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1 Introduction

Biofuel' is an issue that currently receives much attention worldwide due to its pdiential
lowering greenhouse gas (GHG) emission rates from transport and bdwaagaéntly high, and
still rising, oil prices have (in some regions) made ethanol production cost-civepeith fossil
fuel. A longer-term perspective on energy sources also seems to be in fabmivels - in 2007,
fossil fuels made up about 80% of the total world energy supply. At constant (continuatoerdf
growth in consumption) production and consumption, presently known reserves of oil will last
about 41 years, natural gas 64 years and coal 155 years (Goldemberg, 2007). #enaodhe
latter, policies requiring ethanol blended with gasoline (in various proporti@bgeaoming
widespread in OECD countries which is estimated to result in a demand for aboub@ditris of
ethanol in the short run (CREM, 2006, 27). It seems undeniable that the demand for biofuel will
surge in both the near and medium-term future — the remaining question is who will pt8duce i

Currently a wide range of countries are currently launching public fundedogtiragrams in order
to get a foothold in the sector for both strategic, environmental and economic reasonthdtgh
it will not be dealt with in this paper, the framework governing internationd¢ tnall have a
decisive impact on who will produce and thus export ethanol (Matthews, 2007).

The idea with writing this paper is to take a first step towards understangingam research
interest which is fairly encapsulated in the question:

What are the “potentials” for poor countries to benefit from the up-coming market fotHama
as both producers and users?

That several poor countries have the possibility to produce ethanol is unquestionable. This
possibility mainly consists of the right resource endowment inter alia ingj@dailable arable

land, favourable climate and low wage level. Twidell and Weir (2006) estimateatiatAmerica

and Africa are the continents with the largest potential for producing biofilkltdbenefit (short

or long term) from this will depend on whether a given country is capable of gardeoing s
production sector through policy measures. Several scholars are of the opinion that othiescount
developed and developing, can learn important lessons from Brazil's history (Geldgr2007;
ESMAP, 2005).

In the light of my main research interest, this paper considers the policy enagratghat has taken
place in the world’s two largest bio-ethanol producers — the US and Brazy. |[Essons can be
learned it is likely to be from them. Therefore the paper is a step towaritg gefirmer grasp on
my future research.

My focus in the policy analysis will be on innovation policy because establishirtamoésector
per se may only be a matter of investments and thus reallocation of resoutkieg. thia sector
competitive/sustainable is another issue - an issue which in this casensgmoetuctivity,
technological development and how to manage the sector’s broader impact on komigty inter
alia institutional innovation.

! Biofuels covers a range of energy forms. In tkipgr | am only concerned with bio-ethanol. Thusemwhiofuel is
mentioned it should be read as ethanol.



| do not consider the climatic aspect of biofuels per se. Instead | observe thas gngrowing
demand for the product and that it is currently produced most efficiently (is tdrpmice) in
countries with arable land, low wage level and tropical climate. These oftisesvyaake me

wonder whether biofuels can support development and poverty alleviation in poor countries wit
the abovementioned characteristics.

The structure of the paper will be as follows. In the following section (2) giwe an
introductionary overview of ethanol as a biofuel including production process, feedstetksefu
and its potential benefits and costs in terms of sustainability. | hope to give aciogdrgument
for why ethanol is worthwhile studying.

Section 3 will make up my theoretical considerations regarding the role of #hevatatespect to
establishing an ethanol sector. | focus on demand-oriented innovation policies butisenjbleas
potential synergy effects between supply and demand-side policies. | outliriaenstate by
creating and stimulating demand (public and private) can induce innovation by usews palicy
instruments.

In section 4 | analyze Brazil's experience with ethanol production. Ilstastmmarizing the
history of the sector where after | explicitly focus on the policies used — invaatwell as more
standard industrial policies. In section 5 the US’s experience is analyaaddantical manner.
Lastly, section 6 will conclude on similarities, differences and possible legsbedearned from
the two cases.



2 Ethanol as a Biofuel

Not so long ago renewable energy sources were thought of as a possibility forftleréawithout
present relevance and potential due to cost and inefficiency in production. Renewahleaere
especially bio-ethanol, has during the last decade become increasingipropstitive vis-a-vis
fossil fuels. The term biofuels includes both bio-ethanol and bio-diesel that caorfunsti
complete or part substitutes for petrol and diesel oil respectively. Bioed#uaeh bio-diesel are
produced from different feedstocks and processed differently. | will only faceashanol since the
countries in question are ethanol producers. Since ethanol is used in combustion engines, the
following considerations mainly concern the transport sector. The world trassptst may seem
insignificant with respect to global warming but the transport sectorualbctesponsible for 1/5
of total world GHG emissions and this share is only expected to rise (ESMAP, 2005, 18).
Furthermore, estimations show that the largest increases in demand fadir anil avéhort/medium
term come from transport in inter alia large emerging markets as ChitadsadGirard et al.,
2006). Since Brazil's and the US’s main feedstocks for ethanol are sugarcanezsd ma
respectively, | will only focus on these in the following.

Moreover, one must distinguish between anhydrous and hydrous ethanol. Hydrous ethbeol ca
used in pure form in motors designed for it while anhydrous ethanol is blended with gadwodine
factor separating the two is the water content. Anhydrous ethanol has @evdént of 0.5% (by
volume) while hydrous ethanol contains about 5% water (by volume). Hydrous ethanol comes
directly from the distillation process while anhydrous requires additiona¢gsog to remove

more water (UNICA, 2007, 13).

Cost Structure of Ethanol

Biofuels are available in every country albeit in varying quantities andfatetfif costs. Given the
commercially available technology, the potential for producing biofuels in inali=gd countries
is small compared to import of petroleum due to high cost of feedstocks (ESMAP, 2005, 13).

Ethanol as a fuel is a special type of product since it builds directly on agratyroduction. The
feedstock used to produce ethanol therefore determines how production and technological
development take place in the sector. Hence, ethanol production can be clearlyd@mparat
agricultural production and ethanol production that use different technologies. Also, theiproduct

of ethanol requires feedstock-specific technology. The cost of producing biofuel depehds
movements of both the price of the feedstock in question and the price of oil. Hencefitablpr

to produce ethanol when feedstock prices are low and oil prices are high and vi¢E S&tsdr,

2005, 14). Feedstock costs are a major component of biofuel production cost — in Brazil it accounts
for as much as 2/3 of the cost producing ethanol (ESMAP, 2005, 15). Hence, productivity
improvements in the agricultural part of production are crucial for effigiand competitiveness.

2.1 Production Process for Ethanol

It is possible to distinguish between two very different methods/technologiesvertbiomass
into biofuel. One is converting traditional agricultural products like sugar anthstich crops.
Another is to convert lignocellulosic products and residues. The former is knowmeasetration
technology for biofuel and the latter is known &5dg2neration. The" generation technology is
not yet commercially developed but heavy investments are currently ma&®irPRtentially the
latter can convert all sorts of biomass including garbage, grass and wood in& &iddw cost.



