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Ethanol demand is increasing drastically in the present time due to its blending in automotive fuels, which
is desirable for getting clean exhaust and fuel sufficiency. The higher cost of cultivation of sugarcane/-beets,
highly sensitive molasses rates, and ultimately instabilities in the price of ethanol have created grounds to
search for an alternative source for ethanol production. Sweet sorghum has shown potential as a raw material
for fuel-grade ethanol production due to its rapid growth rate and early maturity, greater water use efficiency,
limited fertilizer requirement, high total value, and wide adoptability. Ethanol-producing companies, research
institutions, and governments can coordinate with farmers to strategically develop value-added utilization of
sweet sorghum. Fuel-grade ethanol production from sweet sorghum syrup can significantly reduce India’s
dependence on foreign oil and also minimize the environmental threat caused by fossil fuels.

Introduction Table 1. Production and Import of Crude Oil in India 2

With growing concerns for environmental pollution, energy pro‘ljv‘IJtCtiO” im’\%’” t‘lg/tlf" (i;np?trt as
security, and future oil supplies, the global community is seeking year (M) (M9 (M9 o ortota
non-petroleum-based alternative fuels, along with more ad- 1371 8-8 1%-; 12-5 23
vanced energy technologies, to increase energy use efficlency. 1981 %3'(5) %0'7 53; 33
India ranks sixth in terms of energy demand, accounting for 3000 320 57.9 899 64
3.6% of the total global energy demand. Crude oil has been the 2003-2004 33.4 90.4 123.8 73
major resource to meet the energy demand, and the oil demand
increases dramatically every y&aFrom 2003-2004, India Sweet sorghum is a crop close to sugarcane in respect to its

imported 73% of the total crude oil demand (Table 1), and itis sucrose accumulation, and the juicy nature of the stem offers
predicted that oil demand by 2030 will be 5.6 million barrels an excellent alternative feed stock apart from others such as
of oil per day. For fulfilling this demand, more than 94% of oil sugarbeets. Sweet sorghum has many characteristics such as
imports would be requiretiand India would become a major  wide adoptability; tolerance to abiotic stresses like drought,
importer in the global oil market, and any fluctuation in price water logging, salinity, and alkalinity; and the capacity to grow
or any problems that affect continuous supply would hit India’s quickly and also to accumulate sugar in stalks. All these
economy very hard. desirable agronomic and biochemical characteristics of sweet
The reduction of vehicular exhaust has become another sorghum make it an attractive feedstock for fuel-grade ethanol
important issue, and ethanol has the potential to contribute in production® Therefore, in the present article, an effort has been
creating a clean environment. Presently, Indian sugar industriesmade to highlight an efficient alternative source for fuel-grade
are producing only 1.3 billion liters of alcohol per year against ethanol production from sweet sorghum which would provide
a capacity of 3.2 billion liters, and its production cost is higher environmental benefits and energy self-sufficiency and also
than oil-derived gasoline Mandatory blending of ethanol in  boost the rural economy.
automotive fuels has prompted all sugar industries to look for
alternative feed stocks for making ethanol to meet the require- Suitability of Ethanol as an Automotive Fuel
ments economically.
Ethanol as an alternative energy source is renewable, sustain-
* Corresponding author. Phone:+91-11-25841490. Fax:+91-11- able, efficient, cost-effective, convenient, and &&fand is also
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Table 2. Reduction in Pollutant Emissions with Different
Percentages of Ethanot-Diesel Emulsion

Prasad et al.

Table 4. Approximate Fuel Characteristics Related to
Flammability 5°

emission (%)° emission (g/kmjt
10% 15% 22% 100%
ethanol ethanol ethanol ethanol
pollutant blend blend blend blend
particulate matter 27 41 0.08 0.02
NOXx 4 5 0.45 0.34
carbon monoxide (CO) 20 27 0.76 0.65
unburned hydrocarbons 0.13 0.15
aldehydes 0.004 0.02
sulfur dioxide 0.064 0.0

