will positively impact on
the carbon footprint of the produced biofuel. Separate mechanisms to protect riparian zones
and biodiversity corridors from agricultural development should be established to minimise
biodiversity impacts. Because delays of the proposed plant cause confusion and disinterest in
the Cradock farming community, streamlined action for the commencement of the project is
recommended. Challenges also arise from sustainably implementing the Cradock agrarian
BEE programme. A coordinated administrative process for monetary allocations, training and

supervision will be necessary to ensure the success of the emerging farms.
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1 Introduction

1.1 Background

Climate change, and the concomitant depletion of fossil fuels, make the utilisation of
alternative and renewable energy sources critical (Puppan, 2002; Cockerill and Martin, 2008;
Escobar et al., 2008; Balat and Balat, 2009). Biofuels are fuel substitutes based on renewable
natural materials. Two forms of liquid biofuels, bioethanol and biodiesel, are already widely
used but are also under debate as potentially sustainable replacements for fossil fuels in the
transportation sector (Demirbas and Balat, 2006). First generation biofuels are fuels derived
from agricultural crops, such as biodiesel from oil seeds, and ethanol from starch or sugar-rich
plants. These crop-based fuels account for the vast majority of currently produced biofuels
(Havlik et al., 2010).

Much controversy has emerged from various sectors regarding the desirability of biofuel
production. Advocates of biofuels argue for their potential to reduce greenhouse gas (GHG)
emissions and mitigate climate change (e.g. Puppéan, 2002; Demirbas, 2009). Amigun et al.
(2006) highlight the socio-economic opportunities and benefits that biofuels offer, such as
energy supply self-reliance, independence from oil imports and the creation of domestic
employment. However, opposition to biofuels has increasingly gained momentum over the
past decade (Attwell, 2011). A prominent concern amongst development researchers is that
biofuels could be in direct competition with food production (IFPRI, 2008; PRI, 2008; Ewing
and Msangi, 2009; Pimentel et al., 2009; Tilman et al., 2009). Furthermore, socially
inequitable development and the exploitation of vulnerable groups have been linked to biofuel
production (Cotula et al., 2008, 2009; Friis and Reenberg, 2010). Some studies have also
challenged the notion that biofuels significantly lower GHG emissions, due to the extensive
chemical and electricity use during cultivation and production phases, as well as the changes
in land-use driven by agricultural expansion, which add to the carbon footprint of the product
(Crutzen et al., 2008; Fargione et al., 2008; Searchinger et al., 2008; Borjesson, 2009;
Stephenson et al., 2010). Other studies have highlighted additional negative environmental
impacts that may outweigh possible benefits of biofuels, such as soil acidification and
eutrophication through fertiliser use (Blottnitz and Curran, 2007; Borjesson and Tufvesson,
2011), as well as biodiversity threats and habitat destruction from agricultural activity
(Wilcove and Kohl, 2010; Fletcher Jr. et al., 2011).
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Despite these criticisms, bioethanol and biodiesel production has increased globally
(Demirbas and Balat, 2006; RFA, 2013). Biofuels are already being intensively produced and
widely used in the United States and Brazil, the two countries which to date have led
production and consumption of renewable transport fuels (RFA, 2013). The 2000 European
Union’s Green Paper set an objective to replace 20 % of conventional fuels with biofuels by
2020 (EC, 2000), although this target has subsequently been lowered due to environmental
concerns and the issue of food security (EC, 2009, 2012). Biofuel production on the African
continent is minimal; however, in 2007, together with other sub-Saharan countries, the South
African government established plans for biofuel production, which were published in the
policy paper “South African Biofuels Industrial Strategy” (DME, 2007). The motivations to
establish a biofuels industry in South Africa derive from the anticipated benefits, such as the
socio-economic upliftment of rural areas, the strengthening and empowerment of historically
disadvantaged groups, lowering GHG emissions, and promoting self-reliant energy supplies
(DME, 2007). Four national biodiesel and four bioethanol plants are currently in the planning
stages (DME, 2013a).

One of South Africa’s first bioethanol projects is a fuel ethanol plant to be built in Cradock
in the Eastern Cape. The Cradock area is semi-arid with an annual rainfall of 350 mm;
however, due to additional water supplies from the Orange River scheme, irrigation farms are
highly productive in this region. Plans for this biofuel project envisage locally grown sugar
beet to serve as the main feedstock for ethanol production. Grain sorghum will be utilised as a
supplementary feedstock and will be grown locally, or imported from various regional and
national locations (Vivier et al., 2009).

The South African biofuels strategy encourages the participation of emerging farmers in
the upcoming biofuels industry (DME, 2007). The Department of Rural Development and
Land Reform manages programmes that aim to strengthen the role of black people in the
South African economy (“Black Economic Empowerment”, BEE). Under a directive of Land
Reform, a BEE programme has been initiated in Cradock, where twenty-five farms with some
16,000 hectares of farmland have already been purchased from commercial farm owners and
handed over to emerging farmers. The intention of this initiative is for part of the ethanol

plant feedstock to be produced by these emerging farmers (DRDLR, 2013a).

1.2 Aims and objectives of this study

The global controversy revolving around biofuels concerns socially equitable development,

environmental impacts from agricultural activity required for feedstock production, uncertain
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climatic benefits which are linked to the carbon footprint of the produced biofuel, and
possible impacts on food security. The present study aims to determine the magnitude and
relevance of these potential pitfalls for biofuel production at the proposed pioneer fuel ethanol
plant in Cradock, South Africa. To ensure that biofuel production brings social and economic
benefits to the region where a project is established, governments are required to make
provisions for equitable and mutual benefits for those residing and working in the production
area. Although other developing countries have experienced socially undesirable effects from
biofuel production, such as “land grabs” and the exploitation of vulnerable groups (Cotula et
al., 2008, 2009), the South African government has been careful to emphasise the potential
link of this emergent industry to rural development and black empowerment (DME, 2007).
Essential to the overall success of this endeavour, and more particularly the success of the
proposed Cradock fuel ethanol project, is the support and participation of the local farming
community and a successful implementation of the BEE programme on the beneficiary farms.
However, previous South African agrarian land reform projects have had varied success
(Ponte et al., 2007), with critical voices claiming a substantial decrease of production rates on
emerging farms (Hall, 2004). In light of these reported drawbacks, this study investigates
some of the social parameters of Cradock fuel ethanol production, and the possible barriers to
its implementation in the form of the degree of commercial farmer support, and the
performance of the BEE programme currently being put in place in Cradock.

Thus, in the context of the global biofuels debate, this research strives to determine the
environmental and social desirability of the Cradock fuel ethanol production and incorporates

five objectives:

Objective 1 — perceptions and concerns: to capture and evaluate the concerns raised by
government, stakeholders, and by commercial and emerging farmers. These concerns can be
of a social, environmental and economic nature.

Objective 2 — social implementation barriers: to assess the problems and prospects that
emerging farmers have on their farms, and the willingness of the commercial farming
community to participate in the proposed Cradock fuel ethanol project. This objective links to
objective 1.

Objective 3 — food security: to estimate the impacts of the proposed project on food
security, by contextualising the current plans and feedstock production circumstances in terms

of regional and national agricultural production statistics.
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Objective 4 — environmental impacts: to assess the environmental impacts from
agricultural activity, focussing on the ecology of the Cradock area and the possible impacts of
the project on habitat and biodiversity.

Objective 5 — carbon footprint: to conduct a study on GHG emissions from biofuel
production at the proposed Cradock plant, given that the carbon footprint of a biofuel is a vital

component of its environmental performance.

