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Emerging Models for Funding Cleantech Innovation:  
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Supervisor:  Varun Rai 

 
Cleantech is a broad term and requires further definition. The first part of this 

thesis will paint a landscape of the cleantech industry, which will in turn help define the 

term. The cleantech industry as it is generally perceived has come on hard times; talk of 

cleantech is all but absent in the corridors of Silicon Valley and chambers of Congress. 

Starting in the late 2000s both endogenous and exogenous factors compounded and 

investment in the industry dropped, as traditional early investors like Venture Capitalists 

(VC) confronted barriers that were unique to the industry and antithetical to their 

investment model. Notwithstanding, since the cleantech downturn some VC investors 

have emerged successful and have sparked new interest in the industry. Possessing the 

knowhow and skills that will allow them to continue thriving in the space, these VCs will 

play an important role in the growth of the sector. Other investment models are required 

to take hold where VCs were unable to succeed, however, providing the influx of capital 

that is required to incentivize disruptive change in such a large and dynamic industry. 

Trevor Charles Udwin, M.P.Aff./M.A.
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Moving forward, the success of the cleantech industry will rely on whether new 

models for early investment will fill gaps where traditional models have failed. To 

overcome the investment Valley of Death (there are multiple) cleantech companies need 

investment models that provide assurance for time sensitive follow-on funding, as they 

scale their technologies from prototype all the way to commercialization. This thesis will 

build on prior research highlighting that the investment challenges of yesteryear have 

shifted traditional investors in the VC community away from cleantech infrastructure and 

towards IT-like investments. Using the Alberta model as successful sample of an 

ecosystem of alternative models for funding cleantech innovation, this thesis will provide 

a better understanding of how investment in cleantech infrastructure can reach necessary 

funding levels in order to commercialize the myriad of clean energy technologies that 

promise to help mitigate climate change. 
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Chapter I: Introduction 
	

In 2014 the Intergovernmental Panel on Climate Change (IPCC) reported, 

“changes in climate have caused impacts on natural and human systems on all continents 

and across the oceans (Climate Change 2014: Impacts, Adaptation, and Vulnerabiliity, 

2014).” The degree to which these changes have and will impact natural and human 

systems is yet to be fully understood, yet our comprehension of the anthropogenic nature 

of climate change is a first step towards addressing the challenges that we face. The 

urgency of the climate change problem should not only motivate change, but it should 

also help to inform how best to direct our collective resources. The Tragedy of the 

Commons has never been so acute on a global scale, with billions of people demanding 

energy to power their economies and their lifestyles the externalities of energy production 

threaten to hinder their progress towards that goal. The energy industry is the largest 

contributor to greenhouse gas (GHG) emissions. Diverse and dynamic, this industry is 

constantly changing, as innovations and diffusion of new technologies provide 

incremental as well as (occasionally) disruptive solutions. For the same reason these 

technologies are promising for a cleaner energy future they also pose problems for the 

political and financial institutions that are in place. This thesis will explore what these 

technologies are, what barriers they have posed to traditional early investors, and finally, 

what types of funding models are emerging to overcome some of those barriers. 

This thesis aims to present to the reader about a select group of funding models 

that are designed to promote high risk technologies that promise to positively impact the 

energy industry by improving efficiencies and diminishing the negative effects on the 

climate. These technologies all fit under the cleantech umbrella. Cleantech is a broad 

term and requires definition. The first part of this thesis will paint a landscape of the 

cleantech industry, which will in turn help define the term. The cleantech industry as it is 

generally perceived has come on hard times; talk of cleantech is all but absent in the 

corridors of Silicon Valley and chambers of Congress. Starting in the late 2000s both 

endogenous and exogenous factors compounded and investment in the industry dropped, 

as traditional early investors like Venture Capitalists (VC) confronted barriers that were 
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unique to the industry and antithetical to their investment model. Notwithstanding, since 

the cleantech downturn some VC investors have emerged successful and have sparked 

new interest in the industry. Possessing the know-how and skills that will allow them to 

continue thriving in the space, these VCs will play an important role in the growth of the 

sector. Other investment models will have to take hold where VCs were unable to 

succeed, however, providing the influx of capital that is required to incentivize disruptive 

change in the larger energy industry. 

Moving forward, the success of the cleantech industry will rely on whether new 

models for early investment will fill gaps where traditional models have failed. To 

overcome the investment Valley of Death (there are multiple) cleantech companies need 

investment models that provide assurance for time sensitive follow-on funding, as they 

scale their technologies from prototype all the way to commercialization.  

This thesis will build on prior research highlighting how the investment 

challenges of yesteryear have shifted traditional investors in the VC community away 

from cleantech infrastructure and towards information technology (IT)-like investments. 

VCs that survived the downturn have altered their strategy towards investing in cleantech 

companies that are amenable to investment strategies similar to those developed in 

industries where VC has been successful, namely biotech and IT. For example, energy 

efficiency software and technologies that allow consumers to make more informed 

decisions about their energy consumption are a heavy area of interest for these IT focused 

investments. The shift towards IT focused investments is logical; they generally require 

less capital and provide return on investment (ROI) in a shorter time-period compared to 

cleantech infrastructure. Consequently, the parameters of cleantech investing have shifted 

from long-term cleantech infrastructure, to short term, high return software technologies. 

In the grand scheme of things, this progression is natural because the infrastructure that 

exists today is sufficient for secondary (IT) markets to grow and create wealth. However, 

from an environmental standpoint, this natural progression will not meet the abatement 

needs for diminishing GHG emissions and fighting climate change. Other models for 

funding cleantech innovation are required; these models should overcome the barriers 

highlighted in Chapter V of this thesis such that disruptive infrastructure technologies 

receive the capital necessary for full-scale commercialization. 
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First, in Chapter II I provide the methodology used to conduct the study that has 

produced this thesis, followed by a literature review in Chapter III. In Chapter IV I 

describe the underlying characteristics of the cleantech industry and the major recent 

shifts that have occurred within it.  In Chapter V I define cleantech more specifically, 

focusing on the difference in infrastructure-type versus IT-like projects. In Chapter VI I 

will take a more exacting look at the barriers to investment that are recurrent in cleantech 

industry – i.e. why the industry challenged traditional investors in a way that the biotech 

and IT have not. Chapter VII will provide a case study of the Canadian province of 

Alberta, where several new cleantech models have emerged to create an ecosystem of 

early stage investment in the industry. By investigating these alternative models to 

funding cleantech innovation, this thesis will provide a better understanding of how 

investment in cleantech infrastructure can potentially reach necessary funding levels in 

order to commercialize the myriad of clean energy technologies that promise to help 

mitigate climate change.  
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Chapter II: Methodology 
	

This thesis is a product of a larger study that I participated in at the University of 

Texas. The Energy Systems Transformation Group at the LBJ School of Public Affairs 

undertook a project to explore the changing characteristics of the cleantech industry over 

the last decade.  

This thesis has used a combination of quantitative and qualitative methods. The 

bulk of the research relies on a set of semi-structured expert interviews with experienced 

VC and corporate venture capital (CVC )principals, as well as actors in private equity 

(PE), Strategics, the public sector, and academia, representing active cleantech investors 

between 2008-2014. Further interviews were conducted for the case study portion of the 

thesis (Chapter VII). These interviews were all conducted over the span of several 

months (October 2014- April 2015) by telephone and totaled over 35 interviews at the 

conclusion of this work. The interviews were guided by a strict set of research questions 

and were systematically analyzed.   

The quantitative portion of this thesis includes a binomial survey instrument 

developed to build on the insights gathered during the interviews. Furthermore, data 

gathered from public and private institutions was used for illustrative calculations 

throughout.
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Chapter III: Literature Review 
	

In this Chapter I will focus on a few core concepts to emerge from the 

“economics of innovation,” followed by a bird’s eye view of collective action theory as it 

applies to technological innovation (Antonelli, 2009). These core concepts will provide 

context for the underlying driver of this thesis. Drivers for change are varied and will not 

be expanded upon in this work, but suffice it to say, the literature on climate change and 

GHG emissions is vast and ever expanding. Furthermore, there is a cache of nuanced 

literature on the importance of VC and other investment models in the diffusion of high-

risk technologies.  

The way that we have thought about technological innovation has changed over 

the centuries and especially since the beginning of the 20th century. As the pace of 

technological change increases our ability to engage in rapid social and cultural 

transformation increases as well. Neoclassical economics developed an understanding of 

technological innovation wherein exogenous factors end up playing a large role in 

explaining much of the technological change. As Cristiano Antonelli clarifies, this theory 

does not suffice to explain the complexities of technological innovation. Antonelli says 

that if we look at technological innovation as an exogenous phenomenon it is as if we are 

suggesting that the ‘technology push’ falls from heaven like “manna.” In fact, says 

Antonelli, change is a product of endogenous factors (Antonelli, 2009). He goes on to 

explain how the theory of economics of innovation has transformed over the years, 

finally landing on the emerging theory, the economics of complexity, which in his 

estimation most clearly explains the phenomena that drive and sustain innovation.  

“Firms are better able to change their technologies when, as a result of effective communication 

systems, local externalities can turn into collective knowledge; when high levels of investments can 

help the introduction of new technologies; when an appropriate institutional system of interaction 

between the academic community, public research centers and the business community is in place; 

when industrial dynamics in product and input markets can induce localized technological changes 

that in turn affect the competitive conditions of firms; when stochastic processes help the creative 

interaction of complementary new localized kinds of knowledge and new localized technologies to 

form new effective technological systems; when the dynamics of positive feedback can actually 

implement the sequences of learning along technological paths, as well as the interactions between 
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innovation and diffusion (Antonelli, 2009).” 

