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Summary
· Biomass feedstocks produced with environmental safeguards, processed efficiently and used in efficient vehicles can reduce our dependence on oil for transportation, reduce emissions of heat-trapping carbon dioxide, and contribute significantly to a vibrant farm economy.
· Pursued without adequate guidelines, large scale biofuels production carries grave risk to our lands, forests, water, wildlife, public health and climate. 
· New crops and conversion technologies are developing rapidly that will make it easier to produce lots of biofuels with a smaller environmental footprint, but the technologies are not a guarantee of good environmental performance. We need strong environmental safeguards and performance standards guiding the market so that innovation and competition will drive biofuels to provide the greatest benefits.

· Efforts in CA and at EPA to implement regulations by the end of 2008 for measuring and certifying the lifecycle greenhouse gas emissions of different biofuels offer Massachusetts an opportunity to piggyback on these protocols.

· Massachusetts should adopt the excise tax exemption but make it technology-neutral and performance-based. The excise tax exemption should be open to all low-carbon fuels and at a minimum should only reward performance above the federal standards for advanced biofuels (50 percent reduction in lifecycle GHG emissions compared to petroleum fuels).

· Massachusetts should replace the proposed biodiesel mandate with an effort to lead the region in implementing a low-carbon fuel standard compatible with the standard being developed in California.

· If a biodiesel mandate is pursued, it should require the fuel to be better than the standards and environmental safeguards established as part of the new federal RFS.

· The best way for Massachusetts to drive economic development through encouraging biofuels is by nurturing and growing the already significant cluster of advanced biofuels technology companies in the state.
Introduction

Thank you for the opportunity to share my views regarding advanced biofuels and the two proposed legislative provisions to support the development of these technologies in Massachusetts. My name is Nathanael Greene. I’m a senior policy analyst for the Natural Resources Defense Council (NRDC) and one of our main experts on renewable energy technologies. NRDC is a national, nonprofit organization of scientists, lawyers and environmental specialists dedicated to protecting public health and the environment. Founded in 1970, NRDC has more than 43,548 members and activists in Massachusetts and 1.2 million members and online activists nationwide, served from offices in New York, Washington, Chicago, Los Angeles, San Francisco, and Beijing.  
Honorable members of the task force, as you know, U.S. energy policy must address three major challenges: reducing America’s dangerous dependence on oil, reducing global warming pollution, and providing affordable energy services that sustain a robust economy. Biofuels have the potential to contribute significantly to all three of these goals. Sustainably produced biomass feedstocks, processed efficiently and used in efficient vehicles can reduce our dependence on oil for transportation, reduce emissions of heat-trapping carbon dioxide, and contribute significantly to a vibrant farm economy. Pursued without adequate guidelines, however, biofuels production carries grave risk to our lands, forests, water, wildlife, public health and climate. Any policy to expand the use of renewable transportation fuels should be performance-based, technology-neutral and strive to ensure that biofuels are part of the solution, rather than part of the problem. 

For example, unmitigated, expansion of corn cultivation driven by the demand for ethanol threatens to deplete water tables, magnify contamination by fertilizers, pesticides, and herbicides, and undermine vital conservation programs such as the Farm Bill’s Conservation Reserve Program.  Increased use of ethanol could also impair air quality depending on how it is blended and used. On farms and in forests across the country and abroad, imprudent biomass harvesting would cause soil erosion, water pollution, and habitat destruction, while also substantially reducing the carbon sequestered on land. Advancing a biofuels policy that leads to clearing forests for fuel production, at home or abroad, and hence increased emissions of carbon dioxide would be a particularly perverse result for a policy that is intended, at least in part, to reduce global warming pollution.
The Need for Performance Standards
To achieve the full potential of biofuels, policies must focus on the benefits that can be achieved by the policies rather than just the feedstocks, conversion technologies or the number of gallons produced. Current federal biofuels policies, from the RFS to the various tax credits, simply reward volume and are based on the assumption that “more is better.” Moving forward, it is critical that these policies mature to a “better is better” approach and start to reward good performance. 

