Doesthe use of Cannabis speciesfor the production of biodiesel and ethanaol,
result in higher yieldsof ethanol than competing cellulotic crops, including Zea mays?
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The Case for Hemp asa Biofue

With theworldwideincrease in demand for oil, concern over theenvironmental impact of the use of
fossi| fuds, concern over increasing fud prices and uncontrolled profit marginsby jus afew select
corporate entities, alterndives to dependence on Arabian oil supplies are actively being sought For
stationa’y heavy demand energy needs nudear, solar, wind and hydrodectric energy ogtionsare
increasingdaly. An aterndiveto petroleum for mobile energy demandshas not yet been
effectively met. Hydrogen and biofud alternatives continueto beexplored by many researchers.

In mog of theworld themale-sexed plant, Cannabg sativa is grown as a source of biomass with a
variety of uses.* Whilethefemale-sexed plantiswell known for its psychoactive effects in Humans
the psychoactive agent in the male-sexed plant is nearly undeectable.” As of 2008, United States
Federal statutes forbid the cultivation of any plant in the Cannabs genusfor any purpoe within the
borders of the United States or her possessions® As many as thirty different plant species have
Cannabis-like characteristics as it relates to cellulose dengty per unit volume. Like Hemp, these
species are actively cultivated in mog of therest of theworld, but commercial cultivationis
forbidden in the United States despite the absence of psychoactive agents. These speciesindude
Musa textilis, Agawe sisalana Furcraea giganiea, Phormiumtenax Crotalaria juncea, Corchorus
capallaris, Apogynumcannabnum & Sansvieria cylindrica. Interestingly, the cultivation of
Humuluslupulus a member of the same Cannabaceae family as Cannabs is notforbidden in the
United States, presumably because of its ussfulness in the brewing process of ales.®

Corn ethanol isthe biofud mog favored by current United States government subsdies for
renewable fuds. Hemp is an improvement over corn-based ethanol on several counts: Highe soil
congervation, nearly nonexistent herbicide & pesticiderequirements, Highe' yields and greater
suitability for cellulosc ethanol produdion, as opposed to either grainsor corn.® Comparing dried
biomass yields of Hemp and Com, Hemp produces 305X°92™ \hjle Corn only producs

Hectacre

145Kk0rams T \when compared to other plant species of active interest in biofud produdion, Hemp

Hectacre

derives 100%more cellulose than species unde active investigation ?



Cellulose Hemicellulose Lignin

Hemp 648 % 7.7% 43 %
Wheat Straw  34% 27 6% 18%
Switchgrass 325% 264% 178%
Rice Straw 321% 240% 125%
Corn 28% 28% 11%

Chemical composition of Industrial Hemp as compared to other plant matter
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Produdion cogs for Corn based ethanol approaches $85per 160Liters. Produdion cogs for Hemp
derived ethanol isonly $43per 160Liters.” In 2006 the State of California dedicated 20,234 square
Kilometers of cropland to vineyards suppoting tha State®@ wineindusry. If 10117Km? of cropland
were dedicated to Hemp produdion, 3,785412000 Liters of ethanol could be produced.®

Gasolineyields34.8Y%% of energy, ethanol yieldsonly 23.5Y°%°% of enegrgy. Jet-A the primary
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aviation fud worldwideyields35.1¥9%% and Diesel yields38.6¥°%% e |n 2006,the United
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States aloneconaumed 500Billion Liters of gasoline' To replace the same energy requirement,
750Billion Liters of ethanol would have to be produced, which would require25000Km? of
croplandsdedicated to Hemp cultivation. In order to produc the same volume of ethanol usng
Corn as the biomass subgrate, 62 500Km? of croplandswould need to be dedicated to the cultivation
of Zea mays for fud produdion.®

Cannabs sativa and its related species provide denser cellulose content than does Zea mays, highe
suga content, and deives highe ethanol yieldspe metric-tonneat lower cods.



How to Make Ethanol Fu€l

Ethanol produdion from plant biomass congsts of four major opeations
l. Pretreatment.
. Hydrolysis.
[1. Fermentation.
IV.  Produd Separationand Purification?

Pretreatment:

Pretreatment is necessary to alter the cellular structure of the biomass at hand.