My focus will be on 1 generation since it represents the production process used so far in Brazil
and the US.

Ethanol can be produced from a wide range of organic material inter aliawoifoy®r, weed,
grain, beet and sugar cane. The various feedstocks contain different amounts ofastavchidh
ethanol is produced — sugar cane is a top scorer in this respect. Likewisegdldssacks grow
differently across climate zones. The standard is that plantation groessifesbpical climate than
in temperate zones.

Ethanol is an alcohol produced by biological fermentation of carbohydrates derivepldram
material. Much ethanol is produced from sugar-rich feedstocks - in 2003 as much as 6% of wo
ethanol was produced from sugar crops (cane, beet and molasses). Molassgarisiehsresidue
from ethanol production from sugarcane which can be used both for creating elemtiicity

ethanol through further processing. The production process of ethanol from sugespsfottows

the process illustrated in figure 1 below. The process of getting fromtsugidranol involves
fermentation of glucose (sugar) by adding yeast where after it undergosseas of distillation.

A by-product from ethanol production is bagasse which contains a lot of fibre. It can baburnt
order to create heat that can be transformed into electricity throughtstdanes (Twidell and

Weir, 2006, 353).

Production of ethanol from starch-rich crops as maize is similar to the onénddsdrove. The
only difference in technical terms is that another process is added to the proguotess. Starch
needs to be transformed into glucose which is done by adding enzymes and yegste . By-
products from maize are animal feed, gluten and fructose maize syrupsl @iadh, 2006, 6).

Sugarcane
Farms
l | »  Fibre Products
Transport |
Bagasse Boilers
of cutcane - > —»  Electricity
/ Sugar
Mill crush g —>»  Sugar refining
cane . Ethanol
\ Juice
\ Alcoholic
Molasses fermentation,
/ cattle feed and

other products

Adding enzymes to convert starch from
maize into glucose

Figur 1: Ethanol Production Process



2.2 Energy Efficiency

The chemical composition of and hence the energy content in feedstocks natureslyNegrefore
it is relevant to consider how energy efficient the production of sugarcaneagzelin

Brazilian sugarcane is one of the most energy efficient forms of ethahchmvegnergy balance
averaging 8.0 (WWI, 2007, 162) Brazil's natural conditions mean that soil producsivigyy high
and that photosynthesis is strong. The sugar fields are also rain fed which mepragdtizion
does not need many additional inputs. Moreover, in Brazilian plants the residues from ethanol
production (bagasse) is used for generating electricity (by burninghwhplies that fossil fuels
requirements are close to zero.

Maize - the production in the US yields about 1.5 units of energy for every energyWiAfiit (
2007, 162). The lower energy balance stems from that corn cultivation in the US ragghegs
guantities of petrochemical fertilizers and toxic pesticides plus the coressing needs additional
fossil fuel (Dufey, 2006, 40). Also, the process of hydrolysis demands extra resource

2.3 Benefits and costs of Ethanol

In this section | will outline the basic costs and benefits related to prodarethgsing ethanol. |
will do this with respect to economic, environmental and social aspects. In gatharadl has two
advantages over other biofuels. One, it works with existing engines blended with comaiei!.
Two, it can be used and distributed with the existing equipment and infrastrucnarel @ al.,
2006). This straight forward advantage of technological interrelatedness\sesd s the
development of an international ethanol market in the short and medium term.

2.3.1 Economic Aspects

Ethanol production can serve as diversification of energy supply that entadiepessdence on the
increasingly expensive oil imported from instable regions. The replacemehtropoits will also
mean saved foreign currency that can be applied elsewhere (it has beateddtat Brazil saved
about USD 43.5 billion between 1976 and 2000) (Dufey, 2006, 38). The ethanol sector further
provides a possibility for creating more value-adding to agricultural productmn klso function as
a diversification of agricultural products and thereby stabilize pricesgétive aspect is that
ethanol often is more expensive (price) than fossil fuels. Still, this depends @utitey/cthe
feedstock and the technology used. Also, foregone government revenue in the formaaf fuel t
collected from conventional fossil fuel can mean a loss of sizeable finance tohudygiets

(Dufey, 2006, 39). The international up-coming market could make export a profitatbity.act

2.3.2 Environmental Aspects

The use of ethanol undoubtedly lowers GHG emissions - it is rather the issue of thetignodu
process that has been debated extensively (UNCTAD, 2006A, 5). When measuringni3siGne
one looks at the entire production chain wherefore it matters greatly whichofdegsbduction

2 Energy efficiency indicates how much energy isduseproduce (input) one unit of ethanol as compd@v much
energy is produced (output) - if it is less thaiit i inefficient and vice versa. Energy efficigris unrelated to
economic and environmental efficiency.



process and climate zone one is considering. One of the more optimistic repstewaghat
Brazilian ethanol yields a 92% reduction in GHG as compared to standard fds&iuies, 2006,
42). This percentage varies significantly across both reports and productiosspsocill, it is
possible to say that under the most efficient presently-known production terms, etivabel
considered a green fuel (G@eutral). Furthermore, the lower emission naturally helps to improve
air quality locally.

The large expected expansion of ethanol production will put pressure on the agritnaltuie

and threaten biodiversity. There are several conflicting estimates on ket m@olicy makers say
that there is enough land available to expand production considerably while NGOs and some
researchers claim that biodiversity will be harmed. At this moment there aolusion on the
matter for a global perspective (Dufey, 2006, 44). There exist severdisrepibr a local focus but
they often reach opposing conclusions. Likewise, the large expected expartsiemfare requires
investments in infrastructure which by nature may harm biodiversity.

2.3.3 Social Aspects

One of the often-heard social benefits of ethanol production is the creation of eraptdyural)
since production in the agricultural sector is normally labour intensive. Stilgttee often results
in migration of workers to the expanding regions where they lead a “hardCREM, 2006).

A large-scale production of ethanol can possibly increase price for the etbedstiock
agricultural products which can raise living standards and stabilize incomedbfarmers.

The fuel-versus-food debate regarding ethanol has been intense in recentlyeargument is

that if demand and hence price for ethanol increases enough then farmers vedlbothigir

agricultural products to ethanol distilleries and thereby create a food €hadrtag debate is similar

to the one on the expanding agricultural frontier noted above; there are many opinions otethe mat
but so far no decisive estimates (Dufey, 2006, 49). Also, lacking definitions of larglmglgtlead

to a further concentration of land ownership in the hands of the elites as the agiiéudntier

expands — especially in developing countries.



3 Public procurement

In this section | will outline my theoretical approach which is founded on Edler (Zb@&)jst and
Hommen (1999) and Edquist et al. (2000).

