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Energy Governance Through Innovation Executive Summary

Executive Summary

The demand for energy resources and fossil fuels grows constantly. Recent forecasts predict that
global demand will increase from 85 million barrels a day (mb/d) in 2008 to 88 mb/d by 2015 and 105
mb/d by 2030. This rapid growth in the demand for crude oil, especially in emerging economies, is
driving a global quest for alternative resources and other innovative solutions.

This is due to three main factors:

= Security concerns: Most crude oil reserves are in the hands of unfriendly
and unstable regimes.

= Environmental concerns: The emission of CO2 and other pollutants causes
global warming and various diseases.

= Economic concerns: The use of fossil fuels is expensive, with costs both direct
(the price of oil and its volatility) and indirect (the environmental expense).

In February 2010, Israel announced that it will join the global effort to reduce oil dependency in
transportation through four sectors: biofuels, synthetic fuels, internal combustion systems, and
electric/hybrid systems.

Israel has experience with such ambitious efforts. It transformed the high-tech industry, especially
information systems, into the Israeli economy’s leading growth engine, from a mere 5 percent of

total exports in the 1980s to approximately 50 percent in 2009'. However, replicating this success in
the alternative energy market is difficult because the two industries have different characteristics.

The energy industry requires more extensive resources (both in time and money). It is conservative
because it must supply a highly reliable product at a certain commodity price. The energy market is
also heavily regulated and dominated by a few key players. All of the above leads to a high-risk market
that causes investors to be more cautious. Although they see the opportunity, many balk at the risk
and the long-term investment.

Global renewable/alternative energy investment appears to be escalating, although the last couple

of years have seen a significant drop (due to the economic downturn). Still, 2010 seems on track to

be a record year for energy investment2. Many nations implemented stimulus programs as a means

of countering the economic downturn. Out of a total of $177 billion in energy-related stimulus, $50
billion is allocated to various forms of energy R&D globally. In the United States, venture capitalists
invested just $129 million in the energy sector in 2009—a tiny fraction of the $2 billion they poured
into the biotech and the IT sectors combined that year. These investments can help build the supply
side of renewable resources. On the demand side, nations can build a market through regulations such
as fuel blending mandates.
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Since the energy market is different from the information technology (IT) market, the strategies Israel
used to build IT must be modified for energy. As a first step toward proposing new strategies, we
mapped the market barriers that prevent the fuel substitutes market from developing. A preliminary
review of literature identified several barriers, and an online survey asked relevant companies in Israel
to review and rate those barriers and suggest others. Ninety-five companies—most of them still in the
initial R&D stages—were identified in the survey’s preliminary stage, but just 53 were active companies
and received the questionnaire. Seventeen answers were received, for a response rate of 33 percent.

Figure 1 illustrates the barriers and their respective scores on a scale of 1 to 4. All barriers could be
divided into two categories: policy/governance barriers and financial barriers.

FIGURE 1. ENTRY BARRIERS TO THE ALTERNATIVE ENERGY MARKET (2010)
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Based on these findings, we have created a conceptual model that describes governance and finance
as “superbarriers” Combined, these superbarriers create other barriers and unintended consequences.
Eliminating only one superbarrier will not be efficient. Only a collaborative effort to solve both can
lead to a sustainable fuel substitutes industry.
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FIGURE 2. SUPERBARRIERS CONCEPTUAL MODEL
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Using this line of reasoning, we have outlined potential solutions for the governance and finance
superbarriers and five strategies to achieve them.

Strategy 1: Form a central government authority

It is essential to form a central government authority (or use an existing one) to coordinate efforts,
eliminate duplication and red tape, and oversee a long-term, sustainable energy policy. The authority
needs allocated budgets and the appropriate human resources to achieve its goals.

Strategy 2: Use existing policy and finance tools

Many proposed solutions will be introduced using this strategy, based on the assumption that it is
easier and faster to modify and implement already successful schemes. Using “sister” programs will
also help overcome organizational resistance. For example, public-private early-stage funds could

be modified for more substantial investments over a longer period of time; such a fund would help
companies overcome the first “valley of death”—the name given to gaps in capital as companies

move through different stages of development. Another proposal deals with research, development,
and demonstration (RD&D) funds to help companies hurdle the second valley of death, which is the
demonstration stage in Israel. This will somewhat reduce the risk involved in infrastructure investment.

[3 ]
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Strategy 3: Promote international cooperation

Israel’s economy is too small to distribute its technology locally, so it should cooperate with foreign
governments, academia, and industries. The Ministry of Trade and Industry’s NewTech program,
initiated three years ago to promote Israel’s clean-tech companies, is already identifying business
opportunities and acting as a matchmaker for Israeli companies in the international arena. Israel
should strive to sign agreements with developing economies such as India and China to create
demand for its technologies.

Strategy 4: Create a local test market

Creating a demand side, i.e. a local market, is of vital importance because new, unproven technologies
are less attractive to investors. The Israeli government could promote energy innovation by agreeing
to subsidize to some extent the use of disruptive technologies. A few examples are:

= Using government as a first adopter
= Encouraging corporations to act as first adopters through incentives
= Creating an insurance pool for such tests

= Developing a guarantee scheme to allow bankable credit for projects
Strategy 5: Use the military and defense-related industries as change agents

Israel’s high-tech industry was conceived in the Israeli army for defense purposes. This has allowed
the industry a relatively long period of inception, creating spillovers and a cadre of experts. The
same could be done with energy. If fuel substitutes were defined as a national priority, many
interdisciplinary experts would start working on long-term solutions.

In summary, this research extensively maps the main barriers and superbarriers that prevent the
development of innovation-based fuel substitutes industry in Israel. The same barriers exist in other
economies, and various solutions have been proposed and applied to solve them. Some of these
solutions could also fit Israel with certain modifications.
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Introduction

A tremendous boom in investment and implementation of clean technology has occurred in the
past five years. While Israel is lagging behind some other countries, it already provides incentives for
photovoltaic (PV) installation, and more clean-tech companies are being founded all the time.

Israel would like to duplicate the success of its high-tech sector in the energy industry. Moreover, the
Israeli government has identified oil dependence as an issue and has made a strategic decision to
invest resources in the alternative energy sector in general, and in fuel substitutes in particular, as a
future engine for growth. Its successful high-tech industry is the result of a long-term (25-year) R&D
scheme combined with certain policies to promote and prioritize that sector. Perhaps replicating
success means using those proven policies. Of course, the policies applied to high-tech will need to
be modified to suit the energy industry because the two industries differ in their need for resources
(in terms of time and money) and the nature of their markets (in terms of clients, consumers, and
sophistication).

This paper deals only with the innovation-based fuel substitutes industry as defined by the Israeli
government. In the literature, this term generally refers to transportation. We intend to propose best
practices to enhance Israel’s innovation-based fuel substitutes industry; our target is a comprehensive
model that will enable Israel’s success in the alternative energy industry. This paper first explores the
term innovation, the energy market, the need for innovation in the energy sector, and inherent market
failure. We then identify and rate certain non-technological market barriers, using both the literature
and the results of a survey we conducted with relevant companies. We then propose a comprehensive
and more generalized barriers model that identifies two “superbarriers.” We conclude with optional
strategies and recommend how to overcome some of these barriers in the near future.
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Background
What Is Innovation?

This paper deals with promoting innovation in alternative energy technologies as a means of
promoting energy governance. Therefore, it is important to first understand the nature of innovation.
The word innovation comes from the Latin “innovare” (to renew or alter) and “novus” (new). The Oxford
dictionary defines innovation as the “introduction of new methods, ideas or products.”® Innovation is
referred to as a creative process of inventing a commercial product.

Although innovation research has changed dramatically in the past 50 years, Schumpeter’s

classical classification of 1934 is still applicable as this is the way innovation is interpreted today

by entrepreneurs, investors, and governments. Schumpeter divides the innovation process into

three dimensions: invention, innovation, and diffusion. He identifies invention as the first practical
demonstration of an idea; innovation as the first commercial application of an invention in the

market; and diffusion as spreading the technology or process throughout the market. The classical
representation of the diffusion process is an S-shaped curve, in which adoption of the new technology
begins slowly, then penetrates the market, and achieves a period of rapid diffusion before gradually
slowing as saturation levels are reached.*

Why Innovation Should Be Managed

What role should the government have in the process of innovation? Can innovation be encouraged
and promoted? Research has shown that innovation patterns differ greatly in different countries and
within different ethnic groups and cultures.’ Despite this, experience shows that innovation can be
successfully managed and encouraged by governments if certain rules of thumbs are followed.®

If innovation can be managed, should it be? Answering this question requires a clear understanding
of the rationale for R&D support. Today’s developed economies are generally knowledge-based.
Creating a knowledge-based economy requires a structured innovation process. However, industrial
R&D involves an inherent market failure’ because it holds too high a risk for private investors. It takes
about 3,000 ideas to bring about one commercial success (0.033 percent). Of these 3,000 ideas, about
112 (approximately 3.7 percent) are patented, and the percentage of commercial successes—so-called
crown jewel patents—is about 1 percent (one out of 112 patents). Analyzing government patents
produces a similar result: About 1 percent are clearly economically successful.®

The state can play a role in correcting this market failure by eliminating some of the risks. State-led R&D
is a means of building the technological capabilities necessary for innovation absorption.® Edquist (2001)
argues that two conditions are necessary to justify public policy intervention in a market economy:

(1) A problem must exist, i.e. a situation in which market mechanisms and firms fail to achieve
socially defined objectives

(2) The state and its agencies have the ability to solve or mitigate the problem™

[ 1
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The Growth of Energy Consumption

Energy consumption has increased considerably in the past 50 years and is expected to continue
growing in the next 20 years. Before 1980, most of this increase was attributed to the growth of
developed economies (those in the Organisation for Economic Co-operation and Development, or
OECD), but the energy demand curve is changing dramatically. Figure 3 shows that 93 percent of the
increase in demand from 2007 to 2030 is expected to occur in non-OECD countries, especially China
and India.

