Dubious “Climate Change” solutions -- Biodiesel: Good, Better, Worst?

Biodiesel is an environmentally friendly fuel, much in demand for all of Europe’s cars. It has a substantially better energy balance than ethanol, causes a dramatic reduction in carbon emission per mile driven relative to petroleum based diesel, is100% renewable, and it can go into existing diesel engines without modifications - so what is there not to like?

Nonetheless, Khosla Ventures has not been investing in this great fuel. Why? We’ll go through the reasons why we believe bio-diesel (as it’s currently produced) is not the solution.
BIODIESEL RELEVANCE…
	
	Biodiesel
	Ethanol

	Carbon Reduction – 2006
	80%
	20-30%

	Carbon Reduction – 2010
	80%
	80%

	Scalability (2030 gallons per acre)
	600-900
	2,500 (cellulosic)

	Quality (uniformity)
	Poor
	Good

	Cost
	High
	Med-Low

	Sustainability – 2010
	Poor
	High


Trajectory:  From our perspective, biodiesel is a dubious/risky investment. Even though it is currently greener than ethanol, it appears to violate one of our key rules for “climate change” solutions – a positive long-term trajectory. Unlike ethanol/butanol, it does not appear to be amenable with cellulosic technologies which increase yields substantially, is marginal in its cost effectiveness, and becomes uncompetitive relative to regular gasoline if oil prices decline modestly . Since, its cost of production is unlikely to decline rapidly, its competitiveness will not improve substantially over time, all of which suggest that while it makes us feel good in the short run, it is unlikely to show the trajectory to do so in the future without subsidies.  Given our unwillingness to cut off subsidies if it causes an industry to go out of business (essentially proving that a subsidy is keeping the industry alive in the first place), we are creating another subsidy we cannot stop. We should only use subsidies and incentives to support technologies that are likely to achieve unsubsidized market competitiveness within 5-7 years. Within the next twenty five years oil is projected to stay in the $50-60 range and if biofuels start to be a meaningful percentage of our transportation fuel needs, we estimate it will decline to the $35 range and possibly as low as $25 per barrel.(at which point much of current capacity goes offline and only a few countries with lower than $25 marginal cost of oil like Saudi Arabia will keep pumping oil). 
 Today, biodiesel yields are about 500 gallons per acre - similar to ethanol. However, the seed products from which vegetable oil is extracted (like palm and soy) are well optimized crops over the years – yields are not likely to rise significantly. Corn ethanol may double to 1000 gallons per acre as Monsanto has corn seeds in development that can possibly achieve a doubling of yields to 300 bushels per acre while cutting nitrogen use per acre in half, especially if precision farming is used.  But that would not win our support unless we could go to 1500 gallons per acre or more – a number corn ethanol may achieve if  distillers grain, a byproduct of ethanol production is also converted to ethanol using cellulosic processes. But most importantly corn ethanol leads to cellulosic ethanol which is made from cellulosic crops. Cellulosic crops have little practical use today, and have had far less research and thus have more room for improvement than staple crops such as corn, soybeans and palm. For cellulosic “energy crops” like switchgrass and miscanthus, one can envision increasing yields per acre (forecasted to achieve 24 tons/acre in a typical 40 inch per year rain region for miscanthus, high yield sorghum and other similar crops which do C4 photosynthesis), and increasing yields of ethanol per ton, while lowering production costs all the way to below $1.00 per gallon over time. Cellulosic ethanol, in my estimation, can yield upto 2500-3000 gallons per acre  while dramatically lowering the cost per gallon and the acres of land required to replace all our gasoline needs. The same crops will then be used to produce “designer fuels with customized chemistries to directly produce replacements for diesel fuels. We have invested in companies working on these technologies. I will call these cellulosic diesels. 
In summary , biodiesel (1) fails to be a good climate change solutions because of its land inefficiency in gallons produced per acre and hence fails the scalability test. Therefore our government should not be spending our tax dollars on this technology as it is unlikely to be a scalable, economic or a land efficient solution; (2) it fails the investment test because it fails to achieve unsubsidized market competitiveness within 5-7 years and is uneconomic if oil prices decline even modestly to $40; (3) it is a technology that does not have declining cost with technology improvements and hence does not have declining risk.. The last two reasons suggest that investors should not be investing in the technology either.
How Much  Ethanol Can We Produce?

