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About the Workshop
The promise, prospects and public policy trade-offs related to the greater use and production 
of second-generation biofuels were addressed in an executive session convened by the John F. 
Kennedy School of Government at Harvard University on November 13th and 14th, 2014. The 
session attracted more than 25 of the world’s leading experts from the fields of policy, science, 
and business for an intensive two day session (see the Appendix for a list of the participants). The 
agenda consisted of three sessions focused on (i) the sustainability of cellulosic supply chains, (ii) 
government policy options to attract investment and (iii) government policy options to ensure 
that environmental objectives are met. The discussions were off-the-record, with each participant 
present in his or her own capacity, rather than representing an organization. This report is a sum-
mary of the main points and issues raised over the two days.

The workshop was hosted by the Energy Technology Innovation Policy project within the Belfer 
Center for Science and International Affairs at the Harvard Kennedy School. While we are grate-
ful for the support of Shell International Petroleum, LLC and funds from the Roy Family fund, 
the findings in this summary report are those of the authors and do not represent those of Har-
vard University or any of its donors. 

Energy Technology Innovation Policy Group
The Energy Technology Innovation Policy (ETIP) research group is a joint effort between the 
Belfer Center’s Science, Technology, and Public Policy Program (STPP) and the Environment and 
Natural Resources Program (ENRP). 

The overarching objective of ETIP is to determine and then seek to promote the adoption of effec-
tive strategies for developing and deploying cleaner and more efficient energy technologies. ETIP 
works on a variety of countries, including the United States, China, and India and on a variety of 
regions, including Europe, the Middle East, and North Africa (MENA) and other large emerging 
economies (namely Brazil, Russia, South Africa, and Mexico). 

ETIP researchers seek to identify and promote strategies that countries can pursue, separately and 
collaboratively, for accelerating the development and deployment of advanced energy options that 
can reduce conventional air pollution, minimize future greenhouse-gas emissions, reduce depen-
dence on oil, facilitate poverty alleviation, reduce stress on water resources, and promote eco-
nomic development. ETIP’s focus on several countries rather than only one not only multiplies 
directly our leverage on the world scale and facilitates the pursuit of cooperative efforts, but also 
allows for the development of new insights from comparisons and contrasts among conditions 
and strategies in different cases.
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Highlights

• While investments in second-generation biofuels in the United States will continue to depend 
on government support in the medium-term, the broad-based coalition for biofuels policy 
that existed in 2007 has eroded over the past seven years. In view of declining US energy 
imports, and a lack of consensus on the sustainability of biofuels and approaches to over-
come downstream barriers, many participants felt that the prospects of bold new policies for 
second-generation biofuels at the federal level are uncertain. Prospects for state-level policies 
are better and could mitigate some of the uncertainty on the federal level.

• Sustainability metrics to assess biofuel pathways remain a matter of debate in the US. 
Although the workshop discussion suggested that the range of sustainability risks is well 
understood, questions remain over (i) what the most relevant assessment metrics are, (ii) 
what sustainability performance thresholds have to be met, and (iii) how a pathway’s perfor-
mance should be verified. This controversy is aggravated by unclear baselines, the variability 
of sustainability issues in feedstock production, and difficulties in assessing and regulating 
sustainability performance.

• The US EPA’s process of annually revising the volumetric mandates for cellulosic biofuels 
under the Renewable Fuel Standard has become a source of great uncertainty for investors. 
The tax credits for cellulosic biofuel production, too, have been less effective than intended 
because of their uncertain future, which is mainly due to their short lifespans and politicized 
extension process. Without significant additional policy support, which appears unlikely, 
investments will continue to fall short of the goals set by the statutory blending mandates.

• Second-generation biofuel investments are capital-intensive, involve large risks and have a 
long time-to-market. In combination with uncertainty about policy support and future crude 
oil prices, these factors limit the ability to raise capital, especially from typical early-stage 
investors. Small firms face particular challenges when commercializing new biofuel technol-
ogies, because of the scale of operations required for competing on a cost basis. Numerous 
options exist for government policy to bridge this ‘valley of death’, but budget constraints 
will make trade-offs between public investments in R&D and demand subsidies necessary.

• Finding ways to provide a relatively certain price signal for cellulosic biorefineries over 
the investment life-time will be crucial to incentivize additional commercial-scale produc-
tion. In the absence of significant quantities of drop-in biofuels, this will require overcom-
ing downstream barriers to the adoption of higher biofuel blends (e.g., E15, E85). However, 
participants noted that small tweaks to the volume mandates, tax policies and environmental 
regulations – rather than entirely new policy proposals – will decide the immediate future of 
second-generation biofuels, because they are the only way to ensure that existing biorefinery 
assets will continue to have a market for their products.
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Introduction

