August 17, 2009
Mr. Anil Prabhu

California Air Resources Board

Dear Mr. Prabhu,








I am an engineer with Superior Process Technologies, Inc. (SPT).  We are a design group specializing in design of biodiesel production plants, and especially in processes using low grade feedstocks which are high in free fatty acids (FFA) such as used cooking oil (UCO), rendered animal fats and oils, and algae-based oils.
I have reviewed the CA-GREET pathway models for UCO-based biodiesel and for all of the other petro- and bio-fuels in direct competition with UCO-biodiesel. 
I was not only looking for quantitative accuracy and fairness of your evaluation of UCO-biodiesel, but I was also looking for CONSISTENCY of your methods of analysis when comparing one fuel vs. another.  
SUMMARY

Table 1 (attached spreadsheet) shows a summary of CA-GREET analyses of all of the different fuel options, and also our (SPT) independent analysis of UCO-biodiesel using our (SPT) biodiesel process with ‘waterless’ methanol recovery.  Different points of contention that I found are highlighted with footnotes that I hope are self-explanatory.


Tables 2, 3, 4, and 5 (below) show further condensed summaries of relative rankings of these alternative fuels with respect to calculated Green House Gas (GHG) emissions, overall energy efficiency, and usage of fossil fuel energy.  
Below, I explain the results of my review/analysis and I elaborate on the several points of contention that I found.  









DISCUSSION

First of all, let me say that I have come to accept the GREET model analysis as a valid tool (in principle) for ranking of various motor fuels with regard to their impact on Greenhouse Gas Emissions (GHG), and to a lesser extent, also a valid tool on ability of biofuels to displace petroleum-derived fossil fuels.  
Let me also say that this study represents a gargantuan effort of extremely complicated tasks, and the CA-EPA and CA-ARB deserve commendation for even attempting it.  And your methods, though extremely complex, and arguably flawed at different points, are nonetheless a logical and reasonable approach until something better comes along.  
That being said, your usage of diverse units of mass and energy and switching back & forth between said units without showing conversion coefficients is maddening and makes it very difficult to follow and critique your calculations.  

You also neglect to show details of your assumed biodiesel manufacturing process.  You don’t specify whether the process allows for stripping of methanol/water out of the by-product glycerin, nor does it specify whether the model allows for distillation and recovery of wet methanol.  Note that these are BIG omissions that affect the credibility of your models for both SOY-based and UCO-based biodiesel.  

Nevertheless, I did a bit of reverse engineering using your implied mass and energy balances, and I am convinced that you DO NOT include energies and emissions from processing of glycerin and recovery of methanol.  This is not only disingenuous, but in a subtle way, it gives double-advantage to the standard bioidiesel model.  It not only ignores these processing energies and emissions at the biodiesel production step, but it goes further to credit the biodiesel production processes with a larger by-product ‘off-set’ allocation due to the fact that the crude glycerin mass and energy content is increased by its methanol content.

Our (SPT) analysis for UCO-Biodiesel handles this issue properly, taking energies and emissions from glycerin processing and methanol recovery fully into account.  Furthermore, less credit is taken for allocation to the glycerin by-product due to it’s reduced mass after recovering it’s methanol content.  Note that our (SPT) process is very efficient in this regard because it is a ‘waterless’ process up to at least this point in the process, so methanol distillation from water is not required.  Futhermore, our model even honestly includes energies and emissions attributable to biodiesel distillation, which is not the norm, and represents a very conservative analysis.

Another point of confusion is whether the ‘energy and emissions’ due to methanol input and molecular content of biodiesel should be allocated toward the biodiesel production step (like your models) or at the ‘Tank-to-Wheel’ combustion step (as used in our SPT analysis).  I agree that the UPSTREAM energies and emissions expended upon production of methanol should be applied to the biodiesel production step, but the fuel value energy and GHG emissions of the methanol content within the biodiesel product should be accounted for at the combustion step.  But the I guess the end result is the same, as long as it is accounted for SOMEWHERE in the overall Well-to-Wheel analysis and is not counted twice.

In Table 1 (attached) note that I have taken the liberty of re-naming many of the processing steps (ie. line items) in more nebulous terms such that they can applied to all fuels alike for easier comparison (Example: vegetable oil extraction from oilseeds is analogous in principle to crude petroleum extraction from the well). 

Also note in Table 1 that I have highlighted various points of contention that I found with footnotes that I think are self-explanatory.
Please also understand that for each processing step of each fuel type that the numbers shown are net energy and GHG emissions after allocating (deducting) some of these values toward co-products produced in the process (i.e. soy meal, distiller’s grains, glycerin, etc.).
Table 2 (below) shows relative rankings of each fuel in terms of greenhouse gas emissions per million Btu combustion value of each fuel.    

Table 2

Relative Ranking of Fuels by GHG Emissions
(before pending land-use change penalties applied)
	Rank
	Fuel Type
	Total Emissions*
(gCO2e/MJ)

	1
	UCO-Biodiesel (per GREET analysis)
	13.70

	2
	UCO-Biodiesel (per SPT analysis) 
	14.20

	3
	SOY-Biodiesel
	26.93

	4
	SOY-Renewable Diesel
	28.80

	5
	CORN- Ethanol 
	>  68.94   .  

	6
	Petroleum Diesel
	94.71

	7
	Gasoline
	95.06


* per Mega Joules of fuel value produced
As shown, UCO-Biodiesel is by far the preferred fuel.  This is primarily the result of UCO being defined as a waste material and as such is not burdened by upstream emissions (i.e. ‘farming & harvest), because this vegetable oil is deemed as having already satisfied it’s Life Cycle purpose of being used to cook food for humans, and all of these upstream energies and emissions are allocated to the FOOD by-product..