The main goal is to develop a framework for analysing the role of governmeintiresing
innovation activity. A government has many different policy instruments at disposregarding
innovation policy it is possible to make a distinction between demand and supply-orientgd poli
In this paper focus will be put on demand-oriented policy but especially the complgmenta
interaction between demand and supply-oriented innovation policies is interestirdordsupply
side measures also will be included.

3.1 Conceptual Issues

In this section | will give an argument for why it is relevant and nepessa&onsider the demand
side in technological development which will pivot around the idea of the technologydlée

The technology life cycle is a classic model describing the developmeny@édenology. It
contains three phases — infant, mature and senile phase. The starting poinomntéhisis that the
supply-side creates a universe of technological possibilities whereheftdemand-side “chooses”
(politically) a technological trajectotyln the infant stage there are many product innovations
(stemming from same core technology) and firms are producing difiéesigns. The phase is
characterised by uncertainty regarding the viability of the technologygrrddsign and existence
of demand — no one knows which design will win. In the mature phase there is more market
security as a few designs have emerged as winners. It is also a pleasgmwduct innovation
declines and process innovation increases — incremental innovation and adjustmeseprdcehe
senile phase we see a market concentration and a shift of focus away fromiamactatity
towards cost-reduction strategies and improvement of product quality. In thesafcak producing
the design chosen is what counts for producers (Edquist et al., 2000, 43-44). It is obvious that
demand will be influential regarding choice of design in the early stages dbpieent when
uncertainty is largest as compared to the mature phase (Edquist and Hommen, 1999, &1.i®em
not only influential regarding choice of design. In the absence of demand, it is unléely th
commercialization of a given new technology would take place. Hence, demand eanlutgh
direction and promotion. Still, demand is not always present.

Demand-oriented innovation policy is needed when demand for innovations is “insufficient” or
absent - even though technologies are ready for a market, they may lack dennagwold g an
innovation may be insufficient or absent for several reasons. The argument hatehe tmarket
mechanism” alone is not able to induce this derhand

The paramount reason for the latter paradox is what can be jgatledependenc¥volution of
technology often follows a technological trajectory which has a coredkagywhich undergoes
incremental improvements (innovations) through diffusion and learning by doing. Whencaneew
(radical innovation) appears or if an innovation does not “fit” with the current core teggntien

it will have problems getting users because to leave the current trajestoopth be and seem very

% The parameters for choice of technology are nitemnsal but normally include economic, social, @aximental and
ideological considerations. Also, who chooses ddp@m mode of governance.
* A similar argument can be found for supply-sideated policy.



costly - especially if you are the only one doing it, irrespective ofigersor performance (Edler,
2006). There are several reasons for why a technology switch as a udes am/or seem costly.

One aspect could begh entry costor consumers. Early users must be prepared to take on part of
the producers’ development and learning costs that will be higher at the eadygbl@aproduct’s

life cycle. On the other hand first users may get an advantage in terms of prodoctower
expenditure vis-a-vis other users. Hence, risk, cost and potential benefits adebsiapen
producers and users (Edquist and Hommen, 1999, 45). Also, early potential users mdgdiave a
of informationabout the innovation with respect to benefits, safety, reliability and its
complementarities vis-a-vis other products. Hence, early users bear artsghehich may detain
them from using the product — the latter encompasses learning and adjustitsei@@asrnment
policy then has a possibility for socialising the risk through inter aliagiif§ information or by
setting quality standards. One can say that the more accumulated useneggbaeexists, the
lower is the cost of and risk involved in product/technology switch for new users. Thamewt
can lower these costs by using the innovation and thereby demonstrating ftssjoaby

supplying financial incentives. In a similar fashion the absenoetofork effectsvill make

potential users hesitate to switch

Furthermore, a lack afser-producer interactiowill hinder users in communicating their needs to
producers. This can be a result of users’ lack of voice, competences to formegidseor an
institutional set-up detrimental to user-producer interaction. The influencersfmgy be limited
inter alia due to limited user competence (cf. section promotion of private demainahadket
structure hinders users to have influence.

Regarding market structures the market for ethanol is charadtégzaigopoly or close-to
monopoly on the supply side while demand is made up by individual consumers who need fuel for
their car. The latter is a case of polypsony (many small buyers) #iszeeis no concentration of
demand/buying power. Still, cooperatives and consumer organizations are pbssioteyi

common interests are present. In such a situation supply-push is more likelgrtemdepull in
terms of inducing innovation. Producers will try to obtain users’ preferences througgt ma
surveys, but demand will not havéusmctional roleto play once it is fragmented (relative to market
size — e.g. developing computer games). Polypsony is often seen in consumer gketsvaitir
individuals as users. It is likely that such a structure is charactegsethbk of user competence.
Thus, the quality of demand is low because users are amateurs. In this situajmrethenent

could play a coordinating role — one example is minimum government standards onatefisge
(Edquist et al., 2000).

The above illustrates the relevance of demand-oriented innovation policy. In trsecton | will
give a more detailed presentation of public procurement.

3.2 Public Procurement

Demand-oriented innovation policy, henceforth denoted public procurement, refers to that
government stimulates or creates demand to promote technological development.

® Network effects are characterized by that theuadee of a product increases with the number ofsugaobile
phones are one example).
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| will follow Edler (2006) and define public procurementsaset of public measures to induce
innovations and/or speed up diffusion of innovations through increasing the demand for
innovations, defining new functional requirements for products and services or better artgculat
demand Still, Edquist et al. (2000, 5) operates with the term public technology procuremeht whic
they define asvhen a public agency places an order for a product or a system which does not exist
at the time, but which could (probably) be developed within a reasonable peribeir terms

public procurement is an order for a simple and already existing product or skslien's

definition seems broader by emphasizing diffusion which does not necessarixeiavotw

product and neither a non-existing one. Still, diffusion can easily necessitate ionalkaing the
process. With Edquist et al.’s more “developmental” definition in mind, | wdkstiith Edler

(2006).

Public Procurement often targets development and diffusion of technology tglatjual. Edquist
et al. (2000; 21) make a distinction between the two elements with the terms deved@me
adaptive procurement. Developmental procurement refers to technologieg theivao the world
and radical where procurement has targeted technology development. Adaptive peotuoeéens
to technologies that are new to the country (not the world), incremental by aatiteat involves
some innovation in production through adaption processes.

Innovation policy can be defined ak public policy influencing technical development in its speed,
direction or diversity so that socio-economic problems could be solved and societal neddxecoul
met The latter can be distinguished in two — direct and indirect innovation policy. lnplirexy
primarily regards framework conditions while direct policy refers to thasaetgins where public
agencies are directly involved. Public procurement can likewise be both direndaedti In the
former the government or a governmental organisation solely buys productsgrorata supplier.

