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Research Questions

1. How does the process of innovation of ethanol
in the U.S. compares with the process of
innovation of ethanol in Brazil?

2. What are the blocking and inducing mechanisms
that prevent and promote innovation of ethanol

in the two countries?
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Innovation is a Process

Innovation system (Freeman, Nelson, Lundvall, Edquist)
Process =@ learning, evolutionary, path dependent
Innovation =2 systemic, interactive

Development, diffusion, and adoption of new
knowledge or new technologies

Technology capabilities _—~ Institutions _— Market demands



Ethanol develops within a Technological
Innovation System (Carlson and Stankievicz, 1991)

Actors Institutions

Actors -

Technological
Innovation
System (TIS)



Functions of Innovation Systems

F1 - F7 (Hekkert et al. 2007); F8 (Berger based on Bergek)

F1:
Entrepreneurialf
Activity @

F2:
Knowledge
Creation

F3:
Performance Knowledge

of - Diffusion
Innovation

\  F5: Market
Formation

Elena Berger - ORNL — CBES FORUM — April 21, 2011



Functions of Innovation Svstems (F1-F7 — Hekkert et al, 2007; F8: Berger, based on Bergek 2008)

Name Description
Fl= _ Entrepreneurial Activity Events that reflect growing or domimishing industrial
capacity, new projects and plants.
Enowledge Creation Events related to Research, Development, and
Demonstraton of technologies.
F:I=p Knowledge Diffusion Conferences, workshops, mestings, collaborahions.
Fd =» Cuidance of Bezearch Events that help the selection of technological

options, or those related to the enactment of policy
targets. They also reflect the expectations about the
technological options expressed by the vanous actors.

Fs =» Market Formation Events that facilitate the market penetration of the
emerging technology.

F& = Resource Mobilization Events related to physical and human mvestnents, be
public aor private.

Lesitimation Events related to lobbies, coalihons (interest groups,
NGO, mdustry associations) or polifical forces
{congressional and executive leaders).

FS =» Cap Building in the Downstream Events that reflect the development of capabilities in
Market the distmbution and m the automobile sepments.
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Public policies can induce innovation. Maximize
provision of public goods; minimize barriers

Public Goods '||

Y
climate change mitigation
science and technology

energy security

Y

maximize
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Barriers _}

Y

"carbon lock=in" (Unruh; Brown)
institutional and socio-economic environment
locked to fossil fuels

¥

minimize



Technology change has positive
environmental impact

Energy Consumption vs

Energy Source/Technology (Wang 2007)
MJ/liter

14

12

10

Coal Natural Gas (NG) NG w/ CHP NG w/ wet DGS Wood chips DGS

Elena Berger - ORNL — CBES FORUM — April 21, 2011 10



Data and Methodology: historic events as unit of analysis

e 1975-2008 =» 1,750 articles

 U.S.: New York Time and Washington Post
* Brazil: O Estado de Sao Paulo

1. Bibliographic search

2. Coding

3. Data analysis and plotting

4. Interview with specialists
5

6

Process analysis (narrative)
. Comparative analysis
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U.S.: Guidance of Research (F4) and Cap. in the

Downstream Market (F8) are barriers

4 Z J 4 V4 V4 V4 J 4 V4 V4 V4 J 2 2 2 2
9)5 9 > 9 20 7 % S > 9&5 S > 9(99 99 7 99 3 99 s 99 > 999 (7%) 7 (7%) 3 005 (%%) >

60 -

40 -

20 -

-20 -

40 -

-60 -

U.S.: ethanol technological innovation system
Functions of innovation map

— ] —F1 — 4 —_F — F5 R — 8 —_F8

Elena Berger - ORNL — CBES FORUM — April 21, 2011 13



Brazil: Guidance of Research (F4) and Cap. in the
Downstream Market (F8) induced innovation
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Comparative Analysis
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Brazil: ethanol technological innovation system
Functions of innovation map
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Functions by country, by year

Pearson correlation test

F2 - Knowledge Creation

F1 - Entrepreneurship
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Functions by country, by year

Pearson correlation test

F5 - Market Formation

F4 - Guidance of Research
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Brazil
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Functions by country, by year

Pearson correlation test

F8 - Capabilities in the Downstream Market
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Conclusions

 Guidance of Research and Downstream Market are
inducers and can be detrimental to innovation

* Guidance of Research (F4)

— U.S.: low expectation about sustainability and long
term market prospects of corn ethanol

— Brazil: ups and downs until 2000 and FFVs
 Downstream market (F8)
— U.S. facing threat of “blend wall”

— Brazil stronger than U.S.: hydrated ethanol (40%
market gasoline), FFVs tuned to run on ethanol
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Policy Implications

e Guidance of research (F4):
— clear policy goals decrease risks of innovation

— negative expectations about 1t generation
technology undermines potential synergy
between 15t and 29 generation technologies.

 Downstream market (F8):

— Policy makers should provide incentives to
automakers and distributors (oil companies) join
ethanol TIS
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