Another way to conceive of the complexity of technological change, and based on 

the Schumpeterian understanding that technologies traverse a path of invention, 

innovation, imitation, and diffusion, is to look at the development of a single technology 

as it interacts with a vast universe of other technologies. The development of any given 

technology is impacted by the knowhow of clustered communities, path dependence 

associated with previous decisions in the public and private sectors, intellectual property 

rights protections, and so on. Extrapolating the idea that the frontier of innovation rests 

on the ability of companies and individuals to funnel endogenous inputs to marketable 

and economically viable innovations, and superimposing this understanding onto the 

climate change discussion, the rate of technological change is evermore a key to 

mitigating negative anthropogenic affects on the earth’s climate. As explained by Jaffe et. 

al.: 

“First, the environmental impact of social and economic activity is profoundly affected by the rate 

and direction of technological change. New technologies may create or facilitate increased 

pollution, or may mitigate or replace existing polluting activities. Further, because many 

environmental problems and policy responses thereto are evaluated over time horizons of decades 

or centuries, the cumulative impact of technological changes is likely to be large (Jaffe, Newell, & 

Stavins, 2000).” 

This suggests that we need to push technological change such that we have the tools 

to mitigate the negative effects our species has on the planet. Climate change mitigation 

is quintessentially a tragedy of the commons. It is in the collective benefit to refrain from 

activities that produce GHG’s given that all humans will bare the costs (some more than 

others). In the 1960s Mancur Olson challenged the notion that humans with a common 

interest would necessarily act together to achieve their common goal (Ostrom, 1990). In 

the case of climate change, waiting long enough to find out if we will act collectively 

without the help of government could be catastrophic. Therefore, policy intervention in 

the energy industry is necessary so that funds will be directed towards technologies that 

will most benefit society as a whole. Yet, government policy for pre-commercial 

technologies is shoddy at times, with policy-makers tasked with “picking winners” and 

risking creating unnecessary inefficiencies. In analyzing the potential for Carbon Capture 
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and Storage (CCS) Rai et. al. explain that in fact, “it is difficult to know ex ante when 

learning will be positive or even negative. (Rai, Victor, & Thurber, 2010)” That is to say, 

the institutional (in the broadest sense of the term) foundations for learning must all be in 

place in order for a technology to successfully be commercialized. Rai et.al. state that 

government investment in key capital intensive climate mitigation technologies is a 

delicate affair: too much incentive is bad and too little incentive is worse.  

“A sheer emphasis, as we see today, on very aggressive deployment of CCS is likely to repeat the 

negative experience on cost curves. A more beneficial strategy for CCS deployment over the long term 

is to focus on designing CCS RD&D programs that emphasize adequate learning between generations 

of CCS technologies and that facilitate standardization of important design parameters, while 

fostering competition among equipment suppliers (Rai et al., 2010).” 

A more beneficial strategy for cleantech sector investment should include ‘smart’ 

investing at all stages of the innovation scale. Policymakers, industrialists, and citizens 

will play a collective role in developing a well-rounded strategy for fostering aggressive 

technological innovation in their region.  The key to success in this effort will not 

necessarily be an overarching policy solution (although pricing pollution externalities 

will go a long way towards incentivizing investment), but instead, a multilayered 

ecosystem of intellectual property (IP) sharing associations, public incentives and direct 

investment, private strategic investment, philanthropy, among other elements. In the end, 

finding the equilibrium of investment across the innovation scale will require a concerted 

collective effort. 
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Chapter IV: Underlying Characteristics of Cleantech and Major 
Recent Shifts 
	

This chapter is intended to provide a cursory overview of the cleantech industry, 

the space within which the cases I analyze in this piece share common ground. Here, I 

will present a few of the key areas of interest for investment in cleantech in the last 

decade (2004-2014), with examples of companies that received large investments to 

pursue technologies in their particular sector. While this does not provide an exhaustive 

description, the information given here will develop the main areas of interest from which 

I later draw key takeaways.  

4.1 Industry Overview 

Cleantech investment from VC has experienced a significant dip since 2011. 

Figure 1 is provided here to give perspective for how much capital has been injected into 

the cleantech industry over the period that will be talked about in the next two chapters. 

Furthermore, the graph presented here shows that the United States has thus far been the 

key driver in this area. In Chapter VII I will provide data that show increased investment 

in the cleantech sector in Canada, a potentially promising trend for cleantech investment 

outside of the U.S in recent years.  

Figure 1: Graphing investment in cleantech worldwide (Source: Science and Engineering Indicators 2014, 2014) 
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To understand where the capital has traditionally flowed to, next I provide a look 

at a few of the key areas of interest for cleantech innovation. Each technology category 

provides a couple of examples of early stage companies that have received significant 

early/VC investment. 

4.1.1 Biofuels 

Liquid biofuels are a subcategory within the larger biomass energy sector.  The 

larger category includes the use of biomass for heating, both on large and small scales. 

Biofuel technologies are, in essence, tools that help speed up millions of years of 

biological processes that change plant matter into fuel. First generation biofuels (food for 

fuel) received significant government funding during the Bush administration and has 

since been heavily scrutinized for its costs and inefficiencies (Runge & Senauer, 2007). 

Since then, second and third generation biofuels have garnered interest from early stage 

investment firms. Regardless, the biofuel sector has struggled. 

1. KiOR –   

Established in 2007, this company developed a proprietary technology that 

allowed them to produce renewable crude oil from non-food biomass. The 

company received $4.5 million dollars in its Series A, with significant investment 

coming from Khosla Ventures. In 2010 the company secured a no interest loan 

from the state of Mississippi for $75 million dollars. The company Initial Public 

Offering (IPO) was in June 2011. They experienced significant challenges at their 

Mississippi plant and due to technology risk and scaling they began to experience 

major setbacks. KiOR also rejected a $1 billion dollar loan from the DOE, citing 

that the agency’s demands were too constricting (McCarty & Doom, 2014). In 

2014 KiOR filled for bankruptcy. 

 

2. Amyris –  

This company developed a microbial engineering process that enables them to 

process plant-sourced sugars into renewable hydrocarbons. Khosla Ventures also 

had a heavy hand in financing this company, as Amyris focused on producing jet 

fuel for the airline industry. The company had its IPO in September of 2010 at 
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$680 million dollars. Amyris announced revenues of $43.3 million for 2014 and 

product sales increased 50% in the same year (“Amyris says 132% increase in 

sales to $100M is in the cards for 2015,” 2015). 

4.1.2 Electric Vehicles 

Electric vehicles fall under the umbrella of the transportation industry, which has 

been impacted by biofuels and has implications for energy storage as well. Investment in 

the electric vehicle sector has been strong in the last ten years, after all but disappearing 

since the sector’s emergence in the 1970s. Norway saw more sales in EVs in 2014 than in 

traditional fuel vehicles, while in the United States more than 8,000 electric charging 

stations were in operation by the end of 2013 (Renewables 2014 Global Status Report, 

2014). 

1. Think Global –  

Think was a car company that modernized the way that consumers perceived 

electric vehicles. The Think model intended to give the consumer the ability to 

tailor a low cost EV to their specifications online, and then to lease the car battery 

so that the most expensive component of the vehicle was not included in the 

original price. Think received venture funding from Rockport Capital, DFJ, and 

Element in early stages. The company filed for bankruptcy in 2012 (J. B. Lassiter 

III & Kiron, 2010). 

4.1.3 Solar Photovoltaic and Solar Thermal 

Both solar photovoltaic (PV) and solar thermal technologies convert sunlight into 

electricity and both technologies have received increased funding from public and private 

sources. A significant challenge for solar PV has been to reduce costs of the panel 

production process. As efficiencies have increased and prices have dropped, solar PV has 

become a more significant player in the energy generating industry.  

1. 1366 Technologies -  

1366 innovation lies in the reinvention of the processes by which solar panels are 

produced. The company created a process for cutting panels that dramatically 

diminishes material losses during the production process. Their multi-crystalline 
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panels are made of silicon. Polaris Venture Partners and North Bridge Capital 

funded 1366 in a $12.5 million dollar Series A round. ARPA-E and NREL also 

funded this company in its very early stages, with several million dollars invested 

($4 and $3 million dollars respectively). After some growth, the company 

received a $150 million dollar loan guarantee from the federal government (J. B. 

Lassiter III, Nanda, Kiron, & Richardson, 2012). Further investment rounds 

included Tokuyama Corporation, North Bridge Capital, Polaris Venture Partners, 

VantagePoint Capital Partners and Energy Technology Ventures (a JV involving 

General Electric, NRG Energy and ConocoPhillips). 1366 has raised a total of $64 

million in venture funding from additional investors including Hanwha Chemical 

(Hanwha is also a potential customer) and Ventizz Capital (J. B. Lassiter III, 

Nanda, et al., 2012). 

 

2. Verengo Solar 

Verengo Solar’s founders purchased a window installation company and refitted it 

to their solar company model. They raised their first capital from friends and 

family, and eventually received millions in funding from Angeleno LLC 

(Sahlman, Lassiter III, & Kind, 2011). 

4.1.4 Energy Storage 

Energy storage systems help mitigate power-quality problems, provide backup for 

customers, and allow for transmission line stability (Report, Efficiency, Alto, A Demeo, 

& Group, 1997). Batteries have been a focus for energy storage for many years, as battery 

technologies become cheaper and more efficient.  

1. Aquion Energy 

Aquion developed an aqueous hybrid ion battery for daily cycling applications. 

The company received a  $5 million DOE grant early in their formulation, in 

addition to funding from Kleiner Perkins and several other top VC firms 

(Eisenmann & Kiron, 2015). By January of 2014 the company had closed a $55 

million series D round. In the same year the company announced the deployment 

of a 1 megawatt-hour battery system as part of an off-grid solar microgrid in 
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Hawaii (“Aquion Energy Enters Agreement for Major Microgrid Battery System 

Deployment at Bakken Hale in Hawaii,” 2014). 