In the latter the government plays a coordinating role that induces privesdaidemand certain
products. There are naturally several intermediaries between the temiges (Edquist and
Hommen, 1999, 9). A combination of the two positions is most likely to yield the better outcome
(Edquist et al., 2000, 24). Hence, when discussing innovation policy, regardless of isweisét

to have a holistic innovation system framework in mind such that one is capable oftseeing
interactions and feedback mechanisms between demand and supply-side measuresand bet
strategic policy and framework conditions — an integrated approach.

Additionally, Edquist et al. (2000) argue that public procurement must be targetedrag findi
solutions to generic social needs that are unlikely to be addressed by the markateil teads us

to the classical issue of diverse “welfare functions” — a private andal.sbioe social welfare
function should thus be the point of departure for public procurement which then in turn can be
complementary to the private welfare function. The focus on generic anaakractiblem-solving
gives procurement a natural bias towards product innovation over process innovation @ adulist
2000, 23).

Public procurement may seem more suitable especially for certaimssesectors where public
demand traditionally makes up the lion’s share of total demand as e.g. constructigy aade
health care (in some countries).

Edler (2006) indicate that public procurement is at least as effective as ib&ldlies in terms of
promoting innovation. Public procurement seems to create a linkage between innovation and

-11 -



production that is not possible to the same extent for supply-side measures adDesgibRigly.
One can argue that demand-oriented innovation policy inducesdabitiological and production
capacitywhile R&D subsidy mainly affects the former.

3.2.1 General versus Strategic Public Procurement

Considering the coordination of public procurement one can distinguish between gaderal
strategic policy. With respect general procurementou basically only have minor agencies
within ministries to implement procurement targeting innovation. The latteramiat there will
most likely be a lack of coordination and willpower to change status quo which willireault
uncoordinated outcome. Execution of public procurement policysirategicmanner implies
having innovation policy higher up the ranking of political priorities such that spésifinologies,
products, services or sectors are targeted in terms of public demand (Edqui2060a.

3.2.2 Promotion of Private Demand and Regulation

Indirect demand-oriented policy is when the government promotes private demantbfa@tions.
Promotion of this nature normally focusesatranging cost structuraater alia through financial
subsidies or tax reliefs. Such an intervention can align prices according toithevetfare
function. The primary aim of changing cost structure is to stimulate diffusimmao¥ation.

Diffusion of innovation can also be stimulated through “soft” steering (as opposeddd “ha
pecuniary measures). The idea is to affect private users’ willingmessépt, demand and apply
innovations through inter alia awareness building, competence building and infornaatipaigns.
Creating awareness of a new product with for example an information camyghigeduce

potential users’ uncertainty and increase their information about it. Camgaigidsalso in a
complementary manner help to build user competencies that would also reduceningdus
increase both the real and the perceived use value of the innovation. Following the albove, use
competence (skill, information, knowledge and perception of newness) of users (theajuali
demand) are vital to the successful diffusion of innovations

Within a framework of user-producer interaction in the narrow (individual consuredsnand in
the broad sense (societal needs/visions), government can manoeuvre with itsplioyants and
discursive intelligence. The logic with soft steering is that the gowamhthrough policy measures
can affect the preferences of users which will put pressure on producers to applhystandards
which again will push them to innovate (safety in automobiles) (Edquist et al., 2000).

“Hard” and “soft” steering as outlined above are examples of how regulatiba wistitutional
framework can stimulate demand for an innovation. Changing the institutiongd set+ards
stricter regulation can influence demand conditions positively. Regulation of inthestfprces
firms to apply to certain standards can simultaneously inform potential beerstiae products -
e.g. regulations that determines which materials to use in production, qualibdat{s and
consequences of production as environmental impact.

This concludes my theoretical considerations so far. In the following seatitimiove on to look
at the Brazilian experience with ethanol production in terms of the above.

-12 -



4 The Ethanol Sector in Brazil

Brazil has a long history of ethanol production which | will outline in this @eciihe ethanol
production became a serious political target as a response to the oil crises in thenE9&Qkeav
government launched a massive public-funded program to promote ethanol production and use.
Still, the production and use of ethanol started much earlier as will be shown belovgoiiter
through the various phases of ethanol production in Brazil | will reconsider the histbeylight

of demand-oriented innovation policy.

Brazil currently produces 45% of world ethanol. In 2005 Brazil produced 14.5 billion indes a
plans to produce 30 billion litres of ethanol by 2015. The sugarcane industry makes up 2.35% of
Brazilian GDP (CREM, 2006, 29). The largest importers of Brazilian ethanol&rindia, Korea,
Japan, Sweden and Holland (ESMAP, 2005, 29).

Ever since production of sugar was introduced in the northeast region of Brazil iff tbentifry it
has been an important agricultural activity in the codinBugar production was established (by the
Portuguese) in order to break down France’s world monopoly in sugar supply which was produced
at the Caribbean Islands (Moreira and Goldemberg, 1999, 229). Ethanol was first useal as a fu
Brazil in 1903 when the first national congress on industrial applications of alcohol proposed t
establish an infrastructure to promote ethanol production and use. Also, the use of edlsanol w
compulsory many places in the country during World War 1 and production amounted to 150
million litres by 1923. The first policy demanding ethanol (5%) blended withigaschme by a
federal decree in 1931 which also put forward guidelines for its transportation and
commercialization — ethanol production reached 650 million litres in 1941 (Moreira and
Goldemberg, 1999, 231).

After World War 2 Brazil experienced a high-growth period, but the economic pdiciks time
reached their limits in the early 1960s which partly served as the basisiiiaay coup in 1964.

The coup introduced a new approach to policy making and a new strategy for economic
development which involved foreign capital that was to help the country achieve economic
independence. The multinational car industry soon became the flagship of this atidastn

model — between 1960 and 1976 the country’s car fleet increased tenfold and consumption of oil
(80% imported) increased at an average rate of 16.2% p.a. (while the econanay gneaverage

of 11.2%). Hence, the dependency on oil imports put the country in a very vulnerable situéition wit
respect to the coming oil crises in the 1970s (Lehtonen, 2007).

Ethanol was produced as a niche product and a by-product from the sugar industry until the 1970s.
It had functioned as an auxiliary market in the sugar sector helping to dampeftuireces of

price fluctuations. The technology for producing ethanol at a large scakdreagy present and the
sugar industry was loosely tied to the transport system. During the 1960s thengeviehad

supported the sugar industry intensely in order to modernize and increase produtttairBsazil

could be competitive at the world market and increase its market shares. Hermmagécity of the

sector nearly doubled during the first half of the 1970s. There was a sudden collapsegdirthe s
world market prices in 1975 which threatened the now politically powerful sugar andblalc

industry because it was struggling with overcapacity (Lehtonen, 2007, 8).