Table 3. Comparison of Physical and Thermo-Physical Properties of
Ethanol, Gasoline, and Diesel Fuél857.58

ethanol  gasoline diesel
density (g cm?3) 0.785 0.737 0.856
normal boiling point {C) 78.00 38-204 125-400
lower heating value, LHV (kJ cn?)  21.09 32.05 35.66
LHV (kJ g7} 26.87  43.47 41.66
exergy (MJ 1) 23.10 32.84 33.32
exergy (MJ kg?) 29.40 47.46 46.94
carbon content (%) 52.20 85.50 87.00
sulfur content (ppm) 0.00 ~200 ~250

weight, which enhances fuel combustion and therefore contrib-
utes to a reduction in exhaust emission and petroleurfr tise
(Table 2). It also has low atmospheric photochemical reactivity,
further reducing its impact on ozofieEthanol is also a safer
alternative to methyl tertiary butyl ether (MTBE), the most
common additive to gasoline used to provide cleaner combus-
tion,!2 and due to MTBE's toxic nature, groundwater has been
found to be contaminated. A net savings of 20%,@@hission

was achieved in Brazil due to ethanol and bagasse substitution

from fossil fuels!® Ethanol blending of 10, 85, and 95% could
reduce the use of fossil energy up to 7, 79, and 92%,
respectivelyt*

The physical and thermo-physical properties of fuels are given
in Table 3, which indicates that ethanol is more suitable and
environmentally safer than gasoline and diesel. A comparison
of fuel flammability variables for neat diesel, ethanol, and
gasoline is given in Table 4, which reveals that ethanol falls
between diesel and gasoline in terms of flashpoint and flam-
mability temperature limit$> In the engine durability tests
conducted by Meiring et a8 no abnormal deterioration of the
engine or fuel injection system was detected in a blend
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1991, 251, 1318.
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Development, Geneva, Switzerland, 2006; UNCTAD/DITC/TED/2006/6.
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Drinking Water IssuesCRS report for congress: Washington, DC, 1998.
Available from http://www.epa.gov/otag/consumer/fuel/mtbe/crs-mtbe.pdf
(accessed June 25, 2006).
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Energy, ANL/ESD-38: Argonne, IL, 1999.
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neat neat neat
characteristics diesel ethanol gasoline
vapor-pressure at 37°€ (kPa) 0.3 17 65
flash point (C) 64 13 —40
autoignition temperaturéC) 230 366 300
flammability limits (%) 0.6-5.6 3.3-19.0 1476
flammability limits (°C) 64—150 13-42 —40-18

containing 30% dry ethanol. Emission tests conducted especially
on ethanot-diesel blends confirm the effect of substantially
reducing particulate mattéf. 19

Demand of Ethanol as an Automotive Fuel

The demand of fuel (gasoline and diesel) has been estimated
to be about 80 Mt for the years 20322012 and 100 Mt for
2016-2017 (Table 5), which is 1.3 and 1.6 times higher than
the current demant, while it is expected that crude oil
production will start declining after 201therefore, alternative
energy sources such as ethanol and biodiesel are the only options
to fulfill future requirements. The government of India through
a notification in September 2002 made 5% ethanol blending
mandatory in petrol, in nine states and three Union Territ@fies.
The supply of ethanol-blended petrol has been extended to the
whole country, and efforts will be made to increase the
percentage of ethanol mixture in petrol to 16%t may be
used directly, 95% ethanol and 5% water as a pure 2fuel.
Currently, Brazil uses pure ethanol in about 20% of their
vehicles, and a 2226% ethanot-petrol blend is used in the
rest of their vehicleg?

A planning commission report on the “development of
biofuel” gave the projected demand for petrol, diesel, and
ethanol required for 5, 10, and 20% blending (Table 5). It is
projected that, in the years 2008007, 1485 kL of ethanol from
sugarcane will be produced directly, in addition to 2300 kL from
molasse3d3 This will be sufficient only for meeting the demand
of 10% ethanol blending, while time requires an increase in
the blending percentage to fulfill energy demands and also to
reduce automobile pollution.

Available Raw Materials for Ethanol Production

Raw materials containing sugars or materials that can be
transformed into sugars can be used as substrates for fermenta-
tion. Commercially, cane and beet molasses, sugarcane, sugar
beets and in small quantities sweet sorghum, Jerusalem artichoke
fruit, and fruit juices are used directly as fermentable material.
The direct fermentation of sugarcane, sugar beets, and sweet

(17) Marek, N.; Evanoff, J. The Use of Ethanol Blended Diesel Fuel in
Unmodified, Compression Ignition Engines: An Interim Case Study. In
Proceedings of the Air and Waste Management Associa@étin Annual
Conference and Exhibition, Orlando, FL, 2001.