FIGURE 3. ENERGY DEMAND (1980-2030)
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Source: International Energy Agency, Energy Outlook Report, 2008

It is estimated that fossil fuels will account for 77 percent of the increase in world demand by 2030—
60 percent to 70 percent of it for transportation uses. Demand for oil is expected to increase from 85
million barrels/day (mb/d) in 2008—or 34 percent of total energy consumption—to 88 mb/d by 2015
and 105 mb/d by 2030."

The Oil Industry

The modern energy industry was founded 150 years ago at the rise of the nation state. It developed
following a hierarchical, centralized model. Oil companies drilled for crude to be refined in big
centralized refineries and distributed to gas stations across the country (originally owned by those
energy companies) to fuel vehicles manufactured by big automakers

[ 7]
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This value chain has benefited from economies of scale and government support, which was based on
regulation and standardization (supporting local industry) and taxation (providing the state another
major source of revenue). As a result, the energy industry is conservative and slow. In addition, utilities
and energy companies must provide a quality commodity (be it electricity or gasoline) at all times,
making this industry reluctant to change. This also means that every new “energy means” needs to

be standardized before it can be sold. Standardization requires time and resources such as many field
tests and approved lab certifications.

Moreover, as fuel is only one component in a whole value chain, standardization and change must
apply to all other value-chain components as well, making the switching costs almost unbearable. It
is the nature of all companies to oppose change, and the implementation of disruptive technologies
demands extensive investment. The costly implementation of disruptive technologies won't happen
through the market players’ good will; it must be facilitated by governments. As discussed earlier, this
is a classic market failure that only government intervention can solve efficiently.

Drivers for Energy Innovation

With the ever-growing demand for oil, the reluctance of oil companies to innovate, the high switching
costs, and current supply chains structure, a major shift is required in the market. Reducing oil
dependence can be achieved in two ways: energy-efficiency measures and the use of fuel substitutes
that change the balance between oil producers and oil consumers. Achieving this goal lies within
three main drivers.'

1. Energy security: Fuel substitutes technologies may enable countries to reduce their
dependence on imported energy supplies. As long as oil remains the primary fuel for
transportation, and as long as industrialized economies import much of their oil from
politically volatile regions, energy security will be an important driver for developing fuel
substitutes from domestic resources.

2. Economic driver: The price of oil and its volatility are major concerns for many industries
and nations. Additionally, renewable energy in general and fuel substitutes in particular
create opportunities for launching new industries that generate revenue and employment.
Although projections of the size of the market for this industry and the number of jobs that
would be created directly and indirectly are highly speculative, the potential is significant.
For example, in 2004, the ethanol industry created 147,000 jobs in all sectors of the economy
and provided more than $2 billion of additional tax revenue to U.S. governments.” One rather
conservative scenario predicts 10,000 to 20,000 jobs are created for every billion gallons of
ethanol production. Kamman also shows annual job creation in three energy industries if the
United States increased renewables to 20 percent of energy demand. While an average of
100,000 jobs would be created annually in the traditional electricity generation industry (coal
and gas), 450,000 jobs would be created in the renewable energy sector.

[ s |
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In a general cost analysis, the price of carbon should be added to the total price of products
and services. At the moment, it is difficult to calculate this cost because the pricing
methodology differs within economies, from carbon stock exchanges to the European
Union’s Emissions Trading System to taxation schemes. Although the best methodology is not
well-defined, it is certain that some cost will be attached to the excessive use of carbon. For
example, the cost of flights landing in Europe will increase dramatically in the next couple of
years due to a new carbon landing tax.

3. Environmental driver: Transportation, residential, and commercial buildings; industrial
processes; and coal power plants are the major sources of carbon emissions. The anticipated
environmental benefits from reduced emissions in transportation and electric power
generation have been a driving force behind the innovation of clean energy technology over
the past decade, as public awareness of the risks associated with climate change and the
deterioration of regional environmental quality has increased.

Renewable Energy and Alternative Energy Sectors

The clean-tech industry encompasses a broad range of products and services, from alternative energy
generation and renewables to more resource-efficient industrial processes. Clean tech’s diverse
industries share a common thread: They use new, innovative technology to create competitive
products and services while reducing human impact on the environment.™

The difference between renewable energy and alternative energy lies in the resources used to produce
such energy and its final product—electricity generation or transportation.

= Renewable energy usually refers to electricity generation through technologies such as solar,
wind, waste, and waves as well as supporting technologies like smart grid management
systems.

= Alternative energy, in this report, refers to fuel substitutes for transportation, which are
divided into four main categories:

1. Biofuels such as biodiesel and ethanol from various feedstock.
2. Other fuels such as hydrogen, methanol, fuel cells, and synthetic biology-based fuels
3. Improvements in internal combustion engines

4. Electric vehicles, hybrid vehicles, and batteries and storage
More detailed information on the two sub-sections can be found in Appendix 1.

The fuel substitutes industry is a subsector of the alternative energy industry. This research focuses
exclusively on fuel substitutes because it has become a national priority in Israel.

[0 ]
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The Global Fuel Substitutes Market

As we have established, governments that wish to shift toward fuel substitutes must not only help
build an industry (supply) but also make sure there are customers to buy that product (demand). In
other words, government must create a market.

Energy technologies cannot be exported without first being tested at the local market level and
improved, strengthening their position in the global market and stimulating an industry’s development.
Facilitating changes in a market through stimulus programs and demand mechanisms also encourages
the development of new solutions and industries because these incentives reduce the risk for investors.
In that respect, one has to examine both the supply and demand sides of the energy value chain.

Supply side: To create supply, a country can use incentives such as stimulus programs, feed-in tariffs
or designated prices per liter, or project financing schemes, among others.

Many nations used green stimulus packages to fight the economic downturn. Figure 4 shows that
energy-related stimulus plans worldwide totaled US$177 billion as of January 2010. The U.S. and China
accounted for 64 percent of the total. The stimulus plans were intended to create jobs and encourage
the development and use of renewable energy.

FIGURE 4. CLEAN ENERGY STIMULUS PROGRAMS
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Another tactic is promoting innovation in energy.” New Energy Finance data as of January 2010
(figure 5) shows that out of the US$177 billion stimuli, almost US$30 billion was allocated to R&D,
which totaled US$50.2 billion globally.
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FIGURE 5. GLOBAL STIMULUS BY SECTOR
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Venture capital (VC) data for the U.S. show an investment market that rises or falls based on the
economic situation and the price of oil (figure 6). The dramatic decline of investment in 2009 is related
to the economic downturn. For comparison, $1.1 billion was invested in health care and $1.14 billion
in IT.® It is estimated that U.S. investment represents 82 percent of the total global energy investment.
The top three sectors are transportation, energy efficiency, and solar."”

Demand side: To create demand, governments use mainly regulation, for example, biofuel
blending mandates. Currently, 77 countries have set biofuel blending targets, including
the U.S,, the E.U,, and India (appendix 2), forcing changes in the energy market. Subsidies
were then given to biofuels manufacturers to make their products competitive with the
economics of oil. Ethanol production increased from 39 billion liters in 2006 to 67 billion

in 2008, and biodiesel production rose from 6 billion liters in 2006 to 12 billion in 2008.®

FIGURE 6. U.S. VENTURE INVESTMENT IN ENERGY AND UTILITIES (2010)

$800
$600

= Amount Raised
(US$ million) 5400
==Number of Rounds $200

$0 1 T T T
2003 2004 2005 2006 2007 2008 2009
Source: Ernst & Young

[0 ]



Energy Governance Through Innovation Background

Israel’s Challenges and Opportunities

Being an “energy island” with no natural resources, Israel is in a unique strategic situation. It must have
access to oil to grow its economy, but it has no obligation to or dependency on energy companies
(which usually do not want any direct connection to Israel) or oil-based economies (many of them
hostile to Israel). As a result, Israel has more opportunities to create a fuel substitutes-based economy
and introduce new technologies to the world.