® There are two main regions for ethanol produciioBrazil — the north east of Brazil and the Saal®aegion (south-
centre). Significant differences exist between g¢hegions in terms of ownership structure, proditgtiemployees,
wage, technology and management. Still, thesenstlbe explored further in this paper.
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The above describes the context in which the Brazilian military dictapdgsiviernment initiated a
large-scale program for promoting ethanol. The program, called Proalcodgumabed in 1975 in
response to the 1973 olil crisis. The support mechanisms in the program were gradsatyopiha
during the 1990s. During its lifetime it underwent several changes a®rsaittiother external
events that will be used to structure the below account of Proalcool into five phases.

4.1 History of Proalcool

4.1.1 Phase 1: 1975-1979

When the first oil crisis hit in 1973 the government (whose legitimacy rested up@sigrgrs
economic growth), car manufacturers and sugar producers came under pheskarpresence of

fuel shortage and overproduction of sugar, expansion of the production and use of ethanol seemed
as a satisfactory solution. Hence, the sugar-alcohol sector became eal paegof the transport
regime. Proalcool was launched on the basis of the folloaljgctives save foreign currency,
reduce regional disparities and income inequality, increase GDP and capdalgyoduction. The
aim was to increase production fivefold by 1980 which was more than achieved (in 1979) due to
prevailing overcapacity in sugar production. One policy measure to reach tiveagdal use

blending regulation — the maximum was 20% of ethanol to be blended with gasoline because
engines at the time would suffer damage at a higher ratio (Lehtonen, 2007, 11). Thaa) thas

to produce anhydrous ethanol. Investment-friendly policies stimulated comstratdistilleries

that were annexed to existing sugar cane mills (Walter and Cortez, 1999).

4.1.2 Phase 2: 1979-1985

When the second oil crisis hit in 1979 the consumption of ethanol could be pushed no longer under
the given technological possibilities — the max limit of about 20% ethanol blend hackheked.

Thus, technological development was necessary in the form of cars purely runningrem. et

There had been successful experimentation in government labs that were now pumhéootaim

use and the government persuaded the car industry to heavily invest in production of 100% etha
cars. Also, the former overcapacity in the sugar sector was now fpllgited and new investments
had to be made if further expansion was to take place — especially there wasa sapport for
autonomous ethanol distilleries. New production targets were set — the production i8.4979 (

billion litres of ethanol) was to triple and make up 10.7 billion litres by 1985. Seveoaloaubus
distilleries were constructed on the basis of extensive public subsidies. Imitte]883-86 more

than 90% of car sales were ethanol cars and in the mid-1980s ethanol amounted to 50%%f Brazil’
fuel supply (Lehtonen, 2007). The sale of cars meant that demand for and production efihydrat
ethanol to a large extent replaced production of anhydrous ethanol (Walter tex] C299).

4.1.3 Phase 3: 1985-1990

World oil prices fell sharply in 1985-86 while at the same time Brazil expedesergous inflation
and started a series of reforms. The latter meant that subsidies and suppphasedeout. As a
result hereof production of ethanol stagnated and eventually started to declinggmanting
factor was that the price of sugar on the world market was increasinghgs#, downward trends
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did affect the production of cars — automakers undaunted continued to produce ethanokonly car
(and even increased production). In late 1980s nearly all sold cars were only runethgra.

This mismatch in trends resulted in a serious shortage of ethanol by 1990 which catests @nd
loss of credibility for ethanol as a fuel. Ironically, Brazil was fdraeimport methanol from the

US due to the shortage. Gradually political support for the ethanol program weakemomakers
soon restructured production to build gasoline cars (Sandalow, 2006).

In spite of the phasing out of public subsidies to the sector, more investments ifo&&ihg on
improving productivity were undertaken. One key point was the use and development of by-
products from the production process (e.g. bagasse to produce electricity antdhgealgohol
programme was kept alive due to (lets say lock-in conditions) employment anciclbanefits.
Also, substantial R&D had been conducted which amounted to a significant capacity in
biotechnology. The state of Sao Paulo and some firms continued to invest heavily in R&D on
sugarcane crop improvements (Lehtonen, 2007).

4.1.4 Phase 4: 1990-1999

Since 1997 the role of the state has solely been to regulate framework conditionstand not
intervene as forcefully as earlier. Subsidies for the ethanol sector ent®@i7imvhere the sector
was fully competitive vis-a-vis fossil fuel. In the period 1990-1999 sales ai@tbars declined
due to incidents of the latter period and a relatively low price of oil. The ethanol’'seole in
relation to the fuel transport regime gradually diminished but it found a staliiepas an
integrated, but minor, part of the regime. An important point in this period is that due t@&bchni
development producers had the opportunity to switch production between sugar and ethanol
depending on price movements on the world market. This strategy was followed thrabghout
1990s with some success since price of sugar was good while demand for etHarenl.d@aring
the end of this period world price of sugar fell though and overproduction was a sigiufaialeim
which gradually detoriated the competitiveness of the industry. Overproduction timaaethanol
was produced in large quantities — that were not demanded in the market. This legl&tecose

of existing storage facilities and the construction of new. In the late 1990sH2@a high interest
rate and an overvalued currency. The former meant low investment actipiegigdy in
agricultural and industrial segments of ethanol production) which made it dificiBrazil to
compete on the world sugar market. These factors combined gave a dim outlook for thef future
the program at the end of the 1990s (Walter and Cortez, 1999).

4.1.5 Phase 5: 1999-present

A range of factors have recently brought renewed interest to ethanol prodiib&gomain factor
has been the rising oil prices but also the fear of terrorism (and hence itysitaloil supply and
prices) and the surge in the political interest in global warming havelieed the ethanol sector.
Brazil's plans are big: one goal is to produce 30 billion litres in 2015 which would regtriae3e
million hectares of new land into cane cultivation. A bit more ambitious plan made byriséry
says that Brazil should aim at producing 200 billion litres by 2025 which would requineraase
of cultivated area from 6 million hectares to 30 million. The latter would put signifipressure on
the potential conflicts with environmental damage and food scarcity.

Another important event in the revitalization of ethanol production and use was the intnoddcti
the flex-fuel vehicle (FFV) in 2003. The FFV is able to drive on any blend of pure ethdaodl) (E
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and E20 (20% ethanol) and with E100 significantly cheaper than E20, the FFVs have been a
massive success. In December 2005, 70% of new light-duty vehicle sales WerarfeRthe
cumulative sales since 2003 amounts to 1.3 million vehicles (WWI, 2007, 253). The FFV has
allowed Brazilians to tank fuel according to the changing relative prideglst

Following the revitalization of interest in and production of ethanol, the presenmeigif firms
and FDI is currently increasing in the sector — the participation of foreigracepatbout at 4.5% in
production of sugar and ethanol. Firms are attracted by the low production costarehanong
the lowest in the world.