1.3 Methodological approach

The objectives of the present dissertation are addressed by collecting and analysing both
qualitative and quantitative data. The qualitative data comprised of 44 face-to-face interviews
which served to determine the views and perceptions in regards to the various environmental,
social, economic and agricultural aspects of the proposed fuel ethanol project and the BEE
programme. The interviewees included commercial farmers, emerging farmers, and relevant
representatives of government, research and the private sector. Social implementation barriers
were inferred from recurring themes in the commercial and emerging farmer interviews.
Perceived impacts of the project on food security were captured from farmer inputs and
contextualised with both regional and national food crop production statistics. Environmental
aspects highlighted in the course of the interviews were supplemented with qualitative and
quantitative data from biodiversity maps, and water and fertiliser statistics. Agricultural input
and output variables from the latest biofuel feedstock trials in the area were used in a carbon
footprint analysis that determines the extent of the GHG emissions associated with fuel

ethanol production at the proposed Cradock plant.

1.4 Relevance of this study

In light of the current biofuel controversy, there is substantial scepticism and resistance
both towards the proposed Cradock fuel ethanol project, and to the South African biofuels
strategy in general. Given the potential negative environmental and socio-economic impacts,
the desirability of biofuel production depends on the implemented technology (Wang et al.,
2007; Borjesson, 2009) and regional production circumstances (Puppan, 2002; Bdrjesson,
2009).

This study investigates the proposed Cradock biofuel plant within the context of the global
biofuels debate in order to determine the significance and relevance of the various concerns

relating to this South African pioneer fuel ethanol project. Given that the proposed Cradock
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fuel ethanol plant, and the associated BEE programme, will serve as an example for other
future biofuel projects in the country, the results of this study have implications for the
potential for an ecologically and socio-economically sound implementation of a biofuels
policy at a national level. In terms of a broader perspective, as a case study, the present
assessment offers new insights into fuel ethanol production on the African continent, where
developmental pressure and food security are high priority issues (Ewing and Msangi, 2009).
This study will thus i) contribute to a more comprehensive understanding of the social and
environmental risks and opportunities of fuel ethanol production in Cradock, South Africa ii)
deliver a status quo report of the first South African biofuels-related BEE programme that is
currently taking place in Cradock, and iii) provide for a case analysis of fuel ethanol

production in sub-Saharan Africa.

1.5 Structure of this dissertation

The literature review (chapter 2) first outlines the historical and theoretical background of
biofuel production from a global perspective. It elaborates on the motivation for the search for
renewable fuel substitutes on the part of governments, and reviews the literature on the debate
emerging from, and revolving around, the desirability of crop-based biofuels. The relevant
keynotes of the 2007 South African Biofuels Industrial Strategy paper and the aims of the
national Land Reform directive are presented and discussed. The literature review concludes
with a description of the theoretical framework underpinning the present study. The
succeeding chapter (3) introduces the study site and incorporates a description of the proposed
Cradock fuel ethanol project and the associated BEE programme. The methodology, and its
possible limitations in terms of biases and explanatory power, is discussed in chapter 4. The
results of the present study are presented in chapter 5. The discussion chapter (6) elaborates
on these findings and contextualises the results in terms of their broader relevance to the
current biofuels debate and their implications for a sustainable and desirable implementation
of the South African biofuels policy. The final chapter (7) presents summarised conclusions
and policy recommendations that draw on the findings of this study. The bibliography is listed
in a supplementary section. Summarised statements of commercial and emerging farmers that

were extracted from interviews held for this study are found in the Appendix section.
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2 Literature Review

2.1 Motivating the search for fossil fuel replacements

With rapid development taking place in previously underdeveloped countries, fossil fuel
demand is projected to increase further, a prediction which adds to growing concerns about
anthropogenic climate change (Anderson and Bows, 2008) and resource depletion (Cockerill
and Martin, 2008). The utilisation of liquid biofuels as low-carbon fossil fuel alternatives is
not a new phenomenon. Plant oils have been used as lamp oil since antiquity, and some early
cars, such as the 1908 Ford model T, were able to run on both petroleum and ethanol (Specht,
2011). However, large-scale production of cheaper fossil fuel oil has prevented these biofuels
from obtaining a dominant position on the global diesel and petroleum markets (Pousa et al.,
2007). The downsides of total or partial oil import dependency in consumer countries became
apparent only when political instabilities in oil producer countries led to two major oil crises
that had a wide-ranging impact on global economies in the 1970s (Wang et al., 2007). Due
primarily to economic pressures, biofuels were subsequently re-discovered as a potentially
sustainable replacement for fossil fuels in the transportation sector (Pousa et al., 2007; Wang
et al., 2007). The United States and Brazil were among the first to respond to these crises: to
date, these countries remain the leaders in the production and consumption of fuel ethanol
(RFA, 2013; Figure 1). It is now well established that much of the wealth of the developed
world is founded on the exploitation of non-renewable energy technologies. Almost a quarter
of current anthropogenic carbon dioxide (CO,) emissions derive from the transportation
sector, which is based largely on the exploitation of fossil fuels (IEA, 2012), and thus,
worldwide, biofuels have sparked increasing interest as to their potential to alleviate resource

depletion and mitigate climate change (Escobar et al., 2008; Balat and Balat, 2009).

2.1.1 Climate change

Advocates of liquid biofuels claim that they have the potential to reduce greenhouse gas
(GHG) emissions in the transportation sector, a notion based on the perception that the
amount of CO, emitted with their combustion equals that being absorbed over the lifespan of
its biomass. The validity of this equation has been challenged (Johnson, 2008); however, it is
now undisputed that the extraction and combustion of fossil energies such as coal and oil
result in the release of GHGs into the atmosphere. It has come to be commonly accepted that

these anthropogenic emissions contribute to the dual phenomena of climate change and global
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warming (Griggs and Noguer, 2002; Tripati et al., 2009). Unabsorbed atmospheric CO; is
furthermore thought to cause an acidification of the oceans, as CO, dissolves in water and
reacts to carbonic acid (Doney et al., 2009). In response to growing awareness of the global
warming phenomenon, a total of 192 states signed the 1992 United Nations Framework
Convention on Climate Change (UNFCCC, 2007). This convention was the foundation for the
development of the Kyoto Protocol that was adopted to regulate global CO, emission levels
(Westerwinter, 2007). However, despite best efforts on the part of the United Nations, an
international consensus that could result in long-term stabilised atmospheric GHG levels is far
from being reached (Anderson and Bows, 2008; Olmstead and Stavins, 2012). However,
many countries have taken their own measures to lower their carbon footprint and establish

alternative energy policies with self-imposed objectives.

2.1.2 Resource depletion and “peak oil”

Apart from climatic challenges that emerge from the combustion of fossil fuels, increasing
interest in biofuels is due to those economic pressures that arise from resource depletion.
When half of the world’s fossil oil reservoirs are depleted, oil production rates are projected
to decrease and the crude oil price will further increase (de Almeida and Silva, 2009). The
exact moment of this event, commonly referred to as “peak oil”, is difficult to predict due to
the uncertainties associated with the extensiveness of global oil sources and future
consumption. A recent study from the United Kingdom estimates “peak 0il” to occur between
2020 and 2030 (Sorrell et al., 2010), although other models suggest that it has already been
reached (Mohr and Evans, 2008). Accompanying the issue of energy security, resource
depletion, in combination with the uneven global distribution of oil and gas reserves, is
furthermore suspected to underlie increasing occurrences of military conflicts (Gokay, 2002;
Le Billon 2002).

2.1.3 Socio-economics of biofuels

In addition to possible climatic and resource-preserving benefits, advocates of biofuels
highlight social and economic advantages, such as the reduction of agricultural surplus stock,
the promotion of rural development and the creation of domestic employment (Puppan, 2002).
Others mention that opportunities from biofuel production are particularly appealing to
developing countries, as rural upliftment and oil independency offer chances for sustainable
and self-reliant development (Amigun et al., 2006; Balat and Balat, 2009).
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In summary, three main factors lead policy makers around the globe to promote seeking
independence from fossil fuels by utilising liquid biofuels in the transportation sector: 1)
anthropogenic climate change caused by the release of GHGs, ii) the accelerated depletion of
fossil fuels, and iii) the desire for self-reliant energy supplies and improved trade balances
(Puppan, 2002; Cockerill and Martin, 2008; Escobar et al., 2008; Balat and Balat, 2009).