The Promise of Second-Generation Biofuels

Limitations of first-generation biofuels. Almost all of the biofuels that are currently being pro-
duced are so-called first-generation biofuels, defined here as fuels produced from sugar, lipids 
or starch directly extracted from biomass feedstock. Most commonly used and produced in the 
United States and Brazil is ethanol from sugarcane, corn and wheat, while the European Union 
primarily uses biodiesel from rapeseed, soy, palm trees and waste oil. These first-generation 
biofuels are now produced on a large scale: global production of liquid biofuels for transport 
increased from about 15 million tons of oil equivalent in 2003 to 65 million tons in 2013. In the 
US, ethanol now makes up about 10% of gasoline consumption (by volume) and can be produced 
from corn at prices which at times have approached gasoline spot prices on an energy-equivalent 
basis.1 However, in recent years significant concerns have been voiced about the impact of large-
scale production of first-generation feedstocks on food availability, food and animal-feed prices, 
deforestation and water resources, as well as about the net impacts of some biofuel pathways on 
climate change and local air pollution. These concerns have led to substantial resistance against 
biofuel production from environmental groups, especially in the European Union, and indicate 
limits to the volumes of first-generation biofuels that can be produced sustainably.

The promise of second-generation biofuels. Second-generation biofuels are fuels derived from 
ligno-cellulosic material, e.g., from agricultural residues, forestry residues, waste, and purpose-
grown non-food feedstocks (e.g. switch grass, eucalyptus, and poplar). Research suggests that 
large quantities of these feedstocks can be produced at competitive costs without necessarily 
competing for land with food production, feed crops or forests. Second-generation biofuels – also 
often referred to as cellulosic biofuels – therefore hold the potential to significantly increase the 
available quantities of biofuels without putting additional pressure on the agricultural and for-
estry systems, and without raising public concerns about a trade-off between food and fuels.

The Challenge of Scaling up

If they are to capture a significant share of the market for transportation fuels, second-generation 
biofuels will have to advance to large-scale commercial production over the coming decade, and 
prove their ability to achieve cost and sustainability targets.

Even though several commercial plants are now online, overall production capacity is still 
relatively small compared to the goals espoused by governments and other stakeholders. In the 
United States, which has the world’s most ambitious targets for second-generation biofuels pro-
duction, the Environmental Protection Agency (EPA) was forced to revise downward the man-
dates under the Renewable Fuel Standard (RFS2) every year since 2010. Instead of the 1.75 bil-
lion gallons expected to be used in 2014 in the US when the Energy Independence and Security 
Act was passed in 2007, actual production is now projected by the EPA to be around 17 million 
gallons – two orders of magnitude lower (see Figure below).
1  The International Energy Agency estimated production cost of corn ethanol at around $2.30 per gallon of gasoline 
equivalent in July 2014, compared to a New York Harbor conventional gasoline regular spot price of $2.29 per gallon 
on October 27, 2014. Sources: IEA. Renewable energy - Medium-Term Market Report 2014; International Energy 
Agency (IEA): Paris, France, 2014, p. 235; www.EIA.gov.
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Quo Vadis, Second-Generation Biofuels?

Overambitious targets for cellulosic biofuels under the RFS2 in combination with controversy 
about the EPA’s implementation strategy, in particular about the annual revision process and 
about the agency’s interpretation of the criteria used to set the annual volume targets, have cre-
ated large uncertainty about the future of the US market for cellulosic biofuels. In the European 
Union, too, future policy support is now increasingly uncertain, as concerns about the impact of 
biofuels on greenhouse gas emissions, food prices, biodiversity and water resources have led to a 
proposed revision of the 2020 target for first-generation biofuels and have introduced uncertainty 
about the EU’s long-term commitment to biofuels in general.
In this context, the Harvard Biofuels Workshop sought to foster an understanding of the main 
economic, environmental and political challenges that may arise as governments and other actors 
consider what it may take to scale-up second-generation biofuels. Will commercial-scale second-
generation pathways deliver on sustainability and cost targets? How can investments be attracted 
to bridge the valley of death? How can government policy ensure that supply chains are scaled 
up sustainably and continue to improve their environmental footprint? And what coalition of 
stakeholders may back continued government support? Although the workshop covered issues 
affecting North America and Europe, it was focused primarily on developments in the United 
States.
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1. Why Second-Generation Biofuels?

What coalition of stakeholders will back continued and renewed government support?

Groups of policymakers, businesses, academics, and members of civil society are supportive 
of biofuels for different reasons, including environmental objectives, oil import dependence 
and rural economic development (as biofuels raise the value of agricultural land and products). 
When building coalitions and designing policy instruments these objectives entail trade-offs, e.g., 
between technology-specific policy support such as blending mandates, and technology-neutral 
policy support such as a carbon tax. This raises the question – what coalition of stakeholders will 
back continued and renewed government support for alternative transportation fuels?

1.1  The need for long-term investment stability. Biofuel investments have a long life-time 
and require long-term stability of public policy support – at least 10-15 years – to de-
risk large investments. The discussion highlighted that other technologies benefited 
from such support in the past, e.g., solar power. As one participant put it:

“[To develop second-generation biofuels] it requires a country to have a vision – is the 
US up for that or not?”

