Title: Emergent Geographies in Green Energy

Introduction

For nearly two centuries, fossil fuels have powered the global economy. By most measures, improvements in life since the dawn of the industrial revolution can be characterized by improvements in industrial agriculture, increased efficiencies, vast transportation and communication networks, longer life expectancies, and unprecedented technological innovation.  These gains however were not free.  As humans transitioned from animate to inanimate power, environmental compromise was rarely considered.  It was not until 1992, with the first earth summit in Rio de Janeiro that global leaders gathered to speak publicly about anthropogenic externalities.  Unfortunately, the summit failed to spur action, and carbon emissions have continued to grow.  In 1992, global carbon emissions were 21.3 billion metric tons and in 2005 (the most recent year of data), global carbon emissions had grown by nearly 30% to 28.2 billion metric tons ((Energy Information Administration, 2008)).

Since the earth summit in Rio, political fragmentation among the states in the developed world has prevented the international community from finding common ground.  Meanwhile, the developing world, eager to achieve better living standards, remains uneager to divert resources from their economic expansion for the sake of a global problem they did not create.  States have been left to act independently and the result has been a sluggish piecemeal approach.
That is not to suggest solutions have not been put forth.  In fact, in the 15 years since Rio, interest, acceptance, and market penetration of green energy has steadily climbed; unfortunately, it has failed to keep up with overall energy demand, leading the world to increasingly lean on traditional fossil fuel sources.  While green energy’s transition from fringe to mainstream is happening, until a collective catalyst enables the world to exponentially scale up green energy production, the world is still beholden to fossil fuels.  Fortunately, green energy’s time may be at hand.
Green energy is defined by the industries that generate electricity from non-polluting sources, like wind, solar, geothermal, lunar, biomass and small scale hydro (Menz and Vachon 2006).   Countries all over the world are at different stages of transitioning to power produced by green energy, but no country has been able to achieve the sorts of scale economies necessary to abandon their reliance on traditional energy sources.  As a result, fossil fuels remain the dominant form of energy production everywhere.  Given the vast infrastructure, abundant and accessible raw materials, cost advantages, and deep political ties, coal, oil, and natural gas will remain part of the international energy portfolio for decades.  However, the speed and effectiveness with which green energy has chipped away at fossil fuel’s many competitive advantages, makes the prospects of a global economy powered by green energy seem more viable than ever.
In the United States, more than 70% of our electricity generation comes from fossil fuels (mostly coal), while nuclear and hydroelectric (which are not considered green energy) make up the rest.  This ignores the role that petroleum, another fossil fuel, plays in powering our transportation sector.  Green energy provides just over two percent of our electricity generation, a percentage that has remained essentially flat for the last two decades (Energy Information Administration, 2008).  Reasons for a lack of investment in green energy are directly tied to cost of traditional energy sources.  Cheap fossil fuels have discouraged a national imperative to usher in a new energy economy.  In addition to the economic barriers, the stagnant green energy industry has had to overcome many other obstacles.  At first, climate change science was not sound.  Then the technology seemed inadequate.  The economic costs of this new energy were always too high and the political climate was never quite right.

But now, there is ample evidence to suggest that the time for the green energy revolution has arrived.  There has been an explosion in venture capital investment dollars chasing cleantech broadly and green energy specific start-ups; meanwhile green energy IPOs are receiving favorable reactions from Wall Street.  Cleantech has emerged as the term to describe a broad array of sustainable technologies, including but not limited to green energy.  Despite an otherwise bleak national employment picture, job growth in the sector continues, reinforcing the public’s appetite for green energy options.  The confluence of several macroeconomic and geopolitical factors has also given green energy a boost: record fossil fuel prices, the rise of the developing world as global energy competitors, globalization’s assault on manufacturing jobs, and most importantly, a consensus of the human influence on climate change.  The green energy industry provides something for everyone, offering it the unique distinction of making bedfellows out of foreign policy hawks, tree huggers, and entrepreneurs.  Green energy appears to have eclipsed the tipping point, serving as the grand slam answer to the four pressing policy issues of the day: national security, energy security, economic security, and environmental security.  But many questions remain.
The dynamic nature of green energy, concatenated by its youthfulness, diverging technologies, converging interest, and a lack of international consensus, has generated interest from a variety of business, consulting, government, and non-governmental organizations.  The academic community has also chimed in with extensive contributions from both the hard and soft sciences, but few within geography have studied this evolving industry.  Many of the themes in this study, from looking at the spatially fragmented rates of adoption, to the varying policy proposals, the clustering of innovation and R&D, the role and outreach of electric utilities, the role of entrepreneurs, as well as the importance of the capital markets, are well suited to an economic geography analysis.  As a result, the focus of this research will be to describe spatially, and analyze economically, the green energy industry at three different scales; globally, nationally within the United States, and locally within the state of Colorado.
Literature Review
New Economic Geography / New Growth Theory
The middle of the twentieth century was marked by insular economic policies.  Correspondingly, economic geography had settled on national boundaries as the unit of analysis for understanding the spatial differentiation of economic activity.  Of course, this ignored the first round of globalization that took place pre-WWI.  “The inhabitant of London could order by telephone, sipping his morning tea in bed, the various products of the whole earth ... he could at the same moment and by the same means adventure his wealth in the natural resources and new enterprises of any quarter of the world.” (Keynes 1920, p 11).  Writing at a point in time when the world become more autarkic with decades of war, political instability and depression, John Maynard Keynes could very well have been describing the world as it is currently viewed through the eyes of economic geographers.  It took a while to get to this point.
For about 50 years, the research path pursued by economic geographers was based in the realities of the time.  The fordist economic model ruled the day as countries attempted to remain more-or-less self-sufficient.  Scott (2000) catalogs the societal themes and thus, the themes written about by economic geographers, which was done largely in descriptive terms.   Starting in the 1950s, theoretical ideas like industrial location and interaction began to permeate the field, followed slowly by a shift towards regional science, all remaining under a fordist rubric (Clark et al. 2000).  Import-substitution was essential national economic policy.  This line of thinking was radically disrupted by Harvey (1973), who opened the door for others to shine the light on deindustrialization, and the ills of capitalism’s destructive forces such as poverty and regional decline.  The fixation on economic activity with a national context would quickly dissipate.  While much of the literature in the 1960s and 1970s assumed a Marxist tone, a growing group began writing on regions that were emerging as powerful economic nodes in a not-yet-fully-understood, post-fordist era (Scott 2000).   Economic institutions began organizing themselves globally, and so geographers, as well as researchers in other disciplines, most notably economics, began trying to explain this new spatial arrangement.
In its most simplistic form, economic geographers studied this new arrangement in a regional form.  Globalization created a world where regions or cities, not countries, became the unit of analysis; and where international trade (due to low transport costs) connected more people and places, but factor endowments like raw materials, labor, and knowledge made the impacts of these connections starkly uneven.  While the old economic geography was rooted in traditional ideas like perfect knowledge and constant returns-to-scale, the new economic geography tossed out those paradigms in favor of a world based on monopolies, which brought imperfect competition and increasing returns to scale (Krugman 1990 and 1991; Romer 1986).  Unlike constant returns-to-scale, which exhibit a linear relationship between inputs (labor or capital, for example) and output, increasing returns-to-scale provides for proportionally higher output, given some lesser amount of inputs (ie: increased productivity).
The premise of increasing returns relies on the idea that profits and productivity are generated endogenously.  Said differently, growth comes from within the firm or the metropolitan area.  Dixit and Stiglitz (1977) were the first to account for monopoly power, but others soon followed with more robust models that could better account for increasing returns (Grossman and Helpman 1990; Segerstrom et al. 1990).  Much of this research was being developed in the field of economics, and it all pointed to a new growth theory and a new trade theory; nevertheless, economists were having problems.  As Romer (1993) pointed out, traditional development analysis favored modeling ‘objects’ (roads, factories), but that the realities of this ‘new growth theory’ would require better modeling of the more abstract ‘ideas’ (knowledge, interaction).