2.2 The three generations of liquid biofuels

Liquid biofuels can be crudely classified as bioethanol and biodiesel. Biofuels of the first
generation are based on agricultural crops and are either produced by fermenting
carbohydrates to ethanol or by processing plant oils to produce biodiesel (Koonin, 2006).
Popular first-generation biofuel feedstock comprises inter alia sorghum (Sorghum spec.),
sugar cane (Saccharum spec.), sugar beet (Beta vulgaris) and maize (Zea mays) for
bioethanol, and oil palm (Elaeis guineensis), sunflower (Helianthus annuus), soybean
(Glycine max) and canola (Brassica napus) for biodiesel (Balat and Balat, 2009; Demirbas,
2007, 2009). Today, most marketed liquid biofuels derive from crop-based feedstock (Havlik
et al., 2010). Second generation biofuels are produced from organic waste material (e.g.
bagasse and chipped wood) but the fermentation of cellulose is costly due to the necessary
pre-treatment of biomass and the production of enzymes to break down the cellulose fibres to
their sugar components (Himmel et al., 2007).

The use of genetically modified (GM) plants is debated as a potential way to enhance
biofuel production (Ragauskas et al., 2006). For example, efficiency of second generation
biofuels could be increased by minimising the lignin components of feedstock material (due
to the chemically stable nature of the molecule), overexpression of cellulases (to harvest the
key enzymes to break down cellulose), and increasing the overall biomass (Sticklen, 2006).
To date, second-generation biofuels play an insignificant role on the biofuels market, although
extensive research, together with the rapid development of technology, hold promising results
for the future use of these fuels (Sims et al., 2010; Kumar et al., 2013). Biofuels from marine
algae (the so-called third generation) are perceived to be a potent source of renewable energy
as well, but as for second-generation biofuels, there is no commercial large-scale production
to date (Deng et al., 2009).
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2.3 Bioethanol production: a global perspective

Given the potential environmental and economic benefits, it is not surprising that many
governments promote renewable energy policies. For decades now, both biodiesel and
bioethanol production have increased steadily (Demirbas and Balat, 2006; Figure 1A).
However, the global production of bioethanol — which is a prime focus of the current
assessment — significantly exceeds that of biodiesel (OECD, 2011). According to the United
States Renewable Fuels Association (2013), most fuel ethanol is produced in North America,
followed by South America, Europe, Asia, Australia and, lastly, Africa (Figure 1B). With
more than 54 billion litres of fuel ethanol in 2011, North America produced more than 10
times the amount produced by Europe (4.4 billion litres) and roughly 380 times that of Africa
(143 million litres), thus holding a share of 64 % of global bioethanol production (Figure 1B;
RFA, 2013).
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FIGURE 1 Global fuel ethanol production from 1975 to 2011 (A) and shares of fuel ethanol
production by continent in 2011 (B)
All amounts in million litres. Sources: Earth Policy (2012); Renewable Fuels Association
(2013). Production in 2011: North America: 54,515; South America: 21,849; Europe: 4,420;
Asia: 336; Australia: 330; Africa: 145. Australia and Africa are displayed as “Other” in graph
1B

Despite the availability of arable land, large-scale biofuel production on the African
continent is minimal, due to political, financial and technical hurdles limiting the adaptation
of biofuel technologies in African states (Amigun et al., 2006). However, growing interest on
the part of foreign and national investors has resulted in significant growth of biofuel markets

in developing countries (Demirbas, 2008).
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The feedstock for first generation fuel ethanol production varies widely across countries.
The United States produces fuel ethanol from maize, Brazil utilises sugarcane, and France
sugar beet. Sugarcane exceeds maize in yields of ethanol per hectare, but is restricted to
tropical and subtropical geographies (Quintero et al., 2008). Sorghum has recently been
discovered as a potential biofuel crop as it is resistant to drought and produces similar biofuel
yields to maize (Xin and Wang, 2011). The highest yields per hectare can be expected from
sugar beet, but the yields per harvested crop mass are lower than those for maize, sorghum
and sugar cane (Brown, 2006; PGBI, 2008). As a result, feasibility of long transportation
distance is lower for sugar beet than for other crops, and thus the producing fields are required
to be located closer to the processing plant. The choice of biofuel feedstock is therefore
dependent on local climatic, agricultural and infrastructural conditions (Yuan et al., 2011).

Fuel ethanol can be used in its pure form, but is more commonly blended with
conventional fuel in specific ratios to produce a marketed (bio-) fuel. Common blending ratios
are 5, 10, and 85 % ethanol mixes (referred to as E5, E10, and E85) (Puppan, 2002), but there
are no technical constraints with regard to blending ratios. E5, commonly used as standard
fuel in many European countries, is suitable for all marketed cars. Depending on the car

model, blending ratios higher than E10 may require engine modifications.

2.4 Bioethanol production in South Africa: policy and plans

2.4.1 The 2007 South African Biofuels Industrial Strategy

South Africa is the thirteenth largest CO, emitter in the world (Boden, 2011). The country
has acceded to international initiatives, such as the 1992 United Nations Framework
Convention on Climate Change, and the Kyoto Protocol (OECD, 2002), but has only recently
initiated attempts to reduce CO, emissions after announcing voluntary relative emission
reductions at the 2009 Copenhagen Conference of the Parties. Much of the country’s CO;
emissions can be traced to the combustion of coal, which is the country’s primary energy
source for electricity generation. The energy requirements for South Africa are also higher
than for most equally developed countries because energy-intensive mining operations form
an economic cornerstone of the country (Winkler, 2007). However, a substantial amount
(almost 12 %) of the total CO, emissions in South Africa derives from the burning of fossil
oil-based fuels in the transportation sector (Boden et al., 2011).

In 2007, the government released the policy paper “Biofuels Industrial Strategy of the
Republic of South Africa” (DME, 2007). The paper lists the anticipated benefits from a
national biofuels industry, which include the upliftment of rural areas, the strengthening of the
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position of historically disadvantaged groups, lowering GHG emissions, and promoting self-
reliant energy supplies (DME, 2007). Because of the potential of a biofuels industry to trigger
development in rural areas, government plans to situate biofuel projects in the poorest regions
of the country. The policy document was released after a series of changes from the original
draft, including the rejection of maize as bioethanol feedstock for food security reasons
(Attwell, 2011), and a lower initial biofuel target (DME, 2007). Currently, the aim is to
replace 2 % of transportation fuels with biofuels on a national level (DME, 2007). It is
proposed that ethanol be blended in an E8 fuel, which would be suitable for all marketed cars
without engine modifications. Originally, it was planned for this aim to be achieved by 2013.
However, this has not proved to be achievable in the given timeframe due to delays in the
programme, although serious attempts are now being made to produce first generation biofuel
on a large scale. The construction of four biodiesel and four bioethanol plants is proposed to
take place in the near future (DME, 2013a). The proposed Cradock plant in the Eastern Cape
is likely to be the first operational fuel ethanol plant (DME, 2013b).