Participants noted that a “big overhaul” of policy objectives in the context of biofuels 
in the near future is unlikely – i.e., rural development and domestic fuel production 
will continue to be politically important. Thus there is a continued need for biofuels 
to deliver on energy security, environmental and economic objectives (discussed in 
1.2-1.4).

1.2 Declining relevance of biofuels for US energy security. The contribution of biofuels 
to energy security is growing less significant, primarily for two reasons: First, the last 
years have seen a decline in demand for transportation fuels, and various forecasts 
(e.g., from BP, EIA, IEA, etc.) suggest that this trend will continue. Second, there has 
been a significant increase in domestic production of crude oil. Taken together, net 
crude imports have decreased by 25% since the current Renewable Fuel Standard was 
enacted. While from an economic standpoint, the marginal security benefits of in-
creased domestic production of transportation fuels may be independent of the actual 
level of imports, lower imports, especially in combination with lower oil prices, make 
energy security less salient in the political debate.

1.3  Climate and air quality impacts. One of the main motivations to support alternative 
fuels is to reduce the environmental footprint of the transport sector. Especially in 
the case of heavy-duty vehicles, marine vessels and aircraft, biofuels may be among 
the few non-petroleum based options that could become technically and economi-
cally feasible. However, biofuels offer only limited benefits in terms of air quality, 
and the net climate impact of many biofuel pathways remains controversial. Although 
this controversy has mostly affected first-generation options such as corn ethanol, 
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concerns are being raised about second-generation pathways, too. The workshop dis-
cussions highlighted that there remains disagreement between stakeholders on several 
of these concerns, including indirect land-use change and the marginal reduction of 
oil consumption resulting from additional biofuels production.2 Moreover, because 
the support schemes for first and second-generation biofuels in the US and Europe 
are linked, concerns by environmental groups have affected investments in second-
generation fuels as well. In the European Union in particular, strong headwinds from 
the environmental community because of concerns about direct and indirect land-use 
changes cast doubts on the long-term stability of policy support. In this context, the 
presentation of academic results in the evaluation of biofuels’ climate impacts is often 
extrapolated from small plots to global scale, which some participants felt was unre-
alistic in measuring either positive or negative impacts. Some participants argued that 
agricultural practices that have demonstrated climate benefits, e.g., tillage techniques 
that sustain soil carbon, should be supported. Looking forward, several participants 
expressed the expectation that in a world when energy security is less of an issue, the 
carbon emission performance of biofuel pathways will become increasingly important 
to justify government support.

1.4 Complex interactions with agriculture. The strong increase in first-generation biofuel 
production over the last decade has created a set of complex linkages between trans-
portation fuel policies and agricultural sector policies. This is true particularly in the 
US, where the support for second-generation biofuels is closely linked to the support 
for first-generation biofuels under the current RFS2. The impact on the outlook for 
public policy support for second-generation biofuels is ambiguous. On the one hand, 
the strong involvement of the agricultural and forestry sectors broadens the coalition 
in support of biofuel policies. On the other, being dependent on support from agricul-
tural stakeholders can make it difficult to achieve environmental objectives, because 
fuel policies that are attractive to farmers and the forestry industry are not always 
attractive from an environmental standpoint. Indeed, concerns about the impact on 
water quality, food and feed prices, biodiversity and land-use change of many first-
generation biofuel feedstocks, which have grown to become a large source of income 
for US farmers, have eroded political support from the environmental community.

1.5 A mix of policy instruments. Participants discussed the presence of multiple policy in-
struments in support of second-generation biofuels. In part due to the confounding of 
multiple policy objectives, the political reality is that governments use a wide mix of 
legislation and regulations that affect the economics of second-generation biofuels di-
rectly and indirectly, including fuel specifications, air quality regulations, tax credits, 
blending mandates, state-level policies, grants and loan guarantees. Some participants 
argued that a simple policy such as pricing carbon is preferable, because overlapping 
policies make it very difficult to keep track of the aggregate subsidy and to ensure that 
overall environmental targets are met.

2  When increased biofuels supply puts downward pressure on gasoline prices, the marginal decrease in oil con-
sumption can be smaller than the marginal increase in biofuel production as consumers respond to lower prices 
(referred to as ‘rebound effect’).
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1.6 Prospects. The discussion highlighted that the broad-based coalition for biofuels 
policy that existed in 2007 has crumbled: In view of the shifting policy objectives and 
the complex linkage between agricultural policies and fuel policies, some participants 
expressed that the prospects of bold new policies on the US federal level for biofuels 
are uncertain. As one participant put it:

“At the moment, the discussion is whether we stick to the current system or we make it 
worse.” 

