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Wind and biomass, the two longest-established renewable energy generation technologies,
raise much of their capital in the form of asset financings reflecting the relatively low risk
levels associated with it. The next most mature technology — solar — receives most of its cap-
ital via share issues in the public markets for manufacturing equipment expansion while
biofuels emerged as a dynamic but high-risk sector attracting mainly venture capital/private
equity (VC/PE) investments with a particular interest in the US (Greenwood, 2007).

Investment trends by region

The heaviest capital flows in 2006 was witnessed in the US, EU-27 and large emerging
economies such as China and India. OECD countries dominate with the US and the EU to-
gether accounting for more than 70 percent of the investment in 2006. They also have a
broader financing spectrum unlike developing countries (Greenwood, 2007). However, in-
vestments in emerging economies are increasing quickly led by China, India and Brazil.

Figure 2: Global Investment in Sustainable Energy by Region

Source: Greenwood, 2006

In 2006, developing countries share of investments in renewable energy and energy effi-
ciency stood at 21 percent ($15 billion) up from 15 percent (4.2 billion) in 2004. China
alone accounted for a 9 percent share with investments in wind, biomass and energy effi-
ciency and like OECD countries received a broader spectrum of financing. India was a little
behind China but witnessed energy investment activity in wind energy and Brazil in its
sugar-based ethanol sector. Both these countries received investments mostly in the form of
asset financing in these sectors. Africa, too, is starting to see small levels of asset financing
in renewable energy and efficiency driven in part by its power shortages. The shift in private
capital to developing countries in recent years is unambiguous (Greenwood, 2007).
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Investment Drivers

The principal drivers of investment in renewable energy and energy efficiency are climate
change and energy security policies. Thus, pricing carbon and investing in technological de-
velopment and deployment are the key priorities. Many of the policies to address climate
change and energy security challenges include a broad array public finance incentives and
regulatory support to encourage investments alternatives. But, policy is not the only driver.
Recent investor appetite suggests that some of the existing technologies have matured and
are ready to be scaled up (Greenwood, 2007).

Pricing carbon

An appropriate carbon price either explicitly through tax or trading, or implicitly through
regulation ensures that people are faced with the full social cost of their actions. This will
lead them to switch away from high-carbon goods and services, and to invest in low-carbon
alternatives (Stern, 2006). The choice of tools or the combination of them will depend on
national circumstances, the characteristics of particular sectors, and the relationship between
climate change, energy and other policies. It will also depend on their on their efficiency,
distributive and revenue effects.

To influence behavior and investment decisions, investors and consumers must believe that
the carbon price will be maintained into the future. This issue is particularly pertinent for
investments in ‘long-lived capital stock’, in assets such as power stations, buildings, indus-
trial plants and aircrafts, whose productive life lasts for many decades. If there is uncertainty
about policies, then businesses may not factor a carbon price into their decision-making re-
sulting in overinvestment in less than ideal long-lived, high-carbon infrastructure. Govern-
ments need to provide regulatory certainty focusing on long-term and predictable policies
as it provides clarity over the life-cycle of assets.

Through fiscal measures (taxes and subsidies)

Tax incentives can be highly effective, especially when applied at the point where assets are
nearly ready for the market. For example, they can be used to help accelerate the payback
on low carbon investments through allowances on leasing (UKSIF & Carbon Trust, 2007).
Governments could also provide guarantees for investments in low carbon assets, which
would effectively reduce the cost of asset acquisition especially for small and medium-sized
enterprises. Further, financing measures can help investors overcome the possible con-
straints to paying the upfront cost of efficiency improvements.

Through markets (trading)

Trading schemes can be effective in equalizing carbon prices across countries and sectors
thereby enhancing the efficient of allocation of investments across technologies and regions.
The EU Emissions Trading Scheme is now the centrepiece of European efforts to cut emis-
sions and the Kyoto Protocol trading mechanisms the centerpiece of global efforts. In order
to maximize the benefits of trading schemes, they must provide incentives for flexible and
efficient responses.
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Through regulation

Regulatory measures can also play a powerful role in cutting through barriers that prevent
action even when cost-effective alternatives exist by providing greater clarity and certainty
(Stern, 2006). For example, minimum standards for buildings and appliances have proved
to be a cost-effective way of encouraging investments in energy efficiency. Further, govern-
ments themselves could take the lead in acquiring low-carbon assets helping establish markets.

Accelerating technology development & deployment

Global public spending on research, development and demonstration in the energy industry
has fallen significantly in the last two decades to $10 billion and is now low relative to other
industries (Stern, 2006). In the US too, there has been a broad-based decline in energy R&D
investments since the mid-1990s, including by the private sector, even as overall investments
have grown by 6 percent (Nemet & Kammen, 2007). More recent data, however, show that
private sector investment in energy R&D globally is improving. It increased from $13 billion
in 2005 to $16.3 billion in 2006.

One of the factors driving the increased investment in renewable energy is the maturity of
the some of the technologies. Onshore wind energy is one such example. Further, the invest-
ment in these technologies have now reached a critical mass that even if oil prices were to
drop below $40, it may slow down investments but not stall it altogether (Greenwood, 2007).

The private sector plays a major role in technology research, development and diffusion.
But, closer collaboration between government and the industry can stimulate the develop-
ment of a broad portfolio of low-carbon and high-efficiency technologies on an urgent
timescale also reducing costs. Many low-carbon technologies are currently more expensive
than fossil-fuel alternatives. But evidence suggests that the costs of technologies fall with
scale and experience. If the scale of existing deployment incentives provided by govern-
ments worldwide were to increase by two to five times from the current level of around
$34 billion per annum, then a range of technologies could be brought forward through in-
novation across the private sector (Stern, 20006).

Governments are starting to implement a range of new financial mechanisms using public
funds mostly targeting the pre-commercialization financing gap, which today plagues new
technology developments. These mechanisms include contingent grants, technology incu-
bators, convertible loans and public/private venture capital, which is used to help get alter-
native energy technologies from the R&D and demonstration phases through to full-scale
commercialization (Makinson, 2005).

Role of Governments: The Past and the Future

Policy instruments used by governments are numerous and often bewildering because of fre-
quent complicated amendments resulting from political compromises. Quite frequently, two
or more instruments have a bearing on a particular technology. Tax concessions on costs
combined with price support on output is a classic example. Despite their diversity, the pol-
icy instruments usually have a couple of things in common — they reduce the private costs
and risks of investment and it increases the cash flow receipts. In other words, they raise the
private rate of return to investment such that a large number of energy companies and man-
ufacturers also invest in the development and use of the technologies (Anderson, 2006).
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Economic Instruments

Economic instruments provide an explicit price signal to firms and individuals, and are par-
ticularly useful when the appropriate response varies between different regulated firms or
if there are information asymmetries such that the regulator does not fully knowledge of the
firm’s costs. They include price-based instruments such as fiscal incentives or quantity
based instruments such as cap-and-trade schemes (Hepburn, 2006).

Fiscal Incentives

e Taxes
Some of the tax measures used include carbon taxes in Sweden and Norway, and
excise taxes and corporate tax allowances such as reduced taxes on biofuels in the
UK and the US. The fiscal impact of taxes is quite significant. Therefore, it has been
shunned by most governments in favor of technology- or innovation-oriented poli-
cies in order to allow options to be developed, demonstrated and brought into com-
mercial use (Anderson, 2006).

* Subsidies
Subsidies are quite widely used to promote alternative energy technologies. They
include capital grants for demonstrator projects and programs such as those em-
ployed in the US, Germany and Japan for solar PV ‘rooftops’, investment programs
in marine renewables in the UK and Portugal, procurement policies used historically
to purchase nuclear energy in OECD countries and currently in use in China, and
subsidized interest-free loans for green projects (Anderson, 2006).

Financial guarantees

The concept of price guarantees is a new idea that is now being discussed. For in-
stance, tranches of ‘no-carbon generation’ could be guaranteed a price thereby intro-
ducing a technology-neutral measure allowing energy from different sources such as
nuclear, fossil fuels with carbon capture and storage and renewable energy to all
benefit from it. It could be financed either through taxes, a levy on electricity sales,
or from the revenues generated by a buyout price (Anderson, 2006).

Developing Markets

Governments can play a role in developing markets that encourage investments in renewable
energy and energy efficiency projects. The market for carbon credits is an example of such
a system.

Carbon markets are principally characterized by two types of systems — cap-and-trade mech-
anisms and project-based offset mechanisms. In 2006, the carbon market grew to an esti-
mated value of $30 billion tripling in size over 2005. This was driven mainly by trades in
European Union Allowances under the EU ETS but project-based emission reduction activ-
ities also rose significantly driven mainly by growth in the Kyoto mechanisms (Capoor &
Ambrosi, 2007).
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The Kyoto mechanism for trading between industrialized and developing countries (CDM)
has been a significant driver of investment in renewable energy and energy efficiency proj-
ects in developing countries. In March 2008, 76 percent of CDM projects in developing
countries registered at the UNFCCC were renewable energy and energy efficiency projects
(UNEP Risoe Centre, 2008).

The future of the carbon markets is uncertain. The EU has set itself a target of cutting its
emissions by 20-30 percent by 2020. This will create a source of demand for international
carbon reduction projects up to 2020 but if they were to go it alone, this would lead to a 60
percent fall off in project development activity undermining the confidence of investors
who have taken early positions in this market. Were other countries, particularly the US to
join them, then this would create a market two to three times the size of that observed in the
pre-2012 period (NEFa, 2008).

An analysis of the bills before US Congress suggest that the US will have $1 trillion carbon
market by 2020 if a domestic cap-and-trade system were created allowing only domestic
trades. The price of carbon in the US would be $40 per ton by 2015, consumer energy prices
would rise by 20 percent for electricity, 12 percent for gasoline and 10 percent for natural
gas leading to major investments in renewable energy, energy efficiency and other GHG mit-
igation projects (NEFc, 2008). If the market were opened up to other countries, it would re-
duce the cost for the US but also lead to clean energy investment flows in to developing
economies.

Command-and-Control Instruments (Regulations)

Command-and-control systems require that firms or individuals comply with specific stan-
dards such as technology or performance standards. Such measures are preferred when the
regulator has good quality information and the risk of government failure is low (Hepburn,
2006).

Standards & Labeling

Efficiency standards for building materials and appliances are often supported by tax credits
and grants in many countries (Anderson, 2006). Fuel or fleet efficiency standards and label-
ing of consumer appliances are measures commonly used to improve efficiency in the end-
use of energy.

Renewable Obligations

Renewable obligations in the form of renewable portfolio standards creates a quota-based
systems whereby utilities are obligated to purchase electricity from renewable sources at
feed-in tariffs, at prices that offer premia over electricity from other sources. This is done
for wind and solar PVs in Germany and Spain, biofuels and wind in Austria, wind in The
Netherlands and renewables in twenty states in the US (Anderson, 2000).
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Role of the Private/Financial r: The P nd the Futur

Venture Capital and Private Equity

Venture capital and private equity (VC/PE) investments include investments into companies
developing sustainable energy technologies or providing services to the sector. VC/PE in-
vestments in clean energy companies jumped 34 percent in 2007 to $9.8 billion (NEFb,
2008). In 2006, the biofuels sector dominated in this segment with $2.9 billion flowing into
the sector, twice as much as the next strongest VC/PE technology — solar.