Below are Khosla Ventures projections of the expected yields of cellulosic ethanol from 2005 to 2030, accounting for improvements in yield of biomass crops, efficiency of ethanol production per ton of biomass, and increases in land usage. Over the period, crop yields are likely to increase four-fold! Additionally, it’s worth noting that the gasoline demand does not take into account increased engine efficiencies (such as that proposed by Transonic Combustion, one of our investments) or increased CAFÉ (Demand in the table below is projected to grow 1% per year along historical lines though we hope technology improvements and policy both reduce our per mile consumption of liquid fuels; a single technology like Transonic is developing can cut our gasoline and diesel needs in half).
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Year Cellu.Eth. GalsCorn Eth. GalsTotal Eth (gals)Gas. Eq Gals Demand(1%)

(Billions) (Billions) (Billions) (Billions) (Billions Gal)

Million Acres  

Yield (tons/ac)Yield  (Gals/ton) Biomass Ac.

2005 6 80 0 0 4.0 4.0 3.2 140

2006 6.3 83.2 0 0 4.8 4.8 3.8 141.4

2007 6.6 86.5 0 0 5.8 5.8 4.6 142.8

2008 6.9 90.0 0 0.0 6.9 6.9 5.5 144.2

2009 7.3 93.6 0.1 0.1 8.3 8.4 6.7 145.7

2010 7.8 97.3 1 0.8 10.0 10.7 8.6 147.1

2011 8.3 98.3 3 2.5 10.9 13.4 10.7 148.6

2012 8.9 99.3 5 4.4 12.0 16.5 13.2 150.1

2013 9.6 100.3 7.5 7.2 13.2 20.4 16.4 151.6

2014 10.2 101.3 10 10.4 14.6 24.9 19.9 153.1

2015 10.9 102.3 13 14.6 14.6 29.1 23.3 154.6

2016 11.7 103.3 16 19.4 14.6 33.9 27.1 156.2

2017 12.5 104.4 19 24.8 14.6 39.4 31.5 157.8

2018 13.4 105.4 22 31.1 14.6 45.7 36.5 159.3

2019 14.3 106.5 25 38.2 14.6 52.8 42.2 160.9

2020 15.4 107.5 28 46.2 14.6 60.8 48.6 162.5

2021 16.3 108.6 31 54.8 14.6 69.3 55.5 164.2

2022 17.2 109.7 34 64.3 14.6 78.9 63.1 165.8

2023 18.3 110.0 37 74.4 14.6 89.0 71.2 167.5

2024 19.4 110.0 40 85.3 14.6 99.8 79.9 169.1

2025 20.5 110.0 43 97.2 14.6 111.7 89.4 170.8

2026 21.8 110.0 46 110.2 14.6 124.8 99.8 172.5

2027 23.1 110.0 49 124.4 14.6 139.0 111.2 174.3

2028 24.5 110.0 52 140.0 14.6 154.5 123.6 176.0

2029 24.5 110.0 56 150.9 14.6 165.5 132.4 177.8

2030 24.5 110.0 60 161.7 14.6 176.3 141.0 179.5


How Much Ethanol Can We Use (based on FFV’s on the road)?
The table below contains projections of the expected trajectory of FFV vehicles and E85 demand in the US, assuming the implementation of an RPS standard and the FFV mandate of having 50% of all new cars shipped by 2012 to be flex fuel cars, a number that the there major US automakers have already committed to achieving..