Measuring future development based on ideas would become increasingly important, and difficult, in a world with more joint ventures, collaborative research, and public/private partnerships.  As a result, the new economic geography and new growth theory converged, as both were interested in the factors that generate regional economic growth within a world of highly connected nodes.  These nodes seem to retain, and subsequently build upon, their advantages by becoming larger, more influential, and smarter. Much of the research began to hone in on those ‘ideas’ that generated such advantages by looking more closely at factors like agglomeration economies, innovation, and spillovers.
Agglomeration Economies 

The geography of agglomeration economies owes its roots to Alfred Marshall whose pioneering research on industrial districts first set in motion the ties between economics and geography (Marshall 1919 & 1920).  Three factors were put forth to explain the clustering tendencies of industry: a) specialized labor b) backward and forward linkages and c) knowledge spillover.  Spillovers will be discussed in the next section, but the first two offer distinct and tangible financial benefits.  Industrial districts create economies of scale for small and medium sized enterprises (SME) that locate close to one another.  These economies are external to the individual firms (ie: available to all) but internal to the region within which the SMEs reside.  Asheim (2000) summarizes the legacy of Marshallian economic theory and provides an updated understanding of how the nexus of economics and socio-cultural infrastructure lend themselves to regional dominance in a global economy.

Initially, city formation was rooted in physical geographic factors like a good port or river access, but cities also emerged by chance.  It is here where Krugman (2000) discussed the importance of place, particularly in the new economic geography, which tends to place importance on historical significance.  Entrepreneurial firms tend to locate in space for a variety of reasons and thus become a stable source of prolonged economic development.  Per Krugman, start-up firms tend to locate at the behest of its founder, who usually prefers his or her home region (Mueller and Morgan 1962; Reynolds and White 1997).  Stam (2007) argues that young firms are ‘unilocational’ and often decide on their home region because entrepreneurial opportunities are more often local, rather than universal.  This superior local knowledge, as well as access to their known suppliers and customers, enhances the firm’s chances of success which can eventually be parlayed into broader geographical growth.

The fields of evolutionary economics and industrial economics suggest that as companies grow and their markets expand, they trade in the early growth phase geographic allegiances for the more practical or perhaps necessary locational choices.  Van Dijk and Pellenbarg (2000) discuss a set of papers that use biological metaphors to describe the firm as a living organism, making choices about, among other things, location.

Agglomeration tendencies have been spurred by an evolving set of motivations.  At first, it was to reduce transportation cost, then it was proximity to a specialized labor pool, but in the 21st century, the predominant factors in agglomeration economies are the creation and transmission of ideas (Glaeser 2000).  Agglomeration effects of business or industrial location are an important component of the economies in many countries, states, or even regions, and they are everywhere.  “Clusters are not unique, however; they are highly typical -- and therein lies a paradox: the enduring competitive advantages in a global economy lie increasingly in local things-- knowledge, relationships, motivation - -that distant rivals cannot match” (Porter 1998).  Porter makes another important point about agglomeration, in that clustering creates intense competition among the players, but more importantly, a cluster yields incredible cooperation among the firms within the region.

Understanding the locational tendencies of the green energy industry now, in its ‘entrepreneurial stage’, should enhance the predictive nature of the industry’s geographic footprint when it matures.  By this argument, cities and states should be leapfrogging one-another to nurture a local or regional green energy friendly environment in order to attract firms.  Should an environment emerge where initial host cities lose their start-up firms to other areas, a plausible scenario in the new globalized economy, there are still opportunities for all regions to grow.  Nijkamp (2003) suggests that all urban areas, or even non-urban areas, can capture the windfall benefits provided they offer venture capital, training programs, education facilities, and public support.  These attributes will serve as magnets should the green energy industries begin to adopt more footloose characteristics 
R&D and Innovation
The impact of R&D on innovation and economic growth has always been implied, but articulating a direct causal relationship is something that is difficult to isolate.  Dosi (1988) provides a nice discussion on the contribution of innovation to technological change at the local level, but concludes with many unanswered questions.  In the 20 years since, many of those unanswered questions remain.

Although measuring R&D investments is easy, so many other problems arise when attempting to quantify its impact.  For example, what is the proper accounting methodology for the lag between research outlays and productivity improvements?  Grossman and Helpman (1991, p. 14) cite a series of case studies which suggest the near impossibility in properly quantifying R&D investments, due to possible social returns, non-rival nature, and inter-industry benefits that often accrue.  Another problem stems from trying to detangle currently derived revenues from previous investments.  Isolating R&D benefits is problematic given econometric problems of multi-collinearity and simultaneity; in other words, in a complex economic system, there are many facets moving together, making a model or empirical test too complex (Griliches 1979).  Finally, there is the notion that it is innovation, not R&D which more heavily influences productivity and employment growth (Raspe and Van Oort 2006).  Nevertheless, as difficult as it may be to measure the link between R&D and economic growth scientifically, the link is unquestionable (Teece 1986).
Romer (1990) argues that technological change drives economic growth.  His premise relies on market incentives to generate value creation and his model determines that those societies with larger human capital stocks enjoy faster economic growth.  In fact, when measuring economic growth using the production function, ‘new’ economic theory includes knowledge among its inputs (joining land, labor, capital, and raw materials), and a significant source of that new knowledge (ie: innovation) is derived from R&D (Audretsch 1998).
Geographic proximity plays a crucial role in innovation, particularly in areas with groups of people sharing (among other things) high levels of creativity, education, training, skills, and expertise (Knudsen et al 2008).  Feldman (1999) confirms this idea by summarizing several empirical studies to support the notion that a concentration of human capital, at a high level, invigorates economic growth; a relationship that is strengthening with every decade (Glaeser 1994).  Furthermore, Lucas (1988) identified a willingness to pay higher land rents in exchange for access and interaction to high human capital. 
As it relates specifically to energy, R&D has been in decline ever since the oil shock ended in the early 1980s.  Dooley and Runci (2000) suggest that the world has come to expect cheap energy as a result of technological advances in discoveries and extraction, productivity enhancements, and the energy future’s market to insulate us from wild price swings.  The perception that abundant energy supplies would persist has discouraged energy R&D, since any viable market for non fossil-fuel based energy has been absent for a generation, which would explain the lack of any meaningful innovation.  According to Nemet and Kammen (2007), the United States’ R&D investments in green energy have shrunk by about $1billion over the last decade
Spillovers