The role of the state has gradually diminished as deregulation increased. hedags¢ state
organs monitoring and managing the sectors further deregulation on its way tortgeadrae
market. An area where the state is still active involves the sector’s eneintal impact as for
example waste management, soil quality, biodiversity, and ground water gUlaése areas are
still recipients of public R&D investments and support — here it can be possible find pridguct
increases and lessen negative effects of ethanol production. Hence, the oeguigé now
concerns R&D which inter alia is coordinated by the ministry of science emddiegy (Lehtonen,
2007). The sector still enjoys some policy support since the blending policy (min. 20%)peaond |
tariffs on ethanol (30%) and sugar (20%) are still in use.

4.2 Policy analysis

4.2.1 Policy

In this section | will analyse the Brazilian experience, as outlined abovbedasis of this paper’s
theoretical section. | will start with some general observations and thetustérthe analysis
according to the different phases of Proalcool since policy objectives gsacluatiged.

Some parameters changed during the course of Proalcool while others remammethEhsalatter
concerns the structure of demand. Demand consists of individual consumers who (when
unorganized) do not posses the capability/power to change fuel production and usg rakdicill
makes a case for public procurement.

During the history of ethanol production in Brazil, the state has played a védtaoi the very
beginning both when it constituted a niche market and once it became large-scaleqrobiuihe
following | will focus on the latter part. When Proalcool was launched in 1975 tlasralveady a
minor production, an overproduction of sugar and available technology for large-schletjan,
but both large-scale demand and supply were absent. Since technology existed d tmlyeha
“politically chosen” and thereafter diffused. Diffusion policies targeted botladdrand supply.

In the first phase of Proalcool where anhydrous ethanol was to be blended wiilegaisel
primary demand-oriented policy instrument was the blending policy (20% ethsliaoilatory
blending policy automatically created a huge demand for and use of ethanol. On theidapply s
several policies were enacted to support production of domestic ethanol — inter sliaméante
subsidies, credit guarantees and favourable interest rates on loans in order te prosstinent in
ethanol distillation equipment. Also, a minimum price for ethanol was set biatee oreover,
public investments were made in a distribution system including installatiocobfchlpumps in
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nearly all gas stations (Lehtonen, 2007). Moreover, public investments were made in R&D
collaboration with universities to improve productivity. Besides, public marketingpaigns were
initiated trying to link ethanol with feelings of nationalism which refléstdt” steering of users.
Lastly, also import restrictions on ethanol were enacted to protect domesticggeoduc

The second phase of the program shifted attention from anhydrous to hydrous ethanol which
entailed a reorganization of ethanol production. New types of distilleriesn@eessary which lead
to further investment subsidies. Still, at this point no cars could run on pure etharefonder
demand was absent. The state initiated four actions to solve the problem. Firsdlje icontracts
with multinational car producers to make assembly line production facdiieé produce 250.000
cars by 1980 and 350.000 in 1982. Secondly, special tax incentives were given to purchasers of
ethanol cars. Thirdly, the price of ethanol was kept below those of gasoliny, thesstate
purchased a significant number of cars for the public car fleet intdoataxies. The latter action
both functioned as a demonstration project and forced the companies to startdbrgeestuiction.
The second and third action represents hard steering (regulation) through pdogeraiye
structures of consumers. To place an order of 250.000 ethanol cars that weremptogiigtion
comes close to Edquist et al.’s (2000) definition of public procurement. The order foraeghthro
commercialization of new technology.

In the period 1985-1990 ethanol production faced dire conditions with the price of sugaam$ing
the price of oil falling which led to a significant fall in production. Also, the festlencies to
liberalize the country’s economy through public deregulation appeared which putyquidsites
under pressure. Still, the state continued, and even increased, subsidy support inhalgethe
industry survive. One important reason for the continued support to ethanol production in spite of
unfavourable cost structures and public dissatisfaction was that Brazil poititisrad developed an
idiosyncratic experience in sugarcane ethanol production. The country had bpadbditabase in
biotechnology regarding ethanol production through years of R&D, which the stat®iwaitling

to lose because of current market prices. For the same reasons public support faasR&en
sustained since the start of Proalcool (now focused on environmental impactshasic
contributed to the technological development and thus competitiveness of Brahitinale

From 1990 onwards the industry was “liberalized” and public support was gradually temove
Minimum blending policies and import tariffs were not dismantled though and stiktpers

Considering the technology life cycle as an approach to the Brazilian exqgedere can argue that
the ethanol technology, which was quite simplistic, was politically choserealfter the state was
concerned with diffusion. In the process of diffusion some policy measures dasgpfdy, others
demand. The main instrument during the first and second phase of the Proalcoolnedi®neg
through “hard” steering. The situation at the initial phase of Proalcool weisispethat the cost
and uncertainty, which is normally related to switching products as a user, mubebaJvessened
by the need-driven aspect of the oil crisis. What remained of uncertainty amdgansiing the
switch to ethanol (¢ phase) was dampened by price control, tax incentives and demonstration
projects.

The issue of user competence has not been explicit in the story of Proalcool. Comsuunahy

had expectations to both fuel and ethanol cars on the basis of fossil fuels. Hence, ittreafunct
specificities of both fuel and car were known to producers. Likewise, user-progigeaciion (in
the ethanol market) has not been present which is probably also related to the polgsketic m
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structure. It is possible that user-producer interaction was more sighifieaveen sugar producers
and ethanol producers, but this | do not have information about.

On overall the Brazilian state primarily conducted indirect public procemeiyy stimulating
private demand by use of regulation. The only exception was the order of ethanol d¢erptdilic
car fleet. With respect to the distinction between general and strategic pmalcurement, then |
will argue that the policy approach regarding ethanol has been very stra@gibheugh it has
changed to a more general character during the 1990s. The necessity (nass)af developing
the sector in the 1970s made ethanol production an explicit political priority.

4.3 Technological Development

Here | will explore the link between the policy analysis and technolodgeadlopment to see if
there are any indications that public procurement has a positive effect.

Firstly, technological development must be divided into at least two parts of the pyodunain -
sugarcane production and ethanol production.

4.3.1 Productivity Improvements

There has been substantial productivity improvements in both sugarcane and ethanabproduct
Sugarcane productivity has increased 2.3% p.a. between 1975 and 2004 while ethanol productivity
has increased 1.17% p.a. on average in the same period (Matines-Filho et al., 2006). ¢rertherm

the following results have been achieved in the state of Sao Paulo sincettbieRtaalcool

(UNICA, 2007, 67): 33% increase in tons of sugar per ha; 8% more sugar extractedneoiiéa
efficiency improvement in conversion of cane sugar into ethanol and 130% productiviasaore

the fermentation process. Moreira and Goldemberg (1999) interpret Braltiig Cost per unit as
reflecting a learning curve.

The Technological developments that lie behind the above improvements can be divided into two
phases and summarized as below:

- 1980-1990: introduction of new cane varieties; new grinding systems, fermentation with
larger capacity; use of vinasse (by-product of sugar production) agzértidiological
control of sugarcane beetle; optimization of agricultural operations; auyoncgnergy.