Public Markets

Public markets refers to new equity investments in listed companies developing and man-
ufacturing sustainable energy technologies, and building and operating clean energy power
generation capacity. Equity investments in this category soared by 123 percent to $23 .4 bil-
lion in 2007, driven in large part by the record breaking initial public offering of Iberdrola
Renovables, the Madrid-based leader in installed wind energy investments (NEFb, 2008).
In previous years, there have been other sectors, notably biofuels and solar energy that have
outperformed in the wind sector. In 2006, the solar energy sector witnessed $5.7 billion in
investment activity.

Asset Financing

Asset financing refers to investments in renewable energy generation projects from internal
company balance sheets, debt financing, or equity financing. Financing of this type climbed
68 percent to $84.5 billion in 2007 with investments mainly in wind farms and biofuel plants
(NEFb, 2008). Wind dominated asset financings in 2006 as well, accounting for more than
50 per cent of the capital invested in this class. This trend is reflective of previous year,
where these two sectors have seen the highest investments of this type. The US leads in
new asset financing followed by German, Spain and China (Greenwood, 2007).

Mergers and Acquisitions

Mergers and acquisitions (M&A) include existing equity purchased by new corporate buyers
in companies developing sustainable energy technologies or operating sustainable energy
projects. Mergers and acquisitions also include private equity buy-outs, asset re-financings
and investor exits through public market and over-the-counter transactions. In 2006, M&A
deals were up by 34 percent valued at $16.9 billion. The wind manufacturing sector was
driving activity picking up strategic stakes to secure supplies of key components. The trend
is towards companies in emerging economies acquiring assets in OECD countries (Green-
wood, 2007).

Investment Funds

Investment funds include both publicly listed and private funds. Private funds are further
split between specialist funds and generalist fund managers. In 2006, $18 billion was under
management in approximately 180 investment funds focused on renewable energy and
energy efficiency. Publicly listed funds grew by 43 percent while private funds grew by 59 percent.
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Conclusion

The market for clean energy investments is becoming more liquid and more global. Various
forms of capital are now being deployed across the value chain in the clean energy sector,
an indication that the sector is shifting into the mainstream. The investment community al-
ready believes that the technologies available today are ready to decarbonize the energy
mix. But, investment growth is underpinned by clean energy policy initiatives making in-
dispensable the role of government in sustaining the investment growth.
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CASE STUDY:
LEGAL AND STRUCTURAL REFORMS IN THE
DEVELOPMENT OF ALTERNATIVE ENERGY
IN EMERGING MARKETS

I. Introduction

Intense economic development over the past several decades has placed an enormous strain
on world resources. The pressure to produce goods at ever increasing rates has heightened
human dependence on fossil fuels, accelerated deforestation, and led to unsustainable agri-
cultural practices. These ecological stresses have also contributed to energy shortages and
a rapid increase in the concentration of greenhouse gases in the atmosphere.

In order to address dwindling energy supplies as well as the health and environmental effects
of fossil fuel use, many developing countries have embarked on initiatives aimed at reducing
emissions and increasing energy efficiency through the use of alternative energy sources.
China and India, two of the world’s largest developing economies, stand out for the progress
they have made in industries such as wind power and solar energy.

The case studies below will explore how China and India have used legal and structural re-
forms to develop their alternative energy industries and to address energy constraints.

II. Two Case Studies
A. China

i. Factor ntributing t hift T rds Alternative Ener:

Since 1978, China has been experiencing spectacular economic growth as a result of
its economic reforms and a shift to an open-door trade policy. Between 1979 and
2006, China’s GDP growth rates ranged between 5% and 14% per year, with an aver-
age of 10%." This growth caused a tremendous increase in demand for energy across
sectors. As a result, China’s electricity industry has become the second largest in the
world.2

While economic growth has been a boon for China, the country’s rapidly expanding
economy coupled with its heavy reliance on dirty-burning coal have caused unparal-
leled damage to the environment® and significant pressures on its energy supply. In
addition, the growing demand for energy in China is also increasing demand for oil im-
ports, which contributes to rising world oil prices.

"Ming Yang, “China’s energy efficiency target 2010,” Energy Policy 36 (2008): 562.

?Zhing-Xiang Zhang, “China is moving away [from] the pattern of ‘develop first and then treat the pollution,™
Energy Policy 35 (2007): 3547.

3Ibid.
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Environmental Effects

The negative environmental effects of this unprecedented economic growth are reflected in
the following:

* Burning coal contributes to 90% of the national total of sulfur dioxide (SO2)
emissions, and about 70% of the national total dust, nitrogen oxide and
carbon dioxide emissions.*

* Acid rain damage to crops and forests has affected more than one-third of the land in
China, and economic losses approach 2% of the country’s gross domestic product.

e China is now the largest emitter of greenhouse gases in the world.

* Since electricity generation, particularly coal-fired generation, uses up a huge
amount of water, Chinese cities are now facing a moderate to acute water shortage.’

Electricity Supply

Chinese power supply has not kept pace with energy demand despite an annual growth rate
of 8% in installed capacity over the last two decades. Chronic electricity shortages caused
production to be shut down during peak times and production schedules to be moved to
nights or weekends. In 2003, shortages caused power cuts at peak hours for 21 provinces.

When energy shortages in 1986 reached 17% of annual power consumption, China began
instituting reforms in its energy sector,® focusing on reducing energy intensity and devel-
oping renewable energy.

ii. Laws and Regulations Aimed at Developing Alternative Energy

China’s constitution, passed in 1982, mandated environmental protection. However, except
for the Environmental Protection Law passed in 1982, legal reforms in the energy sector
started in earnest after the 1986 energy shortages. China passed specific environmental
laws in the 1980s and 1990s ranging from general environmental protection’ and air pol-
lution control® to energy conservation.” It also issued its own Agenda 21 in 1994, which
emphasized energy efficiency, renewable energy, clean coal and combined-cycle technolo-
gies, and nuclear power.'°

The new Renewable Energy Promotion Law (the “Renewables Law”), passed in 2005, and
effective from January 2000, is the first comprehensive policy document for the promotion
of renewable energy in China. It now acts as the legal basis for country-wide activity to
promote renewable energy and to increase the share of renewables within the electricity industry.!!

“Ibid.

>Judith A. Cherni and Joanna Kentish, “Renewable energy policy and electricity market reforms in China,”
Energy Policy, 35 (2007): 3617.

‘Ibid.

"Regulations for Administration of Environmental Protection in Power Sector, 1996; Environmental Impact
Assessment Law, 2002 (in effect 2003).

8Air Pollution Prevention and Control Law, 1987, amended 1995, 2000

°Electric Power Law, 1995; Energy Conservation Law, 1997 (in effect 1998).

Antonette D’Sa, K. V. Narasimha Murthy, “Environmental Reform in the Electricity Sector: China and India,”
The Journal of Environment & Development 15 (2006):162-163.

'Cherni, 3618.
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The relevant features of the Renewables Law are as follows:

* Renewable energy goals set as a proportion of gross energy consumption — 5% by
2010 and 10% by 2020

* Government-approved concessions for open bidding

* Power grids must purchase electricity from qualified grid-connected renewable
facilities
* Fixed-term differential (favorable) pricing for grid-connected renewable energy

* Increased price for renewable power systems shared by all consumers.?

iii. Policy Initiativ

Since China’s Agenda 21 was drawn up in 1994, renewable energy technologies have re-
ceived increased attention, with Guidelines on Renewable Energy Development included in
long-term planning until 2010. The Chinese Renewable Energy Industries Association
(CREIA), established through the United Nations Development Programme (UNDP) and
Global Environmental Facility (GEF), brought together national and international investors
in this field."

China implemented national and provincial policy initiatives, sometimes coupled with mul-
tilateral assistance, that were aimed at promoting renewable energy development. These include:

* Subsidies to assist renewable energy research and development

» Favorable accounting rules for capitalization of research and development costs
within high-tech institutions

* Use of income tax revenues to support local renewable energy development

* Grants and preferential loans for small and medium sized technical enterprises sup-
porting energy efficiency and renewable energy

* National Township Electrification Program aimed at developing renewable energy
to power 1,000 villages, where 20 MW from PV, 840 kW from wind, and 200 MW
from small hydropower were installed

* The Sunlight Programme, which runs until 2010, establishing large-scale grid-con-
nected PV projects, PV/hybrid village power demonstration systems, and home-PV
projects for remote areas

* The Brightness Programme, instituted through multilateral assistance to install sev-
eral solar and wind systems in north-western China

* The Ride the Wind Programme, a bilateral cooperation program to install wind tur-
bines in various parts of China, which involved establishing a joint venture agree-
ment between Chinese and international renewable technology manufacturers to aid
development of the local manufacturing industry.'

e Mandates for blending biofuels into vehicle fuels.!

12D’ Sa, 169.

5D’ Sa, 169.

4 Cherni, 3619-3620.

15 Renewablews 2007 Goblal Status Report, 27
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In addition, China’s current 11th Five-year Plan (2006-2010) targets reduction of energy
intensity by 20% between 2006 and 2010.'6

iv. Barriers to Implementation

Despite over two decades of legal and structural reforms in the energy industry, it is esti-
mated that environmental pollution still cost China US$ 64 billion or 3.05% of GDP in
2004."7

Prior to the enactment of the Renewables Law in 2005, the following were cited as barriers
to renewable energy development in China:

* High cost of developing renewable energy
» Difficulty in connecting renewable energy to the grid due to the following factors:

» Difficulty in gaining approval for price increases that result from the
high cost of renewable energy

» Reluctance of grid owners to share grid-connection costs

» Problems not only in connecting but also dispatching renewable energy
into the electricity grid

¢ Institutional barriers

» Reliance of renewable energy development on foreign grants and loans
conditioned on the purchase of donor country generation equipment.
This reliance increased costs and inhibited the development of the domestic
manufacturing industry.

» Lack of international investment in generation due to:

o Negotiated power purchase agreements on a plant by plant basis and
annual renegotiation, creating investor uncertainty

o Weak legal framework
o Uncertain level of future demand for renewable energy

o Weak regulatory framework, where responsibility for policy
formulation for renewable energy is unclear

o Lack of guaranteed fixed prices

The Renewables Law attempts to address these constraints with a mix of three policy mech-
anisms: the feed-in tariff (FIT); the competitive bidding systems; and mandated market
share (MMS). The law has been a very positive development for the renewable energy in-
dustry in China. However, it is clear that reforms in China are still underway, with further
developments likely in coming years.'®

'Yang, 562.
17Zhang, 3549.
8Cherin, 3620-3624.
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B. India
i. Challenges to Ener: tor

Economic liberalization in India, as in China, has fueled its economic growth over the past
two decades. Liberalization began in the 1980s, leading to growth rates of over 5 % per year.
The deregulation policy and reforms initiated in the 1990s increased growth rates to 6.5%
per year for a decade.!”” Such growth was accompanied by increased energy demand, which
grew at the rate of 6 % per year between 1981 and 2001.

The dominant commercial source of energy in India is coal, followed by oil. A sizeable
amount of its national energy requirement, however, continues to be met by non-commercial
energy sources such as fuel wood, crop residue, animal waste, human and draught animal
power. This is especially true in the rural household sector.