	
	
	New cars/yr
	New FFV's
	Cum  FFV Cars
	% E85
(per car fuel % )
	E85 Demand

	
	
	(000’s)
	(000’s)
	(000’s)
	
	(Billion Gallons)

	2005
	
	16,177
	1,000
	1,000
	
	

	2006
	
	15,944
	1,000
	2,000
	
	

	2007
	
	16,328
	2,000
	4,000
	
	

	2008
	
	16,442
	2,000
	6,000
	
	

	2009
	
	16,637
	3,327
	9,327
	0.1
	1

	2010
	
	16,799
	5,040
	14,367
	0.15
	2

	2011
	
	16,977
	6,791
	21,158
	0.2
	3

	2012
	
	17,085
	8,543
	29,700
	0.25
	6

	2013
	
	17,099
	10,259
	39,960
	0.3
	9

	2014
	
	17,139
	11,997
	51,957
	0.35
	14

	2015
	
	17,164
	12,015
	63,972
	0.4
	19

	2016
	
	17,281
	12,097
	76,069
	0.45
	26

	2017
	
	17,450
	12,215
	88,284
	0.5
	33

	2018
	
	17,664
	12,365
	100,648
	0.55
	42

	2019
	
	17,833
	12,483
	113,132
	0.6
	51

	2020
	
	18,011
	12,608
	125,739
	0.65
	61

	2021
	
	18,246
	12,772
	137,511
	0.7
	72

	2022
	
	18,508
	12,956
	149,467
	0.75
	84

	2023
	
	18,788
	13,152
	160,619
	0.75
	90

	2024
	
	19,077
	13,354
	171,973
	0.75
	97

	2025
	
	19,356
	13,549
	182,194
	0.75
	102

	2026
	
	19,664
	13,765
	190,919
	0.75
	107

	2027
	
	19,953
	13,967
	198,096
	0.75
	111

	2028
	
	20,192
	14,134
	203,688
	0.75
	115

	2029
	
	20,467
	14,327
	207,755
	0.75
	117

	2030
	
	20,735
	14,515
	210,272
	0.75
	118


Estimate assumes adoption of policy recommendations for flex-fuel mandates
Does not include “other” gasoline use (lawnmowers, boats,…), hybrid or plug-in hybrid FFV’s, lighter vehicles, higher CAFÉ standards etc. Hybrids, plug-in hybrids and increased CAFÉ are likely to significantly reduce demand for liquid fuels if the appropriate policies are enacted. We recommend hybrid/efficiency incentives to be based on reduced engine consumption of liquid fuels per mile driven, encouraging battery hybrids, air hybrids and other engine efficiency improvements.
Scalability means the ability to replace a substantial portion (atleast 30-50% ) of our gasoline or diesel consumption: Keys to scalability are (1) lower cost per gallon than its fossil competitors so economics can drive the market. This must hold true over the long term, including potential market fluctuations/manipulations; (2) the ability to attract capital to scale to the levels to make a practical dent in the quantity of material. For this, the return on equity should make sense and the risk of competitiveness given market parameter fluctuations and subsidies should be low. Are we likely to offer a dollar a gallon subsidy on tens or hundreds of billions of gallons of fuel? (3) We must have sufficient feedstock to produce the fuel at a large enough scale to be material. In the case of most biofuels, land intensity is the key factor in generating sufficient feedstock volumes if the economics work (which they are unlikely to, unsubsidized, for biodiesel using the current feedstocks). In my estimation  if we don't get to 2500-3000 acres per gallon in yields we are not going to solve our global carbon emission problem. Investments, even if they make economic sense as investments (which biodiesel is unlikely to do unless oil is above $75 per barrel), but may not be material enough to solve the global oil problem. Biodiesel’s current feedstocks will likely have scalability to produce only 25 or 50 billion gallons of biodiesel annually.
Quality: As a blend, biodiesel works just fine. At 5% of regular diesel it is a fine product. But can the same thing run at 50% or a 100% biodiesel? We admire the stories we’ve heard of Willie Nelson’s biodiesel exploits, of biodiesel made from waste oils, or grease, or other romantic notions. They do work, but will Mercedes warrant their cars against notoriously variable fuel specifications? Alternatively, will consumers tolerate biodiesel from different sources that is a crapshoot when it comes to their cars? The various forms of biodiesel vary vastly in their quality, properties and consistency,  as they are made from soy, jatropha, animal slaughterhouse waste, and palm oil  (in Indonesia) to name a few. Unfortunately all these sources result in a highly variable fuel that would not meet the needs of most of the major automakers, whose desire to get on board is vital. In comparison ethanol, no matter what the source, is a consistent fuel. 
Business Models: Simply put, the business model must work. The biofuel must be cheaper across a wide range of price fluctuations of the competitive fossil fuel. Businesses must be able to make money in a scalable way - otherwise the infrastructure for scale will never happen despite the best of intentions and dreams. Biodiesel meets some of these requirements currently, often because of legislation (as all new fuels appear to need when getting started) but it seems risky to me to assume that it will retain competitiveness as it scales and as subsidies go away. It is possible but somewhat unlikely. Can it consistently make profits without subsidies? Can it attract enough capital? These questions appear to need answers. 