At the same time, several participants voiced the opinion that state-level policies like 
the Low Carbon Fuel Standard in California can present a way forward, by regulat-
ing local environmental impacts and by mitigating some of the uncertainty stemming 
from current federal biofuels policy (see also section 5).

2. Addressing Sustainability issues

Can second-generation biofuels deliver as sustainable large-volume fuel?

Second-generation biofuels can be produced from a diverse range of feedstocks that have vastly 
different economic and sustainability profiles. In addition, the indirect effects of different biofuel 
pathways, such as the impact on food and feed prices, are mediated through markets for agricul-
tural and industrial products and are thus inherently complex. Stakeholders will have to navigate 
these impacts if they are to contribute to making second-generation biofuels a socially accepted, 
low-impact fuel option. Participants discussed the environmental risks, uncertainties and trade-
offs of second-generation biofuels, and what can be done to manage or reduce the direct and indi-
rect impacts.

2.1 The need for consensus on sustainability metrics. Second-generation biofuels have 
few options for differentiation other than sustainability, at least in the short term, 
since they cannot yet compete on cost. Participants agreed that the most important 
sustainability issues in biofuels arise in feedstock production, including water im-
pacts, nitrogen loss, carbon emissions, and soil health. However, it is much less clear 
how society’s expectations with regard to sustainability can be met: how good is good 
enough? Although the possible range of sustainability risks is well understood, and 
is similar to modern agriculture and forestry, questions remain over (i) what the most 
relevant assessment metrics are, (ii) what performance thresholds have to be met, and 
(iii) how a pathway’s sustainability performance should be verified. This has to do 
with unclear baselines (point 2.2 below), the inherent uncertainty and variability of 
sustainability issues in feedstock production (2.3), and difficulties in assessing and 
regulating sustainability performance (2.4-2.6). In order to converge on these met-
rics and thresholds, participants discussed the option of strengthening efforts to bring 
together stakeholders under the umbrella of visible consensus-building institutions, 
such as the Roundtable for Sustainable Biomaterials (RSB). Successful examples of 
such processes include the Leadership in Energy and Environmental Design (LEED) 
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program, which is an accepted set of standards in the building sector developed 
by the US Green Building Council; the Programme for the Endorsement of Forest 
Certification (PEFC) to promote sustainable forestry; and PV Cycle, a European-
based platform through which standards and operations for PV module end-of-life 
recycling are developed and implemented.

“We don’t sell energy security, we sell sustainability. If we are not converging on sus-
tainability, we are not converging on the rules of the game.” 

2.2 What is the benchmark? The assessment of the sustainability of second-generation 
biofuels depends critically on the baseline fuel that is used for comparison. If gasoline 
or diesel is the baseline, several participants suggested that the risks associated with a 
business-as-usual transportation sector are higher than the risks associated with bio-
fuel production, especially if the marginal gallon from unconventional sources is con-
sidered: will producers begin to look to the Arctic or expand imports from oil sands 
in Alberta, if advanced biofuels are not available? Different performance criteria are 
necessary if second-generation biofuels are to be compared to other biofuels, such as 
biodiesel from Indonesia, or alternative options to reduce gasoline consumption, such 
as electric vehicles.

2.3 Variability versus uncertainty. Assessments of second-generation biofuels emphasize 
the variability and uncertainty of impacts. While often considered together in the 
public debate, participants highlighted that the difference between variability and un-
certainty is important for government policy. Variability describes the fact that many 
direct environmental and social impacts of biofuels depend critically on specific local 
ecological conditions and supply-chain strategies, and can thus differ substantially 
between pathways, regions and individual projects. This includes how well the proj-
ects make use of by-products of the process such as process heat, or electric power. 
Variability of impacts can be predicted and managed, e.g., through life-cycle analysis 
(LCA) and the regulatory process of pathway approval. Uncertainty, in contrast, de-
scribes the difficulty of predicting the impacts of biofuels production, e.g., because of 
complex indirect effects through markets for agricultural commodities or effects that 
depend on the scale at which a feedstock is produced or when large amounts of land 
are converted to specific crops, or because of uncertainties associated with production 
at large scales. These impacts are by definition difficult to predict, especially on an 
aggregate level: e.g., participants noted that some forecasts of the impact of the RFS2 
predict very large contributions from agricultural residues whereas others foresee a 
high share of perennial crops, two scenarios that imply entirely different agricultural 
systems in the US with different environmental challenges. Therefore, a learning pro-
cess for regulators and other stakeholders is necessary. Some participants suggested 
that the inherent uncertainty of some impacts calls for biofuels policies that anticipate 
and incorporate the learning process, e.g., by providing support for a limited volume 
of biofuels under relaxed or generalized requirements in order to learn about their 
impacts at commercial scale (see below in 2.5 and 4.4).
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2.4 Improved certification and pathway approval processes. In the short-term, options to 
improve the environmental regulation of biofuels center around the certification of 
specific biofuel pathways – i.e., combinations of feedstock, conversion process and 
fuel product. Current practice in the US and the EU is to require each pathway to be 
certified and approved to ensure sustainability criteria are met. Some participants ar-
gued that the current practice has relatively high transaction costs that are not always 
justified by its marginal environmental benefits. Transaction costs could be reduced 
by bundling assessments or approving generic pathways that allow for some degree 
of flexibility. The same is true for the certification of genetically-modified feedstock 
crops, which could be given access to an expedited approval process as a means to 
accelerate the scale-up of innovative biofuel pathways. Environmental benefits could 
be enhanced by applying more comprehensive LCA, e.g., by including effects on soil 
carbon, and by incorporating the ongoing improvements in LCA methodology.