Among the most important causal relationships between agglomeration and innovation is the concept of spillovers.  Knowledge spillovers remain a central tenet of agglomeration economies, and more importantly rationalizes the clustering tendencies of like-firms.  Sometimes the spillovers are between industries and other times it is within industries (Glaeser et al 1992; Jacobs 1969).  Nevertheless, close geographic proximity has been proven to stimulate innovation.  Knudsen et al (2008) suggest that “if the ability to receive knowledge spillovers depends on distance from the knowledge source, then clustering of knowledge-producing inputs should ensue”.

Although analyzing spillovers can make for a slippery science, they exist and they are important (Griliches 1992).  One attempt to measure spillovers, or cross-fertilization as it is also known, as it relates to innovation was done by Jaffe et al. (1993) which found a strong geographic correlation between patents and patent citation.  Looking at five-year increments following the issuance of a patent, a strong localization effect was found among those citing that patent, suggesting that innovation within a specific technological gamut tends to be concentrated. Audretsch (1998) reaffirms this point and shows that despite globalization and the fluidity of information flows created by the telecommunications revolution, knowledge is a key source of comparative advantage resulting in spillovers remaining a local phenomenon.
Sizable R&D budgets at universities and private corporations act as magnets for those seeking to capitalize on knowledge spillovers, proving to be of great benefit for third parties that locate within close proximity (Audretsch and Feldman 1996; Jaffe 1986; Jaffe 1989).  Acs et al. (1994) expand upon Jaffe’s research and find that private corporate R&D benefits large corporations (more than 500 employees), while the university R&D spillovers disproportionately benefit small firms.  This is the central tenet behind a widely cited article by Teece (1986), explaining how innovators often fail to benefit financially from their work and that in the absence of iron-clad patent or copyright protections, second or even third to market firms have a history of greater profits than the innovators. 

Policy and regulation

The literature is rich with examples of ways that government involvement can either distort market efficiencies or promote growth (for a review, see: Grossman and Helpman 1991).  And while many agree that most innovation takes place in the private sector, starting in the 1960s, a similar consensus emerged that government played a direct role in influencing the pace and direction of innovation (Roessner 1988).  With respect to the government’s stewardship of the environment, history provides us with three policy prescriptions – regulation, incentive instruments, and voluntary agreements – that are most traditionally applied (Turner 2000).
As the transition from a manufacturing to a service/knowledge based economy continues, several have argued that promoting industrial districts, or what are now referred to as technology districts, provide an essential competitive advantage in the global economy (Del Ottati 1994; You and Wilkinson 1994).  The aforementioned agglomeration economies simultaneously foster cooperation and competition between firms, driving innovation; thus, promoting technology districts becomes a national imperative.  Expanding participation to build quasi public-private partnerships that harness the knowledge creating capacity of universities, government agencies, and research institutions leads to ‘learning regions’ or ‘development coalitions’ (Asheim 2000).

Storper (1995) outlines how a national policy aimed at developing regional technology districts serves the dual function of enhancing a country’s competitiveness and spurring innovation.  He specifically identifies regional technology foundations, made up of organizations with a widely encompassing and forward looking view, which are intimately familiar with the region and can act as custodians for those long-term development projects; entities like public utilities, universities, and foundations that already have relationships with the government (state and/or federal) and are well positioned to balance the regional economic priorities with policies aimed at its stimulation.
Government policy decisions to invest in education, training, knowledge centers, and R&D will create successful entrepreneurial activity which is essential in this interwoven global network economy (Nijkamp 2003).  The idea that government institutions should promote policies that encourage the development of the green energy industry is supported by the evidence that countries that export a larger share of their output tend to enjoy the highest levels of growth, particularly among the more developed countries (Michaely 1977; Feder 1983).

Policy is also needed to level the playing field.  Promoting innovation must not only seek to stimulate R&D, but it must remove those barriers that prevent first-to-market-firms from losing their ability to recapture their investment to looming imitators with better complementary assets and underlying infrastructure (Teece 1986).  An example is appropriate here – if a policy to bring hydrogen fuel cells to market is promoted, the government must remove the subsidies to oil companies who could undercut the first-to-market hydrogen firms that lack the distribution networks and service stations, where the oil companies already enjoy a huge advantage.  By this measure, government should play an important role in the development of national green energy industries, as policy designed to stimulate competition as well as cultivate collaboration will yield long-term economic benefits.
Very little has been done to study the impacts of specific state policies and economic growth, but one study by Holmes (1998) found that states with a right-to-work law, or pro-business as he defined it, attract more manufacturing when compared with a neighboring state that does not have a right-to-work law (anti-business).  With respect to the ability to form unions, state policies matter.  It would appear that there is also evidence on this union variable at play with the distressed American automobile industry in the pro-union Midwest, compared with the thriving auto industry set up by foreign manufacturers in the non-union southeastern US.
The idea that state policies can impact the locational decisions of private enterprises raises an important issue.  Some could argue that taxation levels, regulatory/permitting hurdles, and worker organization laws are levers that state officials can tinker with in order to attract business.  Others would counter that the obligations/restrictions imposed by federal regulations tend to cover the most important issues and are inescapable at the state level.  Additionally, educational attainment, urban and localization economies, and the creative class components offered by a city are equally important factors luring business, and lie largely outside the reach of policy makers (Florida 2002).  Hopefully this research will offer evidence as to the impacts state policies can have on attracting green energy businesses.
Venture Capital and Financing
The recent surge in (financial) interest in green energy should not be all that surprising; given the finite nature of fossil fuels and the world’s seemingly insatiable demand for energy, it was logical that the money would soon actively drive innovation.  The entrepreneurial successes enjoyed by the United States remains the envy of the world, but venture capital’s track-record as a dominant driver of innovation can be traced back only a few decades.  The Employee Retirement Income Security Act (ERISA) of 1979 is responsible for an important shift in the way venture funds went about raising capital.  ERISA paved the way for pension funds to invest a significantly larger portion of their assets in venture capital, thereby expanding the number of entrepreneurial opportunities that could obtain seed money.  In 1978 pension funds account for 15% of the $424 million in new venture capital funds, but by 1986 pension funds supplied more than half of the $4 billion raised by venture capital firms (Kortum and Lerner 2000).
That money drives innovation is nothing new.  While examining nearly 1,000 inventions in four different industries, Schmookler (1966) found “…the stimulus was the recognition of a costly problem to be solved or a potentially profitable opportunity to be seized; in short, a technical problem or opportunity evaluated in economic terms”.  Kortum and Lerner (2000) found that innovation is driven by venture capital, which is three times more powerful than corporate R&D.  The notion that market opportunities generate technological progress is corroborated by Dosi (1988) but he finds that scientific discoveries outside the profit arena also make important technological contributions.
Energy technology continues to claim a more significant percentage of the venture capital funds.  Less than one percent of all venture capital was invested in energy technology in 2000, but had grown to 9.1% by 2007 (Makower et al. 2008).  More than $1.5 billion was invested in cleantech (no specific breakout of green energy) in 2006, launching 1,500 start-up companies worldwide.  In the past two years alone, 50 of these companies have gone public (Veverka 2007).
Economic and environment interaction