The major challenge to India’s energy sector has largely been finding enough supply to
keep pace with rising demand. Despite efforts to enhance domestic energy production and
diversify fuel mix, India still faces energy and peak shortages at around 8% to 12%, respec-
tively. At the same time, large sections of the rural population continue to lack access to
clean and efficient energy fuels to meet their daily requirements.

Effects of Energy Use

Increased dependence on coal and oil and inadequate use of renewable resources have re-
sulted to the following adverse effects:

* Increased imports of coal and oil impose a high financial burden and expose India to
oil supply shocks originating from external factors.

* India has become the sixth largest greenhouse gas emitter in the word, the second
fastest growing one next to China.

e Urban pollution from combustion of fossil fuels

e Indoor air pollution resulting from unprocessed biomass use, which has adverse
health effects.

ii. Alternative Energy Legal and Policy Framework

As part of its efforts to address high energy demand and consequent shortages, as well as
the adverse environmental effects of intense energy use, India has enacted legislation and
pursued policies to improve its alternative energy availability in the electricity and transport
sectors.

“Indian Economy: Next Five Years, http:/scid.stanford.edu/events/NKSignh_06-03-03.pdf (Accessed on 18
March 2008).
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Electricity Sector
Laws and policies aimed at promoting renewable energy in the electricity sectors are as follows:

¢ Electricity Act of 2003 — mandates the promotion of cogeneration and generation of
electricity through renewable sources of energy by:

» Providing suitable measures for connectivity with the grid, the sale of electricity,
and

» For purchase of electricity from these sources, specifying a percentage of total
consumption of electricity in the area of a distribution licensee

* National Electricity Policy of 2005 — authority granted to each state legislator to
create a Renewable Energy Portfolio Standard for transmission and distribution
companies serving their jurisdictions

* Renewable Energy Plan 2012

» Targeted 10% share for renewable energy in incremental power capacity through
additional grid-connected 10,000 MW of renewable energy

» Other initiatives:
o Installment of 1 million household solar water heating systems
o Electrification by renewable mini-grids for 24,000 villages without electricity

o Deployment of 5 million solar lanterns and 2 million solar home
lighting systems

o Establishment of additional 3 million small biogas plants

Transport Sector

In the transportation sector, India has also enacted legislation and pursued policies promot-
ing biofuel and other low emission technology use. It has identified ethanol and bio-diesel
as key focus areas. These measures include:

* National Auto Fuel Policy of 2003 — provides a roadmap for achieving various ve-
hicular emission norms over a period of time and the corresponding requirements
for upgrading fuel quality

* Mandated 5% blending of petrol with ethanol in 2004

* Creation of National Biodiesel Board to promote, finance, and support organizations
engaged in oilseed cultivation and oil processing leading to bio-diesel production

* Bio-Diesel Purchase Policy — prescribes purchase by oil-marketing companies in the
public sector of bio-diesel meeting Bureau of Indian Standards (BIS) specification
from registered authorized suppliers

 National Urban Transport Policy — encourages integrated land use and transport
planning in cities, focusing on greater use of public transport and non-motorised
modes
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* Auto Policy of 2002 — spells out the direction of growth for the auto industry in
India and addresses most of its concerns, among which are:
» Promotion of R&D in the automotive sector to ensure continuous technology up
grades and enhanced designing capacities to remain competitive

» Providing an impetus for alternative fuel vehicles through appropriate long-term
fiscal structures to facilitate their acceptance

» Emphasizing low emission fuel auto technologies and availability of appropriate
of auto fuels

Fiscal Policies

India has also adopted fiscal policies that allow renewable energy to become competitive
with other sources of conventional energy in India. Among these policies include income
tax holidays, accelerated depreciation, duty free import of renewable energy equipment,
capital subsidies and concessionary financing from the Indian Renewable Energy Develop-
ment Agency (IREDA), requirements for energy purchases by distribution companies, and
exemptions from electricity taxes and sales taxes.

iii. Developments in the Field

As result of legal and policy initiatives of India in the renewable energy sector, the nation
has the most developed and diversified renewable energy market in the region. The annual
turnover of the renewable energy industry in India is approximately USD500 million, with
a total renewable energy investment of around USD 1 billion. India uses up 3,500 MW of
total installed capacity from renewable sources. This is just a fraction of the estimated total
economic potential of 100,000 MW.

The table below summarizes India’s installed renewable energy capacity, up to September

30, 2006:
Renewable Energy Source Unit Cumulative Achievement
Wind Power MW 6,070
Small hydro (up to 25 MW) MW 1,850
Biomass power MW 542
Biomass gasifiers MW 76
Solar PV MW 3
Waste-to-energy MW 35

Source: Mnistsry of New and Renewable Energy

In addition, several measures have been taken to upgrade automobile technology, improve
fuel quality, enhance pollution under control checking systems, and expand urban public
transport systems. The gross emission standards for vehicles have been made progressively
more stringent and a roadmap has been developed to improve fuel quality.
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Some state governments are promoting bio-diesel production, including setting up state bio-
diesel boards and implementing buy-back schemes with farmers. Private players have al-
ready come into the plantation phase of the bio-diesel production chain in some states. In
Gujarat, private companies are already producing quality bio-diesel that meets the American
Society for Testing and Materials (ASTM) 16750 standard.

iv. Barriers to Full Development

While India has achieved advanced development of renewable energy, there are several
areas of concern that may well serve to constrain full use of India’s renewable energy po-
tential. Some of these concerns are as follows:

* Sustainability and the fundamental economics of the renewable energy boom, as
some marginal policies may be speculative given the generous fiscal policies pro-
vided to renewable energy

* The wind energy boom is somewhat constrained by machines that have been in-
stalled with limited capacity factors, in some cases requiring taxpayers to make up
the difference via a guaranteed return.

» Stalled development of small hydro potential due to speculative purchases by devel-
opers via state-administered auctions rather than for development purposes.
* Considerable confusion at the state level regarding implementation of the Electricity

Act requirement for a renewable energy portfolio standard, resulting in different
standards imposed in different states.?

III. Conclusion

While the UN Framework Convention on Climate Change (UNFCCC) and its accompany-
ing protocol, the Kyoto Protocol, does not impose emissions target obligations on emerging
market economies like China and India, this has not stopped these countries from exploring
and developing alternative energy sources.

The initiatives are fueled in large part by:

e energy shortages, where the rate of economic growth has outpaced growth in energy
supply;

e inadequacy of existing energy sources to meet domestic demand, especially in rural
areas where poverty is still widespread; and

e adverse health and environmental effects of over-dependence on fossil fuels.

While tremendous strides have been made in developing alternative energy sources in these
countries, they are still faced with the challenge of formulating a cohesive policy that will
maximize their existing energy resources, minimize negative externalities, and promote
sustainable economic growth.

2USAID Asia, India Country Report, June 2007, http://usaid.eco-asia.org/programs/cdcp/reports/annexes/
Annex%202_India.pdf (Accessed on 18 March 2008)
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CASE STUDY:
TECHNOLOGY AND INVESTMENT:
POLICY RECOMMENDATIONS TO JUMP-START
RENEWABLE ENERGY IN LATIN AMERICA

Abstract

East Asia has grown over three times as fast as Latin America since 1960, succeeding in both
the social and economic spheres. The region now stands poised to excel in the global mar-
ketplace as renewable energy and low-carbon technologies take center stage. Why has
Latin America not advanced in the same manner? This study examines the macroeconomic,
development, and industrial policies that enabled East Asia to grow successfully, as well as
the contrasting reasons why Latin America has not progressed at the same rate. This study
will also explore which measures Latin American countries could take if they want to spread
energy access through renewable energy implementation and become more competitive in
its production.

Intr tion

Climate change is progressing at an alarming rate. While developing countries are not held
to internationally established emission caps due to their “right to develop,” it is important
to remember that for the world to meet IPCC stabilization levels, all countries need to con-
trol their carbon output as they develop. Investing in renewable energy is a primary strategy
in reducing emissions, especially because it does not restrict industrialization but instead can
increase energy supply and access without increasing emissions.

Several Asian countries sit poised to excel in the production of renewable energy technolo-
gies due to their successful high-technology sectors. East Asia is esteemed for its rapid
economic growth and technological advancement during the latter half of the 21st century.
It is a contrast to Latin America, which continues to have slow economic growth in places
and uneven progress towards social development goals.

As Latin America is trying to increase its energy access and advance its development, re-
newable energy technology is crucial. What can Latin America learn from East Asia’s suc-
cess with rapid technological advancement through the open market? Which policies could
Latin America use to increase investment in this technology? This case study uses a com-
parison of these two regions in order to recommend policies that could be used to increase
both implementation and production of renewable energy technologies in Latin American
countries.
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East Asian Miracle

The East Asian Miracle is characterized by an impressive growth rate that has been sustained
over several decades. Since 1960, the East Asian countries have grown nearly three times
as fast as Latin America on average and furthermore have, in most cases, decreased inequal-
ity. As a result, human welfare has improved dramatically: absolute poverty has dropped
more than in other regions of the world; life expectancy has increased from 56 years to 71
years from 1960 to 1990; and education has improved. East Asia is often touted as a region
of countries that have

“gotten the basics right” in
EAST ASIA their economies.  They
A A\ I moved from closed to open

Asian Tigers; 3 . -
- South Korea economies quickly, relying

- Taiwan on the market as well as
- Hong Kong strong government interven-
- Singapore

tion to guide their transforma-
tion. Although they could not

Newly Industrializing
Ecconomies:

- Indonesia prevent the Asian Financial
- Malaysia Crisi
3 risis, the growth rates re-
- Thailand ’ .g
covered quickly afterwards.
] _. , , East Asia has become a world
* Note: while there is no formal grouping, normally these 8 economies are . .
referred to together, and occasionally China is included, leader in the productlon and

export of many technologies,
and it has successfully gained technological knowledge through the process.
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Figure I. Latin America, East Asian, and Chinese Shares in World Trade (Adapted from Ma-
chinea, Data source: WTO)

The East Asian countries invoked a variety of macroeconomic, development, and industrial
policies that enabled them to maintain high economic growth, and although policies varied
from country to country, there were several key strategies that most or all used. First, poli-
cies that established macroeconomic stability formed the base of the region, and established
a foreign direct investment based development strategy. Countries maintained low inflation
rates, fostered high domestic savings rates, kept borrowing under control with high export
rates, and deliberately undervalued their exchange rates to give them an export advantage.
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Additionally, high rates of private investment were stimulated through the creation of clear
rules, a sound investment environment, and government incentives. The second type of
policies, development policies, focused on increasing agricultural productivity (instead of
shifting out of that sector) and constantly increasing human capital. They maintained high
education rates, from primary to tertiary levels, and pursued training and other knowledge-
building activities within industry. The third type of policies, industrial policies, focused
on export-led growth, with the governments playing a large role to attract foreign capital and
firms, using means such subsidizing credit to selected industries. To become competitive
internationally, they used performance measures like export targets to weed out uncompet-
itive companies. East Asia was not only able to grow quickly with the help of foreign firms,
it was also able to benefit from technology transfer thanks to the use of local-content laws,
spillover effects, and R & D collaborations. Few East Asian countries are more competitive
than Europe or China in renewable energy technologies, but their capacity to manufacture
high-technology products and their high levels of human and physical capital give them the
ability to move in that direction if they so choose, just as China has done.