4.1.5 Nuclear 

1. TerraPower 

TerraPower developed a technology called Traveling Wave Reactor (TWR) that 

will be used to increase safety and mitigate disposal issues related to nuclear 

energy production. Bill Gates, Nathan Myhrvold and Vinod Khosla all played a 

significant role by investing large amounts in Terra Power early in the 

development of the company (Sahlman, Nanda, Lassiter III, & McQuade, 2013). 

4.1.6 CO2-EOR 

CO2 Enhanced Oil Recovery (EOR) uses CO2 emissions and recycles them to the 

Oil & Gas industry, where engineers inject the gas into the ground for tertiary oil 

recovery in old oil fields. This process has received significant attention from investors, 

as technologies improve. 

1. C12 

C12 received $5 million dollars of early investment from Sequoia and General 

Catalyst for their technology, which is considered high risk. In a series B round, 

the company received $25 million from Madrone and Resevoir Capital (J. B. and 

J. M. Lassiter III, 2014). 

 

The brief survey of a few companies provided above is a small sample from the 

larger space that makes up the cleantech energy space. Each technology highlighted here 

has a generation or storage component, a part of the energy infrastructure that defined 

cleantech investment in first half of the last decade.  In the next chapter a more 

comprehensive definition of cleantech will be provided.  

The technologies mentioned above share certain qualities that pose investment 

challenges for traditional VC investors.  Although wind and solar technologies have 

begun to commercialize at large scale, other technologies continue to flounder in the 

commercialization ‘valley of death.’ New investment models that attempt to overcome 
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these challenges are as varied as the technologies that fit within the cleantech space. 

TerraPower, for example, is a nuclear company that has received large amounts of 

funding to date and has been guaranteed significant funding in the future. Investors 

recognized the potential of the new generation of advanced nuclear technologies and 

devised a long-term and capital-intensive investment strategy from the outset (Sahlman et 

al., 2013). In this instance, wealthy investors like Bill Gates acknowledged the challenge 

that these technologies face and devised his own investment strategy for the long-term 

success of the investment. In other words, the model for investment is singular in this 

case, representing one of many micro approaches that philanthropic and like-minded 

investors have come up with to guarantee follow-on funding for capital-intensive 

endeavors. Sovereign funds also serve as an investment model that allows for long-term 

funding, a critical point for cleantech infrastructure. Given the scope of this thesis, these 

models will not be further explored here, yet their role in the future of cleantech 

infrastructure investment will be essential. The models that will be further analyzed in the 

last chapter will provide a small window into the scope of possibility for alternative 

funding mechanisms, yet they are not necessarily intended to represent the end all be all 

model for funding cleantech infrastructure. Models are dependent on cultural norms 

around investment, public policy, stakeholder buy-in, public and private institutions, and 

so on. Each of these factors varies from region to region and requires that models adjust 

to be more effective.  Why stakeholders engage in certain decisions regarding technology 

adoption is complex and multifaceted. Looking from a top-down perspective, cleantech 

poses specific challenges to all investment models, all of which must be addressed in 

order to develop an effective and successful approach to incentivizing investment. In 

Chapter VI, these challenges will be addressed to give a clearer understanding of why 

cleantech infrastructure funding is an anomaly in early stage finance. First, in Chapter V, 

a more thorough breakdown of the cleantech space and a definition of cleantech will help 

to develop a more nuanced understanding of the industry and the characteristics that set it 

apart from other industries.
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Chapter V: Further Defining Cleantech: From large biofuels 
plants to Nest 

5.1 Definition of Cleantech 

Cleantech has been used to define everything from giant wind turbines to the 

application on a smart phone that helps find locally grown produce. Cleantech describes 

an industry as diverse as any, with sectors that closely mimic the biotech and 

pharmaceutical industries, to other sectors that are more associated with consumer 

services industries. Cleantech, the term itself, has gone from the hottest topic in Silicon 

Valley to the most taboo word in investment circles. Therefore, for the purposes of this 

study, I seek to define the term such that I can correctly apply it to the projects that I 

analyze here within.  

Cleantech is the application of technology to make the way we produce, 

transform, store, deliver, and consume natural resources more economical, 

secure, and sustainable (J. B. Lassiter III & Kiron, 2011).  

The cleantech moniker includes both supply side and demand side technologies 

that apply to energy and is also associated with technologies that improve consumer 

access to better information about the environment. In other words, cleantech includes 

platforms and applications that allow consumers to make decisions about what they will 

consume and what impact their purchases will have on the environment. Other scholars 

have referred to a similar breakdown of technologies as cleantech hardware (Luce & 

Steel, 2015). At the core, cleantech infrastructure encompasses an essential group of 

generation technologies that include to wind, solar, biomass, geothermal and various 

other technologies that are used to supplant traditional energy sources. However, 

cleantech infrastructure is a broader term, enveloping generation technologies as well as 

storage technologies and other technologies that aim to disrupt the market by providing 

consumers with alternatives such as electric vehicles and distributed generation hardware 

(i.e. smart meters). Some cleantech infrastructure technologies have disruptive elements 

that will be further described, but not necessarily so. Carbon capture and storage (CCS) 

and carbon capture and utilization (CCU), for example, are important cleantech 

infrastructure technologies that have large implications for GHG mitigation yet are 
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technically tailpipe innovations, and as such may be considered incremental in nature 

(Rai et al., 2010). Conversely the common definition of cleantech, as provided above, as 

opposed to cleantech infrastructure, is more of a concept than it is an industry – it is a 

term that describes our society’s effort to move towards a cleaner and more efficient 

energy future. This distinction will be important as we move forward, allowing us to 

conceive of investment in cleantech infrastructure as investment in just that – 

infrastructure.  

5.2 Challenges to Funding Cleantech Infrastructure  

Why have traditional early investors struggled to achieve success in the cleantech 

industry? Did investors approach the cleantech industry as they had other industries, such 

as the pharmaceutical and biotech industries? Are there specific challenges to funding 

cleantech projects that preclude certain investment models, such as VC, from 

successfully growing companies and funneling innovative technologies into the 

commercial market? These are some of the questions that have arisen in recent years as 

funding for the sector faltered.  

In order to properly conceive of why the cleantech infrastructure industry is 

different from other industries that produce high risk and high reward investments, we 

should first approach early investing as a sort of technology of its own – with several 

components involved and high levels of know-how required by principals. VCs often 

represent the shepherds of early investment in high-risk technologies and are successful 

because they provide timely funding and essential managerial know-how to companies 

that are in need of both (Wustenhagen & Teppo, 2006). One of the greatest challenges 

that these companies face as they grow and work towards bringing their product to 

market is the scale-up of production across the various phases of the roll-out (Hargadon 

& Kenney, 2011). Crucial to this process are the milestones that help investors gauge 

when further investment is appropriate, and if the company merits investment at all. VCs 

use metrics to determine technology risk as the company scales and as risks change for 

each step as they scale. Cleantech infrastructure projects have proven to be particularly 

complex in this respect, as VC companies that focused their portfolio around cleantech 

infrastructure investments in the mid to late 2000s struggled to pick winners to keep their 
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portfolio in the black (Nordan, 2011; Rai et al., 2015). Attracting follow-on finance is a 

particularly challenging task for VCs in the cleantech infrastructure landscape, without 

clear milestones to help investors gauge progress and potential attractiveness to the 

market. Many VCs simply looked at other VC investments in the sector and gauged 

whether they were raising capital in the second and third rounds of investment and based 

their decision to raise more capital accordingly. Gauging that there was sufficient activity 

in later rounds of investment for like projects, VCs would continue to invest (Jackson, 

2014). The cleantech investment trajectory, unlike biotech, does not provide a clear path 

similar to U.S. Food and Drug Administration (FDA) approval process where investors 

are given assurances each step of the way (Wustenhagen & Teppo, 2006). This 

uncertainty in the process increases risk and diminishes VC’s access to timely returns.  

In the biotech industry, VC firms have the advantage of working in an industry 

with great numbers of startups that have been attracted by successful exits in the sector. 

The basket of companies for them to draw from is large and allows for them to diversify 

their portfolios (Kenney, 2009). In cleantech, few successful exits were witnessed in the 

early investment rush, pushing out a significant population of potential investors because 

they were unable to diversify sufficiently. VC portfolios in cleantech infrastructure were 

often dependent on a few large investments, creating uncertainty around the scale up 

process (Jackson, 2014). This process is well documented; as companies scale from a 

small group of stakeholders with a proprietary prototype to small production and then to 

large production the management structure of the company is forced to adapt to drastic 

changes and turnover (Wustenhagen & Teppo, 2006). Wu�stenhagen and Teppo studied 

the relationship between VC and Cleantech Company as scale-up of the latter creates 

stress in the system. They concluded, “this risk is typically managed by close monitoring 

of the investment, coaching the team as the company grows, and sometimes by replacing 

the existing management (Wustenhagen & Teppo, 2006).” This stage is highly sensitive 

to inflows and outflows of capital.  

Not only is underinvestment a problem, but overinvestment can also break a 

young company’s back. In the now infamous Solyndra bankruptcy, an influx of capital 

from the government incented the company to scale-up production before all of the 

necessary steps had been taken. Robert Metcalfe, a co-inventor of the Ethernet, explained 
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the process that startups undergo when faced with the scaling up of their product.  

“One of the most complicated things you do in a startup is decide when and how much to scale 

up…It turns out a lot of these technologies don’t actually scale well. It is a very complicated 

judgment. There are board meetings where the board is asked ‘should we scale up 5x, 10x, 100x?’ 

and this is an extremely difficult decision to make…The fact is that Solyndra scaled too soon and 

too big (Metcalfe, 2013).” 