In an effort to generate substantial economic growth over the next ten to 15 years, Israel is promoting
the rapid development of an “alternative energy research and development economy.” The state
seeks to duplicate its successful high-tech industry, which employs 10 percent of Israel’s workforce
and accounts for 30 percent of Israel’s exports vs. just 5 percent 25 years ago.' In February 2010, the
prime minister declared Israel’'s commitment to becoming a leading R&D center for transportation fuel
substitutes. A government resolution should be accepted later this year.

Four areas in need of investment have been identified:

= bio energy

= other non-oil fuels

= batteries and hybrid/electric vehicles / smart engines
= combustion systems

Israel’s Current R&D Incentives

Israel has several R&D incentive programs, which were developed primarily in the early 1990s and
slightly updated since. The programs, which are managed mainly by the Office of the Chief Scientist
(OCS) for companies in pre-seed and seed stages, include grants for cooperation between companies
and academic research programs for generic R&D (MAGNET and MAGNETON); a program aimed at
bridging the gap between basic research and applied research (NOFAR); assistance for individual
inventors and startup companies during pre-seed stages (Tnufa); and technology incubators and a
government seed fund that matches funds raised by early seed companies (Heznek). For late-stage
R&D, the main R&D support tool is the OCS R&D Fund, which matches other funding dollar-for-dollar
up to 50 percent of the approved R&D expenditure.?

Israel has used those schemes to attract private investors (especially foreign, mainly American). The
OCS offers a variety of R&D schemes, from academia-industry consortia through investment during
the inception stage. However, there are no mechanisms for later stages, as the state believes that the
market will invest in the best companies and products.

This approach will not work in the alternative energy industry because it does not solve basic market
failures. First, it does not address the need for substantial risky investments in later stages (pilots,
demos, tests). Second, potential users are state-owned enterprises, utility companies, or government
agencies—organizations that have relatively long response times, a resistance to change, and a
reluctance to spend resources on new initiatives.

[12 ]
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Current Innovation in Alternative/Renewable Energy in Israel

The renewable energy/alternative energy market in Israel is in its infancy. No real effort has been made
to create a supply side, and it has no blending mandates for biofuels. In spite of this, a survey done
mutually with IEP reveals that Israel is home to around 150 renewable energy companies, 50 of them
in the fuel substitutes industry. The majority of these companies are small and still in their R&D phase
(see results section). Most are in the bio-energy business, working primarily on either inedible/high-
oil-content feedstock or improving the manufacturing process.

Israel has identified the need to promote the clean-tech industry in general and the energy sector in
particular. For that reason, the NewTech Program in the ministry of Trade and Industry was initiated
three years ago. This program is aimed at promoting Israel’s clean-tech companies internationally.

Energy Investment in Israel

In the past three years, the government’s support of R&D support has grown steadily while private
investment has dropped, leaving total energy R&D funding stable at around US$30 million a year

(see figure 7). Most of this investment was used for early-stage funding. A few interesting findings:
Although the annual investment averaged US$30 million, the government'’s share has increased over
those three years from US$2.5 million in 2007 to US$12 million in 2009—an increase of 4.8 times,
turning the government into a more substantial investor. This is still in contrast to the U.S., where

91 percent of all investment involved follow-up investment in portfolio companies. It should be noted
that although Israel started investing just three or four years ago, its investment equaled 25 percent
of the U.S. total in 2009.

FIGURE 7. ENERGY INVESTMENT IN ISRAEL (2010)
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In summary, innovation in the energy industry is crucial from three points of view: security, economy
and the environment. Steps have been taken to develop the industry globally, especially in electricity
generation, on both the supply and demand sides. Israel is lagging behind but is working on a
strategic plan to make fuel substitutes innovation its next growth engine. Israel’s existing R&D
schemes have successfully built a high-tech industry, but those programs must be tailored to the
alternative energy industry. Furthermore, while most global venture funding goes to follow-up and
late-stage investments, most Israeli investment goes to early-stage startups, making their late-stage
development difficult.

[1a ]
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Market Barriers in the Fuel Substitutes Sector
Methodology

To create an influential global R&D center for energy innovation in the next 10 years, it is important to
identify the barriers to achieving that goal. In this paper, we first list possible non-technological entry
barriers for different renewable energy technologies based on a literature review and interviews with
some of Israel’s leading entrepreneurs, researchers, and investors.

Because this is a new area of research, the amount of literature on the subject is limited and includes
mainly U.S.- and U.K.-based reports. Most barriers to this industry’s evolution are similar around

the world. However, Israel is a relatively small economy, especially compared to the U.S. economy.
Therefore, Israel has a narrower window of opportunities and the solutions it can employ are on a
different scale.

We also identified three groups of barriers: macro-level barriers, structural public-sector barriers, and
financial barriers. To verify the relevance of the identified barriers, a survey was sent to fuel substitutes
companies. The results are presented and analyzed later in this chapter. The integrated findings are
discussed at the last section of this chapter.

Literature Review

We identified five types of barriers: macro barriers, which encompass more general macro-level
barriers; financial barriers, which include public and private financial challenges; and three groups of
barriers that deal with policy issues. While macro and financial barriers involve policymaking, the last
group deals with tax implications.

Macro barriers

= Oil price volatility: The price of oil plays an important role in the willingness of the
stakeholders to pay a premium to achieve a fuel substitutes economy. Low oil prices make
renewable energy and fuel substitutes programs less competitive and, thus, less viable.

= Expertise: Because Israel has always been oil dependent with no natural reserves of its own,
it has not developed oil/energy expertise. This shortage of skilled professionals could slow
innovation.

= Collaboration: There is a lack of international cooperation between governments
and programs.

Financial barriers

Product development typically begins with basic R&D, which usually leads to a lab prototype.
This phase is usually financed by angel investors and government sources through early-
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stage R&D grants. Later, venture capital funding is required to reach demonstration and pilot
stages. If successful, the company will need more funds to commercialize its product, through
the use of project finance. Consequently, there are three distinct valleys of death for Israeli
energy companies:

= First valley of death - Between angel funding and VC funding, which existing
programs and incentives should cover.

= Second valley of death- Between mid and late VC funding

= Third valley of death - Project financing funding

= The Israeli investment community has a strong and understandable bias toward IT
investments. It has developed a strong expertise in those high-tech technologies and has
almost no tendency for more traditional industries such as energy. Only two small VCs (Israel
Cleantech Ventures and AquAgro) and one micro VC (Terra Venture Partners) specialize in
energy in Israel.

= The VCindustry, greatly affected by the recent global crisis, embodies high-risk investing
in disruptive technology companies with a survival rate of less than 10 percent. Hence, its
tendency is to eliminate risk from all other factors. One of the challenges of this industry is
the constant lack of information regarding the future market and best adopted technologies.
This is why foreign VCs usually have a local anchor that knows the market well and bridges
information gaps. In this respect, Israel has not yet gained enough expertise to provide the
confidence an international venture or private equity investor requires.

= Israeli institutional investors are not part of the industry. Many market participants have said
that Israel’s institutional investors do not invest in high-risk industries, such as the high-tech,
biomed and alternative energy. Only a fraction of institutional assets (0.33 percent of 800
billion NIS) is invested in venture capital funds, compared with 1.4 percent of California’s
biggest public pension fund (CalPERS) and 2.7 percent (in 2008) of the New York State
Common Retirement Fund ( Israel Ministry of Finance.?' Institutional investors are a viable
source of funding with high potential to support this industry.

Policy issues

Inconsistent and unpredictable public policy is often mentioned as one of the main barriers to the
success of any long-term government programs.?> As mentioned above, the energy industry is riskier
than other industries because it requires more financial resources to penetrate the market over a
longer period of time. Therefore, policy risk derived from unpredictable changes reduces investment
levels in this sector.
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Procedures and regulations

These issues are not usually discussed because they are seen as part of the bureaucratic process, but
limited governance? results in regulatory obstacles for companies in various stages of their product
development cycle. The lack of transparency results in a greater risk for investors, especially in pre-
commercialization stages. Consequently, a regulatory entity that acts as a one-stop shop for permits
and other approvals should be established.

Fiscal

= Tax incentives: The use of tax incentives and waivers is a common tool to encourage the
penetration of multinational companies and to develop a more formal market. This tool is
neither widely used nor effectively designed to promote the Israeli R&D strengths.

= R&D incentives and guarantees: Israel has not constructed a fully realized R&D program for
the energy sector. The existing incentives and programs are fragmented and designed for IT
needs, not the energy industry.