Significance

The East Asia Miracle has many implications and important lessons can be derived regard-
ing climate change and Latin American development.

Climate change predictions show that urgent action is needed to reduce carbon emissions,
and while developing countries are not held to emissions caps under this period of the Kyoto
Protocol, reductions still need to occur. Latin American countries are realizing this as they
are feeling the physical changes of climate change, and they are also aware that the post-
2012 international regime is uncertain. Emissions are often correlated with industrialization,
but the ability to shift to a greater proportion of renewable energy sources could reduce fu-
ture emission increases. Many Latin American countries are reaching out to implement
clean technologies, but with the exception of Brazil, no countries have produced a signifi-
cant amount of the manufactured parts. East Asia’s ability to attract foreign direct invest-
ment, foster technology transfer, and become an exporter in high-technology products
enables it to produce renewable energy technologies that can transform its economies. East
Asian countries are also able to take advantage of high international demand for these re-
newable energy products.

CO2 Emissions

2,500,000

—- LAC East Asia

Figure II. Carbon Dioxide Emissions in Latin America versus East Asia (Data source: World
Development Indicators) Note: Taiwan was omitted due to lack of data.
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The second reason East Asia’s experience is valuable for Latin America is the model East
Asia presents for development. The two regions function within the same international
market system and yet Latin America has not been able to replicate the economic success
of East Asia. To be sure, Latin America went through stages of varying degrees of openness,
but even today, when most countries are liberalized, Latin America’s productivity and
growth rate still lag far behind. GDP, productivity, and other economic measures are not
meant to be the only measurements of success, but development indicators tell a similar
story. While each region has significant variation among countries, on the whole, East Asia
has been able to reduce poverty and inequality over this period more successfully than Latin
America. Environmentally, South America’s current specialization in natural resource prod-
ucts could also have implications for future generations depending on the degree to which
the region depletes its natural resources.

Historical Comparison to Latin America

Latin America’s
development
varies markedly
from East Asia,
but its history
sheds light on the
different growth
patterns.
Throughout the
colonial era,
Latin America
focused on agri-
culture and natu-
ral resource
exports. In the
mid-1900s the region turned inwards to focus on building a domestic manufacturing industry
through import substitution industrialization (ISI). State-owned enterprises dominated, and
despite their high inefficiencies and costs, governments kept borrowing from abroad in
order to build these industries. In the 1980s, the excessive borrowing and macroeconomic
instability came to a head with the debt crisis. Afterwards these countries’ development
strategy changed with IMF requirements for stabilization and structural adjustment, as well
as the liberalization and privatization strategies of the Washington Consensus that were
being promoted as the proper development strategies. Due to restructuring and cuts in gov-
ernment spending, social services declined and in combination with economic problems, re-
sulted in the decline of various development indicators during 1980s. The 1990s showed
improvement, and government efforts centered on institution building; however, while the
economic growth experienced during the 1990s was better than during the previous decade,
it still did not compare with East Asia’s. Since that time, South America has reverted to fo-
cusing on natural resource products, partly due to China’s demand, and Central America and
Mexico have built a manufacturing industry to export to the US market.
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Table I. Regional Per Capita Growth Rates (Adapted from Machinea, Data source: ECLAC
based on IMF/WB data)

Regions 1961-2004 | 1961-1969 | 1970-1979 | 1980-1989
Developed 2.62% 4.25% 2.86% 2.21%
countries

South East 5.04% 1.62% 5.01% 5.93% 1
Asia

Latin America | 1.54% 2.45% 3.11% -0.28%
Sub-Saharan | 0.55% 2.01% 1.17% -0.73%
Africa

Latin America’s economic and development policies stand out in stark contrast to those of
East Asia, as can be seen in Table I. In the 1960s, while East Asia went from being a closed
to open economy, Latin America, which had always been somewhat open through colonial-
ism, retreated into ISI before turning back to the international market in the 1980s and
1990s. Macroeconomic policy was one of the major differences between the two regions.
Most countries within Latin America have had a tumultuous experience with monetary sta-
bility, even when following IMF recommendations. On the whole, Latin America has
tended to raise interest rates and have relatively overvalued exchange rates, which has made
it more difficult for small companies to get domestic credit and more difficult to sell exports.
Overspending and borrowing to finance state-owned enterprises did not help its position.

The uncertainty of the investment environment deterred many private investors, who instead
turned to East Asia. Recently, however, several Latin American countries have been trying
to foster a more stable investment environment through free trade agreements with the US.
In terms of development policy, the 1980s revealed that when government funding was
pulled out of education and social services during the economic crisis, it caused a step back-
wards. Education has never held the same government priority as it does in East Asia, at
any level, and Latin American countries have put little funding into R & D. Of course this
does not hold true for every country, and perhaps the best counterexample is Costa Rica,
which invested highly in both education and R & D, and during the 1990s, Intel decided to
invest in the country.

Finally, the industrial policy of the two regions differs dramatically. Latin America has fo-
cused on agriculture, natural resources, and in Central America and Mexico, also on low-
tech manufacturing. When they did try to expand manufacturing with ISI, they did not
focus on exports and did not require any performance measures. As a result, they failed to
eliminate uncompetitive producers, and instead viewed companies as part of the necessary
development strategy and a method to gain political support (Roderick, Principles for eco-
nomic diversification). East Asia on the other hand created targeted policies to incubate
high-tech products and policies that could glean technological knowledge from these ven-
tures and create spillover effects.
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Conclusion

This comparison does not suggest that Latin America should pursue the same policies that
East Asia did. Both regions and each country within the regions have different sets of phys-
ical, human, and natural capital, as well as a different political culture that must be taken into
account. Certainly, Latin America has been trying to achieve macroeconomic stability and
growth; therefore, it is important to identify which steps can make the biggest difference.

Renewable energy technological development is one area that would be strategic for Latin
America focus on at this point. Implementation within the region would enable Latin Amer-
ican countries to increase energy access, reduce emissions while growing economically,
and secure a larger portion of external funding. Production of these technologies for coun-
tries that have the right conditions could have added benefits of technological development,
employment, economic growth, and spillover effects. Policy recommendations to strategi-
cally move in this direction include:

e Investing in R & D;
* Working towards higher education rates, especially on the tertiary level;

* Creating a stable environment for investors, clear laws and regulations, and intellectual
property rights laws in order to attract foreign direct investment;

e Instituting laws to encourage technology transfer, such as local content laws, access to
domestic credit for small and medium enterprises, and public/private research
collaborations;

* Creating initiatives to encourage backward linkages, such as local content incentive
programs for foreign companies, product standards (and associated programs to help
domestic businesses meet those standards), and training programs;

» Focusing attention and fiscal resources on specific sectors.

Climate change is advancing and having profound effects of Latin America—decreasing
water supplies from the Andes and rising sea levels are both issues of great concern. At the
same time, as countries come together globally to tackle carbon emission rates, governments
also have to be concerned about the social development and economic growth of their coun-
tries. One of the reasons that renewable energy is important is because it positively influ-
ences all sides of sustainable development: it can increase energy access and the population’s
well being, it decreases anthropogenic emissions and environmental degradation, and it
holds the potential for local-scale employment and national-scale economic development.
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CASE STUDY: ALGAE-BASED BIOFUEL STOCKS

Abstract

This case study examines the potential for algae-based fuel technologies to provide a new
and advantageous way of manufacturing biofuels for transportation and to reduce green-
house gas emissions from power plants. The results from research and development efforts
and limited recent deployments of algae-based fuel technologies are encouraging, but the
technology is still in its infancy and costs remain high. Several companies are now explor-
ing options for producing algae-based biofuels and/or air pollution reduction systems.

Intr tion

Algae-based technologies could provide a key tool for reducing greenhouse gas emissions
from coal-fired power plants and other carbon intensive industrial processes. This case
study examines the current state of this technology, how it might be implemented, and who
the major players are in this emerging market.

Driven by escalating global climate change concerns and the rising cost of petroleum-based
energy, companies are now starting to examine using certain forms of algae to reduce carbon
emissions from power plants, generate renewable transportation fuels, and produce feed for
fish and livestock.

The Basics of Algae-Based Fuel Production

Photosynthetic organisms such as algae, plants and some photosynthetic bacteria use energy
from the sun to combine water with carbon dioxide (CO2) to create biomass. Microalgae
are the most primitive form of plants, and are more efficient at storing solar energy than
some higher plants because they have a simpler cellular structure.! According to the U.S.
National Renewable Energy Laboratory (NREL), microalgae produce storage lipids in the
form of triagcyglycerols (TAGs) in a manner similar to higher plants. These lipids have
many potential uses, one of which is to produce fatty acid methyl esters (FAMESs), which
can be used to create biodiesel fuel that is an alternative to fossil-derived diesel fuel.?

From 1978 to 1996 the U.S. Department of Energy carried out a program known as the
Aquatic Species Program (ASP) to develop renewable transportation fuels from algae. The
ASP made significant progress in identifying algae that produce the most oil and can operate
under specific environmental conditions. The ASP produced a collection of 300 mostly
green algae and diatoms that are best suited to transportation fuels production, which is
available to researchers and is housed at the University of Hawaii.> Much of this case study
is based on NREL’s lengthy summary of the ASP program. NREL found that 7.5 billion gal-
lons of biodiesel could be produced from algae on 200,000 hectares of desert land.

'NREL
“Ibid.
3Ibid.
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Potential Advantages:

Algae have several potentially significant advantages over other technologies to reduce
greenhouse gas emissions from coal-fired power plants. They can provide a means to reduce
carbon emissions by consuming waste gases through photosynthesis, rather than through
carbon sequestration technologies. They can also be used to manufacture biodiesel fuels
for use in vehicles by producing oils that can be used for manufacturing biodiesel. Mi-
croalgae are efficient producers of oils, and can produce 30 times the amount of oil per unit
area of land compared to terrestrial oilseed plant varieties.*

Biodiesel Production:

Algae have certain qualities that make the organism an attractive option for biodiesel pro-
duction. Unlike corn-based biodiesel which competes with food crops for land resources,
algae-based production methods, such as algae ponds or photobioreactors, would “comple-
ment, rather than compete” with other biomass-based fuels.> The growth requirements for
microalgae are simple: they need water and CO2. Therefore, unlike corn or other biodiesel
crops, algae do not require significant inputs of carbon intensive fertilizers. Some algae
species can even grow in waters that contain a large amount of salt, which means that algae-
based fuel production need not place a large burden on freshwater supplies.® Because of
algae’s versatility and efficiency, NREL researchers found that resource limitations are not
an inhibiting factor on algae-based technology.

Carbon Consumption:

On the carbon reduction side, for the past thirty years or more researchers have focused on
algae’s potential to essentially eat up much of the carbon dioxide emitted by coal-fired
power plants and use it to create lower carbon transportation fuels in the form of biodiesel.
The summary report for NREL'’s algae research effort stated, “It is a technology that marries
the potential need for carbon disposal in the electric utility industry with the need for clean-
burning alternatives to petroleum in the transportation sector.”’