2.5 ‘Social licenses’ for large-scale trials. With regard to possible long-term improve-
ments in the environmental regulation of biofuels, participants discussed the option to 
apply a drug-testing model to biofuels: to give biofuel producers a trial period, dur-
ing which producers would receive financial support and have time to prove that they 
can produce fuels at commercial scale within thresholds for different impacts. Such a 
limited ‘social license’ to operate would enable the government to manage the uncer-
tainty that lies between an LCA based on a sample plot and the impacts of commer-
cial-scale production. Once a feedstock plot, supply-chain, or production facility is 
large enough, most uncertainty will be resolved. However, some participants noted 
that once a fuel is produced at commercial scale, vested interests and political con-
stituency would make it difficult to terminate the license to operate, even for future 
investments, if environmental performance does not live up to expectations.

“In the next 5-10 years we can expect massive leaps forward in reducing the uncer-
tainty of life-cycle assessment methodology.”

2.6 States’ environmental policies. Not all environmental impacts from feedstock produc-
tion have to be addressed through biofuels policies. With regard to geography-specific 
issues in particular, federal biofuels policies can complement but not replace of state-
level agricultural policies. For example, participants suggested that in some areas of 
the United States, significant improvements in erosion and nitrogen runoff can be 
achieved through relatively small land-use change away from corn toward perennial 
grasses, but that such changes are difficult to incentivize through federal policies.
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3. Understanding the Trajectory of Investments

What is the current outlook for investments in second-generation biofuels?

Due to technological and economic challenges as well as an increasingly uncertain policy frame-
work in the European Union and the United States, the development of second-generation biofu-
els has progressed much slower than anticipated. Participants discussed the prospects of current 
political framework to attract further investment: Will the first commercial plants demonstrate 
that supply chains can be scaled up economically, and will the current public policy environ-
ment continue to facilitate investments on a commercial scale? Or will this first wave of plants 
fade out and be followed only by a trickle of capacity additions? And what are the environmental 
implications of the current trajectory?

3.1 A challenging timetable for the Renewable Fuel Standard. The current rate of investment 
falls far short of the mandates for cellulosic biofuels in the United States (see introduc-
tion). Participants emphasized that EPA’s implementation strategy for the cellulosic part 
of the RFS2 and the low cost of purchasing waiver certificates relative to physical vol-
umes mean that the US flagship policy for biofuels has limited ability to attract invest-
ments in cellulosic biofuels at the moment. Investments are only possible when they can 
add-on to existing biofuels facilities and are not dependent on the RFS2 mandate alone. 
Many participants expect that in the absence of additional policy support, investments 
will not be made at the required rate and the timetable of the RFS2 volume targets will 
remain challenging going forward. In the words of one participant:

“It’s not controversial: Nobody is going to invest in cellulosic biofuels if policies don’t 
change.”

3.2 The role of existing infrastructure and institutions. The current policy environment 
favors those feedstocks that can ‘piggy-back’ on existing physical infrastructure for 
collection and harvesting as well as the existing relationships between feedstock and 
biofuel producers: agricultural residues, especially from corn, and wood chips. For 
example, one option is to ‘attach’ residue conversion processes to existing first-gener-
ation corn ethanol plants. Although significant volumes of cellulosic biofuels can be 
produced through these additions (one participant estimated the potential to be at least 
1 billion gallons per year), fulfilling the mandates under the RFS2 will require addi-
tional investments in other feedstocks, such as perennial crops. Moreover, these dedi-
cated energy crops often perform better on certain sustainability metrics, including 
water quality and soil health. But supply-chains for these feedstocks would have to be 
built up from scratch: farmers would have to be convinced to convert significant areas 
of land, which involves yield risks and significant up-front investments. On a com-
mercial scale, this type of ‘green-field’ project is currently very difficult to finance.

3.3 The importance of keeping existing projects running. Besides the uncertain support 
from the RFS2, investors also face uncertainty about tax credits for cellulosic biofu-
els (they need to be approved nearly every year) and other policies. Reflecting on the 
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decision to build a cellulosic refinery, one participant noted that:

“We built on the basis of what we thought was policy certainty. Today we would not 
start it.” 