Let me say, however, that the model for SOY-Biodiesel is fundamentally flawed in that a substantial portion of the calculated energies and emissions incurred upon biodiesel production are erroneously credited BACKWARDS to soy meal as a by-product.  This credit was already taken at the farming, seed transport, oil extraction, and oil transport steps.  It is unfair to credit this pathway again with further allocations to this by-product.  The UCO-Biodiesel models (both GREET and SPT) are handled properly in this matter.

Note also, that even given this advantage, that SOY-Biodiesel enjoys very little advantage over SOY-Renewable Diesel, and if penalized further per my analysis, it would actually be inferior to Renewable Diesel.

Finally, note that CORN-based Ethanol emits much higher GHG’s than biodiesel, and is not much better than petroleum fuels in this regard.  

Table 3 shows how these results will look if the EPA’s ‘Land Use Change’ amendments are accepted and implemented. 

Table 3

Relative Ranking of Fuels by GHG Emissions

(after pending land-use change penalties applied)

	Rank
	Fuel Type
	Total Emissions*

(gCO2e/MJ)

	1
	UCO-Biodiesel (per GREET analysis)
	13.70

	2
	UCO-Biodiesel (per SPT analysis) 
	14.20

	3
	SOY-Biodiesel 
	68.93

	4
	SOY-Renewable Diesel
	70.80

	5
	Petroleum Diesel 
	94.71

	6
	Gasoline
	95.06

	7
	CORN- Ethanol 
	> 98.94  .


* per Mega Joules of fuel value produced
As shown, UCO-Biodiesel will remain unaffected, but SOY-Biodiesel and CORN-Ethanol will be hit extremely hard.
Table 4 shows relative rankings of the various fuels according to how much energy (of any kind) is expended to produce 1 mm Btu worth of fuel.  
Table 4
Relative Ranking of Fuels by Overall Energy Use
	Rank
	Fuel Type
	Total Energy*

(Btu/mm Btu)
	Efficiency

	1
	UCO-Biodiesel (per SPT analysis)
	1,217,783 
	82.1%

	2
	UCO-Biodiesel  (per GREET analysis)
	1,226,282 
	81.5%

	3
	Petroleum Diesel 
	1,273,919 
	78.5%

	4
	Gasoline
	1,308,614 
	76.4%

	5
	SOY-Renewable Diesel
	1,353,029
	74.0%

	5
	SOY-Biodiesel
	1,363,058 
	73.4%

	6
	CORN- Ethanol
	2,710,957 
	36.9%


* per mm Btu of fuel value produced
Again, UCO-Biodiesel comes out the winner, but not significantly better than petroleum fuels in terms of overall energy efficiency.  

Table 5 shows relative ranking of the various fuels with regard to consumption of FOSSIL fuels, which is the best parameter for evaluating ability to wean ourselves off of petroleum (especially FOREIGN petroleum).

Table 5
Relative Ranking of Fuels by Fossil Fuel Energy Use
	Rank
	Fuel Type
	Fossil Fuel Energy

(Btu/mm Btu)
	Reduction 

 vs. ULSD

	1
	UCO-Biodiesel (per SPT analysis)
	217,783
	82.9%

	2
	UCO-Biodiesel  (per GREET) 
	   226,282**
	    82.2% **

	3
	SOY-Renewable Diesel
	353,029
	72.3%

	4
	SOY-Biodiesel
	   363,058**
	    71.5% **

	5
	Petroleum Diesel 
	1,273,919
	0.0%

	6
	Gasoline
	1,308,614
	(-0.03%)

	7
	CORN- Ethanol
	1,710,957
	(-34.3%)


*    per mm Btu of fuel value produced

**  suspected error (low)-GHG’s from methanol in biodiesel not accounted for?  

As shown, UCO-Biodiesel wins again, but more importantly, it beats not only SOY-Biodiesel, but also Renewable Biodiesel.  And worthy of note, CORN-Ethanol is terrible in this regard and is actually worse than burning straight fossil fuel.

CONCLUSIONS

According to your current GREET models for various fuels, UCO-Biodiesel is by far the superior biofuel.  It beats all other fuel alternatives in all pertinent parameters.  
Nevertheless, it could be made to look even better relative to SOY-Biodiesel if your model for SOY-Biodiesel is corrected per my above recommendations.

And, from a personal perspective, it seems that ALL of the biofuels would look better if the petroleum fuel pathways took into account the wasted energy and emissions emitted during drilling of ‘DRY’ wells in their exploratory phase of their Life Cycle.


Furthermore, if WATER usage and conservation were taken into account, then UCO-Biodiesel would look even more outstanding, especially with our (SPT) ‘’waterless process’.

Sincerely,

Joseph M. Valdespino

Process Design Engineer

Superior Process Technologies, Inc.

2520 NE Broadway St

Suite 200

Minneapolis, MN  55413