- 1990 — 2000: start of energy surplus sales; improved technical, agricultural andahdustri
management; new sugarcane harvesting and transportation systems; dchdusteal
automation (UNICA, 2007, 66).

Energy co-generation in the production of ethanol has emerged as an important elendenctnig re
cost and making ethanol more sustainable in terms of necessary fossipfusl On average, one
tonne of cane leaves about 280 kg of bagasse behind whereof 90% is burned to produce steam
which in turn is used to generate electricity and mechanical power for thiedistiills (Moreira

and Goldemberg, 1999, 237). By investing in inter alia larger steam turbines thieetdttelogy

can be made much more efficient though and even more electricity can be belelectrical grid
(sale of electricity).
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4.3.2 R&D

The productivity improvement and technological development that have created hetittoen
advantages of Brazilian ethanol production described above were results of corpuniars
investments in and support to R&D on both sugarcane and ethanol production. Still, private R&D
also played an important role — especially in the later years.

The first public organization related to ethanol was the Instituto do Acucar e alol AKA) which
was established in the 1930s. IAA regulated the production of ethanol until the 1980s in cnoperati
with the various governments. The first efforts to conduct R&D in the sectoringsgzd by
Instituto agronomico de campinas (IAC) and Instituto Biol6gico where theeforas under the
control of Sao Paulo state government — hence it was a public initiative. In 1970te priva
cooperative, called Copersucar, of sugar and sugarcane producers estabésbenter for
Technological Research which was an important contributor to the expansion caseagar
production. By 1971 the federal government created the Programa Nacionahdeavihento da
Cana-de-Acucar (Planalsucar) whose primary focus area was the demei@imew cane
varieties. Much of the public funded R&D was stopped with the deregulation of the ynidutste
late 1980s, but public R&D still exists. For example significant investmentsimreasarch and
molecular genetics have recently been made by the state of Sao Paulo pluflian B&D
investment in breeding improvements (Martines-Filho et al., 2006). Public R&D is nodircted
by the ministry of science and technology.

Instead the private share of R&D in sugarcane and ethanol production has indreastteearly
1990s. The Copersucar cooperative metamorphosed into center for sugarcane te¢Gidapgy
which carried on the R&D section. CTC is a private non-profit research centreefihbipd 52
sugar and ethanol producers. CTC conducts R&D in most parts of the production process — result
are reserved for the financing members. CTC has developed an extensiveratibn with both
domestic and foreign universities and research centres — here among foliarBuazversities
from the state of Sao Paulo. The R&D performed by CTC is at times competimstrdtly private
R&D conducted internally by the largest firms in the industry (e.g. Dediajeover, partnerships
among private firms and universities are common. Especially the interutyivestsvork for
development of the sugarcane sector (Ridesa) which consists of seven domessdiasivRidesa
was established as a reaction to the closure of Planalsucar in 1991 whdR@latta absorbed
Planalsucar’'s R&D capacity (Fontana, 2007).

The sugarcane and ethanol sectors seem to be the exception to the otherwisss\beakden
industry and universities in Brazil (Fontana, 2007). Currently R&D is being done on transge
sugarcane but legislation necessary for commercialization is slowingy thevprocess (Martines-
Filho et al., 2006).

4.4 Conclusion

The link between technological development and public procurement is of an indirect nagure. T
demand-oriented policies made it possible to sell the production of ethanol which in turn made
continuous and incremental technological improvements possible. Public procurementynase
part of an integrated approach to industrial policy where demand and supply-sidees €asre
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infrastructure investments, investment subsidy, R&D subsidy) are each ptieegguisites in
order achieve technological development.

5 Ethanol Sector in the US

5.1 History of Ethanol production in the US

Ethanol engines were built already in the late 1800s by inter alia HerdyaRdrNicholas Otto.

The Ford Model T in 1908 was a flex fuel vehicle (FEW)had carburetors that could be adjusted
to use gas, ethanol or a mix of them. World War 1 meant a surge in demand for ethanol and
production increased. After the war demand decreased but car manufactures|weesestted
(since it was not decided yet which fuel with be the dominant). Engines of thedtroblems of
“engine knocking®. A solution to this was found in the form of tetraethyl lead in 1921 which was
then added to gasoline despite health concerns. Thus, gasoline became the fuefeEthanol
mixed with gasoline experienced a revival in the 1930s due to low corn prices — government
launched a support plan for farmers in trouble. After World War 2 gasoline totally deththa
market due to low price plus several new oil discoveries reduced the perceived umgerding
replacements for petroleu¢Bolomon et al., 2007, 417).

The US interest in ethanol (also) experienced a revival as a response tatise®idluring the

1970s. The initial outcome was the 1978 energy tax act which was supposed to promote production
of fuels alternative to gasoline. It included a subsidy policy to make a 1t#bettfuel cheaper.

The wars and instability in the Middle East helped keep the ethanol industreadirevhen oll

prices were low. Several policy initiatives to support the ethanol industeyaceepted in congress
during the 1980s with reference to energy security (CFDC, 2007). Among the poliotefoive

example tax benefits, loan and price guarantees to support producers and blahdrs. St

industry faced difficult terms due to low oil prices.

The rise of ethanol production and use started in the early 1990s even though ethanahgromoti
policies can be found back in the 1970s. The 1990 clean air act was the beginning. It continued with
the 1992 energy policy act which encouraged the use of alternative fuelst Alas,made

mandatory that a minimum percentage of the US federal state fleet of gsendi¢he fleets of

alternative fuel providers ran on alternative fuels. Average ethanol consumgioagund 2.5%

p.a. during the 1990s (OECD, 2004, 148). That policy support has been significant can be seen from
a report from the US treasury which estimates that the lost revenue fromtgiviegemptions to

ethanol producers between 1980 and 2000 is about 11 billion USD (ESMAP, 2005, 66).

One of these policies was the “alternative motor fuels act” of 1988 which providedampanies
with tax credits for every flex fuel vehicle or alternative-fuel vehieéytproduced. The initiative
proved inefficient though, partly because it was very difficult to get EBiday there are about 5
million flex fuel vehicle s in the US but only around 1000 retail outlets that sell H&5¢eWore the
majority rely on gasoline. The latter reflects the importance of infictsheifor distribution
(Solomon et al., 2007).

" Vehicles capable on running on any blend of gaeadind ethanol.
8 Early ignition of the fuel that causes the mototjump”.
° E85 is a fuel containing 15% ethanol and 85% dgasol
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Despite inefficiency, ethanol production continued to rise during the 1990s. Continued low oil
prices and bad harvests that doubled the price of corn brought ethanol producers into tneuble. T
latter led several Midwestern states to accept more subsidies in order toeheliuistry survive.

The last decade has been very different (1997-2007) which is reflected by thadBheroduction
level is triple that of 1997. Besides the importance of the influence of terramnistability of oil

supply and global warming, the public health problems with leaded gasoline legrmhitsition in

the 2002 which greatly resurrected interest in and production of ethanol.