Historically speaking, the field of research within economic geography that pertains to environmental issues is still in its infancy.  Much of the geographic research on the relationship between economics and the environment was centered on trends and impacts in production and consumption decisions.  The research focused on the descriptive, like explaining resource extraction, energy use, or decarbonization of production.  Specifically, ideas of how to make industry more ‘green’ was topically dominant.  Whether that means greening the supply chain, greening the manufacturing, recycling or general waste reduction (Florida 1996: Fischer and Schot 1993, Roome 1996), the focus remained on empirical industry analysis.

More recently the research has adopted a more theoretical tone looking for ways to improve environmental performance.  Two broad versions of the economic/environment interface have characterized much of the writings in economic geography.  Some believe that regulation will play a critical, if not overwhelming role in improving environmental performance (Gibbs and Healey 1997, Lipietz 1992), while others says that a combination of incentives, proper pricing signals, and selective oversight will allow the market to bring about ecological modernization (Mol 1996, Simonies 1989, Christoff 1996, Gibbs 2003)).

Permeating this regulation vs. free-market approach, Angel (2000) describes three distinct sub-themes.  First, he cites the double-edge sword of globalization in that it both accelerates energy and materials accumulation, but can also provide the opportunity to mobilize the collective economic, social, and political imperative to be better environmental stewards.  Second, some question the calls for broad international policy prescriptions to environmental security for there is precedent to defer to policy that is locally tailored.  In other words, top-down regulation may be inferior to bottom-up localized initiatives that attract more robust adherence and enforcement due to social and geographical constructs.  Finally, a third idea is that scale matters and more research needs to be conducted that links the decisions made at different levels of analysis.  Policy, both nationally and internationally, are important components of any environmental debate, but the economic choices made by individual firms are equally critical in forming a comprehensive understanding of the issue.  In several ways, this research will touch each of these sub-themes.
Problem Statement

Globally, the world uses about 15 Terawatts (TW) of energy per year.  A Terawatt is 1,000 gigawatts (GW), and a gigawatt is 1,000 megawatts (MW), or the average size of a coal-fired power plant.  Financially speaking, it is a business that translates into about $6 trillion annually.  Based on a global GDP figure of around $60 trillion, energy represents ten percent of the global economy (Economist 2008).  In a business as usual scenario, with spiking oil prices and rising living standards, this percentage is sure to rise.  While there are upfront/construction costs for both green energy and fossil fuel energy that must be recovered, in addition to ongoing costs associated with maintenance and operations, fossil fuel energy is burdened with recovering the additional costs associated with exploration, mining, extraction, transportation, and potentially carbon emissions.  It is clear to see how, in time, green energy will substantially lower our energy bill, freeing up massive amounts of capital which can then be invested in other areas.  A world burning no fossil fuels is an easy one to envision, but achieving a carbon-free world will have to overcome numerous political, economic, technological, and ecological hurdles.

Forecasting green energy’s penetration rates has been a challenge.  Despite the acknowledged damage that fossil fuels are doing to our climate, the void of international leadership on a global green energy strategy has created a vacuum for individual countries to try and fill.  With that in mind, the first broad theme of this research will be to dissect the economic incentives and policy proposals that have succeeded and failed among the different countries of the world attempting to usher in the new energy economy.
Internationally, Europe has most closely followed the Kyoto guidelines for the transition away from carbon polluting sources, and yet, within the European Union (EU) there are significant differences in adoption and installation rates.  Japan has embarked on a very ambitious solar initiative, but with the sunset of its federal subsidy, solar installations are on the decline.  China has emerged as one of the leading solar producers, yet because the costs are still out of reach for a majority of its people, ranks very low on installed solar capacity.  Meanwhile, the United States, which withdrew from Kyoto and continues to fumble away policy opportunities, is the global leader in installed MW of green energy electricity.
Most countries of the world believe that the United States remains the real obstacle in fusing a coherent global policy towards green energy.   As the sole developed country not to ratify the Kyoto Protocol, the United States, which has been and remains the world’s fossil fuel glutton, rejects the scientific research, refuses to compromise its sovereignty with an international treaty, and is reluctant to enact climate friendly legislation.  Despite this lurid federal policy position, the fledgling US green energy sector has been nurtured by entrepreneurs, industry, and the capital markets, all of whom are eager to lead.  This backdrop serves as the platform for the second broad research theme, which is to understand the spatial variation of the green energy industry in the United States.  To what extent have the sub-federal policy initiatives spurred investment?  Are research dollars and innovation concentrating in particular areas?  Does proximity to national research labs or research universities generate agglomeration effects that can provide a blueprint for regions seeking to carve out their place in the new energy economy? 
In the absence of a federal policy initiative, green energy advocates have taken their cause to the states.  Colorado is among the leaders in supporting the green energy industry, with Xcel Energy, the state’s largest utility, supplying green energy to more customers than any utility in the country in 2006 (DOE 2007).  Other state utilities are following suit.