Nowhere is the need for better performance more evident and urgent than when considering the global warming pollution impacts of biofuels.  It is possible to produce ethanol derived from corn in a way that produces less than half of the lifecycle greenhouse gas emissions of gasoline (per BTU of delivered fuel). Conversely it is possible to produce ethanol from cellulosic feedstocks in a manner that produces far more CO2 than gasoline. Unless our policies value, encourage and ultimately require biofuels to produce greenhouse gas reductions, the market will provide whatever is cheapest and fastest. There is no reason to believe that such fuels will be better than gasoline.
Consider, for example, a dry mill corn ethanol plant. Greenhouse gas emissions from corn production can be minimized by obtaining the corn from a farm that practices no-till cultivation. In addition, by collecting a portion of the corn stover along with the grain the ethanol plant can meet its thermal energy needs with this biomass energy source rather than fossil fuels. Finally, fermentation produces carbon dioxide in a pure stream that can be easily captured for geologic sequestration. Using Argonne National Laboratory’s GREET model, we estimate that the lifecycle greenhouse gas emissions from ethanol produced at such a plant would be 7.5 pounds per gasoline gallon equivalent, or more than 70% lower than gasoline. NRDC has examined the greenhouse gas emissions from a wide variety of feedstock and conversion process combinations using the Argonne GREET model (see Figure 3 and Appendix). EPA conducted a similar analysis for a fact sheet released in conjunction with its final rule for implementing the Renewable Fuels Standard enacted in EPACT 2005.
 EPA’s results are shown in Figure 4 and are very similar to ours (note that EPA displays results relative to conventional gasoline, which is set to zero on their chart.)
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Figure 3. NRDC Lifecycle Greenhouse Gas Analysis 
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Figure 4. EPA Lifecycle Greenhouse Gas Analysis

Now consider a cellulosic ethanol plant. While such plants are often considered to be environmentally superior to corn ethanol plants, this is not necessarily the case, depending on how the cellulosic feedstock is produced. For example, if the biomass for the cellulosic ethanol plant is obtained by converting to biomass production land that had been enrolled in the conservation reserve program (CRP), then the forgone conservation benefits and carbon benefits must be accounted for. The CRP has enrolled more than 1 million acres in forest cover, including hardwoods, longleaf pine, and other softwoods. These forests provide both important ecological services and sequester a substantial amount of carbon. Converting such lands to biofuels production would not only rapidly return to the atmosphere the carbon sequestered since the trees were planted, but would also forgo future carbon sequestration on this land. The net result would be CO2 emissions to the atmosphere many times greater than the annual greenhouse gas benefits from cellulosic ethanol production on this land. 
Land conversion need not be this direct to undermine the environmental benefits of biofuel production. Devoting an increased share of U.S. agricultural output to fuel production rather than food and livestock feed will result in increased demand for animal feed from sources abroad. If any significant portion of this additional feed is obtained by converting mature forests into pasture or cropland the CO2 emissions from this land use change could greatly exceed the emission reductions from the use of biofuels. The Argonne GREET model and most lifecycle analyses conducted to date have either ignored these land use related emissions or minimized them. These emissions, however, are unavoidably caused by using certain crops and types of land for biofuels feedstocks and they have the potential to negate all of the global warming benefits of poorly designed biofuels policies. 
A recent letter in Science does a particularly good job of showing how complicated but important these indirect land-use impacts can be. The letter explains how increased demand for corn to make ethanol is reducing domestic production of soy beans and thus driving up the production of soy beans in Brazil. Policies such as the biodiesel mandate being contemplated in Massachusetts would great similar pressures on Brazilian soy farming. The letter details how increased Brazilian soy farming leads directly and indirectly to clearing of Brazilian rainforests:
Some Amazonian forests are directly cleared for soy farms. Farmers also purchase large expanses of cattle pasture for soy production, effectively pushing the ranchers farther into the Amazonian frontier or onto lands unsuitable for soy production. In addition, higher soy costs tend to raise global beef prices because soy-based livestock feeds become more expensive, creating an indirect incentive for forest conversion to pasture. Finally, the powerful Brazilian soy lobby is a key driving force behind initiatives to expand Amazonian highways and transportation networks in order to transport soybeans to market, and this is greatly increasing access to forests for ranchers, loggers, and land speculators. [Footnotes not included.]