Because of the uncertainty and added risk inherent in the cleantech space, VCs and 

startups face a complex decision making process. Difficulty in raising follow-up funds 

with no ROI in sight causes VCs difficulty when they attempt to raise funds for 2nd and 

3rd rounds of investment. In the next section, I will highlight the key challenges to 

investment in the cleantech industry by providing examples of specific cleantech 

companies.  

5.2.1 Capital Intensity 

In the mid to late 2000s there was a general sense that cleantech investment would 

center on large and disruptive projects. A significant sum of public and private money 

was invested in the scale-up of capital-intensive projects that had the potential to disrupt 

the energy market. Unlike the biotech model, the capital-intensive approach that defined 

the mid to late 2000s centered on early stage multi-million dollar investments. Large 

biofuels plants set investors back millions, and EV car companies required one large 

investment round after another. These examples are intended to provide an illustration of 

the early capital-intensive investments of the late 2000s. 

Better Place was an electric car company that was based out of Israel but received 

significant venture funding from American VCs. The company took off in 2009, 

receiving hundreds of millions of funding from an Israeli holding company and venture 

firms, including VantagePoint (Chafkin, 2014). The Better Place model changed the 

concept of electric car use, using a cellular “minutes” model for renting battery miles to 

your car. The battery was owned by the company. The company lost hundreds of millions 

of dollars and was bankrupt only a few short years after launching. Although the reasons 

for bankruptcy were varied, scaling was a major challenge for Better Place. The company 
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was not able to develop a measured rollout strategy for their model, and when cars started 

to come off the assembly line few were interested in their product (Chafkin, 2014).  

Foro Energy uses fiber optic cables as a conduit to deliver laser energy in the oil & gas 

fields. The technology can also be used for geothermal, and is intended to make the 

drilling process more capital efficient. Foro received $21 million in Series B funding 

round; Chevron Technology Ventures, Energy Technology Ventures and ConocoPhillips 

all contributed to the funding (J. B. Lassiter III, Sahlman, & Mcquade, 2012). 

During the interview process undertaken with experts for this thesis, it became 

evident that capital intensity is not necessarily a major barrier for investors. As described 

by Luce and Steel, the financial crisis of 2008 dried up capital availability for VC firms 

and squeezed out capital inefficient investments at the end of the last decade. “Capital 

became incredibly scarce for anything perceived as having even the least bit of risk, 

whether due to engineering challenges, scaling constraints, business model questions, or 

simply capital requirements that were viewed as excessive (Luce & Steel, 2015).” 

Consequently, investors moved into more IT-like investments in the industry, as will be 

further developed in this thesis, and left the large infrastructure projects by the wayside. 

Notwithstanding, recent discussions with top VC executives indicate that capital 

availability is no longer the barrier that it was only a few years ago. As the international 

economic conditions have improved, and as early investments in the industry have 

matured and exited successfully, access to capital is no longer a constraint for many 

firms. Instead, it is time-to-exit (TTE) that has a significant impact on VC investments in 

cleantech. It is also TTE that indirectly makes the capital intensity aspects of investments 

a relevant consideration. I explain this more next.  

5.2.2 Time to ROI 

Time to ROI and time to IPO are significant considerations for any investor in a 

start-up firm. There are various ways in which a portfolio company can achieve an exit 

and provide ROI to investors. In the pharma industry, there is a well-defined trajectory to 

these milestones, as investors are familiar with the phases that a drug will go through in 

order to get approval from the FDA. If a drug does not achieve basic milestones, 

investors will know when it is time to count the investment a loss and get out. In the 
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biotech industry, ROI can often be expected in the 3-4 year investment cycle that 

traditional VCs operate under. An ecosystem of VCs in the biotech industry has thrived 

under these assumptions. “…The VC model has evolved so that pharmaceutical 

companies step in to buy promising startups at a point even before commercial viability 

has been proven. This is a key part of the innovation ecosystem as it bridges the potential 

valley of death and thereby facilitates pre‐commercial VC investments in biotechnology 

(Ghosh & Nanda, 2010).”  

The cleantech space has proven to be more challenging, sometimes requiring 

early investors to think long-term on their investments - a space they are traditionally 

unfamiliar with.  

TerraPower was described earlier as a company that has benefited significantly from 

philanthropic funds. By 2012 the company was already in its 4th round of investment, and 

raised $200 million in that round alone. The company is looking at another $4 billion 

dollars of investment to produce its first prototype. Needless to say, the scale up of such 

an expensive technology could drag out for decades and requires significant sums of 

capital. Investors in this company are required to think long-term, far beyond the 

traditional space for early high technology risk investment (Sahlman et al., 2013).  

Think was a Scandinavian electric vehicle (EV) auto company that went through various 

iterations throughout the last three decades. The company developed an EV called the 

Think City that was small and could travel long distances on one charge. In the late 90s 

Ford purchased the company and planned to use it as an entry into the electric vehicle 

market. Ford invested upwards of $150 million dollars in the vehicle, “with nearly $100 

million directed toward meeting U.S. Highway safety standards (J. B. Lassiter III & 

Kiron, 2010).” When Ford ran into financial hard times in the early 2000s, a group of 

investors invested $47 million in funding to revamp the company. Think filed for 

bankruptcy in 2011, the fourth time it shut its doors in its more than 20 year history (J. B. 

Lassiter III & Kiron, 2010). Figure 2 is an image of a Think car in 2011. 
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Figure 2: Think Car (Source: Bolduc, 2011) 

 

5.2.3 Demand and Market Size 

Funds from ARRA and ARPA-E began to dry up in 2012, leaving VC firms that 

had invested heavily in large projects (>$10m in the first round) looking for where they 

would find investors to support large infusions of capital for later rounds of investment 

(Kenney, 2009; Wustenhagen & Teppo, 2006). Many of these VCs were unable to secure 

funds for subsequent rounds after they had placed large and high-risk investments into 

the first rounds; these firms were squeezed out of the game. Since then, many VC firms 

have shifted their focus away from capital intensive projects to more capital-efficient and 

“component” driven products, and also towards a more diverse portfolio, one that 

includes investments in other industries. Generalist VCs, with their diversified investment 

portfolios, were better prepared to weather the storm while specialized firms suffered the 

shift away from cleantech more acutely. Many of the surviving VC firms moved away 

from the cleantech industry altogether. 

One issue that regularly confounds investors in the cleantech space is the size of 

the actual market that they seek to serve. Who does cleantech serve? Several VC 

principals interviewed for this study stated that a common flaw with early VC strategies 

regarding the cleantech industry was that they were completely unable to comprehend the 

target market of the portfolio companies that they were to invest in. This 

misunderstanding began with the portfolio companies themselves, as excited 

entrepreneurs made pitches that included statements about conquering the entire energy 

market with new cleantech generation. Other investors failed to recognize that the 

infrastructure market is a commodity market, “it doesn’t matter where the electricity 
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comes from, consumers just want to be able to turn the lights on (Luce & Steel, 2015).” 

Portfolio companies that were able to recognize that the entire energy market was not up 

for grabs, but that instead certain niche markets within the larger market were within their 

reach would have a better chance of succeeding (Jackson, 2014). 

The U.S. energy market is full of embedded incumbents; organizations and 

associations of power that seek to maintain the status quo. For example, the electricity 

industry has a value network of large capital assets, such as power plants and 

transmission lines, an entire electric grid, which precludes the industry from welcoming 

radical technological changes that will disrupt their model. In interviews with VC 

principals, it has become clear that the lessons of the cleantech bubble have been learned 

and that company pitches in Silicon Valley boardrooms no longer include the entire U.S. 

energy network as a market for new technologies. By approaching niche markets, these 

companies stand a better chance of success.  

5.3 Cleantech Infrastructure and the Ability to Disrupt the Energy Market 

The VC model is different from other investment models in that VC thrives on 

technology risk. The scale-up of companies that possess high technology risk is a multi-

phase affair; the invention phase, the innovation phase, and the commercialization phase 

all require a unique and risky scale-up strategy (Antonelli, 2009). As a result, VCs will 

invest large sums of capital before they find out whether the investment will succeed or 

not (Ghosh & Nanda, 2010). Ghosh and Nanda describe the need for VCs to have large 

portfolios, given the low rate of success that results from investing in companies with 

high technology risk. Accordingly, VCs depend on high returns to make up for their low 

rate of success. This strategy explains the necessity for a large basket of companies for 

VCs to invest in and also indicates how capital intense projects epitomized by large 

cleantech generation projects can cause an imbalance in the VC portfolio (Ghosh & 

Nanda, 2010). 

Ghosh and Nanda expand their analysis by explaining that the downturn in 

cleantech investment at the end of the last decade was a result of VC inexperience in the 

industry. Discontinuities in management led to failed investments, as energy experts from 

utilities and traditional energy companies applied their large-scale management expertise 
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to start-up companies. Ghosh and Nanda refer to this structural deficiency as the 

“managerial valley of death.” Kenney also lends his hand in this debate, stating that one 

of the key challenges that VCs face is their own fee structure. As it stands today, most 

VCs charge management fees of 2.5% regardless of the performance of the investment 

(Kenney, 2009).  Furthermore, “successful companies have to scale up in the face of 

longstanding distribution networks, legacy systems, and deeply rooted relationships 

(Luce & Steel, 2015).”  