The prospect of shutting down existing plants in response to policy changes was high-
lighted by some participants:

“There is not that much cost to government in keeping policy certainty for projects that 
have been built already. If we come back 5 years from now and we have shut down 
plants, we will have a very different process than if we have five plants that have been 
running successfully, generated learning, etc. If we pull the plug in the short term all 
the long-term thinking will be irrelevant.”

4. Crossing the valley of death

How can public policy facilitate demonstration and learning effects?

Realizing the full volume targets for second-generation biofuels under the US Renewable Fuel 
Standard requires investment in the order of $100bn. However, second-generation biofuels 
are capital-intensive, involve large risks, and have a long time-to-market. If second-generation 
biofuels are to fulfill their potential, many more innovative projects and supply chains will have 
to bridge this ‘valley of death’ between pilot plants and large commercial-scale facilities. In this 
context, participants discussed the characteristics of the up-scaling process, options for govern-
ment support on the supply and the demand side, and the time-frame over which such policy 
support would be needed.

4.1 Second-generation biofuels will continue to need government support. Several partici-
pants estimated current break-even costs in the order of $5 per gallon. Studies have 
indicated that cost can come down significantly for the nth plant, but for investments 
made in the coming decade government support will likely still be necessary. This 
reflects the technology’s position at the beginning of the learning curve, immature 
supply chains and the fact that current biorefineries are one to two orders of magni-
tude smaller than oil refineries. The question is, how quickly can capital expenditures 
and operating expenditures of second-generation pathways come down? And what is 
the best role for government support?

“We have to get beyond the RFS as a subsidy for mature fuels; we have to move to a 
subsidy for innovative technology. The notion that we expect cost competitiveness from 
the start is crazy.”

4.2 Characteristics of the up-scaling process. Taking second-generation biofuel pro-
duction that works in the laboratory up to commercial scale takes time and entails 
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considerable uncertainty, for at least three reasons. First, because there are dozens 
of alternative pathways, process equipment and supply chains have to be tailored 
to individual projects, and only limited learning across projects is possible. Second, 
physical characteristics of biochemical and thermochemical biomass conversion pro-
cesses means that the actual behavior of the process at commercial scale and how fast 
it becomes more efficient are very difficult to predict. Third, low-cost biofuel produc-
tion depends not only on the conversion process itself but on complementary assets 
and learning effects across the supply chain, especially in feed-stock production – this 
introduces a coordination challenge. In combination with uncertainty about policy 
support and future crude oil prices, these factors limit the ability to raise capital, espe-
cially from typical early-stage investors. And they limit the ability for small firms to 
bring technologies to commercial scale. At the same time, early investments are nec-
essary to generate learning effects and to reduce risks. This creates a ‘chicken-and-
egg’ problem, as few investments are made because of too much uncertainty and cost, 
and no learning effects and cost reductions are realized because of too few plants.

“We are way outside what venture capital can give us, we need 250-500m$ for a [com-
mercial-scale cellulosic biorefinery]. That leaves only strategic partners or banks.”

“Those who think that start-ups can revolutionize the fuel sector do not really under-
stand about the realities of the sector.”

4.3 Research & demonstration versus deployment subsidies. Different options exist for 
governments to bridge the valley of death. Investments in R&D and pilot plants can 
improve understanding of the technology and reduce cost for future investments, 
while subsidies for deployment can stimulate learning and ‘buy down’ the cost of the 
current technology. Participants discussed the relative merits of the two. Several par-
ticipants emphasized the tremendous potential for learning-by-doing and incremental 
improvements over the first few years of commercial scale operation, estimating that 
learning effects are most significant in the first four commercial plants and first five 
years of operation. They pointed toward the experience with corn ethanol, which went 
through a steep learning curve in the first five years of large-volume production. Other 
participants argued for more investment in upstream R&D. In response to calls for 
more government involvement in research and pilot plants, several participants noted 
that raising capital for such small scale investments is not the bottleneck: large firms 
can finance pilot and demonstration plants, but they will only show interest if there is 
prospect for a larger, sustainable market (see also section 5). Calls for more subsidies 
for commercial-scale deployment, on the other hand, raised doubts about the govern-
ment’s ability to estimate how quickly costs can come down and limit the cost of such 
large-scale government subsidies.

“I don’t believe we can drive cost down with research. There is a tremendous amount 
of learning possible from real plants.”
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4.4 A $10bn demonstration program. To bring technologies down the learning curve, 
participants floated several proposals to support a limited volume of biofuels (e.g., 
1 billion gallons) from innovative pathways. One specific proposal was to provide 
a government-guaranteed market for a limited range of facilities. For example, the 
government could guarantee an off-take price of $5/gallon for a fixed volume of 
100 m gallons per plant, for a total of 20 plants (2 each for 10 different innovative 
pathways). The total of $10bn was characterized by some participants as “relatively 
cheap” compared to the RFS2. Such a program could enable targeted, visible ex-
perimentation and learning at full commercial scale and de-risk future private-sector 
investments. Depending on the cost reductions that materialize through such experi-
ence, a targeted program could be much cheaper than depending on broader market 
subsidies. Various policy tools are possible to implement such a proposal in practice, 
including reverse auctions, public procurement measures or purchase obligations 
for refiners. Beyond reducing cost, large-scale demonstration can also serve to learn 
about environmental impact and metrics, as discussed in section 2. However, partici-
pants noted that significant public spending on demonstration should be coupled to 
the requirement to share what has been learned. As one participant put it:

“[If you support demonstration plants] you have to get the information. What society is 
buying is information, not the fuel! But companies want to keep it closed.”