Not all biomass material leads to increased demand for new agricultural lands and not all lands brought into production are rainforests. Nevertheless, it is important to understand the scale of impact that greenhouse gas emissions from these indirect land-use changes can have. Looking at a number of estimates, new very efficient corn ethanol refineries should be able to produce about 420 gallons of ethanol from an average acre of corn. Putting aside emissions from land-use change, this ethanol would reduce greenhouse gas emissions by about 37 percent per gallon or about 2,500 pound worth of CO2 per acre each year. Now, according to another article in Science, one acre of tropical rainforest if cleared and used to grow crops will release about 655,000 pounds worth of CO2 over 30 years or an average of nearly 22,000 pounds per year.
 In other words, if the conversion of an acre of corn from food and feed to fuel resulted indirectly in the conversion of just one-tenth of an acre of rainforest all the greenhouse gas emissions benefits of the ethanol would be whipped out for the first 30 years.
Of course, there are many more types of land being converted to agriculture than just rainforests. And the marginal impact of land-use changes here in the United States on land-use in the rest of the world is extremely hard to predict with economic equilibriums and agricultural and trade policies all interacting in complex ways. But to ignore these indirect emissions is to assume they are zero, which could easily lead to the government subsidization of fuels that are worse for global warming than gasoline or diesel.
Advanced Technologies – Promising but not a Panacea

Much has been written and said about the promise of advanced, second generation biofuels technologies. These technologies do appear poised to greatly increase the amount of biofuels we can produce and make it easier to produce them in a sustainable way. It is critical to realize, however, that these technologies will not be available overnight and just because we can produce biofuels sustainably does not mean that we will. 

When I first started looking at biofuels in 2002, all of the cutting edge expertise was in academia and the national energy labs. You could talk to these experts and they would tell you where the technology stood. Over the last 2 years, however, all of the cutting edge research has moved into the private sector and is proprietary. So while it's now much harder to know where things stand, we know that a lot of investor dollars are being bet on near-term commercialization. The research is being driven by venture capitalists and private investors.

Combine these developments with the very impressive number of projects proposed in response to recent government solicitations, and it's hard not to believe that things are moving along quickly. Within the past year, New York issued a solicitation for two pilot cellulosic biofuels projects and DOE issued a solicitation for six small commercial scale cellulosic projects.  Both of these solicitations required significant private sector investment and a number of major market players responded. Cellulosic biofuels projects announced in recent weeks inlcude a new pilot cellulosic plant in Nebraska that will be built by Abengoa, a plant using switchgrass as a feedstock that will be constructed in Tennessee by Mascoma, and a commercial line of cellulose processing enzymes by Genencor. International developments include a recent announcement by Royal Nedalco in the Netherlands that it will skip the pilot scale and go straight to building a small commercial scale 50 million gallon a year cellulosic plant. There are also advances being made in radically different technologies including the use of microorganisms in existing ethanol facilities to produce fuels similar to gasoline such as biobutanol, bacterial and catalytic conversion of biomass into renewable diesel and gasoline, and the use of algae to make a synthetic diesel fuel.
It is my understanding, however, that none of these projects will come on line until 2010. Assuming a few of them perform very well, they could be expanded, but it is really the second generation plant that investors will consider a potential cookie-cutter model. Being optimistic, assume that we go into 2013 with three different technologies that can compete with corn ethanol or gasoline, each with an operating second generation plant of about 50 million gallon per year capacity. Even if the technologies are so promising that orders for more fuel are actually placed in 2012, how fast will capital and engineering capacity flow into the sector? How long will siting and permitting lead times be? One billion gallons of capacity by 2016 seems reasonable to me assuming we have at least one clear success on line by 2010. Three billion would be absolutely fantastic. Such a result would require that by 2013 the cellulosic industry grows as fast as the corn ethanol industry grew from middle of 2006 to middle of 2007.
The ability to convert cellulose into fuels opens up the possibility of using new feedstocks such as cellulosic crops, including switchgrass, that use significantly less chemical inputs and water, agricultural residues and organic waste. However, as we discussed earlier, it is also possible to cultivate and harvest cellulosic biomass in extremely destructive and carbon intensive ways. One of the easiest ways to do cellulosic biofuels wrong is by harvesting feedstocks from inappropriate areas such as our public forests, old growth forests, or other imperiled and fragile ecosystems.  While I’m not aware of any projects proposing to use such feedstocks, federal policies should not incentivize the future use of such feedstocks.  Environmental safeguards and performance standards are necessary to ensure that federal policy promotes the best production standards for biofuels, such as well-managed cultivation of corn or switchgrass.   
Liquids from Coal v. Electricity from Coal for Transportation