Steil, Victor, and Nelson, in their book titled, “Technological Innovation and 

Economic Performance,” the authors describe the GTP process of diffusion and shed 

light on the possibility that science and technology do not always progress linearly; 

“….But science has not always been a driver of new technology. Mokyr (chapter 2) 

shows that science played essentially no role in the emergence of steam power and the 

technological revolution that it caused in the late eighteenth century; nor did science 

play much role in the emergence of industrial steel making in the nineteenth century 

and the industrial revolution that it gave rise to in areas such as railroad transport. 

Rather, science and technology often ran in the opposite direction – the invention of 

the steam engine, for example, helped to create the field of modern thermodynamics. 

Today, even though organized science is playing a central role in biotechnology, 

medicine, chemicals, and semiconductors, a good deal of technological change in 

these sectors is the byproduct of incremental tinkering and engineering rather than 

changes in fundamental knowledge.” 

Essentially, Steil, Victor, and Nelson are pointing out that causality is not 

unidirectional in the creation of GDPs. By extension of this same concept, waiting for 

technology to get to the point that cleantech can diffuse into the mainstream without any 

incentive, and more importantly, for disruptive aspects of cleantech to take hold in 

society, may take a long time. Science and engineering have come a long way on many 

fronts of cleantech development; efficiencies have led to lower prices in many areas and 

yet diffusion of cleantech is marginal compared to incumbent technologies. During the 

industrial revolution, this crisscrossing of organized science and incumbents affected 

economic efficiencies as structures were modified as the two forces joined. Today, the 

threat is loss of efficiencies, and more importantly, the risk of extreme climate change. 
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The drop in cleantech investment at the end of the last decade is concerning to 

those who believe that climate change can be mitigated if countries begin to adopt these 

technologies; investing in R&D, innovation and commercialization. Therefore, as 

cleantech investment has begun to pickup again, many have asked whether the VC model 

still supports these disruptive technologies, or if it has moved into a more IT-like space, 

or as Luce and Steele have termed it, the “cleanweb (Luce & Steel, 2015).” The VC 

model has shifted towards investing in IT-like technologies that have disruptive potential 

in their own right but do not target the production of cleaner energy. Moving forward, 

investors have gained know-how that allows them to seek alternative models to funding 

cleantech infrastructure that is high-risk and capital-intensive. 
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Chapter VI:  Cleantech Investment Moves Away from 
Infrastructure 
	

6.1 Biotech-Pharmaceuticals 

VC has struggled to derive ROI similar to what was experienced in the biotech, 

pharmaceutical, and IT industries in the cleantech industry. Biotech took years to adapt 

the VC model and create a robust and successful symbiosis, with multiple exits providing 

further opportunity for success and opportunities for VCs to bolster increased investment 

in the industry. Simply, the quantity of portfolio companies that sought VC investment 

was large and diverse, allowing for VC to spread investment across a diverse plain of 

companies. Reducing risk by spreading investment across various portfolio companies 

was a crucial factor in the relationship between VC and the biotech industry (Powell et 

al., 2002). Furthermore, biotech firms were often able to provide the time to ROI that 

traditional VC seeks. In order for VC to draw capital for a second round of investment, 

VC strategy predicates that investors see ROI in three to five years, either through 

acquisition or IPO (Ghosh & Nanda, 2010). Biotech investments provided the time to 

ROI that investors expected from VC, and the relationship between limited partners and 

VCs thrived in this environment.  

Pharmaceutical companies intentionally educated investors about the process by 

which drugs are approved in the United States. By using the Food and Drug 

Administration (FDA) milestones as preemption for future investment rounds, the 

industry successfully engaged investors in a structure that gave new drugs injection of 

capital at the right time. Furthermore, the FDA milestones provided VCs with a 

reasonably strong thermometer for whether a drug continued to be a good investment 

(Hargadon & Kenney, 2011).  

6.2 IT-Like Cleantech 

The 2000s were certainly exciting times for the cleantech industry. Investment in 

projects ranging the energy spectrum grew significantly as expectations of rising oil 
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prices and increased political support bolstered confidence in the industry. However, the 

returns that investors saw on their investments were less than initially expected. Even in 

the cases when cleantech companies successfully went public, the returns were lower 

than those for similar sized investments in the IT industry. Martin Kenney provides a 

good example of this phenomenon in his essay titled, “Venture Capital Investment in the 

Greentech Industries: A Provocative Essay.” His comparison of Google to First Solar 

helps shed light on why investors were increasingly drawn to IT investments, and less so 

to cleantech. In this case, First Solar had a successful IPO, with a market capitalization of 

$12 billion. Meanwhile, Google went public in 2009 with a market capitalization of $134 

billion dollars (Kenney, 2009). VCs were investing in capital-intensive projects only to 

see them IPO with returns much lower than their IT counterparts. Cleantech companies 

that did not fail altogether struggled to provide their investors with returns worthy of the 

risk they had taken on by investing. 

As a result of the successes of the IT industry and the failures of cleantech, many 

VCs left the latter to invest in the former. Others, however, saw an opportunity to invest 

in more IT-like cleantech companies (Ghosh & Nanda, 2010). Mike Jackson of the 

Westly Group explains that because of the hard fought success of companies like First 

Solar and Sun Power, panel manufacturing companies that quintessentially represented 

the slow growth of companies that have no access to what economists refer to as 

economic profit a later generation of software companies was able to swoop in and reap 

large profits based on the infrastructure provided by their predecessors (Jackson, 2014). 

Jackson uses the example of IBM and how the computer giant paved the way for a 

ubiquitous internet, allowing for companies like Google and Yahoo to build off of their 

infrastructure. In the energy industry, solar companies like Enphase Energy and Mosaic, 

Jackson points out, are able to leverage the capital-intensive infrastructure investments 

made by other firms. Robert Metcalf stated, “It took not one weekend and not one month 

and not one year; it took decades to build the internet. We are not going to solve energy 

over the weekend either (Metcalfe, 2013).” In essence, solutions to bringing cleantech to 

the mainstream will take years of infrastructure development.  

The VC shift within the cleantech industry towards IT-like investments is 

intuitively a simple one. Early IT technologies have proven to work coherently with the 
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VC model. Time to ROI in software investments is short and ROI is significant. Success 

story after success story keeps bringing investors back to investing in IT. Other industries 

are doing the same; AirBNB has revolutionized the hospitality industry and Uber, an app 

that connects drivers to riders, has been valued above $40 billion (Novellino, 2015). 

These IT-like companies are software companies with concepts that reach into the 

traditional industries of yesterday and provide disruptive innovation around changing 

how people communicate about their needs and their preferences. Following this logic, 

the cleantech space is ripe for innovation, primarily in what is considered the energy 

efficiency sector. Energy efficiency investment has created significant IT-like technology 

innovation, including advances in software that allow consumers to monitor their 

consumption in real time. Implications of a more engaged consumer are vast, with 

companies such as Opower emerging as leaders in the sector.  Furthermore, distributed 

generation and other major shifts in energy production and distribution will benefit 

greatly from the software advances that are budding today. Therefore, it is quite 

understandable why VCs that have remained in the cleantech industry have shifted their 

portfolios away from the large, capital-intensive, infrastructure energy projects and 

towards IT-like investments. 

One simple way to show how this transformation has taken place inside cleantech 

oriented VCs is to take a closer look at their portfolio. Many of the cleantech heavy VCs 

of the late 2000s started their operation primarily to focus on cleantech, and so their first 

fund was dedicated to what they saw as the optimum cleantech investments at the time. 

Many of the hot investments at the time were the capital intensive infrastructure 

investments described above. For the purposes of this thesis, the Westly Group will 

provide good example of how cleantech VC has shifted from infrastructure investments 

in cleantech to IT-like investments. In their first fund, Westly Group followed the 

excitement of many others and invested in capital-intensive companies. As Mike Jackson 

explains, the reason they are still around to talk about it is because one of their capital 

intensive investments was Tesla, an electric car company that attracted $226 million 

when it went public in 2010 (Squatriglia, 2010). Other cleantech oriented VCs did not 

make such prescient investments in Tesla and did not survive long past the end of the 

decade. However, as Jackson points out, Westly Group changed their portfolio 
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completely after they raised their second fund.  

Here is a breakdown of the Westly Group’s portfolio after their second fund: 

IT-like investments 

 Purpose: Connect consumers to locally grown produce through online service. 

 

Purpose: Online shopping app that allows consumers to purchase already 

purchased goods, so as not to waste items that sit idly in people’s homes. 

Purpose: A software company that provides office workers with a mobile 

platform for temperature control, etc.  

Purpose: An app that connects diners with chefs who offer a food experience 

outside of the restaurant. 

Purpose: Honest Buildings is a web platform that connects consumers to 

contractors and designers in the real estate sector. 

Purpose: WaterSmart is a software company that helps utilities communicate 

with and educate their consumers about water consumption and conservation. 

Purpose: Platform that provides consumers with information about energy usage 

and savings. 
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Purpose: Greenwave Systems provides software for home automation – energy 

efficiency, etc.  

 

Non IT-like  

Purpose: Manufactures ultracapacitors to maximize energy density, power 

density, and cycle life. 

 

 The Westly Group, like so many other cleantech VCs that survived the bubble has 

moved almost entirely into the IT-like investment model. These investments provide 

them with the familiarity of the biotech industry and the growth of the IT energy industry. 

As an example of how investments in the IT-like sector have continued to receive 

significant attention, Figure 3 shows the average investment per project in several 

cleantech sectors.  