4.5 Risk insurance to farmers. Investment risk in second-generation biofuels does 
not only concern refiners, but also farmers that invest in advanced energy crops. 
Providing insurance for the risks of yields and feedstock offtake to these farmers 
could help incentivize production of more sustainable feedstocks.

5. Enhancing Market Incentives

What kind of government policy can promote large-scale investments in sustainable pathways?

Finding ways to provide a relatively certain price premium over a long time-frame remains 
crucial to incentivize large-scale investments in second-generation biofuels, especially in view 
of the cost and investment risks discussed in section 4. Throughout the workshop, ideas were 
discussed on how to create and improve price signals for cellulosic biofuels. Several participants 
noted that small tweaks to existing tax policies and the blending mandates – rather than entirely 
new policy proposals – will decide the future of second-generation biofuels.

“Market certainty is policy certainty for most biofuel technologies.” 

5.1 Breaching the blend wall. On the downstream side, bio-ethanol, the dominant biofuel 
in the United States, faces the so-called ‘blend wall’, a term that refers to the diffi-
culty in incorporating more than 10% ethanol into gasoline supply (as implied by the 
RFS2 targets). The discussion revealed concerns about the impact of the blend wall 
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on the immediate prospects of markets for biofuels, but several participants voiced the 
opinion that downstream markets “will materialize”, and that the blend wall will not 
inhibit the markets for advanced biofuels over the longer term.3  Three main ways to 
increase the share of ethanol in gasoline fuel beyond 10% were discussed. First, tar-
geted government intervention to enhance competition between E85 retailers. Since 
retail infrastructure for E85 is still very limited, retailers are demanding higher prices 
for their product. This raises the cost of the RFS2 policy for consumers and makes 
E85 uncompetitive with E10 for drivers and potential buyers of flex fuel vehicles. 
Second, government funding for fueling infrastructure for E15 through grants or other 
direct support to retailers. Third, standards that require car manufacturers to (i) equip 
a higher share of their sales with the capability to run on higher ethanol blends in 
order to accelerate the diffusion of flex-fuel vehicles, and (ii) address warranty issues 
with higher ethanol blends in current product lines.

5.2  Improving US tax credits. Several participants suggested that the US tax credits ap-
plicable to cellulosic biofuel production have been largely ineffective because there 
is little certainty at the time of investment about a project’s ultimate financial benefit 
from the policy. This is due to their structure: tax credits apply to volumes produced, 
but their life can be as small as one year with extensions mired in political uncertainty 
(the main Cellulosic Producer Tax Credit expired at the end of 2013, but was retroac-
tively reinstated at the end of 2014). Several participants suggested that the effective-
ness of these credits could be improved if the structure were changed from a produc-
tion tax credit to an investment tax credit or to a volume-based tax credit for newly 
built plants (independent of how long it takes to produce the specified volume).

“The tax credits for cellulosic biofuels don’t affect long-term decisions. They cannot 
make investments bankable because they are on-off. They are worth almost nothing for 
[potential investors].”

5.3 Tweaks to the RFS2. The EPA’s approach to determine the volumetric mandates for 
cellulosic biofuels under the RFS2 has become a source of great uncertainty about 
the price signal that the policy provides to producers. Some participants discussed the 
option of working within the existing mandates to create a more stable price signal 
for cellulosic biofuels. In particular, adopting a RIN price collar - an upper and lower 
limit (a ‘collar’) for the price of Renewable Identification Numbers (RINs) - could 
reduce price risks for investors, while keeping the basic design of the policy intact. In 
the long run, several participants called for a transition from the current RFS2 toward 
either a percentage-based standard for biofuel consumption or a federal climate policy 
(e.g., a federal version of California’s Low-Carbon Fuel Standard) that sets carbon 
emission targets but no technology-specific or feedstock-specific mandates, thereby 
incentivizing low-carbon fuel investments in a technology-neutral way (see also 5.4).

3  For example, participants highlighted that ‘drop-in’ biofuels (i.e., fuels that can directly replace conventional 
fuels) can increase the share of biofuels beyond 10% in the long-term.
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“This [the RFS2] is not a first-best policy, not a second-best policy, maybe a fifth or 
sixth-best policy. It ran out of support in the environmental economics community and 
in the environment community. If we expand [the RFS2] in some way and don’t have 
a long-term policy, we will get high prices because of uncertainty but no certainty to 
make investments.”