The third broad theme of this study will focus on the utility companies, which play a pivotal role as the liaison between commercial and residential interests, green energy power producers, and legislators.  For some utilities, their actions are a result of customers demanding more green energy.  Others are bringing on more green energy in anticipation of a national carbon cap-and-trade system or a carbon tax, while others still are trying to bring some calm to gyrating energy prices.  Whether these utility companies build green power production or buy it from third party providers, their role as custodians of the new energy economy is paramount to its success, and so their position on where the future lies will serve as an important barometer towards understanding this energy transition.
Study Area

This research will attempt to dissect the green energy industry at three scales: globally, nationally, and locally.  In general terms, the international component will compare all the countries of the world, but the combination of the green energy industry infancy and the prohibitive costs of implementing this technology, the international study will quickly hone in on those select countries with meaningful green energy programs; most of which are found in the three global cores of North America, Western Europe, and Eastern Asia.  With this smaller subset of countries, a more detailed description and comparison of those countries that have made ‘significant’ green energy implementation inroads will be made.  
Within the United States, the picture is more complex.  Most states are aggressively pursuing green energy strategies in response to public opinion, impending environmental regulation, and economic opportunities.  As a result, the geographic picture of green energy will enable a broader analysis.  Although the southwestern United States offers the most abundant solar energy potential, states in Northeast and Midwest are home to many solar manufacturing facilities.  The wind turbine supply chain runs all across the country, and yet two states, Texas and California account for nearly half of all the domestically installed MW capacity.  This research expects to uncover a series of geographic patterns with respect to green energy production, employment, financing, and policies.
Finally, the state of Colorado will offer a unique platform for a more disaggregate understanding of the green energy industry.  Colorado combines two critical characteristics that should enhance the state’s position as a hub of green energy activity.  First, the physical geographic characteristics are attractive to all forms of energy; 300 days of sunshine, a powerful wind corridor, geothermal activity, a large established agricultural sector, and abundant fossil fuel reserves.  Second, Colorado has the human capital necessary to drive the green energy economy forward; a highly educated workforce, a large and growing metropolitan area, an openly progressive environmental policy agenda, and an economy that is heavily reliant on tourists that are attracted to the state’s natural beauty, which the green energy industry is designed to protect.  It should be no surprise to realize that a fledgling green energy industry has emerged.  And while talking with the specific companies and policy makers responsible for cultivating this new economy would provide interesting insights, it would seem more practical to get the perspective of the state utilities for a better understanding of the tradeoffs required to make Colorado effectively a powerful player in a green energy world.
Data

A variety of data sources and types will be used in this analysis.  A lot of the information will be temporally varied in order to look at the geographic and economic change over time.  Aggregate data will be used at the smaller international scale, while more disaggregate data are more widely available for the US and Colorado units of analysis.  GIS will also play a crucial role in this study.   A variety of thematic maps will illustrate the difference in green energy adoption at both the international and national scales.  GIS can help analyze trade flows, industrial location, and proximity values which are all important economic geography concepts.  A more detailed breakdown of these data follows.

This study will use both quantitative and qualitative analysis using data acquired through a variety of sources.  The government has done a reasonable job of aggregating both international and domestic data.  However, because green energy accounts for only two percent of our total electricity supply, government statistics fail to break down more thoroughly some of the information to make it useful for this analysis.  Therefore, government data will be supplemented with data obtained through other sources: consulting firms, banks, green energy websites, and weekly publications.  It is important to note that some of the data used in this analysis may possess inaccuracies.  As is the case with government economic statistics, revisions are often made to previously released information; the same is also true for green energy data.  Because of the industry’s youth, a certifiable and central data collection system has not been formed, leaving industry observers to use the best available estimates.  As a result, this study will reflect those inaccuracies, making the inexact science of this study unavoidable.
As stated in the introduction, green energy is defined by the industries that generate electricity from non-polluting sources, like wind, solar, geothermal, lunar (tide), biomass (excluding municipal solid waste) and small scale hydro (<10MW).  When green energy is bundled with municipal solid waste and large scale hydro, it is collectively referred to as renewable energy (Menz and Vachon 2006).  Others, particularly in the business and consulting arenas, have adopted an umbrella term, cleantech, to incorporate the previously mentioned green energy solutions, in addition to those industries that represent products or services designed to promote energy efficiency, pollution-abatement, water technologies, recycling industries, nuclear, renewable transportation fuels, and energy storage.  For this research however, the focus will remain on electricity generation (excluding nuclear and large-scale hydro), and therefore, will remain focused on green energy.

These distinctions are important, because most of the investment data used for this study breaks out cleantech industry investments, without further disclosing the exact type of technology.  As a result, some broad generalizations are used to describe the economic geography of green energy, which is sure to include non-green energy (electricity producing) technology.

This research will use different data at each of scale of analysis.  The global component of the study will rely largely on descriptive statistics.  Given the concentration of green energy innovation and adoption in the three global cores, this regional approach offers the opportunity to describe the nature of the industry in different parts of the world, something that has yet to be done within the field of economic geography.  In addition to this regional analysis, this study will also describe the historical build-up of the global green energy industry, the impact of trade, the evolving pattern of demand, the role of government, corporate strategies, and technological change.  The Department of Energy (DOE) will supply much of the time series data, as well as the data concerning country-by-country specifics, such as the types and amount of energy used, population, GDP, carbon emissions.  The year 1992 will serve as the base year of analysis for two reasons: first, it was the year of the earth summit in Rio, placing climate change and environmental issues for the first time on the global stage and second, it is the inaugural year for countries like Germany, Czech Republica, Russia, etc, enabling clean time-series analysis to be done.  Since the DOE does not disaggregate specific types of green energy in use by specific countries, alternative data sources will comprise the remainder of the information used in this section.  Examples of other data sources are International Energy Agency (IEA), the Organization of Economic Cooperation and Development (OECD), and the UN Sustainable Energy Finance Initiative.
For the study of the United States, data will be obtained from both government and industry sources.  In addition to the DOE, useful government data will come from the United States Patent and Trademark Office for example, which should provide a spatial understanding of where the green energy innovation is taking place.  Hopefully these data will enable a further breakdown of those patents being generated by established players in the field as well as the cutting edge research being conducted by incubators around the country.  NCAIS information (obtained from the economic census) serves as another example of useful government data, and will help paint a picture of where specific green energy sub-sectors have employment concentrations.