One approach to using algae to reduce power plant emissions consists of constructing an
algae pond, or “farm.” Carbon emissions would be pumped into the water, and natural oils
would then be extracted from it. According to NREL, the typical coal-fired power plant
emits flue gas containing up to 13 percent CO2. This gas can be used to fertilize algae
ponds. NREL researchers investigated this approach and found that it “provides an elegant
approach to recycling of the CO2 from coal combustion into a useable liquid fuel.”® The
governments of Japan, France and Germany, in addition to private firms, have also pursued
the development of closed bioreactor designs for algae production. *

“Ibid.
’Ibid.
°Ibid.
Ibid.
8Tbid.
°Ibid.
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In addition to manufacturing biofuels for transportation and reducing carbon emissions from
coal-burning power plants, there is also some interest in utilizing algae to produce hydro-
gen-based fuels. Algae produce hydrogen as part of photosynthesis, and it may be possible
to genetically manipulate algae and to alter algae’s surrounding environment to optimize hy-
drogen production.!

Emerging Players

According to NREL, the small size of the scientific community working on algae-based
fuels has inhibited the development and deployment of this technology. “The study of mi-
croalgae represents an area of high risk and high gains,” NREL stated.

Despite the economic risks involved, presently there are several companies in the United
States that are exploring ways to use algae to reduce greenhouse gas emissions from power
plants and to generate biodiesel. These companies, which include GreenFuel, Solazyme,
and LiveFuels, have picked up where U.S. federal government research efforts left off in
1996.

Solazyme, a San Francisco based startup, has developed a new process for making fuel
from algae that utilizes sugar as the main feed and grows genetically modified algae in dark
containers. Solazyme claims that keeping algae in the dark and thereby turning off photo-
synthetic processes actually boosts oil production by activating other metabolic processes
that can help convert sugar into oil. In addition, feeding algae sugar may enable algae to
grow in higher concentrations than the sunlight-based methods of algae ponds."

Another player in the American algae-based fuels market is GreenFuel Technologies of
Cambridge, Mass. GreenFuel has conducted a trial run at the Massachusetts Institute of
Technology’s (MIT) Cogeneration power plant that showed its algae system can reduce car-
bon dioxide emissions by up to 82 percent, as well as cut 85 percent of the nitrous oxide
emissions.?

GreenFuel has been negotiating beta installations cross the U.S. and internationally. The
company claims it “harnesses photosynthesis mechanisms to simultaneously provide both
cost-effective air pollution control and high quality biomass production.” The company
says that its systems don’t require power plants to modify their internal systems and don’t
require fertile land or potable water."?

GreenFuel recently won an energy emissions award for its demonstration project at an Ari-
zona utility that marked the first time that smokestack gases were used to grow algal biomass
for conversion into biofuels. However, it has also run into some financing and management
issues as it tries to move towards commercially viable projects.'*

0Technology Review.
"Technology Review.
12GreenFuel web site.
Bbid.

1“Ibid, news reports.
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LiveFuels is a California-based company that is partnering with federal research institutions
and other entities to develop and deploy algae-based biofuel systems. The company is fo-
cusing its attention away from photobioreactors and genetic modification. ... the fact of the
matter is, the capital expenditures of photobioreactors will simply kill a company," LiveFu-
els CEO Lissa Morgenthaler-Jones told cleantech.com.!?

Outside of the United States, Aquaflow Bionomic Corporation (ABC) of New Zealand is
pursuing a different approach to algae-based biofuels. It is seeking to harvest algae from ef-
fluent system settling ponds and other waters that are rich in nutrients, rather than via biore-
actors or by engineering high lipid yield algae. Aquaflow Bionomic believes its approach
is less costly than the other methods, and that it could accomplish the dual goals of produc-
ing biofuels and cleaning contaminated water from industrial activities.!®

Another company that is pursuing algae-based fuels is Algae BioFuels Inc., a wholly-owned
subsidiary of PetroSun, Inc. The company’s R&D and production facilities are in the United
States and Australia. PetroSun recently announced that its first commercial algae-to-biofuels
farm, located near Harlingen, Texas, would begin operations this spring. It consists of a
1,100-acre salt-water open pond system, and will use the algal oil produced from this op-
eration for algae-to-jet fuel and algae-to-bioplastics R&D projects.!’

Challenges:

The challenges facing developers of algal biofuels and pollution reduction systems are sim-
ilar to those of companies trying to scale up other renewables. In addition to the techno-
logical hurdles, perhaps the biggest obstacle standing in the way of deploying algal fuel
production facilities is the high cost of these fuels compared to more conventional biofuels.

NREL concluded that the open pond designs would be the most economical choice for the
foreseeable future, and that biological factors would exert the biggest influence on determin-
ing the cost of algal technologies. For such technologies to be viable, algaec would need to
produce oils at the highest levels of conversion possible, and even then the cost of producing
biodiesel from algae might be two times higher than petroleum diesel costs, NREL stated.'®
Although costs remain a barrier to algae fuels production, the economics have become
more favorable to such efforts since the NREL study was completed.

Much of the work on algae today is being conducted using proprietary photobioreactors
due to problems that are unique to algae farms, such as temperature fluctuations. However,
photobioreactors typically have a higher cost than open algae ponds. A biofuels research
group at the University of New Hampshire stated that bringing algal biodiesel to market
depends on developing photobioreactors that can result in higher yields at significantly re-
duced costs from current levels."

5Cleantech.com article.

16Aquaflow Bionomic web site.

"Green Car Congress, Marketwire News Release.
SNREL.

YUniversity of New Hampshire Biodiesel Group.
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Another inhibiting factor is the lack of government R&D investments in algal fuel tech-
nologies. Some major industrialized countries have invested significant sums in research
and development resources to develop algae-based fuel systems, notably Japan and Ger-
many. The United States has lacked a federal research effort for the past ten years, which
may be an inhibiting factor for American companies. This is changing though, since NREL
recently signed an agreement with the oil company Chevron to conduct further research on
algae-derived biofuels.*® According to the New York Times, the Pentagon is also financing
research into producing jet fuel from algae.?!

Other challenges include obtaining private sector funding for research and development,
proving the cost-effectiveness of the algae-based technologies, and negotiating partnerships
with power plant owners to test and deploy algal systems.
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April 2008, held at The Fletcher School, Tufts University.
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CASE STUDY:
WINDPOWER TECHNOLOGY: TO MAKE OR TO BUY?
LESSONS FROM MEXICO FOR CENTRAL AMERICA

Intr tion

Latin America is faced with decisions about how to increase energy access and meet rising
energy demands while keeping attuned to escalating concerns about greenhouse gas emis-
sions and climate change. Wind power is one of the technologies that is on the forefront of
renewable energy options: the technology is relatively simple compared to other renewable
energy technologies and the price has dropped considerably over the past few decades. On
top of the low cost, there are many other advantages that make wind power attractive to
Latin America: it requires no fuel that must be continually bought or produced, it has no
emissions associated with its operation, it is not subject to volatility (and potential rise) of
fossil fuel prices, and it is modular and rapid to install.

Despite these advantages, only about 59,000 MW of world electricity (by the end of 2005
and growing rapidly)' and 85.5 MW of Mexico’s electricity (by the end of 2006)" was pro-
duced by wind power. Mexico implemented its first large-scale wind farm in 2006 and has
many small-scale wind turbines, which will be a primary means of meeting the country’s
goal of producing 8% of electricity with renewable sources by 2012.  One of the central
choices in wind plant implementation is the decision of whether to import the turbines from
abroad or produce them domestically. While this decision is partially complicated by the
mix of private and public entities working within Mexico’s energy sector, there are a variety
of incentives that the government can offer to guide the decision. Wind power has many
benefits that contribute to national development that are unaccounted for in the market cost,
making it a good candidate for government incentives. What were the internal and external
factors that caused Mexico to produce its wind turbines? This case study focuses on this
issue and assesses other Latin American countries that are pursuing wind power: what les-
sons for the rest of Central America can be learned from Mexico’s experience?

The Mexican Case

In the past, there have been considerable barriers to increasing the renewable energy supply
in Mexico, but since 2004 the country has been instituting several measures to overcome
these barriers. The barriers begin with the Constitution, which fails to promote renewables
as it does with petroleum and large hydropower. The legislation not only failed to favor re-
newables, it also did not provide any incentives for development or investment. Likewise,
there has been little support for renewables in the form of research and development funds,
guidelines, technological norms, or databases of natural resources.” In 2004, Mexico’s
Electrical Research Institute and the UNDP started the Action Plan for Removing Barriers
to the Full-Scale Implementation of Wind Power in Mexico (funded by the Global Environ-
ment Facility). Mexico accelerated the depreciation of investments in renewable energy
technologies, began assessments on wind resources, started proposals on the legal, regula-
tory, and institutional framework, and started a green development fund." These changes
have attracted attention from investors. International support for large-scale development
of clean technologies has also come from UNEP and the World Bank."
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Figure I. Location of Wind Turbines Installed in Mexico as of 2006

The current situation looks much brighter than a decade ago. Mexico’s 2001 National De-
velopment Plan regards boosting the energy sector as a primary strategy to tackle poverty
and Mexico’s Renewable Energy Program states that wind power is one of its areas of
focus.i As of 2006, there were 85.5 MW of wind capacity installed, and there are three
more projects planned.® The first wind farm, La Venta, was built on the Tehuantepec Isth-
mus, where the majority of Mexico’s wind resource is located. After a 600 kW turbine was
installed in la Guerrero Negro, Mexico implemented its first large wind farm, La Venta II,
and has plans for La Venta III. La Venta II has been registered as a Clean Development
Mechanism under the Kyoto Protocol, allowing it to receive external funding.

Table I. Wind Turbine Installations in Mexico by the End of 2006"

Location Wind turbines | Capacity(MW) | Commissioning date | Owner
La Venta, 6 x 225 kW 1.57 1994 CFE
Oaxaca

Guerrero 1 x 600 kW 0.60 1998 CFE
Negro, Baja

California del

Sur

La Venta II, 98 x 850 kW 83.3 2006 CFE
Oaxaca

TOTAL 105 85.5

Although there have been many barriers to wind energy in the past, Mexico is now consid-
ered a “constructive” environment for the implementation of wind power,* and many pri-
vate companies are interested.* In addition to the wind farms connected to the national
electricity grid, there are also many individual turbines and smaller operations that are im-
portant for spreading energy access to rural regions. However, this case study focuses on
the larger plants and the national scale.
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Several factors led to Mexico’s decision to make its wind turbines domestically. The Federal
Electricity Commission (Commision Federal de Electricidad, or CFE) is responsible for al-
most all of the generation, transmission, distribution, and sales of electricity from the na-
tional grid. CFE contracted La Venta II to the Spanish company Iberdrola-Gamesa, paying
it upon commission, and CFE became responsible for operation of the plant once con-
structed i All of the turbines for this project were produced in Mexico,¥ even though
Mexico’s liberalization over the past few decades has reduced financial barriers to importing
turbines. There are several benefits and linkages to having a manufacturing plant located
in Mexico, even if it is part of a foreign company like Gamesa. Along with jobs from the
plant, there can be significant knowledge spillover and backward linkages. Mexico has the
technical expertise and industrial capacity to produce wind turbines: already 750-kW electric
generators for wind turbines are produced by a Mexican corporation, 5-kW turbines of a
Mexican design are being manufactured, primarily for export, and over 200 companies lo-
cated in Mexico could produce parts for the wind turbines.*"

Benefits of Windpower

While the price of wind power is decreasing, it is still not cheaper than thermal power plants,
the main electricity energy source in Mexico. X! The electricity sector does not operate in
a vacuum, however, and there are considerable positive externalities and development ben-
efits that make wind a more tempting option.