2.4.2 Land Reform and Black Economic Empowerment

The aim to strengthen the economic role of black® people through participation in an
emerging biofuels industry is manifested in the 2007 Biofuels Industrial Strategy paper
(DME, 2007). During the 20™ century, under the Apartheid regime, blacks were oppressed
under a racial segregation system which included forced removals of communities, restricted
access to land, and dispossession (Greenberg, 2006). A negotiated political settlement ended
white supremacy and resulted in the establishment of a democratic state in 1994. The new
post-Apartheid government established the Department of Rural Development and Land
Reform which manages restitution, redistribution and tenure reform to redress past
inequalities. While land reform projects were embarked upon shortly after the establishment
of the new democratic government, the legislation for broad-based economic upliftment of
black people was only formulated and implemented through the Black Economic
Empowerment Act no 53 of 2003. The term “Black Economic Empowerment” describes the
efforts on the part of the government to enable historically disadvantaged groups to play a
bigger role, and have a more equitable share, in South Africa’s economy by becoming
business owners. The allocation of property on the basis of BEE is done on a contractual basis
according to a concept of mutual agreement between the buyer (the government), the seller

! The term is commonly used for a wider variety of historically disadvantages groups in South African policy
papers, also incorporating “coloured” and Indian people
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(the property owner), and the beneficiary (emerging entrepreneur). The new business is
commonly managed under an initial lease agreement that can be converted to ownership over
time (Hall, 2004). The Cradock farmland redistribution is among the first of the biofuels-
related BEE programs in South Africa. Although in principle the need for BEE is generally
accepted by the electorate and various stakeholders, as it offers potential for equitable and
socially sustainable development through poverty elimination, the overall success of previous
South African BEE projects has been contested (Greenberg, 2006; Ponte et al., 2007,
O’Laughlin et al., 2013). A variety of problems and malpractices in the execution of BEE
have been highlighted in previous case studies. These problems include insecure funding of
the programme management, uncertain profitability of the new businesses, and shortages of
operating skills of the beneficiaries (Fauconnier and Mathur-Helm, 2008). Critical voices,
raised mainly by the commercial farming community, claim substantial decreases of

production rates on emerging farms (Hall, 2004).

2.5 The biofuels controversy: environmental impacts associated
with biofuel production

The South African government has adhered to the plans it made in 2007 to establish a
biofuels industry, despite the fact that the rapid uptake of biofuels worldwide has been
accompanied by controversy. Potential environmental pitfalls that derive largely from
feedstock cultivation and conversion operations have recently been highlighted in academic
debates as well as by environmental activist groups (Pye, 2010). The following section
describes the environmental concerns frequently raised in the global biofuels debate, which
include developmental pressure to expand agriculture, habitat and biodiversity impacts from
agricultural activity, and GHG emissions that arise from feedstock and biofuel production.

2.5.1 Environmental impacts from agricultural activity

The requirement for biomass cultivation, with its associated agricultural component, sets
the environmental impacts of biofuels apart from those of conventional fuels. The feasibility
and desirability of biofuel production therefore largely depends on the extent and number of
agricultural impacts that accrue from feedstock cultivation. Environmental impacts, such as
eutrophication and eco-toxicological effects from chemical and fertiliser use, have therefore
become a focus of the biofuels debate (Blottnitz and Curran, 2007; Borjesson and Tufvesson,

2011; Yang et al., 2012). The production of crop-based biofuels implies the rededication of
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existing agrarian areas to biofuel feedstock production, and the potential for agricultural
expansion to ensure sufficient feedstock in addition to food crop supplies. In response to
economic developmental pressures created by new and increasing demands for agricultural
crops, growing biofuel markets have been reported to trigger agricultural expansion, thus
causing environmentally damaging land transformation, habitat destruction, and posing
potential risks to biodiversity (Niven, 2005; Groom et al., 2008; Wilcove and Kohl, 2010;
Fletcher Jr. et al., 2011). These impacts gain additional significance in the context of
extensive species losses over the last decades. The extent of these losses has come to be seen
as a new mass extinction event (e.g. Pimm and Brooks, 1997; Wake and Vredenburg, 2008),

with habitat destruction and fragmentation constituting the main cause (Fahrig, 1997).

2.5.2 Carbon emissions, net-energy benefits, and land-use change

Biofuels have been promoted as carbon neutral energy sources, based on the perception
that the CO, emitted in combustion equals that being absorbed by the growing crop. However,
cultivation, processing, production and distribution of biofuels require significant resource
and energy inputs in the form of chemicals, water and electricity (Koh and Ghazoul, 2008,
Figure 2). Some studies have concluded that, as a result of these inputs, the carbon footprint
of biofuels exceeds that of conventional fuels (e.g. Wang et al., 2007; Crutzen et al., 2008;
Stephenson et al., 2010). In addition, studies have challenged the net-energy benefits of
biofuel production. For example, Shapouri et al. (2002) calculated a positive net-energy
value of 1.34 for the fuel ethanol from maize, and argued that yield increase and efficiency
improvements of biofuel plants will improve the net-energy value of future fuel ethanol. On
the other hand, Pimentel (2003) calculated that the energy input of ethanol production in the
United States exceeds the energy value of the produced fuel by 29 %. The author points out
methodological flaws in the Shapouri et al. (2002) calculations, which Pimentel (2003)
argues, deliver misleadingly optimistic results. A more recent study suggests that the high
variation found in net-energy and emission studies is mainly due to different accounts for
labour, non-CO, GHGs and by-products (Bureau et al., 2010). Because of the plurality of
methodological approaches, organisations such as the European Roundtable on Sustainable
Biofuels (RSB) came into existence with the attempt to harmonise and standardise

methodologies to assess net-energy values and GHG emissions of biofuels.
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FIGURE 2 Stages in the biofuel and fossil fuel life-cycles that result in the release of greenhouse

gases

Source: EPFL, 2011a, b. Unlike fossil fuels, the emissions of biofuel combustion are
effectively zero, since the carbon that is released has been accumulated by the plant during the
cultivation phase. Greenhouse gases are released during cultivation (1), transport (2, 4, 6),
production (3), blending (6) and handling (7) of the product

Life cycle assessments on biofuels — The carbon footprint (and the net-energy benefits) of a
biofuel is determined in a life-cycle assessment (LCA), which is a tool used to analyse
environmental impacts from the production phase of a product to its consumption or disposal,
and is commonly referred to as a “cradle to grave” approach. Interlinked with the debate on
net-energy benefits of biofuels, the results of previous LCA studies on the carbon footprint of
biofuels have had polarising results (Blottnitz and Curran, 2007). It became apparent that the
results of the environmental performance of a biofuel depended on the implemented
technology (Wang et al., 2007; Borjesson, 2009), regional production circumstances (Puppan,
2002; Fargione et al., 2008; Borjesson, 2009), and assessment methodology (Bureau et al.,
2010). Stephenson et al. (2010) identify crop yield, irrigation and land transformation as the
most significant factors determining the carbon footprint of biofuel feedstock production. In a
best case scenario of (hypothetical) first-generation biodiesel production in South Africa, the
authors calculated 36 % less global warming potential and 62 % less fossil energy demand in
producing biodiesel. However, when using virgin land for cultivation and high irrigation
levels, global warming potential and fossil energy demand from biodiesel were projected as
being considerably higher than those from the fossil fuel equivalent. Wang et al. (2007)
investigated the carbon footprint of different maize biofuel production scenarios and
concluded that coal-fired fuel ethanol plants have a substantially higher carbon footprint than
natural gas or woodchip-fired factories. Therefore, depending on the heating source, the
authors found that biofuels can exceed the carbon footprint of the conventional fuel that they

are intended to replace. Borjesson (2009) concluded that environmentally sound biofuel
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production requires i) the plants to be fuelled by biomass, ii) that carbon-rich grounds (such as
peat land) should be avoided in the cultivation process, iii) that by-products be used
efficiently, and iv) that nitrous oxide emissions from fertilisers should be avoided as far as
possible.

Land-use change — A component of LCAs that has only recently been gaining increasing
interest is that of land-use change. Direct land-use change (dLUC) appears when virgin land is
transformed into (biofuel) plantations. In the case of deforestation, carbonaceous substances
bound by soil and vegetation are oxidised and released, and thus add to the carbon footprint of
the product. Acknowledging that this process constitutes a one-time carbon release, Fargione
et al. (2008) and Searchinger et al. (2008) describe the emissions of land conversion as a
“carbon debt”. Once land is cleared for agricultural purposes, biofuels can only compensate
for their carbon debt over time, given that their production involves a lower carbon footprint
than their fossil equivalents. Fargione et al. (2008) calculated that the CO; released from land
conversion is 17 to 420 times higher than the total annual emission reductions from biofuels,
depending on former land use and production circumstances. Havlik et al. (2010) calculate an
average carbon debt repaying period of 25 years for first-generation biofuels.