Figure	3:	Average	investment	per	project	in	cleantech	projects	(Source:	Funkhouser	&	Livingstone,	2015)	
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Figure 3 demonstrates that software investments made by VCs per project in the 

last eight years practically mimic those of biofuels. If one takes into account the capital 

intensity required to build a software product or service vis-à-vis a biofuel plant, the 

challenge for capital-intensive biofuels plants is much greater. Biofuels startups were 

receiving only from $4 to $9 million for Series A funding during this period. Biofuels 

plants fall within the cleantech infrastructure definition and require an all-together 

different funding strategy compared to the IT-like investments that traditional cleantech 

VC firms have moved towards. In the next Chapter, examples of alternative models for 

funding cleantech infrastructure will be provided. 
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Chapter VII: Emerging Models: The Alberta Case Study 
	

The first segment of this thesis has served to show that over the last decade 

cleantech infrastructure has presented traditional early stage investment models, primarily 

VC, with barriers that were all but insurmountable. In showing that cleantech investment 

has moved away from infrastructure investment and into a more capital efficient realm, 

infrastructure technologies may have largely been left by the wayside. As a result, a 

question remains: Is there an investment model that can overcome these barriers and 

generate an inflow of capital into cleantech infrastructure creating the multiple exits that 

have been experienced in other high-tech industries?  

In the United States, a combination of factors has prevented cleantech 

infrastructure from achieving multiple exits, most of which have been explored above in 

this thesis. It goes without saying that the ability for these technologies to succeed in the 

market is also a function of the incentives and subsidies that are provided by government. 

Therefore, when looking for examples of alternative funding models it is important to 

respond to the challenge on a macro level, analyzing both the role of the public and 

private sector in incentivizing cleantech infrastructure investment. Opening the analysis 

to other countries is delicate because of the variations in each investment ecosystem. This 

thesis does not intend to describe how each ecosystem has developed over time, as this 

involves issues of political and social nature that do not fit into the purview of this narrow 

analysis. Nevertheless, it is important to remember that each model is a product of a 

larger political-economic environment. The models selected as examples in this chapter 

were not selected because they are all encompassing, but instead because they provide 

solutions to overcoming the barriers brought forth in this piece in a real and plausibly 

attainable model for the U.S.   

7.1 Alberta 

Alberta is a Canadian province in the western part of the country. The province is 

generally known as the major oil producing province of Canada and has been in the news 

recently as the main source of Oil Sands petroleum – a process by which oil is extracted 

from tar like pools above and below ground. The tar sands process is energy and water 
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intensive and has been criticized for its negative environmental impact. Some investors in 

the oil sands have decided to pull out their money from this endeavor (Vaughan, 2015). 

This debate has been very well publicized in the United States, as environmental groups 

and their supporters have strongly advocated against the construction of the Keystone XL 

pipeline that would bring tar sands crude through the U.S. Midwest and into Texas 

refineries. Therefore, the public perception of Alberta in the U.S. largely revolves around 

the extraction of tar sands oil that is found amidst the green forests that cover its vast 

expanses of land. This chapter will show that although Alberta is a major producer of 

crude oil, the black tar sands are a part of a much larger energy ecosystem. Cleantech 

infrastructure has been a focus of public and private funds in Alberta since before the 

term cleantech was used in investment circles in Silicon Valley. Within this energy 

ecosystem has emerged several models that work together to invest in early-stage projects 

with high technology risk – most of which could be categorized in the cleantech 

infrastructure category. This chapter will highlight a few of these models and show how 

they have achieved successful exits in the sector. It is important to note that some of the 

cleantech projects funded by these models are intended to improve efficiencies and the 

environmental performance of oil & gas companies, which does not fit within the above 

definition of cleantech. These projects have been included here given their potential 

impact to reduce the province’s carbon footprint.  

7.2 Sustainable Development Technology Canada (SDTC) 

Per its title, SDTC is a non-profit organization that operates across Canada. 

SDTC’s mission is three-fold; to invest in companies that produce economic, 

environmental and health benefits for Canada (“SDTC Fills the Funding Gap,” 2015). 

The government of Canada created this arms length organization in the early 2000s with 

the understanding that cleantech could be good business for Canada, with a particular 

focus on high-risk early-stage investment in Canadian projects. SDTC does not, however, 

only invest in Canadian cleantech companies, in fact, it promotes investment in foreign 

companies that have interest in Canadian projects. As one SDTC official stated, “SDTC 

encourages inbound IP investment in Canada.” SDTC is one of several models that have 

encouraged investment in this space, providing a leg up to companies that seek to 
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commercialize their innovative products. The Canadian government recognized that there 

were a number of programs in Canada at the industry and government level that sustained 

primary research for academics and research labs to bring forward innovation, yet there 

was a gap between development scale and full-scale pre-commercialization. They 

determined that SDTC could help fill this gap.  To understand and get an in-depth look at 

this strategy, I conducted interviews with top SDTC officials. The website also provides 

data and graphs that do a good job of explaining how decisions for funding are made by 

SDTC. In Figure 4 a simple chart shows where SDTC considers its efforts and funding to 

be most effective (“SDTC Fills the Funding Gap,” 2015).  

Figure 4: SDTC focuses funding on technology and product development (Source: “SDTC Fills the Funding Gap,” 

2015):  

 

 

According to the 2013 SDTC Annual Report, in 2013 SDTC allocated $102 

million in funding with $87 million allocated conditionally (“2013 Annual Report; Real 

Results, Real Impacts,” 2014). The more striking figure presented in the report is that 

since 2007 SDTC has $2.5 billion in follow-on financing, 55% of which is from foreign 

venture capital firms. As described by an SDTC official in an interview for this study, 

SDTC’s secret sauce is in its ability to attract private investment leading to 

commercialization. So how what are the ingredients for this secret sauce, and why is it 

apparently working so well? 
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7.2.1 SDTC Organizational Structure 

SDTC is governed by an independent board appointed by the Canadian 

government that is made up of fifteen members; the government directly appoints the 

chairman and a minority of the board and a Council of Members that is made up of 

industry stakeholders, academics and other non-profits appoint the remaining portion of 

the board. As explained by a top SDTC executive, SDTC is a small organization made up 

of about 50 employees. Unlike a large government organization, SDTC is able to focus 

directly on the companies it funds to help de-risk them and prepare them for market 

entry. 

SDTC contributes one-third of total funding (provided by the Government of 

Canada); the rest is investment that is sourced from the private sector. This engages 

industry in the process and encourages follow-on financing. The board allocates funds 

allotted by the government into three specific funds. 

1. The SD Tech Fund supports companies that develop technologies that directly 

impact environment and health.  

2. The SD Natural Gas Fund is a recent addition – it provides investment to 

downstream natural gas technologies in what they call their first Market 

Innovation Fund. This fund marks a change in the SDTC approach, with the 

incorporation of 50/50 matching funding from industry. In the first iteration of 

this fund the Canadian Gas Association (CGA) contributed $15 million over three 

years matched in full by SDTC. They have built in a clause into the contract that 

allows the industry group to do a final check of the investments to be made by the 

fund before they are dispersed. If at that time the industry investors chose to pull 

out, they are allowed to do so without any punitive measures against them. 

3. The NextGen Biofuels Fund is aimed at providing investment to next gen 

biofuels. This fund is now in the process of sunsetting and will only focus on 

construction ready projects (“Funds,” 2015). 

SDTC’s mission is to bring technologies to the door of commercialization and 

then to hand those technologies off to the private sector. Both SDTC officials that were 

interviewed for this study, both in top positions in the firm, reiterated time and again that 
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SDTC does not compete with the private sector – it works with industry to develop 

technologies that are needed by the industry but are high-risk and would otherwise 

require expensive capital for funding. SDTC provides the cheapest kind of capital – 

grants. As explained by a top SDTC executive, the organization is able to do this because 

it is a non-profit and the financing is non-dilutive. In other words, companies can fund 

their scale up and product development for cheap and without giving up ownership of 

their firm. Although SDTC has begun to build in warranties into these loans, the concept 

remains the same; SDTC provides companies the cheapest money on the market.  

7.2.2 Getting funding from SDTC and Consortia 

SDTC is a not-for-profit but it is not philanthropic. The organization has revenue 

expectations and profitability expectations for every company that is funds. SDTC tracks 

companies through a set of milestones and they work on a re-imbursement style program. 

Companies receive investment from SDTC when they have reached milestones 

previously agreed upon in their contract. The non-profit has technology targets but no 

regional targets for their funds. “Find the best deals, pick the best deals, get them to 

market and de-risk them,” said on SDTC official.  

“Gold standard” is a term used by SDTC officials when describing the vetting 

process that companies go through in order to receive funding from SDTC. Essentially, if 

a company can pass the selection process it will likely attract private capital soon 

thereafter. This is a requisite for SDTC, as they will only fund up to one third of the total 

investment. Furthermore, SDTC only holds two submission periods a year – allowing 

them to be meticulous and careful about the investments that they make. By rigorously 

analyzing these companies before investing, and then by injecting very cheap capital into 

the mix, SDTC builds a product that is much more palatable for early-stage private 

investors.  

SDTC is unlike a VC in many ways. In the SDTC model, government grants 

serve as the catalyst for private investment. But SDTC is not designed to take the place of 

the VC – it is legally prohibited from investing in the actual commercialization of a 

technology. The investment that is provided by the government is intended to bring the 

technology to the last phase before it is ready to commercialize fully. SDTC will not 
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invest in a technology past the Technology Readiness Level 8 (see Figure 5) and often 

will exit the pool even earlier.  

Figure 5:  Technology Readiness Level (Source: NASA, 2014):  

 

 

In Figure 5 SDTC would best fit into the yellow region, which as shown by this 

NASA chart is often left to industry and seed funds to pick up the slack. SDTC thrives in 

this space, providing early high-risk technologies with the capital that will drive them 

into the blue arrow and into a space where VC already thrives. Herein lies the secret 

sauce that SDTC officials are all too willing to reveal: SDTC actively engages industry in 

the investment process from the very beginning. This allows SDTC to make strategic 

investments in technologies that will positively impact the entire value chain.  