= The”R”in R&D is neglected; basic research gets less every year. In 2005, just 5 percent of
expenditures on R&D went to higher education vs. 76 percent to the business sector. In other
developed countries, R&D spending ranges from 11 percent (U.S.) to an average of 20 percent
(Germany, Ireland, Finland).?

Research shows that market failures that prevent the development of new industries can be resolved

by policy innovations. However, governments often spend enormous amounts of capital on programs
without first identifying all entry barriers (financial and non-financial) to “set the table” for appropriate
investment. This has led to the failure of many innovation-encouragement programs around the globe.?

Therefore, identifying the different barriers and their relationships would enable the Israeli
government to better tailor a long-term plan to promote technological innovation for fuel substitutes.

Barriers Survey
Procedure

In this survey, we target the emerging Israeli fuel substitutes industry, based on mapping by the Israeli
Institute for Economic Planning (IEP). Approximately 95 fuel substitutes companies and initiatives
were identified.? This list was culled to 53 active and funded companies after omitting non-active
companies or companies with no relevant contact details. We constructed an online survey based on
the list of barriers to market entry listed in the literature review. The survey was reviewed by industry
experts (entrepreneurs, VCs and government agencies), and their feedback was used to fine-tune the
questions. It was distributed using the online survey services of Questchain (www.questchain.com).
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We sent the survey only to fuel substitutes companies. We used a name-specific method, which
provided a unique link for each company, targeting CEOs and business development managers.
After the first round of answers, phone calls were made and two more rounds of e-mails were sent.
Seventeen responses were received, a response rate of 33 percent.

The Survey

The survey consisted of 11 short questions to ensure the survey could be completed in less than five
minutes. The core of the survey was a 13-item question (question 2) that listed the different barriers
and asked survey participants to rate them on a scale of O (irrelevant) to 4 (substantial). The second
group of questions asked recipients to elaborate on what they saw as the most important barriers. The
last group of questions, which was voluntary, gathered more basic data, such as rounds of investment,
sum raised, and when money was raised or was about to be raised. A copy of the questionnaire can be
found in appendix 4.

Results
Demographics

The data suggest that 92 percent of all companies were launched in the past 10 years, and 61 percent

in the past three years. Biofuels-related companies made up 41 percent of the companies surveyed,
while internal combustion systems/batteries and fuel cell companies represented 12 percent. Most have
small workforces: 67 percent have fewer than 20 employees (25 percent have one to five employees and
42 percent have six to 20). The development stages of these companies suggest the industry is in its
inception period, with 33 percent in the R&D stage and 25 percent in the demonstration and field test
stage. These data correlate with the companies’ages (young and growing).

As for funding, 36 percent of the companies have raised US$500,000-$2 million, 27 percent have
raised USS$2 million-$5 million, 9 percent have raised US$5 million-$15 million, and another 9 percent
have raised more than $15 million. Another sign of the industry’s youth is next-round investment.
Fifty percent of the companies plan to raise US$2 million-$5million, 10 percent will seek up to

US$15 million, and 20 percent will seek more than US$15 million.

The Ratings

The barriers found in the literature review appeared to be a comprehensive list, since no other new
barriers were identified by recipients (question number 3). Table 1 summarizes the average score per
barrier. The results reveal some interesting insights.

The two barriers that scored the highest are finance-related barriers in the early and late stages (3.63 and
3.29, respectively). Most companies have not yet reached the late stage, so early stage fundraising is of
vital importance. When survey participants were asked to name the most significant barriers they have
encountered, comments like “Funding!” or “Fund Raising” were common. Some elaborated, saying “VC'’s
funding policy is not right for this industry” or “Government incentives were not designed for our industry.”
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TABLE 1: AVERAGE SCORES OF FUEL SUBSTITUTES BARRIERS IN ISRAEL (2010)

Undeveloped finance industry in early stages 3.63
Undeveloped finance industry in late stages 3.29
Lack or inappropriate standardization and regulation 3.25
Inconsistent and unpredictable government policy 2.98
Difficult or nonexistent procedures for demo/field tests 297
Inappropriate substantial govt. incentives or tax breaks 2.83
Lack of centralized body for licensing and work with govt. agencies 2.80
Lack of infrastructure and research abilities in academia 2.75
Lack of insurance programs for projects and field tests 2.48
Lack of skilled personnel 241
Lack of appropriate beta sites of clients and projects 2.05
Difficulty creating international cooperation 1.61
Difficulty creating cooperation with local companies 1.42

The second-tier results deal with the government’s failure to promote and encourage this new industry
and market (2.98 and 2.97, respectively). This goes from macro issues to micro problems. It starts

with policymaking, which to say the least is not clear to entrepreneurs; comments like “There is no
government encouragement” and“It is a shame we cannot develop a local market” were quite common.
Another issue is the lack of procedures and standards in various product development stages, especially
when it comes to demonstration and pilot lines. Companies have difficulty reaching the right people

in the right government departments to obtain the right certificates to start a pilot. This problem is
exacerbated by the lack of written procedures for performing such demos either in pilot plants or with
end users. The barriers that scored the lowest were local and international cooperation. This is somewhat
surprising because lack of international cooperation was identified as a problem at a government level
for many other knowledge-based industries in Israel, and it is going to be dealt with in a holistic and
comprehensive approach through a special strategic program later this year.

Analysis

As mentioned, most companies in this sector are still young. This is why early-stage fundraising scored
higher than late-stage funding or large-scale international cooperation. In addition, companies in the
initial stage do not understand the importance of a local market as a testing ground before entering
the global market.

Therefore, it seems like these young energy companies require a change in mind-set. Information
technology companies do not require a local market to launch their businesses, but energy companies
need a“generous” local market due to their nature and market barriers. As this is an emerging industry,
only proven technologies can succeed, so it is the task of governments to develop markets for these
new technologies, using incentives and financial schemes to promote them.
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Funding issues grow even clearer when you examine the levels of investment required. Recent IEP
research shows that successful clean energy companies require US$50 million from inception to
commercialization. At inception, funding needs are USS$1 million-$5 million (seed and round A),
US$11 million in round B, and round C, $24 million in round C. So far a total of US$155 million has
been raised, mainly for seed stages and rounds A and B. As companies mature over the next few years,
a total of US$271 million will be needed.?” In summary, an energy company requires many stages of
funding in increasingly higher volumes using a variety of funding schemes and investor types.

Over the years, Israel has become a global hub for successful venture capital investment, with
relatively small investments for high-risk R&D of IT companies generating huge exits in return. It has
been found that there is much expertise in early-stage investment but less in mid- and late-stage
investment. Local VCs typically realize their investment sooner than in other countries, with an
average of 3.8 years vs. 6.6 years in the U.S. and 6.8 years in Europe. The result is the sale of potential
businesses instead of the creation of working businesses,?® meaning there is little chance of creating
big companies that would enable the development of a process industry and make spillovers possible.
Figure 8 shows how government incentives are lacking, as Israel has designed incentives programs for
initial R&D but has relied on the market to finance successful prototypes and demos.

FIGURE 8. R&D CYCLE VS. EXISTING ISRAELI R&D INCENTIVES
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This approach is problematic in the energy market, which demands more funds and has fewer
fundraising resources. As Figure 8 shows, existing chief scientist R&D programs focus on the first

two stages (basic research and initial R&D), while no real incentives exist in later stages of product
development. This is only one example how finance and government policy are linked. As there is a
market failure in financial resources through the late stage, even in government incentives, it is the
role of the government to create new financial schemes to reduce risk for private investors. The lack of
such programs signals private investors that this is not a priority for the government.

Figure 9 is a graphic representation of financial and governance barriers in forming a successful fuel
substitutes industry. This correlates with Israel’s ranking in the Global Competitiveness Report/Index
for 2009-2010.% In addition to statistical data, the index features data from the Executive Opinion
Survey carried out by the World Economic Forum. The 2009 survey captures the perceptions of more
than 13,000 business leaders from 133 economies. It identifies the four most problematic factors for
doing business in Israel (ranked 27 out of 133 countries). They are:

= Access to financing

= Inefficient government bureaucracy
= Inadequate supply of infrastructure
= Policy instability

This suggests that finance and governance could be considered superbarriers because they appear
to contribute to a constant market failure in Israel in various industries, including the young fuel
substitutes industry.

FIGURE 9. SUPERBARRIERS CONCEPTUAL MODEL
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Toward a Barriers Model

Based on the previous analysis, we suggest a conceptual model to better demonstrate the inter-
relations between the dominant superbarriers in a certain market. In that model, the two main factors
determine the difficulty of developing innovation in a market. All the other barriers are the result

of how tool kits in these two areas are utilized. If the appropriate tools and mechanisms are set off
properly for a long period of time, a sustainable market will develop through the creation of desired
consequences, which, in turn, will contribute to the strength of this market.