While the incorporation of dLUC is seen as a relatively straight-forward approach in
carbon-emission studies, various controversies have emerged on the phenomenon of indirect
land-use change (iLUC) (Wang and Hag, 2008; Harvey and Pilgrim, 2011; Yang et al., 2012).
Indirect land-use change describes the phenomenon of land being converted to agricultural
land as a means to offset a gap in food supply, or a shortage in the new biofuel market
(Chalmers et al., 2011). This implies that cultivation of biofuel crops in one region can trigger
land conversion elsewhere in the world. For instance, sugar cane monoculture for biofuel
production in the centre of Brazil is suspected to lead to deforestation for food crop
production in the Amazon region (PRI, 2008). Searchinger et al. (2008) argue that the
growing conversion of maize into biofuel in the United States will lead to land conversion
around the world in order to produce the crop for human consumption. To illustrate the
significance of this effect, they calculated a 20 % reduction of GHG emissions from maize
ethanol compared to gasoline in exclusion of iLUC, but a 93 % increase when the
environmental effects of iLUC are taken into account: a carbon debt that would take more
than 160 years to repay. The methodological approach adopted by Searchinger et al. (2008)
was challenged by Wang and Haq (2008), who claimed moderate GHG emission reductions

for the same biofuel. Hertel et al. (2010) adjusted the calculations of Searchinger et al. (2008),
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but estimated that the United States’ production of ethanol from maize offers no climatic
advantages.

Controversies about iLUC emerge from the uncertainties around the number and extent of
these effects, and the methodology used in their assessment (Yang et al., 2012), problems
caused inter alia by the complexities that underlie the global trade systems (Plevin et al.,
2010). Critics of the iLUC approach argue that the boundaries of indirect effects are poorly
defined, and that the incorporation of iLUC in traditional biofuel LCAs is flawed (Mathews
and Tan, 2009; Zilberman et al., 2010). Some researchers are of the opinion that the effects
of iLUC, although real, are in practice unable to serve as guidelines for policy making, and
that controllable measures, such as forest protection and certification schemes in the biofuel
industry, constitute more efficient means to mitigate indirect environmental impacts from
biofuels (Mathews and Tan, 2009). Similarly, other researchers have argued that dLUC and
iILUC effects can be lowered by avoiding agricultural development of high-carbon stock land,
such as with peat soils (Borjesson, 2009) and forests (Melillo et al., 2009).

Although second-generation biofuels do not require land transformation and also avoid
clashes with food security, as the feedstock is produced from organic waste materials, their
improved environmental performance is by no means secured. In a hypothetical study on the
transformation of bagasse into ethanol, Melamu and von Blottnitz (2011) found that, without

efficiency improvements at the waste-producing mills, GHG emissions would not be reduced.

2.6 Biofuels and food security — the “food versus fuel” debate

Crop-based biofuels link the debate over renewable and potentially clean energy supplies
to an apparent dilemma between possible environmental benefits and food security (Tilman et
al., 2009). If existing cropland is used for biofuel feedstock production, biofuels can stand in
direct conflict with food crop production (Ewing and Msangi, 2009; Pimentel et al., 2009;
Tilman et al., 2009). Plant Research International (2008) reports that an estimated one billion
people on Earth are malnourished, while at the same time millions of hectares are being
globally earmarked for biofuel feedstock production. Some studies therefore attribute food
shortages and rising food prices to the growing biofuel markets (FPRI, 2008; PRI, 2008).
Others have challenged the perceived relationship between biofuel production and rising food
prices, arguing that steadily improving agricultural yields and increased overall production
offset possible losses in food crop production (Ajanovic, 2011). However, a study conducted
by the International Food Policy Research Institute (2008) identified biofuel production as a

major factor influencing rising food prices, although other factors, such as increasing crude oil
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prices, droughts in key production areas, and growing demand through rapid development in
Asia and sub-Saharan Africa were found to contribute to higher grain prices as well. There
have also been reports of a tendency of farmers to change from food crops, such as rice and
wheat, to more profitable biofuel feedstock cultivation (IFRI, 2008; PRI, 2008). In this
context, food importing and developing countries in particular may struggle with price

changes on the global food market (Ewing and Msangi, 2009).

2.7 Biofuels and rural development

In both the agricultural and manufacturing sectors, biofuels have been predicted to
generate potential for rural development and for domestic employment creation. However, the
social impacts and general social desirability of biofuel production have been under-
represented in the biofuels debate, which has focused mainly on environmental and economic
concerns (Ribeiro, 2013). In some cases biofuel production has been reported to cause
socially undesirable effects, particularly in terms of reallocating land to the cultivation of
biofuel feedstock. The term “land grab” describes national or trans-national transactions and
rededications of (mostly) agrarian land for commercial purposes that negatively affect people
whose livelihoods depend on these lands (Borras Jr. and Franco, 2012). The phenomenon of
“land grabs” is in direct opposition to desirable social development. Most significantly in
developing countries, the earmarking of indigenous lands for an emerging biofuels industry
has been found to cause social tension due to displacements of people living and farming the
land, and to reduced access to land, resources and heritage sites (Cotula et al., 2008, 2009).
There is evidence throughout the African continent of “land grabs”, which are often attributed
to foreign investors, and linked to both food and biofuel production (Friis and Reenberg,
2010).

A study from Brazil suggested that biofuel demand triggers the development of large-scale
farming practices and excludes small-scale farmers from participation in the agricultural
sector (Hall et al., 2009). In cases of indigenous small-scale farmers being incorporated in
biofuel feedstock production in the tropics, it has also been argued to have negative ecological
and social consequences: biofuel feedstock mono-cropping can displace more ecological

subsistence farming (Joseph and Montefrio, 2012).
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2.8 Conceptual framework of this study

As presented in this chapter, the global biofuels controversy encompasses i) the
agricultural footprint of feedstock cultivation, ii) the carbon footprint of biofuels and land-
conversion, iii) food security, and iv) the social desirability of cultivating and processing
biofuel feedstock in terms of sustainable development with equitable benefits. The present
study takes the criticism of biofuels, as present in the literature, as a theoretical basis to assess
the applicability of global biofuel concerns to the proposed fuel ethanol plant in Cradock,
South Africa. A combined analysis of biodiversity and food security impacts, GHG
emissions, social aspects, and implementation barriers aims to measure and determine the
environmental and social performance of this project. The social aspects of the project differ
to some extent from the global debate on “land grabs”, as they reflect South Africa’s
particular demographics and history. Potential implementation barriers deriving from
commercial farmer support and the performance of an initiated biofuels-related BEE project
in Cradock determine the challenges and social desirability of this fuel ethanol project. Figure
3 shows the interrelationships of anticipated environmental and social aspects from the
Cradock biofuels project; they form the conceptual framework of the present dissertation. The

following section describes this approach, and the interrelationships shown in figure 3, in

more detail.
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FIGURE 3 Conceptual framework of the present study
Abbreviations used: CBA, Critical Biodiversity Area; eq, equivalent. Reading from “Biofuel
production”, the diagram shows the interrelationships between Cradock biofuel production,

agriculture and the various environmental and social components assessed in this dissertation
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2.8.1 Social implementation barriers — Black Economic Empowerment, stakeholder
cooperation, and feedstock supply

Instances of socially undesirable effects of biofuel projects on a global scale are well-
documented (Cotula et al., 2008, 2009). The social aspects of Cradock fuel ethanol production
that are assessed in the present study comprise the local farmers’ willingness to participate in
the fuel ethanol project, and the performance of the BEE programme. The incorporation of
BEE performance into an assessment such as this is an issue that is specific to the South
African case, but nevertheless significant, as both the commercial farmer support and the
success of the emerging farms are necessary for the successful implementation of the
proposed Cradock fuel ethanol project. This performance essentially determines the social

barriers of the fuel ethanol / BEE aspects of the proposed project.

