Supplemental Calculations to the article

“A Road Map to US Decarbonization” in publication in Science

1. Comparison between biomass Gasification and biomass Fermentation in terms of yield of hydrocarbons.

Estimates for the potential yield of hydrocarbons were obtained as follows:

-
We assumed that the typical composition of hydrocarbons is n(CH2).

-
The estimates for the potential yield of hydrocarbons from biomass gasification are obtained by using the biomass elemental composition given in Table 1 (1) and assuming an efficiency for the gasification conversion of 95%, regardless what the form of the carbon is (cellulose, hemicellulose, lignin, protein, etc.). For example, 1 kg of elementary C gives 14/12 ( 1 ( 0.95 = 1.11 kg of CH2.

-
The estimates obtained for the gasification are then compared, for the same type of biomass, to the amounts of hydrocarbons produced from the ethanol generated via fermentation. The estimates for the biomass fermentation are based on the biomass composition given in Table 2 and the ethanol yield given in Table 3 (2). The efficiencies for the hemicellulose and cellulose hydrolysis conversions, and the ethanol yields are given in Table 3, while the efficiencies for the glucose-to-ethanol and pentose-to-ethanol conversions are given in the notes of Table 3 (2). Finally, we assume the efficiency of the ethanol to hydrocarbons conversion to be practically 100%.

For each of the 4 cases we take as a basis 1 metric ton of biomass, calculate the amount of CH2 produced from both gasification and fermentation, which is the base for the comparison.

1 Ton Alfalfa Stem:
Gasification:
472 kg of C (Table 1)

(
  this number is multiplied by 14/12 (molecular weight of CH2 / molecular weight of C) and by 0.95 (gasification conversion efficiency)
(
  523 kg of CH2
Fermentation:
182 kg C2H5OH (Table 3) 
(
  this number is multiplied by 24/46 (molecular weight of 2 moles C / molecular weight of C2H5OH)
   (
    95 kg of C (
  this number is multiplied by 14/12 (molecular weight of CH2 / molecular weight of C)

(
   110 kg of CH2
Ratio (Gasification Product Yield) / (Fermentation Product Yield) = 523/110 = 4.8

Similarly we can calculate this ratio also for oak wood, corn stover and sugarcane bagasse. The results are summarized in Table 4, and for all types of biomass we can see that the hydrocarbons yield obtained by gasification is always 3-4 times larger than the equivalent yield obtained by fermentation.
Given 1 ton of Oak Wood:

Gasification:
495 kg of C (Table 1)

(
  549 kg of CH2
Fermentation:
222 kg C2H5OH (Table 3)
(
  116 kg C     (     135 kg of CH2
Ratio = 549/135 = 4.1

Given 1 ton of Corn Stover:

Gasification:
448 kg of C (Table 1)

(
  497 kg of CH2
Fermentation:
238 kg C2H5OH (Table 3)
(
  124 kg C     (     145 kg of CH2
Ratio = 497/145 = 3.4

Given 1 ton of Sugarcane Bagasse:

Gasification:
486 kg of C (Table 1)

(
  539 kg of CH2
Fermentation:
214 kg C2H5OH (Table 3)
(
  112 kg C     (     130 kg of CH2
Ratio = 539/130 = 4.1

	
	Biomass Composition (% dry matter)

	Feedstock
	Carbon
	Hydrogen
	Oxygen
	Other

	Alfalfa stem
	47.2
	6.0
	38.2
	8.6

	Corn stover
	44.8
	5.7
	41.4
	8.1

	Sugarcane bagasse
	48.6
	5.9
	42.8
	2.7

	Oak wood
	49.5
	6.0
	44.5
	---


Table 1.
Biomass Elemental Composition [1].

	
	Biomass Composition (% dry matter)

	Feedstock
	Hemicellulose
	Cellulose
	Lignin
	Protein
	Ash
	Other

	Alfalfa stem
	12
	34
	9
	11
	7
	27

	Corn stover
	25
	38
	15
	4
	3
	15

	Sugarcane bagasse
	19
	38
	22
	4
	3
	14

	Oak wood
	19
	44
	23
	<1
	<1
	13


Table 2.
Biomass Composition [2].

	Feedstock
	Hemicellulose

to Xylose

Hydrolysis

(%)
	Cellulose

to Glucose

Hydrolysis

(%)
	Ethanol Yield

(liters/tonne)
	Ethanol Yield

(kg/tonne)

	Alfalfa stem
	96
	88
	228
	182

	Corn stover
	92
	90
	298
	238

	Sugarcane bagasse
	90
	86
	267
	214

	Oak wood
	88
	79
	278
	222


Table 3.
Ethanol yield from biomass [2]. Estimated maximum potential yield, no present process exists able to achieve these yields.

Glucose to Ethanol Conversion: 95% [2].


Xylose to Ethanol Conversion: 60% [2].

	Feedstock
	Gasification

Hydrocarbons

Yield (kg CH2)
	Fermentation

Hydrocarbons

Yield (kg CH2)
	Ratio

	Alfalfa Stem
	523
	110
	4.8

	Corn Stover
	549
	135
	4.1

	Sugarcane Bagasse
	497
	145
	3.4

	Oak wood
	539
	130
	4.1


Table 4.
Ratio between Hydrocarbons Yields from Biomass Gasification and Biomass Fermentation.
2.
Evaluation of the tax on CO2 sufficient to pay for the whole investment.

Presently the U.S. emit about 6000 million metric tons of CO2 per year [3].

In our plan we want to replace 70% of the fossil fuels in 30 years. Let’s assume that this would reduce the CO2 emissions by the same percentage and that the diminishment is constant during this time period.

In 30 years, with 70% reduction, the CO2 emissions will be 1800 million metric tons.

As the investment of $170-200 billions a year is constant over the 30 years, while the CO2 emissions diminishes, the calculations are to be done at the average time. Since the diminishment is assumed to be constant, in 15 years (the average of our time frame) the emissions will be 4000 million metric tons.

To pay $170-200 billions with 4000 million metric tons, the tax required would be $45-50/ton CO2.

If we want to include also the cost of transmission and distribution lines, this would add another $40-45 billions a year, which would require an additional $10/ton CO2.
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