* ENERGY SECURITY —Current energy supplies that utilize fossil fuels are subject
to volatility in market price, which is linked to the finite, decreasing supply. Mex-
ico has a domestic supply of petroleum, but it is still subject to international market
forces and prices. Wind power is an independent power supply that is more secure
and helps diversify the country’s energy mix.

ENVIRONMENTAL — While bird deaths and noise pollution are environmental
concerns associated with wind farms, the environmental impacts are considerably
less than those caused by thermal power plants. Wind power has the advantage of
emitting no greenhouse gases during operation, an externality not always taken into
account. Climate change is at the forefront of international concern, and both future
environmental agreements and emissions caps are uncertain after the first Kyoto pe-
riod ends in 2012. Additionally, reduced emissions can have significant health benefits.

SOCIAL/DEVELOPMENT —More wind farms means more energy, which has the
potential to increase energy access to many areas. Wind farms also increase local
employment through the need for construction and the ongoing tasks of operations
and maintenance. If Mexico continues to pursue the route of manufacturing wind
turbines, this will provide even more jobs and additional science and technology
spillover effects.

ECONOMIC—More jobs and production translate into increased economic bene-
fits. In a global market where many of Mexico’s products are in competition with
China, wind technology and other high-tech products prevents the country from lag-
ging far behind its competitors.
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Lessons for Central America

As illuminated throughout the Mexican case study, there are social, environmental, and eco-
nomic reasons that will inspire countries to encourage wind energy development. Mexico
is a step ahead of its neighbors to the South, so what lessons for Central America can be
learned from Mexico? After the free trade agreements with the US, almost all countries are
operating in an open, free-market environment, where products are largely subject to inter-
national competition. Yet substantial differences exist: Central America’s economies are
much smaller and less industrialized; Central America is less developed, so development
benefits are especially pertinent; and on the whole, countries have not instituted the laws and
incentives to foster wind power development.

Nicaragua, Costa Rica, El Salvador, and several Caribbean islands have significant wind re-
sources, but their current capacity is low. The pursuit of wind power is a strategy that can
be used to diversify energy sources, increase energy security, and increase supply while not
increasing harmful environmental effects. Mexico’s choice to produce its own wind turbines
gives it the added advantages of fostering science and technology and increasing employ-
ment beyond operation and maintenance. The same could apply to Central America, but due
to the smaller sized economies and lower total wind resources, it would be more difficult
to reach economies of scale than in Mexico. Each country must weigh the research, devel-
opment, and start-up costs in addition to whether they have sufficient manufacturing capa-
bility.

Conclusion

For Central American countries that wish to develop wind power, there are several steps that
should be taken. First, a national target for renewable energy technologies including wind
should be declared to help drive policy development. Second, barriers to implementation
should be addressed and removed or reduced as quickly as possible. This will include re-
ducing incentives for fossil fuels, increasing them for renewables, and making implemen-
tation and connection to the grid easier. To attract investment, national laws need to assure
a stable financial space and long-term dedication to wind. Finally, reaching out to multi-
lateral financing for climate change action can help overcome the slightly higher initial
costs, such as registering as a Clean Development Mechanism did for Mexico.

With regards to whether a country should buy wind turbines from abroad or foster the ca-
pacity to build wind turbines domestically, the existing differences in size and capacity be-
tween Mexico and each Central American country increases the net cost in the latter. While
it is a strategic choice to implement wind power, the markets are simply not as large and the
existing technological capacities within Central American countries (with the exception of
Costa Rica) are considerably less. An ambitious option is for a country to develop a wind
turbine export industry (in addition to domestic use), but this would require a rapid ad-
vancement in technical knowledge and foreign investment, which would be beneficial but
result in high risk. Central America may want to consider other options that may be more
viable, and focus on gleaning the maximum benefits possible. The option with least domes-
tic benefits is to import turbines from Mexico (if Mexico continues to grow their industry).
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An option through which more benefits could be gained is to specialize in producing a spe-
cific part of the turbines, such as the blades or towers that have high transport costs, while
importing the rest. With any of those options, the implementation of wind power would still
require knowledge people to assess, construct, operate, and maintain wind farms, leading
to social, economic, and environmental benefits.

iGlobal Wind Energy Council and Greenpeace, Global Wind Energy Outlook 2006, 2006.

iInternational Energy Agency, “Chapter 21 Mexico,” IEA Wind Energy Annual Report 2006, 2006.

iiAs stated in the 2005 Renewable Energy Utilization Law. Source: Global Wind Energy Outlook 2006, Global
Wind Energy Council and Greenpeace, 2006. Ibid Global Wind Energy Council, et al.

Huacuz, Jorge M., “Renewable Energy in Mexico: Current Status and Future Prospects,” No date.
‘International Energy Agency.

“iGlobal Environment Facility, “Catalyzing Technology Transfer,” GEF Global Action on Climate Change,
2006.

vilnternational Energy Agency.

vitWorld Energy Outlook, OECD/IEA, 2008,
http://www.iea.org/textbase/pm/?mode=weo&id=3193&action=detail.

*International Energy Agency.

*Recreated from International Energy Agency.

*International Energy Agency.

%iGlobal Wind Energy Council, Global Wind 2006 Report.

“i[nternational Energy Agency.

*Vbid.

“Ibid.

“iCommision Federal de Electricidad, http://www.cfe.gob.mx/es/LaEmpresa/generacionelectricidad/.

Written by Abby Lindsay, for Professor William Moomaw, Director, Center for International Environment
and Resource Policy, and Charles Bralver, Executive Director, Center for Emerging Market Enterprises
in preparation for the Dialogue on Scaling Alternative Energy: The Role of Emerging Markets, 11 April
2008, held at The Fletcher School, Tufts University.
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Appendix C: Speaker Biographies
(IN ALPHABETICAL ORDER BY LAST NAME)

ISAAC BERZIN
Founder and Chief Technology Officer, GreenFuel Technologies Corporation
Dialoguer, Dialogue 2

Isaac Berzin has worked for over 12 years in biotechnology engineering and bioreactor de-
sign. As part of his doctoral research, he worked on the engineering of photobioreactors for
plant cultures. In 1999, Mr. Berzin joined the research staff of the MIT Center for Space Re-
search, where he helped design bioreactor systems for the unique demands of space research.
On his own, he designed a novel field bioreactor to propagate algae efficiently at large
scales; this and related inventions led Mr. Berzin to launch GreenFuel, where he is currently
responsible for the company’s technology. Mr. Berzin has a Ph.D. in Chemical Engineering,
and a B.S. Chemical Engineering degree in Biotechnology, summa cum laude, from Ben-
Gurion University in Israel.

JUAN PABLO BONILLA

Coordinator of the Sustainable Energy and Climate Change Initiative,
Inter-American Development Bank

Framer, Dialogue 3

Juan Pablo Bonilla coordinates the activities related to sustainable Energy and Climate
Change at the Inter-American Development Bank. His responsibilities include coordinating
the IDB’s efforts on renewable energy, energy efficiency, biofuels, and climate change mit-
igation and adaptation. Before joining the IDB, Juan Pablo Bonilla was Senior Environ-
mental and Sustainable Development Specialist for Latin America and the Caribbean at the
World Bank, and Member of the Clean Development Mechanism Executive Board to the
United Nations. In his country, Colombia, Juan Pablo Bonilla had held the following po-
sitions: Deputy Minister of Environment, acting Minister of Environment, Housing and
Territorial Development; principal advisor of the Vice President of Colombia, Executive
Director of Fundesarrollo, and National Environmental Manager of ANDI (National Indus-
try Association). He graduated with a B.A. in Civil Engineering from Universidad Javeriana
in Colombia, and holds a M.Sc. in Engineering Management and Systems Engineering and
a Ph.D. in Environmental and Energy Management from George Washington University.

CHARLES BRALVER
Executive Director, Center for Emerging Market Enterprises
Introduction; Moderator, Dialogue 3

Mr. Bralver is the Executive Director of both the Center for Emerging Market Enterprises and
the International Business Center at The Fletcher School, and the director of Fletcher’s new
Master of International Business Degree. He joined The Fletcher School in 2007 following
his departure from Mercer Oliver Wyman, where he led the firm's Strategic Finance practice.
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Mr. Bralver was a founding partner of Oliver, Wyman & Co. and, from 1988 to 1992, served
as Managing Director for Europe where he opened the U.K. and French offices. In 1991, he
launched the Global Capital Markets practice serving investment banks, exchanges, secu-
rities processors, and financial technology firms. He became Vice-Chairman and head of the
firm's Corporate Strategy and Global Client Management business in 2000.

On the company's sale to Marsh & McLennan Companies in 2003, Bralver became head of
North America, where he was responsible for the firm’s business in the United States and
Canada and global financial services synergy development with Mercer Inc and Kroll. In
his most recent role as Executive Director, he was responsible for leading Mercer's CFO
services for U.S. and U K. corporations in strategic and enterprise risk, finance organization
and decision support from Mercer companies. Prior to joining Mercer Oliver Wyman,
Bralver spent five years at Chemical Bank based in New York and London and two years
with Booz, Allen and Hamilton.

Mr. Bralver holds a Master of Law and Diplomacy from the Fletcher School, and an A B.
in History and International Relations from Dartmouth College, where he was a Rufus
Choate Scholar. He currently sits on Dartmouth’s Board of Visitors of the Dickey Center for
International Affairs.

GEORGE DAVID
Chairman, United Technologies Corporation
Keynote Speaker

George David is the Chairman of United Technologies Corporation. He was elected UTC’s
President in 1992 and Chief Executive Officer in 1994. He joined UTC’s Otis Elevator sub-
sidiary in 1975 and became its President in 1986. Mr. David is a board member of BP and
Citigroup, and a member of The Business Council and the Business Roundtable. He is Vice
Chairman of the Peterson Institute for International Economics and has chaired the boards
of the Graduate Business School at the University of Virginia, the National Minority Sup-
plier Development Council, the US-ASEAN Business Council, the TransAtlantic Business
Dialogue, and the Wadsworth Atheneum Museum of Fine Arts in Hartford. He was awarded
in 1999 the Order of Friendship from the Russian Federation for contributions to that na-
tion’s economy and especially its aerospace industry. In 2002 France admitted him to its
Legion of Honor. Mr. David received his B.A. from Harvard University and his M.B.A.
from the University of Virginia.

OLAF GROTH
Global Business Network, The Monitor Group
Dialoguer, Dialogue 3

Olaf Groth is a senior practitioner at GBN. Prior to joining Monitor, he was an international,
entrepreneurial venture development executive, leading a variety of for-profit and nonprofit
projects with partners and governments globally. His chief areas of focus include hi-tech do-
mains (cleantech/energy, ICT/communications, aerospace, and automotive), private equity,
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and strategy issues that sit at intersection of business, economic development, and national
security. Mr. Groth has held executive and advisory positions for corporate, business, mar-
ket and operations development, government affairs, strategy, strategic finance, and business
integration with Qualcomm, Boeing, Vodafone, and AirTouch Communications. He has
spent many years traveling in Asia, Europe, North America, the Caribbean, and the Middle
East. As such, he brings to his clients in-depth understanding of global operations and mar-
ket development, innovation management, corporate and startup entrepreneurship, strategic
leadership, venture capital, win-win deal-making, strategic planning, and latest technology trends.