2.8.2 Food security

Earmarking (existing) agricultural land from that dedicated to food crops to biofuel
feedstock production will inevitably have an impact on food production. However, it is the
scale of the project and the magnitude of the outcome that determines the socio-economic and
environmental consequences. Possible impacts on food security on a local, national and / or
international level determine the potential of Cradock fuel ethanol production to trigger a land
conversion process for offsetting losses of food crop production elsewhere. In the process of
examining food security impacts, socio-economic impacts have to be discussed in the context
of the overall desirability of the proposed plant. In addition, should food security be
jeopardised, iLUC considerations would need to be incorporated into the carbon footprint

analysis.

2.8.3 Agricultural footprint: land-use and biodiversity

Ideally, in the context of establishing a biofuels project, the agricultural footprint, created
through chemical inputs, GHG emissions during cultivation and land conversion, should be
minimised, and returns in terms of feedstock and ethanol yields should be maximised (Childs
and Bradley, 2007). The various impacts on habitat and biodiversity are characterised and
determined by the extent of the area that biofuel feedstock fields occupy, cultivation practice
(in this case: chemical and water use), and the ecological value of the original state of the
land. The estimate for the amount of land that is needed to produce sufficient feedstock for a
given project is based mainly on the potential yields. Cultivation practices of biofuel

feedstock incorporate chemical and water use, which differs from, for example, organic,
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conventional, and GM crop farming. Key criteria used in the present study to describe and
measure the ecological value of land are i) the threat status of the biomes that are utilised for
agriculture, indicated inter alia by the presence of Critical Biodiversity Areas (CBAs), which
are areas declared by the Eastern Cape Biodiversity Conservation plan of 2007 to be of
significant ecological importance, and ii) the occurrence of (threatened) species that may be

affected by agricultural activity.

2.8.4 Carbon footprint

In order to maintain the potential of biofuels to mitigate GHG emissions, the carbon
footprint of a biofuel should not exceed the footprint of a fossil fuel reference. Cultivation
practice, land-use change (both direct and indirect) and feedstock yields form vital parts of the
carbon footprint of a biofuel (e.g. Stephenson et al., 2010). For conversion operations, the
energy source for the ethanol plant contributes significantly to the carbon footprint of the
produced fuel (Wang et al., 2007). Estimating the extent of the carbon footprint of the
proposed Cradock fuel ethanol project therefore potentially allows for the identification of
improvement measures in the biofuel production chain. The present evaluation incorporates
Borjesson’s (2009) four criteria for environmentally sound biofuel production: i) plant

emissions, ii) land conversion, iii) by-product use, and iv) fertiliser impacts.

2.8.5 Conceptual framework: summary

The conceptual framework depicted in Figure 3 demonstrates how the various social and
environmental components of biofuel production are interlinked. For example, impacts on
food security from biofuel production can trigger iLUC processes elsewhere and hence lead to
additional carbon emissions. Biodiversity can be affected by land transformation, chemical /
water use, and, indirectly, by climate change. At the same time, cultivation practice
determines emissions during the cultivation phase. It is due to the complexity of these matters,
that this study takes a broad and comprehensive approach for the determination of the various
social and environmental impacts. As demonstrated in this literature review, biofuels are
contested in terms of each of the given components (that is: food security, social performance,
GHG emissions, land transformation, and biodiversity threats). Taking into account the
interrelationships of these aspects, the present study assesses anticipated impacts from biofuel
production in Cradock. The determination of the relevance of the concerns highlighted in the
global biofuels debate for the specific Cradock case forms the overarching goal of this

dissertation.
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3 Study Site and Project Description

3.1 The proposed Cradock bioethanol plant — geographical

description and water schemes

Having outlined the research aims, the theoretical background and the conceptual approach
of this dissertation in the previous chapters, this section introduces the study site and the
current plans of this proposed pioneer fuel ethanol project in Cradock (Inxuba Yethemba
municipality, Eastern Cape). The town of Cradock has a population of roughly 30,000 people,
and its economy is based largely on agriculture. The poverty rate is high: more than 40 % of
the adult population in the project area is unemployed (Vivier et al., 2009). Being situated in
the Great Fish River Valley of the Eastern Cape, South Africa (Figure 4A), the Cradock area
is part of the Karoo formation and semi-arid with an annual rainfall of 350 mm.

Due to the regional climate, crops are grown exclusively under irrigation and are thus
restricted to the proximity of the river systems (Figure 4B—C). Most of the valley’s irrigation
water (more than 80 %) is supplied from the Gariep dam that accumulates water from the
Orange River. A tunnel that connects the Gariep dam with the Great Fish River scheme has
been operational since the early 1970s (Figure 5, green dashed line). This additional water
flow has had substantial effects on the valley’s ecology and economy: the Great Fish River
went from ephemeral to perennial, with effects on the aquatic invertebrate composition
(O’Keeffe and Moor, 2006) and riparian vegetation (Masubelele, 2012). As a result, many of
the Cradock farms shifted production from livestock-orientated to irrigated agriculture farms.
The remaining livestock is diverse, comprising cattle, sheep and some ostrich farms.
Frequently grown crops are lucerne, maize, wheat and more recently tree nuts. Currently, the
main agricultural production of Cradock is focused on dairy and meat, and most of the local
agricultural products are used as animal feed (ARDA administration, 2012, personal

communication).
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FIGURE 4

Geography of Cradock

Satellite images taken from Google Maps® (A) Cradock is situated in the Great Fish River
Valley in the Eastern Cape of South Africa (B) Magnification on A. Shows the semi-arid
mountainous Karoo landscape around Cradock. Note that agricultural activity is restricted to
the proximity of the valley’s rivers (C) Magnification on B. Shows farming activity along the
Great Fish River
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FIGURE 5 Water bodies and irrigation schemes of the Cradock farms
Source: Old Mutual, Cradock. Water feeding of the Cradock farms emerges from local springs
and the Gariep dam that is fed by the Orange River. The tunnel connecting the Orange River
scheme with the Great Fish River Scheme (green dashed line) has been operational since the
1970s
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3.2 The proposed Cradock biofuel initiative — project
description

Bioethanol programme — Agricultural sugar beet production trials have been conducted in
the Great Fish River Valley for more than a decade. Despite promising yield results, it was
perceived to be unfeasible to construct a sucrose (white sugar) production plant, as South
Africa has sufficient sugar production facilities and is currently a sugar exporter (ARDA
administration, 2012, personal communication). With the establishment of the South African
biofuels policy (DME, 2007), what was initially investigated as a potential sugar production
project in Cradock, was revised towards biofuels.

Cradock‘s highly productive irrigation farms, a high unemployment rate and connection to
the railway made it a suitable site for this project. An internal bankable feasibility study of the
proposed Cradock bioethanol project was conducted in 2008 (PGBI, 2008). The
Environmental Impact Assessment! (EIA) of the proposed bioethanol plant was conducted by
Africa Geo-Environmental Services in 2009 (Vivier et al., 2009). The project is undertaken as
a joint venture of the parastatal organisation Agrarian Research and Development Agency”
(ARDA), which was formally executing the sugar beet trials in the valley, and the Industrial
Development Corporation (IDC). The Central Energy Fund, a third partner that was involved
initially in the project, is no longer participating.

The plant will utilise sugar beet and, to a lesser extent, grain sorghum, as feedstock and has
a projected initial production capacity of 90 million litres of ethanol per year (Vivier et al.,
2009). This accounts for roughly a third of the 2 % biofuel contribution to national liquid
fuels aim specified in the 2007 biofuels policy paper (DME, 2007). The EIA claims net-
energy benefits for both types of feedstock: it states positive values of 1.31 for sugar beet and
1.22 for grain sorghum; associated carbon emissions have not been quantified. Grain sorghum
will be grown locally and purchased from farmers around the country, and sugar beet will be
produced locally exclusively. The average haul distance of sugar beet is expected to be about
70 km. The ethanol fuel product will be exported from Cradock via rail (Vivier et al., 2009).
Feedstock production will be undertaken by emerging farmers, but also be performed on some

of the commercial irrigation farms that are to be earmarked for sugar beet cultivation.