With all that being said, we should note that we are still optimistic that solutions exist that will be more economic than their fossil competitors, unsubsidized. –The presence of obstacles is not cause enough to retain the old, as many would have us believe. The key question to ask with any new approach is “What is” versus “what can be” (shouldn’t it be other way around). Otherwise we get same old, same old and the vision of the “nothing can change” crowd. We don't “imagine the future” and don’t attempt to make the” new and possible” happen because we believe it won’t, resulting in a self-fulfilling prophecy. 
Hope: Despite our apprehension, there are versions of biodiesel that will make sense. Jatropha is being planted in India, China and other parts of the world. Since Jatropha grows in sub-prime lands, it is potentially scalable because land becomes less of an issue. Biodiesel made from algae is another more promising source of biodiesel. My personal belief is that easier solutions exist, but in our search for a diverse set of answers this is an avenue worth exploring. There are also attempts to directly produce diesel like fuel chemistries the way ethanol is produced – from cellulosic feedstocks. That is a significantly more scalable solution if it works technically and economically because biomass can be made available in very large volumes. Finally, there are various attempts to produce crude oils often called biooil or biocrude from cellulosic or waste materials like municipal waste, recycled plastics,   and other renewable feedstocks. This oil, though often of inconsistent quality, is sufficiently consistent to feed into traditional crackers and refineries that currently use crude. The result of this process can produce potentially economic fuels in a very scalable way while leveraging the existing infrastructure of oil refineries worldwide. This provides for attractive business dynamics.