SDTC engages industry from the beginning of the process by working with 

industry groups to assess their technology needs. The organization then brings consortia 

investors into the fray, requiring that two-thirds of the investment be provided by private 
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interests. This portion of the investment is often partially made up of industry groups, and 

in the case of the Market Innovation Fund the initial SDTC investment is also matched by 

the industry group. Finally, SDTC helps manage the company towards industry 

acquisition – guiding them through the scale-up process so that they are fully prepared to 

satisfy industry needs when the technology is fully developed. Here, a question arises. If 

SDTC is so carefully focused on industry needs, will investments ever amount in 

disruptive infrastructure innovations? To answer this question, we must take a closer look 

at the portfolio companies that SDTC has exited. 

7.2.4 Portfolio Companies 

In order to properly assess how much of SDTC’s investment goes towards 

cleantech infrastructure versus how much is applied to IT-like technologies a closer look 

at each technology is necessary. Before going into the data, a simple glance at the 

organization’s investment data immediately reveals that some investment is going 

towards disruptive technologies (Antonelli, 2009). Table 1 is pulled from the first page of 

the organization’s list of investments. 

Table 1: SDTC Sample Investment Source (Source: “Annual Report Supplement,” 2009)  

  

In quick succession to this entry you will also find investments in molten salt 

gasification, tidal energy, hybrid trucks, satellite remote based sensing for GHGs, and the 

list goes on. Consortia investors support all of these technologies. Information on the type 

of project and the consortia members can all be found in the dataset provided by SDTC. 

For the purposes of this paper, I have looked at SDTC projects in the province of Alberta. 

Of the total 283 projects listed in the SDTC dataset, 37 are operating in Alberta. That is a 
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total of 13% of the projects that SDTC funds. Figure 8 shows the breakdown of projects 

as they are categorized by technology group.  

Figure 6: SDTC projects categorized by technology group 

 

 

Figure 6 is a good indicator of what SDTC’s investment priorities in Alberta are. 

The Energy Exploration and Production title is a bit misleading, given the association 

these terms have with the oil & gas industry. These projects are wide ranging, including 

projects for hydrogen production and carbon sequestration. The important takeaway from 

this category, taking up 49% of the total projects, is that none of the projects are IT 

related. A closer look at the data will give us a better picture of what types of projects 

SDTC is investing in whether they are IT-like projects or cleantech infrastructure. To 

make this determination I have gone through each project and determined whether the 

development of software is a defining characteristic of the technology. Given the 

information in the data and the fact that some technologies rest in a grey area, possessing 

software and infrastructure components simultaneously, this is somewhat subjective. 

However, it will help to shed light on the overall trend of SDTC investment – whether 

they are shifting to IT-like investments in tandem with VCs. It is also important to 

highlight that although this thesis seeks to demonstrate the potential for certain models to 

overcome barriers to cleantech infrastructure investment, IT-like investment also plays an 
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essential role in the energy industry. One example of an IT-like investment that can be 

Alberta portfolio is in a company called Synodon. This company has developed a 

technology that uses infrared passive remote sensing to detect ground level gas plumes 

from a helicopter.  

Although companies like Synodon do receive investment, the data shows that 

SDTC is investing most funds in cleantech infrastructure. Of the 37 Alberta projects, five 

could be categorized in the IT-Like category. The remaining 32 projects range from 

biogas waste plants to an Integrated Manure Utilization System (IMUS). The data shows 

that SDTC is acting on its promise to 1) Fund technologies that are historically 

antithetical to traditional early-stage funding and, 2) Operate in a space that is currently 

unoccupied, leaving the commercialization phase to funding models that thrive in the 

lower risk stages of commercialization and adoption. 

7.3 CCEMC (Climate Change and Emissions Management) 

CCEMC, like SDTC, is an arms length non-partisan non-profit organization 

funded by the Alberta government. Like SDTC, CCEMC requires that all funding for 

projects is matched, in this case the minimum is a 1 to 1 matching level. Therefore, 

CCEMC projects also build consortia such that industry and private capital play a 

significant role in a technology’s development.  There are, however, significant 

differences between these two models. Firstly, CCEMC is funded specifically through a 

mechanism that levies taxes on super emitters (“CCEMC About,” 2015). Secondly, 

CCEMC’s primary stated mission is GHG reduction and economic development is only a 

secondary goal. When asked about the organization’s mission, a top CCEMC official 

stated that CCEMC’s ROI was quantified by tones of GHG emissions reduced.  

7.3.1 Organizational Structure 

The Province of Alberta passed the Climate Change Emissions Management Act 

(Climate Change and Emissions Management Act, 2003) in 2003, which requires 

industry to perform to the standards set by Government of Alberta. The core initiative in 

the act imposes regulations on large final emitters, defined as facilities that exceed 100 

thousand metric tons of GHG per year. Large emitters are obligated to comply with the 
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annual performance standard – 12% reduction in energy intensity against the 2005 

baseline. There are three ways to comply (“Helping the World Reduce Greenhouse Gas 

Emissions,” 2014): 

1. Improve efficiency of internal operations. 

2. Buy carbon credits on the Alberta market. 

3. Pay $15 per metric ton exceeding the stated limit. 

The Alberta government collects annual reports that provide emissions data and in 

turn they grant super emitters until March of the next year to comply. Emitters submit 

payments to the Department of the Environment that are consolidated and transferred to 

the CCEMC budget, which amounts to $70 to $90 million a year. 100% of funding is tied 

to the restriction on super emitters, with additional funds resulting in investments made in 

low risk stocks and bonds. This renders the organization an extra $8 to $10 million 

dollars a year.  

Like SDTC, CCEMC is an arms length and independent organization, which 

allows it to invest capital independently from political trends in the energy market. 

Similar to a VC, the organization places an onus on bringing business acumen into the 

fray, allowing new and innovative businesses to learn from experts. These businesses are 

selected based on competitions that are held by CCEMC. Open calls for submission allow 

businesses that promise technologies that will help reduce GHG emissions in the 

province to apply, while targeted calls focus on specific areas of interest such as energy 

efficiency.  On average, for every hundred applications that CCEMC receives, six are 

funded.  Therefore, CCEMC like SDTC has established a record of rigorous 

technological and business standards, which in turn make their portfolio companies more 

attractive to the private sector. 

7.3.2 It’s the Green Economy 

With CCEMC, Alberta has managed to funnel revenues from a relatively low 

carbon tax directly back into the economy – the green economy. Although CCEMC’s 

explicit mission is to develop and deploy clean technologies that will reduce GHG 

emissions in Alberta, it also has had a significant impact on the economy in that province. 
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A recent independent study released by The Conference Board of Canada found that for 

every dollar (Canadian) of investment output in the Alberta economy increased by 

CA$1.50. When you take a closer look at how much CCEMC has invested, the gains are 

significant.  

Table 2 demonstrates “CCEMC’s and Related Investments in New Technologies 

to Reduce Greenhouse gases, Six Provinces, 2006-11 (McIntyre, Jane and Atunes, 2015)” 

(CA$ 2007). The table shows total investment spending ($2007 millions) by province and 

by category from 2011 to 2016. 

Table 2: CCEMC’s and Related Investments in New Technologies to Reduce GHGs, Six Provinces, 2006-11 

(CA$ 2007) (Source: McIntyre et al., 2015)

 

 

The calculations shown in Table 2 do not include indirect gains related to these 

investments, but model simulations provided in the study estimate that the total economic 

impacts of CCEMC investment from 2011 to 2016 should amount to CA$1.95 billion 

(McIntyre, Jane and Atunes, 2015). The study also estimates large gains in employment 

resulting from CCEMC investment. This economic analysis of the investments and their 

impact on the Alberta economy provides strong support for the model and helps highlight 

the fact that all models are not created equal, even when the source of funding (a tax) is 

the same. For example, the CCEMC carbon price is lower than its neighbor to the west 

(British Colombia has a $30 carbon tax) and its investments strategy altogether different. 

In British Colombia, carbon taxes offset other taxes, therefore reducing the burden on 

other parts of the economy (Elgie, 2014). This model has also shown success, but does 

not achieve the double-sided approach of CCEMC – tax carbon emitters and fund carbon 

reducing technologies.  
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7.3.3 Portfolio Companies 

At first glance it is immediately evident that CCEMC focuses the lion’s share of 

investment on cleantech infrastructure. For a point of reference, CCEMC has categorized 

its groups of technologies into Carbon Capture and Storage (CCS), Renewable Energy, 

Cleaner Energy Production, Energy Efficiency, Adaptation, Carbon Uses, and Biological. 

For example, in the CCS category CCEMC invested a small amount of capital in a 

company called HTC Purenergy, a company dedicated to implementing full-scale CCS 

technology. CCEMC’s quarter million dollar investment in Purenergy is a representation 

of the strategy of cleantech infrastructure investment that CCEMC has developed.  

CCEMC provides data for each of the projects that they invest in. By making 

some basic calculations of this data, I am able to point to some important trends over the 

short period that CCEMC has been operating. For the first calculation I have extracted 

the Grand Challenge projects from the mix. The Grand Challenge invites companies to 

compete for funding by submitting innovative ideas with the possibility of receiving 3 

rounds worth of funding. Because the challenge is currently in its first phase, I have 

decided to omit the CA$35 million worth of funding that has been allotted thus far. This 

challenge model follows CCEMC’s overall model very closely and should be included in 

these calculations in the future, yet since it is currently in its infancy it is better to leave it 

out for the time being. Figure 7 shows what percentage of each investment is provided by 

CCEMC versus how much the private sectors supports.  
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Figure 7: Total investment in CCEMC projects 

 

 

CCEMC has contributed CA$205.5 million to the projects included in this 

dataset, with an additional CA$1.56 billion coming from other early investors. Total 

investment by CCEMC in these projects amounts to 13%, a small portion of the total 

investment pie. These figures support the notion that CCEMC is attracting outside 

investors to the projects that they fund. Using the same metric for this dataset as was used 

for SDTC, I am able to further analyze how much of CCEMC’s funding is going to 

cleantech infrastructure, as opposed to IT-like investments. First, Figure 8 shows a 

breakdown of the projects in this dataset as they fit within the technology groups defined 

by CCEMC. The major takeaway from this figure is that CCEMC has spread out its 

investments across sectors, all of which include potential for infrastructure projects. 