! South African environmental law requires the process of an Environmental Impact Assessment prior to the
commencement of major development projects. This is prescribed in the National Environmental Management
Act no 107 of 1998

% The Agrarian Research and Development Agency, formally known as Sugar Beet South Africa, was taken over
by the Eastern Cape government and is now integrated in the Eastern Cape Agricultural Department
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Black Economic Empowerment — As outlined in the 2007 South African Industrial Biofuels
Strategy (DME, 2007), biofuel production plans were made with the intention to uplift rural
areas and to strengthen the economic position of black South Africans. In order to produce the
feedstock for the Cradock fuel ethanol plant, by early 2013, a total of 25 farms (roughly
16,000 hectares of land; this number includes irrigated land, grazing area and infrastructure)
purchased from commercial farmers were reallocated to emerging farmers (so called
beneficiaries) (Vivier et al., 2009; DRDLR, 2013a). The project aims to source 30 % of
biofuel feedstock from emerging farmers, with the remainder supplied by the commercial
farming community. All emerging farms are in state ownership and are allocated in the form
of lease contracts. The beneficiaries have been allocated mentors from the commercial
farming community and contractors to perform initial crop plantings. The maintenance of the
farms and the mentorship programme are managed and coordinated by ARDA.
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4 Methods

4.1 Case study approach

In these early stages of the South African biofuels programme, it is impossible to
comprehensively predict its environmental and socio-economic impacts without integrating
major assumptions. The proposed Cradock fuel ethanol project is not the only biofuels
initiative in South Africa, but it is the most advanced in planning and will most likely be the
first one to be operational (DME, 2013b). Therefore, Cradock can be viewed as the pilot
project for the programme, providing an example of fuel ethanol production for other national
biofuel projects. The current analysis of the environmental impacts of the proposed Cradock
fuel ethanol project and the implementation barriers that derive from commercial farmer
support and the associated Black Economic Empowerment (BEE) programme, are used here
to determine the potential for environmentally and socially sound fuel ethanol production at
this location.

A particular strength of case studies is that they are rooted in real-case scenarios
(Hodkinson and Hodkinson, 2001). This allows for an assessment of the applicability of
theories of environmental impacts and BEE to the reality of the Cradock case. Identification
of deviations from theory in reality offers the opportunity to debate and refine the applied
theory. It is acknowledged, however, that a case study serves best for providing insights for
specific examples, rather than for higher-level generalisations (Flyvbjerg, 2006). Because
succeeding national biofuels projects will differ in production circumstances and utilised
feedstock, this study permits conclusions for the specific Cradock fuel ethanol and BEE case
only. The transferability of the findings to other projects in and outside South Africa will
therefore depend on case-specific attributes.

4.2 Methods summary

The EIA of the proposed Cradock plant has a strong focus on the environmental and social
impacts of the factory (DME, 2007), only peripherally investigating the agricultural impacts,
which traditionally determine the desirability of fuel ethanol production (Puppan, 2002;
Stephenson et al., 2010). This study takes a broader perspective, incorporating social and
environmental aspects of agricultural activity and an interview-based evaluation of possible

implementation barriers.
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This study employs a mixed method approach of qualitative and quantitative data
collection and analysis. The social implications that arise from ethanol fuel production,
specifically the expectations and the support of the Cradock farming community and the
performance of the BEE programme, are deduced from semi-structured interviews with
commercial and emerging farmers, as well as relevant representatives of government, the
private sector and researchers (Table 1). The specific responses of the key informants (e.g.
ARDA representative on the project plans; state agent on the BEE program) enable qualitative
analyses only. Perceptions on food security impacts are recorded from farmer interviews and
contextualised with descriptive food production statistics. Impacts on habitat and biodiversity
from biofuel feedstock cultivation are inferred from commercial farmer interviews and
biodiversity maps of the area. The choice of method for quantifying the carbon footprint of
the Cradock biofuel is a life-cycle based assessment, which provides a “cradle-to-grave”
analysis of GHG emissions during the life-cycle of a product. The inputs of commercial and
emerging farmers were analysed using descriptive statistics. A detailed description of the

applied methodologies is given in the following sections.

4.3 Interviews

4.3.1 Interviewee selection and ethics considerations

Field work for this study was conducted during two field trips to Cradock; a one-week
screening trip in December 2012 and a subsequent 3-week field trip in February 2013. Initial
contacts for beneficiary and commercial farmer interviews were obtained from the Agrarian
Research and Development Agency (ARDA). Potential subsequent interviewees were
identified with the assistance of the initial contacts. The interviewees represented farming
units along each of Cradock’s access roads, covering the whole range of the farmers’
geographical distributions in regards to the Cradock area. The geographical distribution of
farms visited extended up to 80 km north and 120 km south of Cradock. The interviewees
were contacted before personal meetings were arranged, and the purpose of the study was
explained before and again during the interviews. Participation in the study was completely
voluntary. Interviews with commercial farmers were tape recorded, and those with emerging
farmer were recorded using written notes only. This was an adjustment taken in response to
the possibility of recording potentially sensitive information of a more vulnerable interview
group. No names are displayed in this document, and care was taken to prevent interviewees

from being personally identified.
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4.3.2 Semi-structured interviews: commercial and emerging farmers

Commercial farmers were interviewed about their agricultural practices and opinions
towards the various aspects of the proposed Cradock bioethanol project. Questions on social
aspects were posed to determine the support and concerns of the farmers. Questions on
farming practices and the environment were used to infer possible environmental impacts
from agricultural activity.

A total of 22 commercial farmers were interviewed, representing 22 farming units. The
study was comprised exclusively of farmers with irrigation farms suitable for sugar beet
production. Game farms and livestock-only farms were excluded from sampling. The
combined irrigation area of the interviewed farmers comprised more than 6,000 hectares, out
of the ~30,000 hectares found in the valley (Vivier et al., 2009), thus the sampled commercial
farmers account for more than 20 % of the total irrigation crop production area of the region.

The interview questions were standardised, but open-ended to ascertain the full spectrum
of the farmers’ concerns. Themes included experience of involvement in the sugar beet trials,
willingness to plant sugar beet, expectations for their own businesses and the wider area, food
security issues and the BEE programme. Environmental impacts were inferred from farmer
inputs on changing patterns of chemical use and irrigation, the consideration of agricultural
expansion, opinions about possible impacts on biodiversity, and farming practice (e.g.
organic, or the planting of genetically modified (GM) crops).

The vast majority of interviews were held on the farmers’ properties. All interviews were
face-to-face. The interviews were tape recorded, lasting between 30 and 60 minutes. Based on
the individual responses, general opinions were extracted for each investigated aspect in order
to construct quantitative analyses of certain issues (Table 2; based on Appendix 1, 2). In cases
where the interviewees took clear positions on a subject, they were classified as either
“positive” or “negative”; in the case of undecided, ambivalent or contrasting statements, the
input was classified as “neutral”. This served to determine which aspects of the proposed
Cradock biofuels project are controversial. A more detailed demonstration of frequently
raised concerns and notable comments is depicted in the results section that summarises the
responses from all 44 interviewees (Table 4).

A total of 12 emerging farmers, representing 10 farming units, were interviewed to assess
the performance of the BEE programme. This covered 40 % of the emerging farms (by unit)
in the area. Emerging farmers were questioned on the beneficiary application process,
condition of their farm and crops, supervision, relation to neighbours and their expectations of

the proposed Cradock ethanol fuel project. Five beneficiary farms were visited during
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fieldwork, with the rest of the interviews held in the town of Cradock. Similar to the
commercial farmers’ interviews, general opinions were extracted for each investigated aspect
(Table 3, based on Appendix 3).