When looking at industry specific segments of the study, trade or industry groups will serve as valuable sources of information.  The American Wind Energy Association (AWEA) and the Solar Energy Industry Association (SEIA) are good aggregators of industry news and data.  Several clean energy organizations, including, ‘Greentech Media’, ‘New Energy Finance’, ‘Cleanedge’, have formed websites that act as clearinghouses of information, private sector press releases, financing announcements, policy proposals, and industry data.  Thompson-Reuters owns a leadership position in aggregating daily venture capital activity in all sectors of the economy, including cleantech.  Other data sources including the independent government organizations like the National Science Foundation (NSF) and national energy labs, banks and consulting firms’ industry reports from firms like PriceWaterhouseCoopers, SEC filings of publicly traded companies, and non-profit groups will help fill in the gaps of government data and should hopefully allow for information that is broad, deep, and most importantly duplicative.
For the local analysis, the emphasis will shift from descriptive and quantitative analysis to one utilizing a qualitative approach, using data obtained from a survey/questionaire.  A preliminary attempt to identify relevant questions for this survey is attached to the end of this proposal.  Colorado has 57 utilities.  More than half of the state’s population (1.3 million people) is served by Xcel Energy, the state’s largest utility, and one of only two publicly traded, investor-owned utilities in the state (see Table 1).  The rest of the utilities are either municipal (operated by a city or town) or consumer owned (operated by several, usually neighboring, towns), with the largest of these utilities having about 203,000 customers.
Table 1: Breakdown of utilities in the state of Colorado

	
	Number of Utilities
	Customers
	% of total population

	Investor-owned
	2
	1,415,784
	59.0%

	Municipal
	29
	433,210
	18.1%

	Consumer
	26
	548,814
	22.9%


Source: DORA
All of the utilities in the state are subject to control by the Public Utility Commission (PUC) but only some were subjected to the Renewable Portfolio Standard (RPS) mandates set forth when the voters passed Amendment 37 in 2004, requiring 10% of Colorado electricity to be generated from renewable resources by 2020.  In fact, Colorado was the first state to pass an RPS at the ballot box (Levesque 2007).  In 2007 however, the legislature, along with newly elected Democratic governor Bill Ritter doubled the RPS to 20% by 2020 for the state’s largest utilities and mandated that the smaller municipal and consumer (also known as co-ops or rural electric providers) achieve 10% by 2020.  While Xcel serves the large metropolitan areas around Denver, the other utilities serve small towns and rural areas of Colorado.
Now that all the utilities are included in the mandate, the state of Colorado should see accelerated green energy activity.  Some of the power will be provided by the utilities themselves but most of it will be provided by independent power producers (IPP).  IPP, also known as non-utility generators (NUG), build electricity generation facilities or plants, and sell the power to the utility companies.  In these scenarios, the utilities act as the middle-man in the process.

As such, the utility offers the unique perspective as the liaison between the government that is mandating the renewable energy, the IPP that are investing in and building green energy production facilities, and the consumers who use the electricity.  In its current state therefore, understanding where and how the green energy economy is and should function is probably best seen through the eyes of the utilities.  And that is what the third part of this study aims to do by asking a series of policy, adoption, technology, and environmental questions in order to provide more clarity to an industry sector that is being pulled in a variety of different directions.

Methods
This study will seek to describe, understand, and analyze spatial aspects of the green energy industry at three different scales: international, national, and the state level (Colorado).  A variety of analytical techniques will be used to demonstrate the broad geographical differences in green energy investment, innovation, and adoption.

International

Subproblem One: What is the global geographical pattern with respect to green energy production and installation?

Hypothesis 1-1: Developed states (as measured by the HDI) have installed more green energy than developing states

Data

a) HDI rankings (2007)

b) Total GDP (1992-2005)

c) Total green energy (1992-2005)

d) Percent green energy (1992-2005)

Analysis

Choropleth map of the world

Hypothesis 1-2: Green energy is representing the largest slice of ‘newly installed’ energy (compared with nuclear, large hydro, or fossil fuels)

Data

a) YoY newly installed energy (1992-2005)

Analysis

Table with percentage of new energy that is satisfied with green energy

Hypothesis 1-3: Kyoto “annex 1” countries are on target to meet their obligations

Data

a) Kyoto Annex one countries commitments

b) Change in energy portfolio at different points
i. 1990, Introduction year, 2005
Analysis

Chart showing the shift in the energy portfolio of those 34 countries and attempt to project if they are on target

Hypothesis 1-4: Countries that have made significant investments in nuclear are less likely to be committing to green energy (because of the existing sunk costs associated with nuclear)


Data

a) Nuclear power as a % of total power over the last ten years

b) Green energy as a % of total power over the last ten years

Analysis

Tables showing the difference between nuclear and green energy

Subproblem Two: How does the fossil fuel endowment of a country impact its green energy transition?

Hypothesis 2-1: States with abundant fossil fuel reserves are less inclined to invest in green energy

Data

a) Rank all countries by proven oil/coal/natural gas reserves

b) Total green energy production

Analysis

Statistical correlation comparing green energy with forecasted fossil fuel energy reserves

Hypothesis 2-2: Most of the countries that subsidize oil for their population are less likely to be making investments in green energy

Data

a) Subsidy rates for oil
b) Amount of fossil fuel reserves

c) Amount of green energy production

Analysis

If the state is building cheap coal plants / or subsidizing coal ‘cultivation’, then they are spending money on the ‘wrong’ kind of subsidies and little to spend on green energy

Caveat

I might not be able to find data on local electricity prices, which is why I may substitute oil for electricity (see below).

Hypothesis 2-3: Countries that subsidize their oil are responsible for the majority of the growth in global consumption, as they have no incentive to conserve.

Data

a) Subsidy rates (either for oil or electricity)

b) World average gasoline prices (2007)

c) Global oil consumption (1992-2005)

Analysis

Although oil and electricity prices are virtually unrelated, it can be interpreted in a broader sense that the government is spending money on the ‘wrong’ kind of subsidies

Subproblem Three: For the states that have made meaningful inroads on green energy production and installation, what are the associated impacts?

Hypothesis 3-1: An increase in the percentage of total electricity from green sources reduces total carbon output

Data

a) Total green energy installation (1992-2005)

b) Green energy as a percent of total energy (1992-2005)

c) Total carbon output (1992-2005)

Analysis

Chart (and table) showing the change in carbon emissions as related to green energy

Hypothesis 3-2: Can we discern a relationship between increases in the percentage of total electricity from green sources and GDP per capita

Data

a) Total green energy installation (1992-2005)

b) Green energy as a percent of total energy (1992-2005)

c) Total GDP (1992-2005)

d) GDP per capita (1992-2005)

e) Population (1992-2005)

Analysis

Chart (and table) showing the change in GDP as related to green energy

Subproblem Four: For the states that have made meaningful inroads on green energy production and installation, how have specific federal policies accelerated the adoption?