In this model, most of the desired consequences appear in green to represent that they are a result
of government and finance. Blue represents results primarily of government action, and yellow
shows results of financial actions. Both finance and government factors are important. “Fixing”

only one will not create a market; only a combined effort will create a complete ecosystem (all the
components needed to build a sustainable innovation system). Moreover, the inter-relation between
the superbarriers is important because public-private partnerships are needed to create a synergy
between two market major players and reduce risk for investors.

As previously mentioned, it is the role of the government to “set the table” and prepare a supportive
environment for stakeholders (entrepreneurs, researchers, and financiers) if it intends to build

a sustainable new market, be it a high-tech, biotech, or clean-tech market. It should aim to

reduce the risk to stakeholders—mainly financing bodies—through policymaking; regulations

and standardization; and incentives and stimulus programs. Lerner (2009) also claims that many
governments fail to do so and start “throwing out the money” without establishing the proper
infrastructure for innovation.
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Solutions and Strategies

Solutions for resolving market failures must take into account the two superbarriers: governance and
finance (they are separate, but in many cases one cannot flourish without the other). They also need

to consider the demand and the supply sides of that industry. This chapter was prepared using three
extensive reports published in the past 12 months. These are the Bloomberg New Energy Finance 2010
report, “Project Financing Gap, Solutions for Next Generation Clean Energy”*° the CleanEdge report “Five
Emerging U.S.-Public Finance Models™' and the World Economic Forum’s January 2010 report on green
investing.*? In addition, a Financial Innovations Lab on fuel substitutes held by the Milken Institute in
April 2010 was used. They all present various solutions for barriers in the clean-tech industry.

We performed a solutions analysis based on a product development life cycles from the basic research
stage through early, late and initial commercialization stages. We did not explore project development
financing solutions because Israel’s market is still in an early stage of development. As a result, the
solution table below is not complete because no solutions have been identified for some areas.

From the variety of solutions available, we chose a few to explore further. These were chosen
according to three factors: their short- and medium-term contributions, their importance for the
development of that industry, and their availability. Solutions regarding skills development are not
dealt with in this paper, regardless of their importance to creating an ecosystem.

It is important to note that Israel is a small economy with limited resources. Every policy adoption
carries a cost, so Israel may wish to adopt only a limited number of policies in the next few years.

Table 2 represents a matrix of solutions. One axis lists R&D development stages, and the other lists a
group of solutions, divided according to the identified barriers.
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Solutions and Strategies

TABLE 2: SOLUTIONS TO MARKET BARRIERS

Regulation
demand supply

Authority

Standards

Skills development

International
cooperation

R&D schemes

Tax breaks

Energy market
mechanisms

15t Valley of Death

= Simplify procedures
for taking tech from
academia to market

= Keep updated
information
on technology
bottlenecks

= Build database
of current and
foreseeable global
standards

= Provide funding and
infrastructure for
academic programs

= Encourage
participation in
programs like EU’s
Seventh Framework

= Encourage the use
of MAGNET (see
appendix 3)

= National lab

Seed &
Early Stage

= Network with state-
owned enterprises
to start dialogue

= Provide technical
assistance

= Tailored services
programs

= Create work groups
to create standards
with feedback from
stakeholders

= HR development
programs for PE
(practical engineer)
positions

= Bi-national funds

= Corporate-Israel
mechanism

= Multi-active
database

= AE incubators

= Public-private VC
fund

= Change regulation
for AE projects
(time, money, etc.)

= Tax exemption for
pure R&D

= Energy incubators
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2" Valley of Death

Alt. energy quotas
for utilities

= Designated area

for pilots

Clear procedures
for field tests and
certification

One-stop center for
permits to solve red

tape

Create standards
with intl. bodies

Implement fuel
standards

HR development
programs for PE
positions

Network with
utilities,

EU Seventh
framework, Eureka

Public-private VC
fund

OCS late-stage
RD&D funds

Accelerated
depreciation

Investment credit

3 Valley of Death

= Government as first
adopter

= Blending mandates

= Training programs
for installers and
maintenance staff

= Marketing fund

= Cap-and-trade
(carbon credits)

= |ncentives on use of
AE for corporations
and citizens

= RPS/green
certificates
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TABLE 2: SOLUTIONS TO MARKET BARRIERS

Other finance = Prime Minister Prize = Public policy risk = Green bonds

mechanisms insurance . L
= Public policy risk
insurance

= Guarantee fund

Exit solutions = Negative ratio time/ | ® Negative ratio time/
taxing taxing

Note: This table was adopted from a WEF model. Its financial data was modified to correspond with the Israeli market,
while a governance section was added.

Strategy 1: Governance Steps - Establish a Coordinating Authority

As mentioned, all solutions depend on long-term, stable policymaking that will reduce risk and
encourage other stakeholders to join in. Part of the regulation process should be to establish a
designated authority to coordinate the efforts between government agencies that participate in
this program. This will ensure the continuity of the program when governments change, a common
problem in Israel.

Experience also shows that without one collaborative body, duplications of activities and vagueness

in strategy may appear. Finland solved that issue with an act in 1996 that promised ministries bigger
budgets in return for collaboration with TEKES, its innovation promotion arm.> If resources and time
are limited, it is important to have a centralized authority managing the effort. Moreover, the authority
could serve as one-stop center that simplifies the process of applying for test fields and demos for new
energy technologies, or getting the right permits for field tests or importing parts.

Instead of launching a new authority, Israel could use NewTech's infrastructure to save on transaction
and overhead costs. This would let the authority start operating quickly with a minimal learning
curve. NewTech could bring its expertise and success in the water market to the table and serve as a
coordinating body.

Strategy 2: Modify and Use Existing Funding Programs

This strategy encompasses many of the suggested solutions in some kind of modification. Israel

can rely on its 25 years of high-tech experience in designing R&D schemes, using well-established
mechanisms, e.g. the chief scientist’s infrastructure. It is always easier to develop a new program within
the framework of a successful, well-established one, and this approach meets less resistance. In addition,
such schemes are more digestible for all players because they already understand how the scheme works.

Again, alternative energy initiatives and high-tech companies differ, mainly in the amount of resources
needed in the early stages. Allocating more funding and time to every approved project will help
companies overcome the first valley of death.
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Another solution would be to create a late-stage RD&D fund. This term usually refers to research,
development and deployment, but in Israel’s case, it represents research, development and the
demonstration stage, as this is a difficult barrier to overcome, both from a financial point of view

and clients’ acceptance. Israeli VCs are not well-equipped for follow-up investments, especially not in
infrastructure, which makes up 80 percent of global investment in renewable/alternative energy. This
funding will help companies overcome the second valley of death.

Public-private R&D funds are used frequently in Israel and could be easy to implement in a relatively
short period of time. These public-private funds could reduce risk for investors and boost the creation
of alternative energy projects.

Another tool is the use of tax exemptions. We recommend considering some sort of a tax exemption
during the R&D period. Because many startup companies will not sell a product for three to five years,
they do not yet pay taxes. When sales begin, they cannot benefit from the heavy R&D expenses of
their early years. Canada, the Netherlands, and Singapore provide future tax exemptions to those
companies or return cash to their hands.

Strategy 3: Promote International Cooperation through New and Existing Tools

Promoting international cooperation is a policy tool used in Israel for many years because of the

size of its market. This tool of the Ministry of Trade and Industry and the Export Institute is being
utilized today for the NewTech program. NewTech is aimed at promoting Israeli alternative energy
worldwide through conferences, exhibitions, and investor road trips. These activities are vital for
energy companies, but a lack of money and staff prevents this program from fulfilling its potential.
For instance, instead of sporadic meetings with companies that explicitly ask for assistance, the
government needs a structured process that encompasses every alternative energy project from
inception to commercialization. Providing the appropriate resources will allow this program to assist
more companies.

Another tool is international cooperation programs with other countries or corporations. Israel is a
member of many international R&D programs, including the Seventh Framework and Eureka, and bi-
national programs such as the Israel-United States Binational Industrial Research and Development
Foundation (BIRD-F). Furthermore, Israel has agreements with companies like IBM, Intel, and Applied
Materials to provide mutual R&D projects with certain funding. This tool should be expanded to the
energy industry. Energy companies would receive access to a database of new technologies, while
startup companies will be exposed to the needs of the energy industry and future potential partners.
To create a market for disruptive technologies, Israel should nurture relationships with developing
economies such as China and India, whose rapid growth is fueling demand for more energy.
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Strategy 4: Create a Local Market to Use as a Testing Site
and Promote Israeli Industry

Israel is an export-oriented country due to the limited economic potential of its small market, so it
has never needed to create a local market. In the high-tech industry, companies created a market
themselves. Because Israel’s IT industry developed in the Israeli army, the necessary knowledge and
experience were gained in the military.

This is not the case with alternative energy. To penetrate this market, Israel must create demand and
act as a big “beta site” to test disruptive technologies. Then Israeli companies can prove they have a
working, reliable product and earn the project financing they need.