Khosla’s Rules of Investing

1. Attack manageable but material problems

2. Technologies that can achieve unsubsidized market competitiveness quickly

3. Technologies that scale - If it isn’t cheaper it doesn’t scale

4. Technologies that have manageable startup costs and short innovation cycles 

5. Technologies that have declining cost with scale – trajectory matters

Green Niches and “feel good” Actions
One aspect of environmentalism that has often worked against it is that pragmatism often gives way to idealism – which in turn achieves nothing. Example; San Francisco collects grease from restaurants and turns it into a million gallons of biodiesel a year to run its buses. Is that economical or just political show? What is the real cost of this? Even if the economics work in San Francisco (because the grease has to be collected anyway) does it scale to ever become material in its impact?  Animal waste falls in the same category. We should allow these fuels but should we use precious federal dollars to incentivize them or promote them? What solutions should we focus our attention on and promote? Will it be good enough quality for manufacturers to warranty their engines and to control particulate and other emission in a predictable way? Elsewhere, my article on Dr. Herman Scheer
 notes the effects of “feel good” on nuclear technology in the past, and its role in promoting non-scalable solutions today. It is important to note that products that may meet a niche, green market are not necessarily practical for the world at large. At the policy level our focus should be on the larger pieces of the pie.
A fast emerging source of biodiesel is palm oil based biodiesel from Indonesia and Malaysia. This is just greenwashing a “not quite” clean fuel - by cutting down rain forests and releasing more carbon monoxide from the bogs they clear, more carbon is released than will be saved from replacing diesel with biodiesel. Unfortunately greenwashing is a real problem in the whole “going green” phenomenon.
Despite my skepticism about some avenues, there are still plenty of possibilities for innovation  to meet our biofuels needs in economic and environmentally pragmatic ways. 
· Efficiency: Better engines & lighter cars, hybrids, plug-in electric cars can all reduce our need for liquid fuels. The best way to achieve higher mileage and promote these technologies is to increase CAFÉ mileage requirements dramatically.
· New engines – At Khosla Ventures, we have investments in new engine technology, such as Transonic Combustion – the goal is to increase engine efficiencies by operating them at high compression ratios paired with minimized waste generation. The  SAAB 9-5 Biopower Turbo is another example of a high-compression engine out on the marketplace.
· Diesel like or better compression: optimization for biofuels – Instead of today’s engines, which are optimized for gasoline, future engines and compression techniques are likely to be developed that favor biofuels, ranging from ethanol (initially) to butanol, and other bio-alcohols. It is likely that ethanol, despite its lower energy content per gallon, can achieve equal or greater mileage per gallon than gasoline with optimized engines.
· Feedstock choices (Biomass – be it municipal waste, agricultural waste, algae, miscanthus, or high yield sorghum – plenty of options exist, and yields are consistently increasing (as shown in tables above). The development of land devoted (in rotation) to energy crops (potentially in a rotation with row crops like corn and soy, that have the added benefit of improving the bio-diversity through polyculture agriculture and improve the soil as well if energy crops are grown as grass cocktails) would help meet biomass supply needs associated with the demand for biofuels. To increase the availability of economic, sustainably grown biomass at scale, we suggest that energy crop  and crop agronomy practices, technologies, assessments and logistics should be made a very high priority for the country
· A fundamental shift in the long run from corn ethanol to cellulosic ethanol, and eventually to other biofuels such as butanol is possible.. As I’ve noted repeatedly, corn ethanol is the starting point – not the be-all and end-all of liquid fuel development but it has lots of promising development trajectories. We must not let perfect be the enemy of the good. We need to imagine the future and make it happen through the right policies in Washington and the empowerment of our scientists, technologists, entrepreneurs and venture capitalists.
Transportation fuels: Oil

We have a number of possibilities for meeting our transportation fuels needs: biodiesel, ethanol and other follow-on chemistries to ethanol (like butanol or similar chemistries all of which I call biohols).  Is electricity a real option? Absolutely. It is even likely that eventually, it will be a primary source of propulsion for transportation. In the short run the electric grid is fairly polluting.  If we are able to scale clean electric generation we should be using it to replace dirty coal fired power generation (a far greater problem both environmentally and economically) as opposed to fulfilling would-be electric car demand. Today, an electric car   has a similar emission profile (in terms of carbon dioxide per mile driven) as an ethanol powered car. Further, electric storage technology today is expensive enough where it is unlikely to be an acceptable cost option for the majority of Americans (Tesla Motors, which is developing electric cars alone, is offering its first car at an $85,000 price tag). A few concerned environmentally oriented folks will buy it but it is far from something most American will accept anytime soon. I do think it is a good idea and will encourage more research in batteries, generate more interest from the major automakers and start a trajectory which could be eventually promising. On a personal note, I believe that electric hybrids are a good idea - As battery technology gets better cars will have a balance of power form both liquid fuels (hopefully biofuels) and batteries and as the two technologies progress at different rates based on technology breakthroughs the balance will shift between the two. Eventually, it is entirely possible we will get a 100% of our automotive power from electricity. I doubt it will happen in the next twenty five years as I see biofuels on a much steeper learning and cost curve. The important action, however, is taking the first steps away from gasoline towards its eventual replacement – I do not believe that biodiesel is important in that equation..
� http://news.com.com/Keeping+clean+tech+down-to-earth/2010-11392_3-6176105.html
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														Production		Production		Production		Ethaol Prod.		Gasoline		US Oil		US Oil				Oil Imports

		Year												Cellu.Eth. Gals		Corn Eth. Gals		Total Eth (gals)		Gas. Eq Gals		Demand(1%)		Consumption		Consumption		Investment $		(for Gasoline)

														(Billions)		(Billions)		(Billions)		(Billions)		(Billions Gal)		M Barrels/day		M gallons/day		(Billions $$)		(Billions Gals.)