Hypothesis 4-1: Countries with feed-in tariffs or subsidies have the highest installations
Data

a) List of countries with federal programs

b) Total green energy installation (1992-2005)

c) Green energy as a percent of total energy (1992-2005)

Analysis

Significance test for the adoption rate of countries with federal programs with the countries that don’t have a feed-in tariff
Sub-questions

a) Have these subsidies impacted GDP, since money from the treasury is being diverted?
b) Are government programs worthwhile or do they interfere with the private markets?

Hypothesis 4-2: Countries with the highest taxes on gasoline are further along the 
adoption curve

Data

a) National gas tax for all countries (2007)

b) Total green energy installation (1992-2005)

c) Green energy as a percent of total energy (1992-2005)

Analysis

Statistical measure on the percent gas tax as it relates to green energy installed.  Statistical correlation to determine if there is a ‘sweet spot’ for the appropriate tax
Caveat

Using electricity taxes might be better, but presumably, the country is already ‘taxing’ electricity by forcing the more expensive green energy onto the grid.

Hypothesis 4-3: Countries with cap-and-trade systems are further along the green energy adoption curve

Data

a) Dates that cap-and-trade was instituted

b) Total green energy installation (1992-2005)

c) Green energy as a percent of total energy (1992-2005)

Analysis

Graph with the start date of cap-and-trade and show the pace of green energy installation

Domestic

Subproblem One: From a policy perspective, how do state level RPS’s impact green energy adoption?

Hypothesis 1-1: There is a geographic pattern of states with an RPS - states without abundant wind resources won’t pass one because wind is the primary source of green energy at the moment

Data

a) States with an RPS

b) Wind resource map (from NREL)

Analysis

Choropleth map of states with RPS

Hypothesis 1-2: After the passage of an RPS, green energy production ramps up

Data

a) Added solar capacity (since the RPS inception)

b) Added wind capacity (since RPS inception)

Analysis

Chart (and Table) showing correlation of green energy coming online as it relates to RPS passage

Hypothesis 1-3: States where fossil fuels are an important part of the economy makes no difference with respect to passing an RPS

Data

a) Top ten states with fossil fuel reserves for each source (coal, oil, N. gas)

b) States with RPS

Analysis

Table demonstrating how some states will have an RPS and others will not

Hypothesis 1-4: States that are on course to meet RPS targets will enact legislation that seeks to increase the total percentage

Data

a) List of states that have amended their RPS targets

Analysis

Chart showing initial goals and green energy installation, with future projections which enable policy makers to increase to RPS targets
Hypothesis 1-5: The political party of the governor/legislature when the legislation passes makes no difference

Data

a) List of states with an RPS

b) Year of adoption

c) Party of the Governor and state legislature at time of passage

Analysis

Table showing the data

Caveat

a) Western US – political party may not matter

b) Eastern US – Tendency towards Democratic control??

Subproblem Two: Does the passage of an RPS lead to a generally enhanced energy position?

Hypothesis 2-1: The states with the most aggressive RPSs have the most utilities offering green power programs

Data

a) States with RPS

b) More than 800 Utilities offer green power programs

c) Year they began offering green power to their customers

Analysis

Choropleth map indicating the location (by state) of the utilities with these programs

Hypothesis 2-2: States with the highest income per capita is where green power programs are more likely to be found (because electricity is more expensive)

Data

a) Income per capita

b) Utilities offering green power programs

Analysis

Bar chart showing state income and green power programs

Hypothesis 2-3: States with RPSs are more energy efficient (per capita) than states without an RPS.

Data

a) Population

b) Total energy consumption

Analysis

Chart showing the energy consumption per capita

Caveat

Is there a conservation component to this?

Hypothesis 2-3: States with RPS are enjoying enhanced economic growth

Data

a) State Energy composition (fossil fuel vs. green)

b) State GDP

Analysis

Chart showing economic change since RPS implementation

Caveat

Renewable Energy Credits (REC) is worth sticking in here somewhere!!!

Compliance – among the states with RPS

Voluntary – among individuals who want to go green (could be located in a state with or without an RPS)

Subproblem Three: Where are the solar companies?

Hypothesis 3-1:Descriptive
1) Headquarters of the major solar firms
2) %of workers in the specific sub-sectors of solar manufacturing (supply chain) by state
a. Semiconductor
b. Sheet metal
c. Instrument manufacturing for measuring and testing
3) Is the timing of the founding of a company within a state related to any legislation
Hypothesis 3-2: Given the shortage of silicon, solar companies are locating close to the existing silicon manufacturers

Data

a) Location of major poly-silicon producers

b) Location of manufacturing facilities

Analysis


Dot map showing proximity


Spatial correlation analysis

Hypothesis 3-3: Solar companies are locating close to national energy labs

Data

a) Location of national energy labs

b) Location of solar companies (headquarters)

Analysis




Dot map showing proximity


Spatial correlation analysis

Hypothesis 3-4: Solar companies are locating close to universities that are receiving disproportionately large federal R&D grants (hoping to break out specific type of R&D funds)
Data
a) Location of Universities
b) Location of solar companies (headquarters)

Analysis

Dot map showing proximity




Spatial correlation analysis

Subproblem Four: Where are the wind companies?

Hypothesis 4-1: Descriptive

1) Headquarters of the major wind firms

2) % of workers in the specific sub-sectors of wind manufacturing

a. Plastic product manufacturing

b. Measuring and control devices

3) Relationship between the location of wind manufacturing and lost manufacturing in other sectors?

Hypothesis 4-2: The supply chain for wind displays manufacturing is all over the country


Data

a) 
Location of the firms that make parts for wind turbines

Analysis

Subproblem Five: Where are the geothermal companies?

Hypothesis 5-1: Descriptive

1) Headquarters of the major geothermal firms

2) % of workers in the specific sub-sectors of geothermal manufacturing

a. warm air heating equipment

b. air and gas compressor manufacturing

Hypothesis 5-2: Geothermal companies locate in states with the geothermal activity

Data

a) NREL map of geothermal activity

b) Location of firms

c) Location of plants

Analysis

Map overlaying the data

Subproblem Six: In what states are venture capital (VC) dollars making the biggest bets?
Hypothesis 6-1: States that have RPS or State Climate Action Plan (CAP)

Data

a) Cleantech VC data from PricewaterHouse Coopers
b) States that have an RPS

c) States that have a CAP

Analysis

Choropleth map showing how RPS attracts VC investment

Table showing the relationship (and timing) of an RPS to RPS investment

Hypothesis 6-2: Being a state with a creative class city has little correlation in terms of attracting venture funds

Data

a) Use Florida’s creative class ranking?

b) Cleantech VC data from PWCT

Analysis

Regression analysis showing any correlation

Hypothesis 6-3: Places with university programs or national labs are going to show a large concentration of venture funded green energy companies


Data

a) University programs obtaining large federal grants

b) Location of national labs

c) Location of green energy headquarters

Analysis


Map showing the spatial correlation between “smart’ places and start-ups

Subproblem Seven: Do individual state characteristics predict where green energy investment will take place?