Even if liquid coal synfuels plants fully employ carbon capture and storage, full fuelcycle greenhouse gas emissions from using these fuels will be somewhat worse than conventional gasoline (see Figures 1 and 2). There is a straightforward reason for this. Liquid coal synfuels are hydrocarbon fuels with about the same carbon content per BTU as conventional gasoline or diesel fuel, so vehicle tailpipe CO2 emissions from using liquid coal would be nearly identical to those from using conventional fuels. Any CO2 emissions released from the synfuels production facility have to be added to the tailpipe emissions. The residual emissions from a liquid coal plant employing CCS are still somewhat higher than emissions from a petroleum refinery, hence lifecycle emissions are higher. 

While I believe that there are better alternatives, if coal is to be used to replace gasoline, generating electricity for use in plug-in hybrid vehicles (PHEVs) can be far more efficient and cleaner than making liquid fuels. In fact, a ton of coal used to generate electricity used in a PHEV will displace more than twice as much oil as using the same coal to make liquid fuels, even using optimistic assumptions about the conversion efficiency of liquid coal plants.
 The difference in CO2 emissions is even more dramatic. Liquid coal produced with CCS and used in a hybrid vehicle would still result in lifecycle greenhouse gas emissions of approximately 330 grams/mile, or ten times as much as the 33 grams/mile that could be achieve by a PHEV operating on electricity generated in a coal-fired power plant equipped with CCS.

The New Federal RFS and CA LCFS

In December of last year, President Bush signed into law the Energy Independence and Security Act of 2007 (EISA07), which included a major increase in the renewable fuel standard and groundbreaking GHG performance standards and safeguards for renewable fuels. Specifically, the expanded RFS requires the oil companies to use 36 billion gallons of ethanol (or the equivalent of other renewable fuels) by 2022.  Over their full lifecycle, all of these renewable fuels must provide at least a 20 percent reduction in greenhouse gas emissions compared to petroleum fuels. The new RFS also requires that at least 22 billion gallons of the 36 billion total be “advanced biofuels,” which are basically defined as not being ethanol from corn. These advanced biofuels must provide at least a 50 percent reduction. Of the advanced biofuels, at least 16 billion must be from cellulosic feedstocks and at least 1 billion must serve as an alternative to petroleum diesel. The advanced biofuels from cellulosic feedstocks must provide at least a 60 percent reduction in GHG emissions.
The RFS also establishes clear parameters for sustainable sourcing of biofuels feedstocks that guard against the loss of native forests and prairie, and protect threatened, imperiled, and endangered species, and public lands. While additional safeguards such as conservation standards to preserve soil and water quality are needed, the RFS contains critical safeguards necessary to protect our natural resources.