Besides the governance tools discussed under strategy one, there are financial tools that can help. The
target of all these measures is to reduce the risk to financiers and possible clients.

=  Government as first adopter: The government can become the first client of those
companies. Green procurement programs are well-established in countries like the United
Kingdom, China, and Brazil. These programs commit the government to buying some of its
annual supply from green companies. This could be extended to alternative energy, making
the government the major risk bearer to a certain extent. This would allow companies to test
their technologies on a larger scale. Furthermore, if successful, this would give them leverage
over other untried technologies. Another option is to use the Israeli Defense Forces as a first
adopter when appropriate.

= Corporate and state-owned enterprises as first adopters: The government can incentivize
local corporations or enterprises it owns to become first adopters by letting them share in the
upside, such as future technology royalties or the opportunity to replicate successful plants.

= Publicinsurance and guarantee funds: To reduce the risk of using a new technology that
has not been tried for at least five years, it is important to provide potential clients with some
protection. This can be done in the form of insurance programs, as is done in the United States.
The project developer pays a premium to a common pool, which serves as a cadre for potential
damage. The same can be done for small-scale pilot plants and projects. In the same way, the
government can build a pool for guarantee programs—for those unbankable small-scale/pilot
projects—which eliminates the risk of choosing an innovative technology.

Strategy 5: Collaborate with the Military and Defense-Related Industries

Israel’s tech-related industries were founded to answer the needs of the Israeli army. It created a base
of knowledge in various technologies and a cadre of skilled professionals. Israel should take advantage
of this institutional knowledge to gain oil security. This collaboration would commence by mutually
defining a national long-term goal to help reduce oil dependence locally and globally. Then these
innovative organizations can channel their energies into resolving this challenge.
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Summary and Recommendations

The first contribution of this paper is mapping the barriers of the emerging fuel substitutes industry in
Israel. While we acknowledge the small sample and number of respondents, the results of our survey
correspond to the current literature on market barriers. The data clearly points to a market failure that
is enhanced by two superbarriers: governance (the lack of sound long-term policies) and finance.

Some barriers scored lower than expected in the survey, such as the lack of international cooperation
(1.61). We believe most companies are still in the early stage and are not aware of the challenges they
will soon face. It might be beneficial to resend this survey in a year and compare the results.

To correct this failure in the energy industry, various government agencies should combine their
efforts through a coordinating authority. The government should modify and use existing tools as
much as possible to develop the demand and supply sides for a comprehensive energy ecosystem.

A Milken Institute Financial Innovations Lab in April 2010 on that subject made it clear that the era
of marginal, conservative financing solutions is long past. The unique characteristics of the energy
industry require government intervention and the use of new or modified financial tools to meet the
energy industry’s demand for resources.

In conclusion, only a sound, long-term government policy combined with innovative financing
solutions can lead to the success of Israel and other countries in the energy market.
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Appendixes
Appendix 1: Clean Technologies

Cleantech Segment Example Technologies

) Bio-based materials; farm efficiency technologies; micro-irrigation systems;
Agriculture bioremediation; non-toxic cleaners and natural pesticides. Does not include
organic, health food, or natural health products.

) ) Air purification products and air filtration systems, energy efficient HVAC; universal
Air &Environment gas detectors; multi-pollutant controls; fuel additives to increase efficiency and
reduce toxic emissions.

Biodegradable materials derived from seed proteins; micro-fluidics technology
for conducting biochemical reactions; nano materials; composite materials;

Materials thermal regulating fibers and fabrics; environmentally-friendly solvents; nano-
technology components for electronics, sensor applications and energy storage;
electrochromic glass; thermoelectric materials.

) Distributed and renewable energy generation and conversion, including wind,
Energy Generation solar/photovoltaic, hydro/marine, biofuels, fuel cells, gasification technologies for
biomass, and flywheel power systems.

Wireless networks to utilities for advanced metering, power quality monitoring
Energy Infrastructure | and outage management; integrated electronic systems for the management of
Energy distributed power; demand response and energy management software.
Energy Storage Batteries e.g. thin film and rechargeable; power quality regulation; flywheels;
electro-textiles
) Energy management systems; systems that improve output of power generating
Energy Efficiency plants; intelligent metering; solid state micro-refrigeration; control technology for
HVAC systems; automated energy conservation networks.

] Recycling technologies; waste treatment; internet marketplace for materials;
Recycling & Waste hazardous waste remediation; bio-mimetic technology for advance metals
separation and extraction.

Advanced packaging; natural chemistry; sensors; smart construction materials;
Manufacturing/Industrial business process and data flow mapping tools; precision manufacturing
instruments & fault detectors; chemical management services.

) Hybrid vehicle technology; lighter materials for cars; smart logistics software; car-
Transportation sharing; temperature pressure sensors to improve transportation fuel efficiency;
telecommuting.

Water recycling and ultra-filtration systems (e.g. UV membrane and ion exchange
Water & Wastewater systems); sensors and automation systems; water utility sub-metering technology

desalination equipment

Source: J. Stack, Cleantech Venture Capital: How Public Policy Has Stimulated Private Investment, May 2007, Goldman School of Public Policy,
University of California: Berkeley
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Appendix 2: Biofuels Blending Mandates

Country

Australia
Argentina
Bolivia
Brazil
Canada
Chile
China
Colombia

Dominican
Republic

Germany
India

Italy
Jamaica
Korea
Malaysia
Paraguay
Peru
Philippines
South Africa
Thailand

United Kingdom

United States

Uruguay

Mandate

E2 in New South Wales, increasing to E10 by 2011; E5 in Queensland by 2010

E5 and B5 by 2010

B2.5 by 2007 and B20 by 2015

E22 to E25 existing (slight variation over time); B3 by 2008 and B5 by 2013

E5 by 2010 and B2 by 2012; E7.5 in Saskatchewan and Manitoba; E5 by 2007 in Ontario
E5 and B5 by 2008 (voluntary)

E10in 9 provinces

E10 and B10 existing

E15 and B2 by 2015

E5.25 and B5.25 in 2009; E6.25 and B6.25 from 2010 through 2014
E5 by 2008 and E20 by 2018; E10 in 13 states/territories

E1and B1

E10 by 2009

B3 by 2012

B5 by 2008

B1 by 2007, B3 by 2008, and B5 by 2009; E18 (or higher) existing
B2 in 2009; B5 by 2011; E7.8 by 2010

B1 and E5 by 2008; B2 and E10 by 2011

E8-E10 and B2-B5 (proposed)

E10 by 2007 and B10 by 2012; 3 percent biodiesel share by 2011
E2.5/B2.5 by 2008; E5/B5 by 2010

Nationally, 130 billion liters/year by 2022 (36 billion gallons); E10 in lowa, Hawaii, Missouri, and
Montana; E20 in Minnesota; B5 in New Mexico; E2 and B2 in Louisiana and Washington State;
Pennsylvania 3.4 billion liters/year biofuels by 2017 (0.9 billion gallons)

E5 by 2014; B2 from 2008-11 and B5 by 2012

Note: Table shows binding obligations on fuel suppliers;. Some mandates shown may be delayed by market issues. Mandates in some U.S.
states only take effect in future years or under certain future conditions, or apply only to portions of gasoline sold. Source: Martinot, E., Re-
newables Global Status Report. 2009, Ren21.
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Appendix 3: Israel’s R&D Schemes

Local R&D schemes are governed by the Encouragement of Industrial Research and Development Law
of 1968 (which has been revised a number of times). The law has four main objectives:
1. Creating jobs in Israeli industries, especially in technology and science

2. Creating added value for the Israeli economy as a whole
(before the rewards of individuals or organizations)

3. Developing a science-intense industry with personnel and infrastructure
spillovers to other industries

4. Improving Israel’s account balance through exporting the fruits of this R&D effort
(added to the law in 1984)

This law is enforced by the Office of the Chief Scientist in the Ministry of Industry, Trade and Labor.
Although many R&D schemes have been issued in the past 30 years, and most of the R&D budget
is spent on bigger projects proposed by well-established players (some of them multinational
corporations), this research deals exclusively with funding startups in the innovation industry.

Facts and Figures

Since its inception, investment in Israeli R&D has grown from $2.2 billion in 1989 to $6.3 billion in 2006.
Of that $6.3 billion, 67 percent came from the business sector, but the business sector received 79
percent of the total R&D investment from all sources, with just 13 percent going to higher education.

FIGURE 10. ISRAEL'S R&D SPENDING BY FINANCING SECTOR (2003)

B Business

B General Government
m Higher Education

m Abroad

Private Non-Profit
Institutions

Source: Central Bureau of Statistics, 1990-2003
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Israel ranks first in R&D expenditure as a percent of GDP at 4.5 percent. However, the government’s
share of this investment is an average 22 percent. Of that government funding, 40 percent goes

to higher education and approximately 30 percent goes to startup R&D schemes. Moreover, the
government’s share has declined over time. The Office of the Chief Scientist’s budget grew annually
until 2000, stagnated from 2000 to 2003, and declined thereafter.>* Some improvement was seen in
2010 as part of the government’s plan to fight the global downturn.