Mr. Groth serves on the boards of directors of CleanTech Bay and CDS International, as well
as on the board of international advisors of the Monterey Institute of International Studies
(MIIS). He is a past chairman of the German American Chamber of Commerce West
(GACC) and a past trustee of the World Affairs Council of Northern California and MIIS.
He is a member of the Pacific Council on International Policy (PCIP), the International In-
stitute for Strategic Studies (IISS), the American Association for the Advancement of Sci-
ence (AAAS), the Academy of International Business (AIB), Talent Ideas & Enterprise
(TiE), and the German American Business Association (GABA).

Mr. Groth has a MALD and a PhD in international affairs (with a focus on international
business, technology management, and political economy) from the Fletcher School at Tufts
University. He holds a BA in international relations and an MAIPS in international policy
studies with a business and economics focus from MIIS.

HANS HOOGEVEEN
Director General, Dutch Ministry of Agriculture, Nature, and Food Quality
Dialoguer, Dialogue 3

Hans Hoogeveen is Director of the Department of International Affairs at the Ministry of
Agriculture, Nature and Food Quality in the Netherlands. He served as Chair of the seventh
session of the UN Forum on Forests and as President of the Sixth Conference of the Parties
of the Convention on Biological Diversity. He has participated in numerous international ne-
gotiations and world summits, including the World Summit on Sustainable Development,
the World Water Forum and the World Food Summit.

GARY HOWORTH
Senior Director, Global Gas Group, PFC Energy
Dialoguer, Dialogue 3

Gary Howorth is Senior Director, Consulting and Market Dynamics in the Global Gas
Group of PFC Energy. In addition, he provides insight to current and future strategic/po-
litical issues using advanced modeling techniques. Mr. Howorth joined the company in
2003, bringing twenty-five years of experience in the quantification of strategic issues, in-
vestment appraisal and operations, with particular emphasis on power & gas markets, in-
cluding its impact on power generation and transportation (oil, gas and LNG). He regularly
works with the management of both large oil and gas companies, on various oil and gas
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topics ranging from mature assets, partnering, risk management and gas markets.

Prior to joining PFC Energy, Mr. Howorth held a number of technical, commercial and
strategic roles at BP Exploration (1982-1992). This was followed by eight years with Arthur
Andersen heading up a Consultancy practice within their Petroleum Services Group. Finally
he spent three years at PA Consulting developing risk management frameworks for a variety
of energy companies (Oil, Gas, Chemicals and Power).

Mr. Howorth graduated from the University of Southampton and the University of Strath-
clyde. He is a chartered engineer (MIET), a member of the Institute of Energy and has an
MBA.

AMORY LOVINS
Cofounder, Chairman, and Chief Scientist, Rocky Mountain Institute
Framer, Dialogue 1

Amory Lovins co-founded and currently leads the Rocky Mountain Institute (RMI), an in-
dependent market-oriented, entrepreneurial, nonprofit, nonpartisan think-and-do-tank that
creates abundance by design. Much of RMI’s pathfinding work on advanced resource pro-
ductivity and innovative business strategies is synthesized in Natural Capitalism.

More than 80 Fortune-500 firms have recently used or invited RMI’s consultancy. RMI
earns most of its revenue from such programmatic enterprise, including the superefficient
redesign of $30 billion worth of facilities in 29 sectors, and has spun off four for-profit
firms. One of his recent books, Winning the Oil Endgame, was co-sponsored by the Penta-
gon.

Mr. Lovins is a MacArthur Fellow and consultant physicist who has advised the energy and
other industries for 34 years, as well as the U.S. Departments of Energy and Defense. His
work in over 50 countries has been recognized by the “Alternative Nobel,” Onassis, Nissan,
Shingo, and Mitchell Prizes, the Benjamin Franklin and Happold Medals, nine honorary
doctorates, honorary membership of the American Institute of Architects, and the Heinz,
Lindbergh, Jean Meyer, Time Hero for the Planet, and World Technology Awards. He ad-
vises industries and governments worldwide, and has briefed 19 heads of state.

VINCENT P. MANNO
Associate Provost and Professor of Mechanical Engineering at Tufts University
Opening Ceremonies

Vincent Manno is Associate Provost and Professor of Mechanical Engineering at Tufts
University. His role as Associate Provost is to coordinate graduate education across the
university and oversee several key cross-school initiatives including the Institute for Global
Leadership and the Tufts Institute of the Environment. He was Department Chair of Me-
chanical Engineering from 1993-2001, Associate Dean of Engineering from 2002-2005,
and Interim Dean of Engineering in 2003. Professor Manno received a B.Sc. from Columbia
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University and M.Sc., Engineer's and Doctor of Science degrees from MIT. His field of ex-
pertise is computational thermal-fluid dynamics including applications in power production,
electronics thermal management, and thermal manufacturing processes.

Vincent Manno has authored or co-authored more than 140 journal articles, conference pro-
ceeding papers, and technical reports. He has also worked in the private sector and served
as a U.S. Navy Senior Summer Faculty Fellow. His research has been supported by govern-
ment agencies and industry. He is a recipient of the SAE's Ralph R. Teetor Outstanding En-
gineering Educator Award, the Harvey Rosten Award for Excellence in the Thermal Analysis
of Electronic Equipment, the ASME Curriculum Innovation Award and the Tufts University
Fischer Award as Engineering Teacher of the Year. Professor Manno is a Fellow of the
American Society of Mechanical Engineers.

DAVID H. MARKS

Goulder Professor of Civil and Environmental Engineering and Engineering Systems, MIT
and

Co-director, Masdar Initiative, Abu Dhabi, MIT

Dialoguer, Dialogue 1

Professor Marks’ research and teaching interests focus on sustainable development, envi-
ronmental engineering, industrial ecology, and water resource systems. Through his work
as director of the Laboratory for Energy and the Environment, he tries to foster collaboration
among industry, government, academia, nongovernmental organizations, and the public to
address the complex interrelationships between energy and the environment, and the tech-
nological, economic, and social aspects of sustainable energy development and use. Pro-
fessor Marks received his B.C.E. and M.Sc. degrees from Cornell University, and Ph.D.
from John Hopkins University.

KAMAL MEATTLE
CEO, Paharpur Business Center and Software Technology Incubator Park, India
Dialoguer, Dialogue 1

Mr. Kamal Meattle is currently the Chief Executive Officer (CEO) of the Paharpur Business
Centre & Software Technology Incubator Park (PBC) in New Delhi, India. PBC, which Mr.
Meattle established in 1990, is now the leading provider of office facilities and support
services to corporations operating in New Delhi. It is an environmentally friendly one-stop-
shop for international businesses entering the country, and offers numerous services. Most
of PBC’s clients are included in the list of Fortune 500 Firms. It prides itself in being the
first building of its kind that meets international standards: PBC is ISO 9001:2000, ISO
14001:1996, SA 8000:2001, OSHAS 18001:1999 and HACCEP certified with a Commitment
to the United Nations Global Compact.

Under Mr. Meattle, PBC was showcased in Johannesburg in 2002 at the World Summit on
Sustainable Development (WSSD) as one of the four firms from India that has made a con-
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tribution to sustainable development in business. According to Technology Review, Meattle
is planning to use photovoltaic strips to provide power for his next office hotel, the Haryana
Technology Park, which is scheduled to open later this year.

Mr. Meattle is a longtime environmental activist and has worked to keep limit pollution in
New Delhi. He has founded several NGOs like Save the Tree Organization (STO), Save
Two Wheeler’s on Polluting Delhi (STOP), and Nehru Place Greens Society (NPG). Mr.
Meattle is the Founder and Director of several companies with interest in services, packag-
ing, perfumery, and chemicals.

He is also a Fellow at the Institute of Standard Engineers and holds worldwide patents in
the area of environment-friendly flexible packaging systems. He is a graduate of the Mas-
sachusetts Institute of Technology where he earned his B.Sc. Degree in Management.

DR. WILLIAM R. MOOMAW
Director, Center for International Environment and Resource Policy
Introduction; Moderator, Dialogue 1

William Moomaw is a Professor of International Environmental Policy at the Fletcher
School, where he founded the International Environment and Resource Policy Program and
co-founded the Global Development and Environment Institute. He is also Senior Director
of the interdisciplinary, university-wide, Tufts Institute of the Environment (TIE) and Co-
Director for the Tufts Climate Initiative (TCI).

Professor Moomaw is a physical chemist, who works to translate science and technology
into policy terms using interdisciplinary tools. He was a coordinating lead author of the
2001 Intergovernmental Panel on Climate Change chapter on greenhouse gas emissions re-
duction, and a lead author of IPCC reports in 2005 and 2007. As a contributor to the IPCC,
Professor Moomaw shared in receiving the 2007 Nobel Peace Prize in recognition of the
IPCC’s work in understanding and communicating the risks of global climate change.

Professor Moomaw provides advice to fuel and power sector companies and governments
on environmentally significant issues. He was the first director of the Climate Energy and
Pollution program at the World Resources Institute, and directed the Center for Environmen-
tal Studies at Williams College. As a Congressional Science Fellow, he worked on legisla-
tion that eliminated the use of CFCs to protect the ozone layer in a cost effective manner,
and worked on energy and forestry legislation.

Professor Moomaw currently serves on the Board of Directors of Earthwatch (a conserva-
tion research and education organization), Consensus Building Institute and Clean Air-Cool
Planet (addressing climate change and air quality). He has also facilitated sessions with ne-
gotiators of international treaties, other diplomats and government, business and non-gov-
ernmental representatives. He holds a B.A. from Williams College and a Ph.D. in Physical
Chemistry from the Massachusetts Institute of Technology.
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JOSE MOREIRA
President of the Brazilian Biomass User Network; Chairman, CENBIO
Framer, Dialogue 2

Jose Moreira is Chairman of the Board of Centro Nacional de Referéncia de Biomassa
(CENBIO) sited in Sdo Paulo, Brazil. His current professional and academic posts include:

e Consultant for the Secretariat of Environment, State of Sdo Paulo

* Vice President of the Brazilian Association of Energy Savings Companies (ABESCO)

e Technical Director of Negawatt Ltd. - an ESCO enterprise

* Professor of Physics at Instituto de Fisica da Universidade de Sdo Paulo

¢ Professor of Energy at Instituto de Eletrotécnica e Energia da Universidade de Sdo Paulo

He is an active speaker, presenting at conferences worldwide. He is the author of 210 papers
in the area of Nuclear Physics, Atomic Physics, Energy Conservation, Energy Planning,
Energy and Environment. He has also participated in 370 academic and industry events
from which more than 190 outside of Brazil between 1966 — 2002. His professional energy
experience includes:

« President of the Brazilian Society for Energy Planning, 1997-2000

+ Leading Author of the IPCC-95, subgroup Energy Supply and Energy Primer, Working
Group II

+ Convening Leading Author of the SRTT (Special Report On Technology Transfer),
IPCC- subgroup Energy Supply, 1999

+ Convening Leading Author Of The Third Assessment Report, subgroup on Technological
and Economic Issues on Energy Supply and Use, Working Group III of [IPCC, 1998-2000

+ Under-Secretary of Energy at the Ministery of Mines and Energy in 1985-1986

« President of the Electricity Conservation Program (PROCEL) 1885-1888

+ Vice-President for Studies and Energy Development at CESP - Companhia Energética
de Sao Paulo, from 1983 to 1987

- Manager of Coque e Alcool da Madeira S.A. from 1980 to 1983

Mr. Moreira is an Electric Engineer with option on Electronics by Escola Politécnica da
Universidade de Sao Paulo. He holds a Master’s degree in Nuclear Physics from
Saskatchewan University, Saskatoon, Canada and a Ph.D. in Physics from Instituto de Fisica
da Universidade de Sao Paulo.