												Million Acres																		(Low Demand)

						Yield (tons/ac)		Yield  (Gals/ton)				Biomass Ac.

		2005				6		80				0		0		4.0		4.0		3.2		140		20.82		155,650		1.0		90.6

		2006				6.3		83.2				0		0		4.8		4.8		3.8		141.4		21.2		158,192		1.2		90.9

		2007				6.6		86.5				0		0		5.8		5.8		4.6		142.8		21.2		158,566		1.4		91.1

		2008				6.9		90.0				0		0.0		6.9		6.9		5.5		144.2		21.5		160,659		1.9		91.1

		2009				7.3		93.6				0.1		0.1		8.3		8.4		6.7		145.7		21.8		162,977		3.5		90.9

		2010				7.8		97.3				1		0.8		10.0		10.7		8.6		147.1		22.2		165,743		4.7		90.0

		2011				8.3		98.3				3		2.5		10.9		13.4		10.7		148.6		22.5		168,360		5.3		88.8

		2012				8.9		99.3				5		4.4		12.0		16.5		13.2		150.1		22.8		170,602		7.0		87.4

		2013				9.6		100.3				7.5		7.2		13.2		20.4		16.4		151.6		23.1		172,471		8.0		85.2

		2014				10.2		101.3				10		10.4		14.6		24.9		19.9		153.1		23.3		174,340		8.4		82.6

		2015				10.9		102.3				13		14.6		14.6		29.1		23.3		154.6		23.5		175,910		9.6		80.3

		2016				11.7		103.3				16		19.4		14.6		33.9		27.1		156.2		23.8		177,854		11.0		77.5

		2017				12.5		104.4				19		24.8		14.6		39.4		31.5		157.8		24.1		179,873		12.5		74.2

		2018				13.4		105.4				22		31.1		14.6		45.7		36.5		159.3		24.3		181,966		14.2		70.2

		2019				14.3		106.5				25		38.2		14.6		52.8		42.2		160.9		24.6		183,835		16.1		65.6

		2020				15.4		107.5				28		46.2		14.6		60.8		48.6		162.5		24.8		185,480		17.1		60.3

		2021				16.3		108.6				31		54.8		14.6		69.3		55.5		164.2		25.0		187,199		19.1		54.5

		2022				17.2		109.7				34		64.3		14.6		78.9		63.1		165.8		25.3		188,993		20.2		48.0

		2023				18.3		110.0				37		74.4		14.6		89.0		71.2		167.5		25.5		190,638		21.7		41.0

		2024				19.4		110.0				40		85.3		14.6		99.8		79.9		169.1		25.8		192,731		23.8		33.4

		2025				20.5		110.0				43		97.2		14.6		111.7		89.4		170.8		26.1		194,750		26.0		25.1

		2026				21.8		110.0				46		110.2		14.6		124.8		99.8		172.5		26.4		197,217		28.5		15.8

		2027				23.1		110.0				49		124.4		14.6		139.0		111.2		174.3		26.7		199,460		31.1		5.6

		2028				24.5		110.0				52		140.0		14.6		154.5		123.6		176.0		27.0		201,702		21.9		-5.7

		2029				24.5		110.0				56		150.9		14.6		165.5		132.4		177.8		27.3		203,945		21.6		-13.3

		2030				24.5		110.0				60		161.7		14.6		176.3		141.0		179.5		27.6		206,113		35.0		-20.7