One criterion used to gauge the success of Israel’s knowledge-based R&D industry is the number of
patents issued, especially in the United States, the biggest hub for global patents. Israeli innovators
registered more than 12,000 patents in the U.S. from 1997 to 2004—nearly 4,500 of them in the 2001-
2004 period.*

Although the number is impressive, we should take into account that Israel’s is a “product R&D”
economy,*® meaning it encourages product and technology innovation. The only way to protect
products in a highly competitive knowledge-based market—especially if a company does only the
development and outsources manufacturing as does Israel’s hardware industry, medical device industry,
and parts of its software industry—is to register patents in a very early stage, even if the chances of
success are unclear. Also, the VC industry requires every investment candidate to provide proof of
intangible assets, and the only way to provide intellectual property evidence is by issuing a patent.

Another criterion to measure success is the industry’s export value. Here, success is obvious. Israel’s
knowledge-based R&D industry accounted for 19.7 percent of the nation’s exports in 1995 and
approximately 50 percent in 2009. Exports are critical to continuing Israel’s economic growth.

IT Innovation - Israel’s Great Success

Over the past 30 years, the IT industry has evolved greatly in Israel and is now considered a success of
the Israeli R&D public-private partnership model. It was based on knowledge and experience gained in
the military forces, the first being RAFAEL in the 1950s, the establishment of the military computer unit
Mamram in 1960, the Israeli aircraft industry in 1962, and the defense electronics maker Elbit in 1966,*
This special expertise in hardware and, even more so, software has been developed along the lines of
military needs.

This trend was intensified by two phenomena: One is the establishment of development centers for
Intel, IBM, Motorola, and Microsoft in Israel, which have exposed Israeli personnel to new products
and technologies and demanded a new set of skills. The second phenomenon is “internal spillovers”
within the Israeli industry. In their 2008 article, Ellis, Drori, and Shapira checked the genealogy of the
852 IT firms in existence in August 2005. They found that all 852 firms emerged from six successful
(originally) Israeli IT companies: Telrad, Tadiran, Fibronics, ECl, Comverse, and RAD.* This means Israeli
entrepreneurs have to some extent a similar background and mind-set.
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Appendix

Appendix 4: Survey questionnaire

781w VO '9'7NN NT'YYN NIN'SY D'RON {70

YR ‘01
'woIin 7'7n nnann ow
'woIn 7'm 270N X'mn nw
'woIn 7'm 270N X'Mn T'PoON
1990-2010 ?n7ann anpin 'mn
LNawn (702771) VO 97NN NI'YYN Y ANNMAY NX DADYND INITY NI72an1 D'MON 190N D*IXN ,AXAN N7202 1
N12ND NNMYY? DN DAY 'YIA DTN 1Y% 2'72an1 Don 73 AT XKk
N77N1 DN D"YRY7 NNAIT |''¥N DX NNW)
miynwn TN 4
miynwn 3
miynun X7 2
pon X7 1
"0 K7 N/R
¢ ni'wnn nn ni2aani omon
nonn
T XY N19XI N9 K7 NTM7UNNN NN 1
(NnaTh 2NN 7713) ATV 1101 N>MY7 D'Ypzn 07 2
DOX) NI'M7wUNNN NYAN 7m ATIA?E w7 ™I 9 on 3
('v1277N 'MYUNNN DN D'YRN 'DIX IR V197 NYWOR
NN'RNN MK IR NNON NAPNN 4
NIMIYNYN 0N NIA0N IX D'A'RNN D*N7WNN 0¥ AN 'R 5
(*/019 KIX :WON DX) DINN2
D'MIYKY D'A7W2 NNNI9N K7 1NN N'WYN 6
D'MTPNN D%YA NNNISA X7 [IN'AN N"YYN 7
(NMaTn 2pnn 7712) nTY 110171 D'VPMN97 NIV 7170N 'R 8
(NNaTh 2NN 7712) 00 XN YIXA? NINIR?I DNK DON 9
D"AIN7IA 9"NY NN IR 10
D'AlN NINERYENNAN DY 9"NY N2 IR 11
7912 0151 X1 -0V TN/D'X1DV/D'OTINN) [NI'A DTX N1 IoNN 12
('woIn
TI'R0'0M2IIR PN NI7RYT N'Mwnaonn | 13
777w NN2Nn DIT'? NIX DOV NYT 'O7WI DT 1702 17751 K7W 0'9011 D'ON W' DRN 14
21NN 2 DX - D'MONN TNXY? |'ATI D'Y' 77 INNS D'{7W 17 NXI1 DRN 15
(oinna nx Y/Ana) Mann ni?'ye DiNn 2

77 'RN1 N17710 207 757 nwan nidawn

nIanNY 0T I

DINK NNIPAN NIANNYT 07T

/019 KIX :NN1ANNA VDL YIN'WN DX N'NONY f01 DINN

/019 NIX :DMINXK D'AINN

[33 ]



Energy Governance Through Innovation

6.3

D'o01 D'ol'a 7'n
$pm 2Ty
2-5m$
5-15m$

15 m$ -50 m$

50 m$ +

190N 7'M NX

D'@0lN D'oI'A? nngy v

(D*121y 190N) NN2ann 7TIA
1-5

6-20

21-50

51-100

100 +

NN2NN NNYN] 12 XA 7w NINnona A
axin 7w 9"in

NTY 1101 (91'0I0ND) NNATN

NINIYXY NNDN

NNl ANy

(Tnxn AN X% [N1) nnann Y Ao wva NEND AN
MmTPR NN

mig" R7N pnn

NNV N"YYN

n'no N"YYN

701N NN

NINK N"YYN

nIXPN

ANX

N72ND DNMY [IN'7 DINNA 17X71 1YXIAY [IAD 012 '9{7'A7 on''Nn

6.2 6.1

anpa oran 9 Y¥Y 10 oA
$p'm 0.5 1w $p'm 0.5 1w
0.5-2m$ 0.5-2m$
2-5m$ 2-5m$
5-15m$ 5-15m$

15m$ + 15m$ +

190N '17'n NKR 190N '17'0 NK

anpn orran v my

N12NA 'uMITA V'PYUNA Alo
KW (1210 |10 Y'Rwn

AT D' |10 VYN

0™NW' D'ONIYE NNAN

DT D'9NIYI NNAN

(mxy 7713) "NX N

.N7UNN TIWN NTRIENTR (X7 K1 ,'NY97D 1IN 07701 IR 'M7wnn TITY n72'7 NN2ann oRN

[34 ]



Energy Governance Through Innovation Appendix

Bibliography

Aks, D. The Cost of the Local Venture Capitals Myopia on the Development of the Israeli Startups
Companies, (Tel Aviv: Department of Economics Tel Aviv University, 2009). p. 15.

Arrow, K.J. Economic Welfare and the Allocation of Resources for Invention The Rate and Direction of
Inventive Activity: Economic and Social Factors, ed. R.R.N. (Ed.). (NJ: Princeton University Press, 1962).
pp. 609-625.

Bar-Efrat, O. Research and Development in Israel, (Jerusalem: Bank of Israel - Merage Foundation, 2006)

Berger, A. Israel Clean E nergy Funding Requirements, (Herzelia, Israel: Isreali Institute for Economic
Planning: 2010) p. 11.

Breznitz, D. Innovation and the State: Political Choice and Strategies for Growth in Israel, Taiwan,
and Ireland. (New Haven & London: Yale University Press,2007) ch. 1.

Cleantech, 1Q 2010 Investment Monitor- Summary Findings. (UK: Cleantech Group,2010). p. 8.

Edquist, C. I, Ed. Innovation Policy—A Systemic Approach. The Globalizing Learning Economy.
(Oxford: Oxford University Press,2001).

Ellis, S., I. Drori and Z. Shapira, Genealogy As Evolutionary Dynamics, (Tel-Aviv: Tel Aviv University,
Aug. 2008).

Ernst & Young, Venture Insights. (Israel: Ernst & Young, Feb. 2010).
International Energy Agency, World Energy Outlook. (Paris: IEA, Nov. 2009)

Investments of Pension Funds in Venture Capital Fund—a Benchmark Analysis, (Jerusalem: Ministry
of Finance, Economics & Research Department, Dec. 2008), unpublished.

Kammen, D. Green Jobs Created by Global Warming Initiatives, United States Senate Environment and
Public Works Committee. (Washington D.C., 2007). p. 1,3

LAMAS. Israel’s Trading Data 2009. December 13, 2009; Available from: http://www.cbs.gov.il/reader/
newhodaot/hodaa_template.html|?hodaa=201016003.