Hypothesis 7-1: States with high state income taxes or persistent budget problems are less attractive to green energy start-ups (in other words - states with few hurdle or low taxes are more attractive)

Data

a) Survey on state favorability ratings (by Development Councilors International) 

b) Expected State budget gaps for 2009 (by Center on budget and policy priorities)

c) State income / corporate tax rates

d) Green energy investments (by PriceWaterhouse Thompson)

Analysis

Determine what attracts green energy investment to a state

Caveat
a) Because CA is such a leader (and has very high taxes), my guess is there is little correlation.
b) Setting CA aside, a strong correlation exists between green energy start-ups and a state’s ‘business favorability’ rating.

Subproblem Eight: Describe the maturation of the carbon offset market and RECs (Green tags)

Hypothesis 8-1: In the absence of a national registry system, identify the private certification companies

Colorado

Subproblem One: Describe spatial variation among utilities that offer green power programs and those that do not?

Hypothesis 1-1: Utilities that serve areas where oil and natural gas are important components of the local economy, do not green power programs

Data

a) Identify oil and gas areas (leases/drilling) in Colorado

b) Identify the nodes and service areas for Utilities

Analysis

GIS overlap 

Hypothesis 1-2: Red districts are going to be less inclined to offer green power programs than blue districts

Data

a) Identify state congressional districts in Colorado

b) Identify the nodes and service areas for Utilities

Analysis

GIS overlap

Subproblem Two: Still coming up with these questions
Significance and Justification

Economic geographers are well suited to describe, predict, and analyze the evolving nature of green energy – for despite the obvious need for an initially strong policy foundation, most believe that over time, the green energy industry will be subject to the competitive forces of capitalism.   Angel (2006) says it is the business and capitalism structure that will force more companies to address issues of environmental performance – green energy will be a significant part of any corporate environmental portfolio as they seek to shore up what he calls “reputational capital”.  In addition to an enhanced public image, other rewards for these first-movers that successfully anticipate environmental regulations, will be improved operating margins (cost reductions) and expanding market opportunities (Arora and Cason 1996).
In reviewing the historical influence on environmental issues by geographers, Castree (2004) argues that despite geography’s distinct preoccupation with the environment, the discipline has failed to carve out a clear signature issue, which he explains by suggesting the field is too diverse and fragmented.  More specifically he takes human geographers to task for their incoherent territorial markings within the environmental debate.  Noting that geographers have made important contributions to certain segments of human/environmental research, like hazards, developing world, justice, management, policy and planning, and ecology, the most important and influential environmental research, or what he calls the ‘big environmental thinkers’ are coming from other disciplines.

While human geographers’ theoretical cupboard might be bare when it comes to environmental issues, Castree does commend human geographers for remaining actively engaged in a broad array of environmental research.  So as the field waits for a star to be born, human geographers will continue to broadly apply their toolkit to clarify a diverse environmental agenda, a body of research that Castree himself says are both worthy and compelling.  Of course, notably absent from his list is an understanding of green energy, and so with this research, perhaps one more compelling idea can be added to the foci.
The need for economic geographers to begin tackling environmental issues is notably absent and desperately needed (Bagchi-Sen 2006).  While this study seeks to dip our field’s first toe into the green energy waters, there are innumerable ways that geographers can swim in this pool.   As more and better data become available through the years, I plan to continue with a more detailed analysis of the agglomeration effects in places that have taken a clear industry leadership role.  More broadly, the green energy industry will be inherently geographic, which should invite the expertise of all geographers.  Urban geographers can help plan new cities or large towns that are sure to spring up around remote green energy facilities.  Transportation geographers can investigate the way the railroad industry retools itself in the face of a changing energy policy that will face a reduction in the amount of coal being hauled from mine to power plant.  In understanding the negative consequences of the green energy revolution, some regions (particularly those that are important to the fossil fuel industries) are likely to enter transitional phases.  Other areas of interest that are sure to emerge as viable research avenues for geography are things like air quality, medical issues associated with improved health, labor mobility, the resurrection of manufacturing, habitat and riparian restoration, international trade, as well as many others.
The race to the new energy future has begun.  Transitioning away from fossil fuels will require innovative stamina, demand global cooperation, and inspired leadership in both the public and private sectors. The contribution by geographers to understanding this emerging industry is woefully inadequate and this research hopes to provoke more geographers to establish a foothold in one of the most important and dynamic industries of the next century.  
Conclusion

“There are two kinds of games” writes Paul Hawken in Blessed Unrest (2007, page 186-187) “games that end, and games that don't.  We play finite games to compete and win.  We play infinite games to play, they have no losers because the object of the game is to keep playing.  Infinite games pay it forward and fill future coffers.  Sustainability is an infinite game."

A world whose energy is derived from fossil fuels is a finite game; a game that both humans and the planet are sure to lose.  Since the end of the cold war, the world has transitioned from one based on military security and alliances to one based on economic security through global partnerships.  At its most fundamental point, today’s economic security is rooted in energy availability.  Unfortunately, if we continue in a business as usual fashion with respect to energy supplies, a growing global middle class will be competing for a shrinking supply of fossil fuel reserves creating a perverse scenario where globalization threatens the very economic security it has sought to create.  Fortunately, there is an alternative to business as usual.
Green energy is in its infancy and yet, it is widely believed to hold the solutions to many of the world’s vexing problems.  Transitioning to an economy running on green, rather than fossil energy supplies, should eventually dismiss the ‘availability’ issues associated with economic security.  Green energy will enhance local, regional, or national economic opportunities as the transition will be knowledge, labor, and policy intensive.  A green energy economy will mitigate and eventually reverse the climate problems that have been perpetuated by our carbon based energy systems.  This panacea suggests that the world make a quick transition, and yet the geographic footprint of green energy adoption is very mixed.
It will not be mixed for long.  For all the reasons outlined above, the world will soon coalesce around sound green energy options and the era of fossil fuels will be history.  The time is ripe for geographers to carve out a position of expertise in understanding, explaining, and hopefully shaping this new energy landscape. A world running on green energy is an infinite game, a game that is sure to attract the interest of all people in all countries of the world, making it a game that economic geographers must begin to play.
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