Under the EISA07, EPA is directed to promulgate regulations to implement these GHG performance standards and the environmental safeguards by the end of 2008. Perhaps the most complicated part of this is developing the accounting protocol to measure and certify the lifecycle greenhouse gas emissions of different renewable fuels. Fortunately, EPA has a head start in this effort. Early in 2007, President Bush directed EPA, in coordination with other federal agencies, to promulgate regulations to reduce US gasoline use by 20 percent within 10 years and to do so in a way that complied with the federal court ruling that CO2 is a pollutant. Before the passage of the EISA07, EPA was track to issue a notice of proposed rulemaking to implement the so called 20-in10 executive order around the end of 2007. As part of these draft rules, EPA had done significant work developing a lifecycle accounting methodology.
The California Air Resource Board is also developing an accounting protocol as part of the low-carbon fuel standard and is on a similar schedule as EPA. The LCFS was the first measure announced after the signing of the landmark AB32 Global Warming Solutions Act, and is the world’s first global warming pollution standard for fuels.  Governor Schwarzenegger’s executive order implementing the LCFS directs CARB to develop a regulation for oil companies and other providers of vehicle fuels sold in California to reduce emissions of carbon dioxide and other global warming pollutants by 10 percent by 2020.  CARB is scheduled to adopt the LCFS at the end of 2008.

A LCFS is a better approach to encouraging innovation among fuels and reducing global warming pollution than an RFS. A LCFS is technology-neutral allowing any type of low-carbon fuel to compete in reducing the average GHG intensity of fuels including electricity. Furthermore, while the new RFS provides a minimum level of lifecycle GHG performance, the LCFS encourages the best performance. Finally, a LCFS discourages high-carbon fuels such as liquid coal, oil shale, and tar sands. An RFS has no impact on these more polluting fuels.
The Two Proposals in Massachusetts
As the task force knows, there are two distinct proposals under consideration here in Massachusetts. The first has been adopted by the State Senate as part of the omnibus energy legislation and would exempt cellulosic biofuels from the state excise tax provided the fuels provide significant greenhouse gas emissions reductions. The provision requires the state to coordinate with other jurisdictions in developing an accounting protocol to measure greenhouse gas emission over the lifecycle of fuels and the legislative definition was recently amended to read identically to the definition signed into law by President Bush in December under the EISA07. 

The tax exemption approach seems likes a good first step for Massachusetts, but I would recommend making the exemption technology-neutral and performance-based. Making it technology neutral would involve replacing the cellulosic requirement with a broader definition of the type of fuels covered. At a minimum I would suggest adopting the definition of renewable fuels adopted in the EISA07, but the definition could be expanded to cover all forms of “low-carbon fuels” moving closer to the approach being taken by California under the LCFS.
To make the exemption performance-based, I would recommend at a minimum adopting the minimum thresholds established in the federal bill (20 percent, 50 percent, and 60 percent). An even stronger performance link would make the level of the exemption a function of the level of greenhouse gas emission reduction. Given that the federal law requires the levels of reduction above, it seems that Massachusetts tax dollars would best be given for performance above the federal standards. For example, fuels providing reductions of 50 percent or less might not get any reduction, those providing a 75 percent reduction could get a full 100 percent reduction, and those in between could get an additional 4 percent exemption for each addition percentage point emissions reduction. An additional option would be to increase the excise tax on high-carbon fuels. This approach could generate revenues to invest in developing low-carbon fuels in Massachusetts.

As mentioned above, CARB and EPA are on track to promulgate lifecycle greenhouse gas emissions accounting and certification regulations and Massachusetts should integrate and coordinate with whichever of these rules turns out to be stronger. Massachusetts should also adopt the environmental safeguards for renewable fuels that are part of the EISA07. These prohibit the use of feedstocks from certain types of lands, including federal lands and any converted from rainforests and other sensitive areas. 
The other legislative proposal in Massachusetts is a mandate to blend increasing amounts of biodiesel with diesel and heating oil. I recommend that this proposal be replaced with a major push to lead the regional development of a low-carbon fuel standard similar to that being developed by California. As drafted, the biodiesel mandate picks a technology, does not reward performance, and includes a vague definition of sustainable that would be very hard for Massachusetts to implement on its own.