Figure 9 shows how much funding each category received from CCEMC. The distinction 

between Figures 8 and 9 is important: the renewables category only makes up 26% of 

total projects, yet it attracts 41% of total funding. Applying the logic provided earlier in 

this thesis, represented by Figure 3, we know that in the VC community biofuels projects 

were receiving similar amounts of early stage funding as IT projects. In CCEMC’s 

renewables category – a category we understand requires capital-intensive funding – the 

projects are receiving higher levels of funding than other projects. Figure 10 shows the 

breakdown of IT-Like projects versus non-infrastructure projects. I have not used the 

non-IT definition here because some of the projects in this dataset are agro projects that 



	 43

are neither infrastructure or IT-like projects. Figure 10 clearly shows that over three 

quarters of CCEMC investment is going towards cleantech infrastructure.  

Figure 8: CCEMC investments categorized by technology group number of projects 

 

 

 

Figure 9: CCEMC investments categorized by technology group CA$ 
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Figure 10: CCEMC investment 

 

 

Of the six non-infrastructure investments, as categorized by the previously stated 

classification, three constitute the entire Adaptation Projects group.  

 The CCEMC model has so far proven that it can successfully shepherd early-stage 

high-risk clean technologies towards the commercialization phase, all the while 

stimulating the economy. This model is particularly interesting because of the mechanism 

by which it is funded. By using the carbon tax as a funding source, the failure to secure 

funding will only be a result of their success.   

7.4 COSIA – Canada’s Oil Sands Alliance 

The COSIA website states that COSIA is “an alliance of oil sands producers 

focused on accelerating the pace of improvement in environmental performance in 

Canada’s oil sands through collaborative action and innovation (“Innovation Summit 

2015,” 2015).” Therefore, unlike the previous two models, COSIA is not specifically an 

early-stage investment model, but instead an association that focuses on sharing IP and 

know-how. The experience that COSIA members have in common is oil sands 

development and they have worked to determine common goals related environmental 

improvement in their industry.  
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7.4.1 COSIA’s Mission 

COSIA has a stated mission to provide leadership in the oil sands industry to 

improve environmental performance. The member companies that make up COSIA, all 

13 of them, account for almost 90% of oil sands production in Canada.  These member 

companies include BP Canada, ConocoPhilips Canada Resources Corp, and Shell 

Canada. Although they are competitors, these companies have joined COSIA because 

they see the potential added value that working with one another will have on their 

industry as a whole. COSIA outwardly recognizes the need for the oil sands industry to 

improve its environmental record, particularly through the growth of clean and efficient 

technologies. Their efforts are not as easily quantifiable as the previous two models, 

primarily because the organization does not actively seek new investments in clean 

energy, but shares IP and know-how that is developed within each company. As COSIA 

states on its website, “COSIA brings companies together to share innovation and 

intellectual property related to COSIA's Environmental Priority Areas (“Members,” 

2015).” 

7.4.2 The Implications COSIA has for a Changing Industry 

COSIA is included in the analysis in this thesis for a couple of specific reasons. 

Similar to the Institute of Nuclear Power Operations (INPO) in the United States, COSIA 

has the potential to dramatically impact the environmental standards of a carbon heavy 

industry (for INPO it was nuclear safety standards in the nuclear industry). The sharing of 

know-how not only has the potential for these companies to learn from best practices, but 

also to hasten the adoption of high-risk technologies. With buy-in from several member 

companies, any given technology has the potential to receive follow-on financing from a 

myriad of companies or CVCs. This strategic approach has important implications for the 

industry, as it battles low oil prices and energy intensive production processes. A lobbyist 

for the Canadian Association of Petroleum Producers (CAPP) stated in an interview that 

the industry supported a carbon tax and recognized the need to invest in technologies that 

would make them viable for years to come.  
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7.4.3 Collaboration or Collective Pressure, Does It Matter? 

The challenge COSIA has come across is developing a level of trust between 

member companies. Each company is required to find a balance between what it 

considers proprietary information and information that when shared with other member 

companies would create added value for their operations and the industry. This trust is 

developed over time. Collaboration is the key to COSIA’s success, and perhaps to their 

entire industry’s survival. Sharing IP has allowed these companies to develop clean 

technologies that will impact their operations in the oil sands. By the end of 2013 COSIA 

claimed to have already facilitated the sharing of 560 IP contributions in the four policy 

priority areas (tailings, water, land, GHG) (“Can Collaboration Clean up Canada’s Oil 

Sands Industry?,” 2013). The process of sharing information across industry players as 

well as up and down the supply chain allows member of COSIA to attain strategy 

benefits. Research that has looked at the success rates of CVCs is likely to apply to the 

communal actions of COSIA members. This research shows that companies will benefit 

from the significant resources of the incumbents (in this case it would be the COSIA 

members) including rapid access to markets, technical help, and product knowledge 

(Lantz, Sahut, & Teulon, 2011; Rai et al., 2015). 

Finally, the COSIA model is representative of recent CVC tendencies to move 

towards a syndication approach (Rai et al., 2015). By bringing in various COSIA 

members to the investment pool, each company is able to reduce the burden of any one 

given investment in their portfolio. Mitigating risk through syndication addresses one of 

the key barriers that cleantech infrastructure has provided to traditional VCs and well 

suited for COSIA members because of their trust in their fellow member companies 

ability to share IP. Syndication, or consortia, has allowed these firms to strategically 

invest in products across the supply chain.  

The COSIA model is particularly interesting because it is a sort of self-clustering 

on the part of the oil & gas community in Alberta and greater Canada. By joining 

together to share IP around clean technologies, these organizations have the potential to 

avoid lock-in on less efficient technologies, while developing efficiencies up and down 

the supply-chain.  
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Chapter VIII: Conclusion 
	

If we are to conceive of GHG reduction as a collective action problem, with an 

amortization plan, an organized trajectory of reduction, we can assume there is a finite 

period in which we have to pay our debt. Investing in cleantech is a tool by which we can 

get closer to our goal, and doing so efficiently and effectively will help us avoid 

unnecessary losses and even the potential for failure. The last decade has challenged 

investors to find a model that will properly address the needs of the cleantech industry; 

the barriers that it provided were antithetical to traditional early stage investment models. 

This research has been developed such that these barriers are clearly defined and 

understood so that successful models today can inform the successful models of 

tomorrow. Furthermore, this work serves to show that one end all be all early-stage 

investment model is not the answer, but instead, that a cohort of models working in 

tandem to address the shortcomings of early-stage investment today is the best solution.  

In an effort to search for and systematically document alternative models, in this 

thesis I analyzed the SDTC, CCEMC, and COSIA models. Each organization is a stand-

alone model with different structures and short-term goals. However, all three serve to 

achieve a similar end goal; to help the energy industry provide energy that minimizes 

negative anthropogenic affects to the environment. This research has not gone so far as to 

quantify whether these models would have the same success if they existed in a vacuum, 

if they were alone in the region where the operate, yet in multiple interviews with 

principals from these organizations it was stated that the support of government, industry, 

and the public for all of these models increased their potential for success. Thus, the term 

clean energy ecosystem seems fitting. Alberta serves as a best practices case for how 

strong leadership and good information sharing can engage industry in a meaningful and 

progressive dialogue, leading to action. Furthermore, Alberta boasts several other 

organizations that engage in early stage technology investment, information sharing, 

R&D, etc. These organizations also play a role in the change that is occurring in that 

province.  
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The lessons learned over the last decade have benefited early-stage investment 

models today. As the VC community moved towards IT-like investments in the cleantech 

space, other investors looked to ways that investment could be tailored to overcome the 

barriers presented by cleantech infrastructure. CCEMC and SDTC have both had success 

in this area, and many other models will likely follow suit. By sharing their experience, it 

is my intention to bring light to the possibilities of new thinking in this space. As solar 

and wind take on a more important role in the U.S. electricity grid, the promises of 

renewable energy are greater than ever. Yet, optimism in the industry can only go as far 

as the latest worldwide trends in carbon emissions, a stark reminder of how far we have 

yet to go. The coming decade will herald in many changes for the energy industry, as 

consumers think differently about the energy they consume, and as technologies change 

the way energy is produced and delivered. With better investment models in place, we 

can ensure that these shifts are accompanied by the best technologies, the most efficient 

and the most effective. The rate of change is important in this context, and it will be 

models like these that determine that rate. 

Recognizing best practices like the Alberta case study is important to the 

advancement of good ideas, however, without proactive decision-makers in industry and 

policy in the U.S. the proliferation of similar models is outside of our reach. This thesis 

has not included many of the efforts in U.S. states to confront the challenge posed by 

early-stage cleantech investment; however there has been significant movement in this 

space. Along with these efforts, advances in the social sciences will allow us to better 

target our resources such that the diffusion of technologies is maximized. Scientific, 

technological, and social advances will all push towards better models for future 

investment. 

Ultimately, the sharing of know-how surrounding funding models for cleantech 

innovation is equally as essential as the sharing of know-how surrounding those very 

technologies. Learning from the failures of the last years will inform decisions that must 

be taken in the years to come. 
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