Furthermore, a federal “renewable fuel standard” was implemented in 200%ig/kacsupport
increases in production to 2012. The “renewable fuel standard” contains a mandatorygblendin
policy based on use-targets for ethanol. In 2006 2.78% of transportation fuel sold must be ethanol
which makes up 15.14 billion litres that should increase to 28.39 billion litres by 2012 (UNCTAD,
20068, 15).

Currently much support is given to commercialization8fg2neration technology in the form of
R&D funding plus grant and loan guarantees to overcome uncertainty of fifdmese policies
both have a short-term commercialisation focus but also a longer term aspectuid make the
sector much bigger.

5.2 Policy Analysis

In this section | will analyse the US experience in ethanol production, aseoldlbove, on the
basis of this paper’s theoretical section

Regarding market structures, then demand structure is similar to'8sazde users primarily are
individuals, which in itself makes a sound case for procurement.

On the supply side concentration is relatively high both in maize and ethanol productioraiZéée m
sector is in general the sector in the US that receives most government suppdg giverit on

terms mainly benefitting large corporations. A similar picture enserggarding concentration can
be seen in the ethanol sector - the four largest firms produce 58% and the eighptaties 71%

of production (ESMAP, 2005, 35).

It is helpful to constantly distinct between policy at the state level and atdémlféevel — these
may compliment or conflict with each other. Still, policy instruments at bothdeded state level
have been present for the last 30 years targeting both the supply and demand. At thieveteral
excise taxes for producers have been the most-used instrument. It is simpleyaindisa but it
has had and still has great influence on the sector (Solomon et al., 2007, 422).

The state furthermore established demonstration projects to promote the hs@olf éts part of
the alternative motor fuels act of 1988 programs for R&D were created and dextiongprojects
of both vehicles and fuel took place. The latter is clearly intended to reduce patsers
uncertainty and increase their competences. Additionally, financial incemiere given to car
manufacturers for producing flex fuel vehicles (CFDC, 2007).

Moreover, the “energy policy act” of 1992 required parts of the car fleet betptwyfederal and
state authorities and to ethanol producers should be alternative/flex fuel vefatlead to be able
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to run at E85 (85% ethanol). The latter is an example of direct public procurehemettive state
acts as a buyer for a not fully commercialized product.

More recently, the mandatory blending policy (cf. “renewable fuel standaad’peen increasingly
used to increase demand. Also, subsidies for supporting R&D in both feedstock and ethanol
production have grown recently.

At the state level the picture is naturally more blurred since there are édl thit act
independently. Still, policies on state level seem to have supplemented the federsd pohore

in some states than others. For example an exemption on road-use tax and produceareceadit
offered in 11 states. Minnesota is accentuated as a successful example oftgqualisyeon the
area. The state has managed to combine both demand and supply side policies plushebas the
infrastructure for ethanol/E85 in the country (300 retail outlets) (Solomon et al., 2007, 423)

Regarding the distinction made between general ands strategic public prexcyri¢ seems that
general public procurement has been the dominant form in the US. Ethanol production tied recei
continuous support, but there have not been any strategic attempts to go larde gealeral one

can say that public procurement has not been widespread in the ethanol sectoriezesidest
mandatory blending policies — it is clearly the supply-side that has gotterothattention. With
respect to Brazil's experience, a consistent and favourable price reguatild probably help.
Having Brazil in mind, then the situation was clearly very different in the 1978sg invd countries
—the US was having an economic cold while Brazil was seriously ill regandéangye

5.3 Technological Development

Even though the political attention to ethanol production has not been as intense in the US as in
Brazil, productivity improvements have still been significant — especrallya agricultural

production. Maize yields in the US increased from 86 bushels per acre in 1975 to 142 bushels per
acre in 2003. A large part of the productivity increase comes from the use otanetigineered

crop varieties that hold large potential but are still politically controveiSBMAP, 2005, 55).

Productivity improvements between 1970 and 2000 in ethanol production (ESMAP, 2005, 57):

- Costs on energy and water fell from 0.22 USD per gallon to 0.14 USD per gallon (36%
improvement)

- Labour cost fell from 0.24 USD per gallon to 0.04 USD per gallon due to use of computer
automation and increased plant size.

- Chemical cost increased and is now about 0.09 USD per gallon.

The focus of R&D in the US is inter alia on efficient use of residue products, irag@scorn

stover which can be dried and used as (animal) fodder. The sale of by-products amountedfto 24%
total revenue in 2004. Still, R&D is mainly concentrated on developthgeheration technology
because basically US feedstocks are too expensive to compete with Brazdiaml eroduction. It

is actually cheaper to import Brazilian ethanol to the US than internal pimautspite of import

tariffs (UNCTAD, 2006B, 16).
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5.4 Conclusion

In general the development of the sector in the US has been far more gradual thail ini®se
strength of emphasis changed radically and quickly. In a similar fashicleWetopment of the US
ethanol sector has been far less driven by necessity which has probabhelkispti¢ from being a
national priority (until recently). Policies supporting the sector have meamgerned regulation on
incentive structures (hard steering). Still, it seems that thesegsdfiave been most focused on the
supply side. One reason for the latter could be the work of US’s powerful agricldhiong Still, it
might hold importance that the US has applied mandatory production policy insteaddaitong
blending policy (as in Brazil). One could argue that the latter puts strongéasi® on market
development (demand-pull) and thus development of infrastructure. It is unclearyeva lprice
difference between E85 (E15) and gasoline that exists (and has existedebutstto have been
negligible (authors responsibility). Moreover, the lacking investmentsrasinéicture have
certainly dampened the effect of the price difference. It appearsetmaind or public procurement
has not been instrumental in developing the ethanol sector in the US — not in quantity nor in
technological development.

Moreover, nearly all US productivity improvements have come from feedstock padudtich
benefit agricultural production in general but not ethanol particularly. One cant deshatche
latter that focus has not been explicitly on developing technology for improwiaga production
which may be related to the lack of consistent promotion of ethanol and political st he

6 Conclusion

Brazil and the US have experienced very different development paths with resgpedt €thanol
sectors. One main difference can be attributed to the “policy-mode” which tefessearlier
distinction between general and strategic policy. The policies supporting ethachattoon in the
US can be characterized as general since it has been applied inconsistemibua policy levels
and at changing areas of the agriculture-ethanol-transport complex. Inutteinecessity
characterizing the situation at the time, Brazil opted for strategic peliclyecame a national
priority which produced some consistent policies and some less consistent. Bothatihe Bi&zil
have subsidised the supply side in terms of tax breaks and investment support but ontgdgiazil
serious use of demand-side policies. The mandatory blending policy, even thoughisjrafaisds
out as an indicator of the latter. Also, the emphasis given to investments in dastribut
infrastructure and auto production (market supporting/creating investmetgsjgéie Brazilian
political dedication.
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