 However, short-term tweaks to the RFS2 would have to be done without legislative 
action. Going in this direction, several participants called for the EPA to establish 
reduced, multi-year mandates for 2016-2022 to break the annual revision cycle, and 
suggested that the EPA has the authority to take such action. As one participant put it:

“The 16bn [gallons per year] mandate is not an asset but a major liability. What’s our 
best guess – 3bn gallons [in 2022]? Let’s make this our goal, then the blend-wall also 
does not look so onerous.”

5.4 Carbon pricing. Cost-benefit analyses of federal policies in the United States increas-
ingly take into account the social cost of carbon. In combination with state-level 
instruments such as California’s Cap-and-Trade Program this practice points toward 
a future in which carbon pricing will become more common. Under a carbon price all 
low-carbon technologies can compete for government subsidies. If second-generation 
biofuels are to benefit from such a policy, the implied cost of carbon of biofuel use 
have to come down significantly over the coming decades: although participant’s 
estimates of the cost per ton of CO2 varied (one estimate for the RFS2 as a whole was 
300-500$ per ton), they were higher than current benchmarks, such as the US Federal 
Government’s medium 2014 estimate of the global social cost of carbon (36$) or al-
lowances in the EU ETS (~8$). Changes in LCA methodology do not significantly af-
fect this cost comparison. However, some participants voiced the concern that future 
carbon prices may be too volatile to attract large, long-term investments and to drive 
innovation and that additional policies are needed to compensate for externalities 
from learning and R&D.
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Next Steps

Exploring downstream compatibility

This first workshop was only able to touch the surface of the complex downstream issues sur-
rounding cellulosic biofuels. ETIP will convene a second workshop that will likely be focused on 
two priorities relating to the downstream part of the supply chain. The first priority is to under-
stand the offtake of cellulosic biofuels by end-consumers: What are the main technical barriers to 
higher blends in vehicle and retail infrastructure? What are the main economic challenges? And 
what is the role for government in overcoming these barriers?

Exploring the competitive environment for second-generation biofuels 

The second priority for the project will be to explore what the best use of biofuels – and biomass 
more generally – is in the technology transition to zero carbon, zero emission mobility. In partic-
ular, can second-generation biofuels play a significant role in decarbonizing the transport sector 
in the coming two decades? What are the economic and environmental performance criteria on 
which consumers will evaluate second-generation biofuels and competing low-carbon transport 
options? And what kind of public policy environment can ensure that the decarbonization of the 
transport sector is achieved in an economically efficient as well as socially and environmentally 
sound way?
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Workshop Agenda

Thursday, November 13

Venue: Conant Room & Rogers Stratton Room (3rd Floor), The Charles Hotel, 1 Bennett Street, 
Cambridge, MA 02138 (right next to the Harvard Kennedy School)

9:00 am Welcome, house rules and introductions: Henry Lee, Harvard University
9:30 am Keynote: Matthew Tipper, VP Alternative Energies, Shell 
10:00 am Session I: 

Can supply chains for second-generation biofuels be scaled-up in a sustainable way? 
Moderator: Bill Clark, Harvard University

Speakers:

•	 James McMillan, NREL
•	 Jason Hill, University of Minnesota
•	 Jan Koninckx, DuPont

Moderated discussion
11:15 am Coffee break
11:30 am Session I (continued):

Moderated discussion
12:45 pm Lunch
2:00 pm Session II: 

The investment challenge: How can public policy help bridging the valley of death in 
second-generation biofuels? 
Moderator: Henry Lee, Harvard University

Speakers:

•	 Noubar Afeyan, Flagship Ventures
•	 James Stock, Harvard University
•	 Jim Spaeth, US DOE
•	 Linda Cohen, UC Irvine

Moderated discussion
3:15 pm Coffee break
3:30 pm Session II (continued):

Moderated discussion
4:45 pm Day 1 wrap-up: Laura Diaz Anadon, Harvard University
5:00 pm Adjourn



Belfer Center for Science and International Affairs  |  Harvard Kennedy School 19

Friday, November 14

Venue: Harvard Kennedy School, 79 John F. Kennedy Street, Cambridge, MA 02138
8:30 am Continental breakfast
9:00 am House rules reminder and day 1 recap: Laura Diaz Anadon, Harvard University
9:15 am Session III: 

The environmental policy challenge: How can public policy ensure that second-generation 
biofuels are commercialized sustainably? 
Moderator: Laura Diaz Anadon

Speakers:

•	 Karen Laughlin, Climate Policy Initiative
•	 Jeremy Martin, Union of Concerned Scientists
•	 Joe Aldy, Harvard University

Moderated discussion
10:15 am Coffee break
10:30 am Session III (continued):

Moderated discussion
12:00 Day 2 wrap up & workshop key take-aways: Henry Lee, Harvard University, Matthew Tipper, 

VP Alternative Energies, Shell
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