4.3.3 Semi-structured interviews: key informants

Ten key informants from the governmental, commercial and research sectors were
interviewed as complementary information sources (Table 1). Due to the heterogeneity of the
interviewees, the questions were not standardised. The same themes were covered, but
adjusted to the specific interviewees. All interviews were open-ended. The information
gathered from these interviews are either used in form of citations, or summarised in the

results Table 4.

TABLE 1 Supplementary key informant interviews of government, private sector and research

representatives.

Government Private Research
- Representative of the - Retailer of - Representative of the
administration of ARDA agricultural research department of
supplies ARDA
- Representative of the land
reform section of ARDA - Retailer of - Independent researcher on
agricultural sugar beet trials
- Representative of the goods
Department of Agriculture - Representative of the
(Cradock, Eastern Cape) Mountain Zebra National
Park

- Representative of the Local
Economic Development
Department

- State Agent involved in BEE

4.4 Chemical and water use data

To achieve a broader environmental assessment, complementary to the interview data,
fertiliser and water use in sugar beet cultivation were compared with those of crops that are
currently grown in Cradock and are likely to be replaced with sugar beet. Most frequently this
would be maize or a maize / wheat double crop that is grown within one year (6 months each).

As sugar beet is a 9 month crop in the Cradock area, the remaining 3 months of the year
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would possibly not be used for growing crops. Lucerne (also alfalfa; Medicago sativa), a
popular animal feed crop in Cradock, would play a role in the sugar beet crop rotation.

The average chemical use of nitrogen (N), phosphate (P) and potassium (K) fertilisers for a
maize / wheat double crop and lucerne cultivation in Cradock were obtained from an
agricultural supplies retailer. Fertiliser used in sugar beet cultivation is based on actual data
from the latest sugar beet trials and is supplemented with an independent researcher’s (Table
1) and the 2009 Cradock EIA estimates. Water use by a maize / wheat double crop and
lucerne was obtained as a range from the inputs of three commercial farmers. Water use of the
sugar beet cultivation is based on the input from two Cradock sugar beet researchers and the
2009 Cradock EIA (Vivier et al., 2009).

4.5 Carbon footprint analysis

4.5.1 Scope and input values

The carbon footprint of a biofuel crop is determined by the various steps of its life-cycle
(Figure 2). The cultivation module is calculated using the Roundtable on Sustainable Biofuels
(RSB) tool “Sustainable Quick Check for Biofuels” (SQCB). This life-cycle assessment
(LCA) tool is available online at www.rsh.org/ghgcalc/. Direct land-use change is considered
in the SQCB tool, but to date indirect land-use change (iLUC) (discussed in section 2.5.2) is
not included. A detailed description of the parameters used in SQCB is provided by
Emmenegger et al. (2009).

Many components of cultivation and biofuel production LCAs are already known. The
SQCB tool is based on a database of known parameters and is complemented with the user’s
entries. Initially, the tool was invented to allow small and medium-sized enterprises
(especially in developing countries) to test whether their production complied with European
sustainability standards (Zah et al., 2009). The SQCB tool standardises the biofuel LCA
methodology and further allows for hypothetical data entries, which is utilised in this study to
estimate the effects of alternative GM feedstock cultivation (see below, 4.5.2). The specific
input values are given in the results section (Table 6). Irrigation is calculated as 800 mm
sprayed on a centre pivot (using 98 kWh per million litres pumped; estimate based on DEPI,
2007). The one-time carbon release from dLUC is accounted over a period of 20 years using
standardised RSB methodology (EPFL, 2011a).

The modules of transportation, biofuel production, storage, blending and handling (Figure

2) were supplemented and calculated with adjusted default values in the UK Carbon Footprint
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Calculator, version 6.0 (Table 7). The reason for the utilisation of default values is that the
plant is not yet operational, and the engineering plans are confidential.

The transport of feedstock is calculated assuming a range of 70 km with trucks (Vivier et
al., 2009). The ethanol export transportation route is calculated based on a 150 km railway.
For all steps that require electricity use, the emission values of South African grid electricity
were calculated as 1.03 kg CO, equivalent (CO,eq) per kwWh (Eskom, 2012). Plant ethanol
yield is calculated as 0.086 tons of ethanol per ton of sugar beet, or 109 litres (based on the
internal bankable feasibility study; PGBI, 2008). The carbon footprint of hard coal in
conversion operations is calculated using 0.112 kg CO.eq per MJ (LCA default value). The
fossil fuel reference was calculated using 90g CO.eq per MJ (EPFL, 2011b). Animal feed,
derived from the beet bulb, is accounted as an ethanol by-product (Vivier et al., 2009), and is

calculated as 0.692 tons per ton of produced ethanol (LCA default value).

4.5.2 Simulated sugar beet production scenarios

Four production scenarios were simulated using the latest sugar beet trial data: i)
conventional cultivation on existing cropland; ii) hypothetical GM cultivation on existing
cropland iii) conventional cultivation on virgin grounds, and iv) hypothetical GM cultivation
on virgin grounds. Scenario i) was also simulated with a conservative yield estimation of 95
tons per annum. This scenario emulates the description in the 2009 Cradock EIA, which is
based on older sugar beet trials (Vivier et al., 2009).

Virgin grounds were defined as moderately degraded grass- and shrub land, which are
currently unutilised agricultural grounds on the Cradock farms. Genetically modified crops
are represented by a glyphosate resistant (marketed as Roundup Ready™) version of sugar
beet. Glyphosate (N-phosphonomethylglycine) is a broad-spectrum herbicide that functions
by inhibiting the protein biosynthesis, eventually leading to the death of the plant. Transgenic
glyphosate resistant crop plants are genetically designed to be unaffected by glyphosate
exposure.

Between 1997 and 2012, 16 GM crop crops were introduced into South Africa (DST,
2013). Genetically modified sugar beet is not yet approved in South Africa; however, this
study incorporates hypothetical GM biofuel crop cultivation because i) other crops in the
valley are already GM, and ii) although laboratory and field tests are required for the approval
of a GM crop, it is likely that biofuel production from sugar beet triggers the introduction of a
GM variant in the near future (ARDA administration, 2012, personal communication).

Organic cultivation practices for this biofuel crop are not assessed in the present study,
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because weed control has been reported to be vital for the success of crop plantations in the
Cradock area (ARDA research department 2013, personal communication) and yields without
herbicide use are therefore considered to be highly uncertain. The differences in cultivation
practices of (hypothetical) GM crops and conventional cultivation are illustrated in the results
section (Table 6).

4.6 Mapping and imaging

Satellite images were obtained from Google Maps. Maps on biomes, land cover, terrestrial
Critical Biodiversity Areas (CBAs) and threatened ecosystems were obtained from the South
African National Biodiversity Institutes’ Geographical Information System website
(www.bgis.sanbi.org). This mapping information, combined with the farmers’ inputs on
species occurring on their farms, informs the assessment of the ecological value of the land
that is potentially utilised for biofuel feedstock cultivation. Graphs were produced with
Microsoft Excel®, ArcGIS™, Adobe Illustrator® and Adobe Photoshop®.

4.7 Limitations

4.7.1 Response bias and access to information

The interview data obtained for this study reflects the interviewees’ responses, and not
necessarily their actual opinions. For example, respondents may refrain from giving honest
answers in fear of their opinions being revealed to the “wrong” persons, or that their views
may be seen as socially undesirable. Because these possible response biases are well known
(Furnham, 1986), many of the interview questions were broadly formulated. After a topic was
introduced, the respondents were allowed to speak freely. There were no time limits set by the
interviewer. However, although measures were taken to avoid response biases, their existence
and influence in this study cannot be refuted with certainty.

Some of the information with regards to the engineering plans and the sugar beet trials are
subjected to intellectual property of the IDC and / or ARDA. Although limited (time-
restricted) access was granted to the bankable feasibility study (PGBI, 2008), some
information that would increase the sophistication of the LCA and other parts of this study
could not be obtained.

Although assessed peripherally with the various interviews held for this study, this

dissertation does not comprise a detailed economic evaluation of the proposed Cradock fuel
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