EDWARD MULLER
CEO Mirant-US Power Generation, Co-former CEO of Edison Mission Energy
Dialoguer, Dialogue 1

Ed Muller is the Chairman, President, and Chief Executive Officer of Mirant, which is a
competitive energy company that produces and sells electricity in the United States. Mirant
owns or leases approximately 10,300 megawatts of electric generating capacity from an
asset portfolio of 13 power plants strategically located in high-population areas. The
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company operates an integrated asset management and energy marketing organization from
its headquarters in Atlanta, Georgia.

Prior to joining Mirant, Mr. Muller served as President and Chief Executive Officer of Edi-
son Mission Energy, a wholly-owned subsidiary of Edison International. In this position he
directed worldwide activities of this independent power producer, and increased earnings
from $2.3 million in 1993 to $198 million in 1999. He also led four acquisitions totaling $9.5
billion between mid-1998 and mid-1999, and spearheaded major activities in Australia, In-
donesia, Italy, New Zealand, the Philippines, Singapore, Thailand, Turkey, the United King-
dom and the United States.

Mr. Muller has also served as the Deputy Chairman of the Board of Directors for the New
Zealand electric generation company Contact Energy Ltd, and as Vice President, General
Counsel and Secretary of BioWhittaker, Inc. For ten years he served in various leadership
capacities for Whittaker Corporation, where he was responsible for the negotiation of nu-
merous acquisitions and divestitures, and the structure and implementation of a leveraged
recapitalization. Prior to his career in business, Mr. Muller was an attorney and is a former
law clerk to a U.S. District Court judge. He holds a B.A. from Dartmouth College and a
J.D. from Yale Law School.

DAN REIFSNYDER

Deputy Assistant Secretary for Environment, Bureau of Oceans, Environment,
and Science, U.S. Department of State

Dialoguer, Dialogue 3

Dan Reifsnyder became Deputy Assistant Secretary for Environment in the Bureau of
Oceans, Environment and Science on August 20, 2006. He is responsible for a broad suite
of issues related to environmental protection and conservation, including: transboundary
air quality, protection of the stratospheric ozone layer, international chemicals management,
the transboundary movement of hazardous wastes, persistent organic pollutants, environ-
mental aspects of free trade agreements, international forestry conservation, biological di-
versity, desertification, wildlife conservation and the protection of wetlands and coral reefs.
In these areas, he leads the U.S. delegation under multiple bilateral and multilateral treaties
and agreements.

From 1989 to 2006 Mr. Reifsnyder served as Director of the Bureau’s Office of Global
Change, where he developed and implemented U.S. policy on global climate change. He
played a key role in crafting a wide range of Presidential initiatives, including: the Asia Pacific
Partnership on Clean Development and Climate, the Methane to Markets Partnership, the In-
ternational Partnership for the Hydrogen Economy, the Group on Earth Observations, and the
Carbon Sequestration Leadership Forum. He was also instrumental in launching or reinvigo-
rating 15 bilateral climate change agreements and in establishing the U.S. Climate Change
Country Studies Program, the U.S. Initiative on Joint Implementation and the International
Coral Reef Initiative. From 1989 to 2006, he helped shape the work of the Intergovernmental
Panel on Climate Change and co-chaired its Financial Task Team. He was alternate head of
the U.S. delegation in negotiations that led to the U.N. Framework Convention on Climate Change.
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Mr. Reifsnyder came to the Department of State after 10 years with the National Oceanic
and Atmospheric Administration in progressively responsible positions. While at NOAA,
Mr. Reifsnyder helped negotiate the Pacific Salmon Treaty with Canada, the Convention on
Future Multilateral Cooperation in the Northwest Atlantic and the Convention on Salmon
Conservation the North Atlantic Ocean.

Mr. Reifsnyder holds a J.D. degree from George Washington University, an M.A. degree in
Russian Area Studies from Georgetown University, and an A.B. degree in political philos-
ophy from Trinity College (CT).

POLLY SHAW
Director of External Relations, SunTech Power Holdings Co., China
Dialoguer, Dialogue 2

Polly Shaw serves as the Director of External Relations of Suntech America, based in San
Francisco. Ms. Shaw focuses her work on monitoring government affairs issues and on ac-
tively representing Suntech in key industry associations in the U.S. such as the Solar Energy
Industries Association and the Solar Alliance. Prior to joining Suntech, Ms. Shaw was a
Senior Regulatory Analyst at the California Public Utilities Commission where she served
as the staff lead to implement the $3.2 billion California Solar Initiative.

She has worked for more than 14 years to design policy models and programs that advance
clean, efficient energy use and climate protection in the U.S., and energy efficiency and
methane capture programs in the U.S. and China. Ms. Shaw received a B.A. from Tufts Uni-
versity.

EDUARDO LEAO DE SOUSA
Executive Director UNICA — Brazilian Sugarcane Industry Association
Dialoguer, Dialogue 2

Eduardo Ledo de Sousa is the Executive-Director of UNICA (Brazilian Sugarcane Industry
Association) since September 2007. He previously worked as a senior economist at the
World Bank, and Cluster Leader for agriculture, rural development and environment. He
worked at the World Bank from 2003 to 2007, and prior to that he worked in the Brazilian
government as the head of agricultural and agroindustrial policies at the Ministry of Eco-
nomics. In this role, he managed a wide range of activities including support of national
agricultural policies, rural credit, international negotiations, and antitrust policy for agroin-
dustrial companies. Mr. Le@o de Sousa is an agronomist and holds a Ph.D. in agricultural
economics from University of Sao Paulo, where he has also worked as a senior researcher
and as a professor, teaching an agribusiness MBA course.

The Brazilian Sugarcane Industry Association (UNICA), represents the top producers of
sugar and ethanol in the country’s South-Central region, especially the state of Sdo Paulo,
which answers for 60% of the country’s total production. Along with its 107 member com-
panies, UNICA develops position papers, statistics and specific research in support of
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Brazil’s sugar, ethanol and bioelectricity sectors. Its membership accounts for about 50%
of Brazil’s sugarcane harvest. In 2007, Brazil produced 425 million metric tons of sugarcane,
which yielded 29.8 million tons of sugar and 17.7 billion liters of ethanol.

JOSEPH A. STANISLAW
The JAStanislaw Group LLC, Retired CEO of Cambridge Energy Research Associates
Moderator, Dialogue 2; Summation

Joseph A. Stanislaw is the founder of the advisory firm The JAStanislaw Group, LLC, spe-
cializing in strategic thinking and investment in energy and technology, and Independent
Senior Advisor to Deloitte & Touche USA LLP’s Energy & Resources practice. He serves
as a member of a number of advisory boards for energy, technology and investment com-
panies. Stanislaw was one of three founders of Cambridge Energy Research Associates in
1983 and served as managing director for all non-U.S. activity until 1997, when he was
named president, and later chief executive officer. In late 2004 the CERA partners sold their
interests in the company, and Dr. Stanislaw elected to pursue his own business leadership,
investment, and charitable activities.

Dr. Stanislaw is an adjunct professor in the Nicholas School of the Environment and Earth
Sciences at Duke University, where he is a Member of the Board of Advisors for the
Nicholas Institute for Environmental Policy Solutions. He was a Research Fellow of Clare
Hall and lecturer in Economics at Cambridge University, where he was also a member of
the Energy Research Group in the University's Cavendish Laboratory. At the University of
Cambridge, he co-authored The Economics of Energy: Growth, Resources and Policies. He
was a senior economist at the Organization of Economic Cooperation and Development’s
International Energy Agency in Paris. Dr. Stanislaw is a co-author, with Daniel Yergin, of
The Commanding Heights: The Battle for the World Economy. He is also the author or co-
author of numerous reports and published papers on the future of the world economy,
geopolitics, and energy.

Dr. Stanislaw received a B.A., cum laude, from Harvard College, a Ph.D. in Economics
from the University of Edinburgh, and was awarded an M.A. from the University of Cam-
bridge when he was elected a Research Fellow of Clare Hall.

NICK WELCH
Head of Stakeholder Relations, Climate Change Group, Royal Dutch Shell plc
Dialoguer, Dialogue 3

Nick Welch is currently leading Shell’s global advocacy effort around CO2. He has worked
as Manager, International Relations for Shell Oil Company, based in Washington DC since
May 2002. Prior to taking up this appointment, he was Head of UK External Relations for
Shell International in London. Mr. Welch joined Shell in February 1996 as Government Re-
lations Manager, after a number of years in the UK Government. Working first on small
firm’s policy and subsequently on large international infrastructure projects, he subsequently
served both as Private Secretaries to the UK Secretary of State for Trade and Industry and
the Minister of Energy. Before joining government service, he worked as a regional com-
mercial manager in the brewing industry and has also worked as a technical writer and
teacher overseas.
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Appendix D. Sponsors

Center for International Environment and Resource Policy (CIERP)

Established in 1990 to support the growing demand for international environmental leaders,
the Center for Environmental and Resource Policy (CIERP) provides an interdisciplinary
approach to educate graduate students at The Fletcher School. The program integrates
emerging science, engineering, and business concepts with more traditional subjects such
as economics, international law and policy, negotiation, diplomacy, resource management
and governance systems. Our students develop appreciation for the complex nature of for-
mulating effective environmental strategies and solutions. Upon graduation, students are
prepared to apply this new diplomatic approach in the context of government and intergov-
ernmental organizations, multinational corporations, and international non-governmental
organizations (NGOs).

It is the mission of CIERP to educate students to become policy and decision makers who
assure that environmental goods and services contribute to human well-being now and in
the future.

Center for Emerging Market Enterprises (CEME)

Established in 2007, the Center for Emerging Market Enterprises (CEME) is the first global
center for and about emerging market enterprises (EMEs). CEME builds on Fletcher’s
strengths across geographies, disciplines, and professions with a mission to help emerging
market-based entities, private sector companies, investors, governments, not-for-profit in-
stitutions, and interested individuals benefit from knowledge of EMEs and their environ-
ments. CEME has designed its signature research programs to illuminate the knowledge and
perspectives needed for success in emerging market environments. These programs include:
Enterprises Serving the Base of the Pyramid and Entrepreneurship; Emerging Markets
Corporate Strategy; Emerging Market Local Capital Markets; and Energy and Commodity
Markets.
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