Lerner, J. Boulevard of Broken Dreams (New Jersey: Princeton University, 2009).

Locklin, E.Z.K. Crossing the Valley of Death: Solutions to the Next Generation Clean Energy Project
Financing Gap. (NY: Bloomberg New Energy Finance, 21 June 2010). p. 24.

Martinot, E. Renewables Global Status Report. (Paris: REN2, 2009).p. 38.

Melendez, M. Transitioning to a Hydrogen Future: Learning from the Alternative Fuels Experience—

[35 |



Energy Governance Through Innovation Bibliography

Technical Report. National Renewable Energy Laboratory. (Golden, Colorado: Energy and B.M.R.
Institute, February 2006).

OECD, Dynamising National Innovation Systems. (Paris: OECD, 2002), p. 96.

OECD/International Energy Agency, Innovation in Energy Technology—Comparing National Innovation
Systems at the Sectoral Level. (Paris: OECD, 2006). p. 318.

Salter, A. The Economic Benefits of Publicly Funded Basic Research: A Critical Review. Research Policy,
2001(30): p. 509-532.

Schumpeter, A.J. The Theory of Economic Development: An Inquiry into Profits, Capital, Credit, Interest,
and the Business Cycle. (New Brunswick, N.J.: Transaction Publishers, 2004).

Shtorm, D. Governance in Israel. (Herzelia:2008).

Stack, J. Cleantech Venture Capital: How Public Policy Has Stimulated Private Investment.
(Berkeley: Goldman School of Public Policy, University of California, May 2007).

Stevens, G. 3,000 Raw Ideas = 1 Commercial Success, "Research Technology Management,” 1997. 40(3):
p. 16-27.

The Intellectual Capital of The State of Israel, (Ministry of Industry, Trade and Labor, Office of the Chief
Scientist: Israel, 2007). p. 43.

The Oxford Dictionaries Online, http://www.oxforddictionaries.com/definition/innovation?view=uk

Tishler A. and Halevi-Davidov, N. Innovation in Israel: Fact and Measures (Faculty of Management,
Tel Aviv University: Tel Aviv, Sept. 2008), unpublished.

WEF, Green Investing 2010—Policy Mechanisms to Bridge the Financing Gap. (Paris: World Economic
Forum, 2010). p. 72.

WEF, The Global Competitveness Report 2009-2010. (World Economic Forum, 2010).

Wilder, R. Five Emerging U.S.- Public Finance Models: Powering Clean-Tech Economic Growth and
Job Creation. (USA: CleanEdge & Green America, Oct. 2009). p. 18.

[ 36 |



Energy Governance Through Innovation Endnotes

Endnotes

1. LAMAS. Israel’s Trading Data -2009. December 13, 2009; Available from: http://www.cbs.gov.il/
reader/newhodaot/hodaa_template.html?hodaa=201016003

2. Cleantech, 1Q 2010 Investment Monitor- Summary Findings. (UK: Cleantech Group,2010). p. 8.
3. The Oxford Dictionaries Online, http://www.oxforddictionaries.com/definition/innovation?view=uk.

4. A.J. Schumpeter, The Theory of Economic Development: An Inquiry into Profits, Capital, Credit, Interest,
and the Business Cycle (New Brunswick, N.J.: Transaction Publishers, 2004).

5. OECD, Dynamising National Innovation Systems (Paris: OECD, 2002), p. 96.
6. J. Lerner, Boulevard of Broken Dreams (New Jersey: Princeton University, 2009).

7. K.J. Arrow, The Rate and Direction of Inventive Activity: Economic and Social Factors, in Economic
Welfare and the Allocation of Resources for Invention, ed. R.R.N. (N.J.: Princeton University Press, 1962).
pp. 609-625.

8. G. Stevens, 3,000 Raw Ideas = 1 Commercial Success, “Research Technology Management,” 1997. 40(3):
p.16-27.

9. A. Salter, The Economic Benefits of Publicly Funded Basic Research: A Critical Review. Research Policy,
2001(30): p. 509-532.

10. C. 1., Edquist, Ed. Innovation Policy—A Systemic Approach. The Globalizing Learning Economy.
(Oxford: Oxford University Press, 2001).

11. International Energy Agency, World Energy Outlook. (Paris: IEA, Nov. 2009).

12. OECD/International Energy Agency, Innovation in Energy Technology—Comparing National
Innovation Systems at the Sectoral Level. (Paris: OECD, 2006). p. 318.

13. D. Kammen, Green Jobs Created by Global Warming Initiatives, United States Senate Environment
and Public Works Committee. (Washington D.C., 2007). p. 1,3.

14. J. Stack, Cleantech Venture Capital: How Public Policy Has Stimulated Private Investment.
(Berkeley: Goldman School of Public Policy, University of California, May 2007).

15. Encouraging a supply chain does not necessarily require promoting innovation. Many countries
exit proven technologies.

16. Ernst & Young, Venture Insights. (Israel: Ernst & Young, Feb. 2010).

17. Cleantech, 1Q 2010 Investment Monitor—Summary Findings. (UK: Cleantech Group,2010). p. 8.

[37 ]



Energy Governance Through Innovation Endnotes

18.

19.

20.

21.

22.

E. Martinot, Renewables Global Status Report. (Paris: REN21,2009). p. 38.

A.Tishler and N. Halevi-Davidov, Innovation in Israel: Fact and Measures (Faculty of Management,
Tel Aviv University: Tel Aviv, Sep.2008), unpublished.

The Intellectual Capital of The State of Israel, (Ministry of Industry, Trade and Labor, Office of the
Chief Scientist: Israel, 2007). p. 43.

Investments of Pension Funds in Venture Capital Fund—a Benchmark Analysis, (Jerusalem: Ministry
of Finance, Economics & Research Department, Dec. 2008), unpublished.

M. Melendez, Transitioning to a Hydrogen Future: Learning from the Alternative Fuels Experience—
Technical Report. National Renewable Energy Laboratory. (Golden, Colorado: Energy and B.M.R.
Institute, February 2006).

And, J. Stack, Cleantech Venture Capital: How Public Policy Has Stimulated Private Investment.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

(Berkeley: Goldman School of Public Policy, University of California, May 2007).
D. Shtorm, Governance in Israel. (Herzelia:2008).

A.Tishler and N. Halevi-Davidov, Innovation in Israel: Fact and Measures (Faculty of Management,
Tel Aviv University: Tel Aviv, Sept. 2008), unpublished.

J. Lerner, Boulevard of Broken Dreams (New Jersey: Princeton University, 2009).

“Prime Minister Pushes NIS4b. Alternate Energy R&D Drive,” news release, Israeli Institute for
Economic Planning. http://www.iep.org.il/index.aspx?id=2525 (accessed November 10, 2010).

A. Berger, Israel Clean Energy Funding Requirements. (Herzelia, Israel: Isreali Institute for Economic
Planning: 2010) p. 11.

D. Aks, The Cost of Local Venture Capital’s Myopia on the Development of the Israeli Startup
Companies. (Tel Aviv: Department of Economics Tel Aviv University, 2009). p. 15.

WEF, The Global Competitveness Report 2009-2010. (World Economic Forum,2010).

E.Z.K. Locklin, Crossing the Valley of Death: Solutions to the Next Generation Clean Energy Project
Financing Gap. (NY: Bloomberg New Energy Finance, 21 June 2010). p. 24.

R. Wilder, Five Emerging U.S.- Public Finance Models: Powering Clean-Tech Economic Growth and Job
Creation. (USA: CleanEdge & Green America, Oct. 2009). p. 18.

WEF, Green Investing 2010- Policy Mechanisms to Bridge the Financing Gap. (Paris: World Economic
Forum,2010). p. 72.

OECD, Dynamising National Innovation Systems (Paris: OECD, 2002), p. 96.

[38 |



Energy Governance Through Innovation Endnotes

34. A.Tishler and N. Halevi-Davidov, Innovation in Israel: Fact and Measures (Faculty of Management,
Tel Aviv University: Tel Aviv, Sept. 2008), unpublished.

35. O. Bar-Efrat, Research and Development in Israel, (Jerusalem: Bank of Israel, Merage Foundation,
2006).

36. D. Breznitz, Innovation and the State: Political Choice and Strategies for Growth in Israel, Taiwan,
and Ireland. (New Haven & London: Yale University Press, 2007) ch. 1.

37. 1bid.

38. S. Ellis, I. Drori, and Z. Shapira, Genealogy As Evolutionary Dynamics, (Tel-Aviv: Tel Aviv University,
Aug. 2008).

[30 ]



FELLOWS | KORET
PROGRAM |MILKEN INSTITUTE

Koret-Milken Institute Fellows Program
Beit Milken, 13 Tel Chai Street,
Jerusalem, 97102, Israel

info@kmifellows.org
www.kmifellows.org