It is important to understand that biodiesel refers to a fuel produced from a specific conversion process (transesterification, which creates fatty acid methyl esters or “biodiesel”) for converting animal and vegetable oils into a diesel substitute. The process is relatively mature but limited in its ability to scale by the availability of these oils.
 Increasing production of these oils leads to all the complicities associated with greenhouse gas emissions from indirect land-use changes discussed above. In fact, the most productive source of vegetable oil, palm oil, is also associated with some of the worse GHG emissions from land-use change. In the long-term, algae offer an exciting potential source of oils, but the future of algae is still highly speculative. There is also an array of other technologies being develop to produce diesel alternatives from other sources of biomass than oils. These other pathways, often referred to as “renewable diesel” or synthetic diesel, are still a few years from commercialization at least.   However, developing the current generation of biodiesel feedstocks and conversion technologies does little, if anything, to advance these next generation diesel alternatives.
In contrast, a low-carbon fuel standard does not try to pick winners, encourages the best performance from all different fuel technologies, and discourages the high-carbon fuels. However, given the nature of the transportation fuel system in the Northeast, a LCFS would be difficult for Massachusetts to implement on its own. Instead, Massachusetts should lead a regional effort to develop a LCFS with the same scope, schedule, and goals as that being developed by California.
Versions of a federal LCFS have been introduced in Congress, and one was even passed out of the Senate Environment and Public Works Committee last fall as part of the comprehensive cap-and-trade climate bill. While the adoption of a federal LCFS would most likely preempt states other than California from pursuing LCFS, a serious, regional effort in the Northeast that is consistent with California’s effort would provide a viable alternative to a federal effort. This would greatly increase the likelihood that we would end up with a federal LCFS that is at least as strong as California’s.
If Massachusetts decides to proceed with a biodiesel mandate, I would urge at a minimum that the fuel provide reductions in lifecycle greenhouse gas emissions at least as large as those required by the federal RFS (i.e. 50 percent). I would also urge that the fuel be required to comply with the environmental safeguards established under the RFS. Finally, I would recommend that this provision sunset as soon as a regional or federal LCFS is adopted.

In the meantime, I know that there is significant interest in driving local economic development by encouraging green biofuels, and I think there is tremendous opportunity to do so. But Massachusetts needs to be smart about how it goes about this. Certainly proving a mandate or tax exemption for biofuels that do not at least comply with the federal GHG standards does not make sense. Instead, I would recommend focusing on nurturing and expanding the already significant advanced biofuels technology company cluster in the state. There are at least three ways to do this: provide logistical and financial encouragement to advanced biofuels companies based here in Massachusetts, provide financial support for academic research here in the state, and supporting pilot scale facilities here in the state. Pilot scale facilities can have relatively modest costs (e.g. $5 million start up and $1 million per year operation and not all of this would have to be covered by the state) and have a tremendous impact on a company’s ability to commercialize its technology.
� http://www.epa.gov/otaq/renewablefuels/420f07035.htm


� Laurance, W.F., “Switch to Corn Promotes Amazon Deforestation,” Science (Letters), December 14, 2007, Vol. 318, page 1721.


� Righelato, R. and Spracklen, D., “Carbon Mitigation by Biofuels or by Saving and Restoring Forests?” Science, August 17, 2007, Vol. 317, page 902.


� Assumes production of 84 gallons of liquid fuel per ton of coal, based on the National Coal Council report. Vehicle efficiency is assumed to be 37.1 miles/gallon on liquid fuel and 3.14 miles/kWh on electricity. 


� Assumes lifecycle greenhouse gas emission from liquid coal of 27.3 lbs/gallon and lifecycle greenhouse gas emissions from an IGCC power plant with CCS of 106 grams/kWh, based on R. Williams et al., paper presented to GHGT-8 Conference, June 2006.


� For a sense of scale, an article from Environmental Science and Technology in the fall of 2007 estimated all of the vegetable oil being exported from countries around the world as being equal to about just 4 percent of current global demand for diesel. (Johnston, M.; Holloway, T., “A Global Comparison of National Biodiesel Production Potentials,” Environ. Sci. Technol.; 2007; 41(23); 7967-7973.  DOI: � HYPERLINK "http://dx.doi.org/10.1021/es062459k" �10.1021/es062459k�.)
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