Spexcifically, Lignin presents a significant sstumbling-block to the fermentation of celluotic material.
Pretreatment procedures are primarily aimed at breaking-down Lignin. Pretreatment beginsby
redudng the size of thebiomass to particle size creating a pulp. The pulp is then subjected to high
pressure steam explosonsat 210G exceeding the trauma inflicted by pressure cooking. Thehot
pulp isthen immerged in a Sulferic Acid bath, followed by a Sodium Hydroxidebah. Asthepupis
cooled it is subjected to baths and sprays of Hydrogen Peroxid, Hydrochloric Acid and Ammonia.
Findly, it is subjected to a bah of Dimethyl Sulfoxide (DMSO) which acts as an emulsifier. The
expense of these chemical treatments are only cog effective when large volumes of biomassis
processed and the chemicals are continudly reclaimed and recycled.

Hydrolysis:
Hydrolysisisthe process by which Glucose and other carbohydiate polymers are broken down into

mononer smple sugas for fermentation. Hydrolysisis accomplished by subjecting the pretreated
pulp to high pressure steam and hotwater showers, sprays and baths Cellulase, enzymes produced
chiefly by fungi and bacteriais introduced converting the pretreated cellulose to glucose and a
variety of monamers.

Fermentation:

Fermentation is process of converting suga's and cellulose directly to ethanol throughthe metabolic
processes of variousyeasts and fungi. Following hydrolysisthe pulp is placed in pools of water at
37Cto0 42C, geneadlly in an anaerobic environment and exposed to fungi. Sacharomyces ponbe,
Sacharomyces cerevisiag, Sacharomyces anmucae, Sacharomyces pagorianus, Brettanonyces &
Kluveromyces ladtis, are frequently used strainsof yeast. Some strainsof yeast have been developeal
and paented specifically for the purpose of fermenting cellulose directly to ethanol or methanol.
Variationsin thefermentation process are often consdered trade secrets.

Product Separation and Purification:

After fermenting for 14 to 20 days, thefermented solutionis drained away fromthe pulp and moved
to adidtiller. Herethetempeaturein raised jus enoughto cause the ethanol to evaporate. The
evaporate is captured in adistilling coil and cooled, re-liquidating the pure ethanol. Thewater left
behindisrecycled, andthepulp is compoged. Following distillation, the ethanol is purified usnga
physcal absorption process and then Benzeneis added to the ethanol rendeing it undinkable for tax
and duty purposes.




Gadification, acid hydrolysis and atechnology utilizing engineered enzymesto conveat cellulose to
glucose, which isthen fermented to make alcohol, are current methodsunde mog rigorous
investigaion. Convasion of cellulose directly to ethanol remainstheHoly Grail of Biofud
technologies.? Significant progress has been madein developing this technology usng bacteriaand
avariety of yeasts and fungi, however significant commercial applicationsare still some years away.
Successful development of this technology will lead to subdantial process cos savings

Prelimenary prototype produdionrunshave rendeed 375to 700L.iters of ethanol per Metric-tonne
of Hemp in European testing facilities!
Conclusion

Thechdlengeof stripping Lignin from Lignin-bound cellulotic plant matter isthe primary
complexity that mus beovercome prior to thedirect conva'sion of cellulose to ethanol. Certain
fungi and yeasts have been developead and paented tha will accomplish thistask, butso far thereis
yet to be atechnology developed which will do so at cog efficiency. Once thistechnology has
evolved sufficiently to be cod effective at large scales, we condudetha Cannabs sativa and its
related speciesis a supeaior cultivar for biofud produdion. Hemp exhibits far supeior ethanol
yields per unit biomass compared to Zea mays (Corn) Or Panicum virgatum (Switchgrass), which are
currently thetwo mog suppoted biofud cultivars by the United States govenment.

With ethanol produdion technologies beng used in 2008,Beta vulgaris (Sugar Beets) iS probably the
cultivar of choice for ethanol produdion, asits largetuba-like root biomass is converted to sucrose
in avery smple, inexpendve, single-step process. This makes ethanol produdion extremely easy
congsting of only thefermentation and distillation processes. Thedrawback to large cultivationsof
Beta vulgaris for ethanol produdionistheskill required to cultivate large land-tracts of the crop, and
thevery short timeline between harvesting the crop and processing theyield, as the high sucrose
content lendsitself to rapid decay of therootoncetherootisremoved from the soil.
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