(18) Spreen, K. Evaluation of Oxygenated Diesel Fuels; Final Report
for Pure Energy Corporation prepared at Southwest Research Institute: San
Antonio, TX, 1999.

(19) Satge de Caro, P.; Mouloungui, Z.; Vaitilingom, G.; Berge, C. J.
Fuel 2001, 80 (4), 565-574.

(20) The Gazette of India: Extraordinary [Part |, Sec; IMinistry of
Petroleum and Natural Gas Resolution: New Delhi, India, September 3,
2002; No. P-45018/28/2000-C. C.

(21) Ethanol-Blended Petrol in 9 States, 4 UT3he Hindu
[Online] 2003 http://www.hinduonnet.com/thehindu/2003/02/02/stories/
2003020202481100.html (accessed June 22, 2006).

(22) Gnansounou, E.; Dauriat, A.; Wyman, C.Hiores. Technol2005
96, 985-1002.

(23) Report of Committee on Delopment of BiofuelPlanning Com-
mission, Government of India: New Delhi, India, 2003.
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Table 5. Projected Demand for Petrol and Diesel and Ethanol Requirement&60

ethanol requirement for
production of biodiesel
for blending (Mt)

ethanol requirement for
blending (Mt)

petrol diesel
year demand (Mt) 5% 10% 20% demand (Mt) 5% 10% 20%
2006-07 10.07 0.50 1.00 2.00 52.33 0.34 0.67 1.33
2011-2012 12.85 0.64 1.29 2.57 66.91 0.42 0.85 1.69
2016-2017 16.40 0.82 1.64 3.28 83.58 0.53 1.06 2.13

sorghum to produce ethanol has also been reported by severasugars in the stalk¥.Its rapid growth rate and ability to reach
researcherd2% Recently, Prasad et &llsuggested that, instead maturity within 3-5 months, when coupled with its lack of
of traditional feedstock (starch crops), cellulosic biomass, photoperiodism, are favorable for its production on sugarcane
including agricultural and forestry residues, waste paper, and fallow land primarily because it can be grown and harvested
industrial wastes, could be used as an ideally inexpensive andbefore the start of the sugarcane harvesting season. The same
abundantly available source of sugar for fermentation into factors favor off-estate growth of sweet sorghum by small-holder
transportation fuel ethanol. farmers because the sweet sorghum can be grown during the

The direct fermentation of sugarcane, sugar beets, and sweetainy season for harvesting and delivery to the mill before the
sorghum syrup to produce ethanol requires the least costlysugarcane harvesting seasbti.has greater water use efficiency
pretreatmerit—26 and makes them more economical feed stocks than corn, sugar beets, or fodder beets and requires only 36%
than starchy, lignocellulogic, urban, and industrial wastes, which of the nitrogen fertilizer needed for cofAThe water require-
need costly pretreatment to convert into fermentable subs#fates. ment of sugarcane is about 36 006 ha %, which is double
that of sugarbeets, while sweet sorghum needed only about 8000
m3 ha'l, due to its extensive root system and short growing
period38

Sweet sorghum is a Lplant, similar to sugarcane. It is

In India, cane molasses is the only major raw material for suitable for India’s dry vast tracks with limited irrigation. It
ethanol production. Molasses, which is the byproduct of the requires minimum purchased inputs (Rs. 13-31% 820 hat
sugar industry, contains about 450% fermentable sugars. against Rs. 41 75048 250 ha' for sugarcane). The crop has
Because of the ease of the process, this can be fermented int@ 4-month cycle, permitting two crops per year. Sugarbeet have
ethanol, and its low price has made this raw material ideal for a high sugar content and are grown in the temperate climate of
ethanol production. As a consequence, no other raw material atEurope. Sweet sorghum offer advantages over sugarcane and
present in India can match the economy of molasses for ethanolsugarbeets, as explained in Table 6. The energy cost of ethanol
production. Sugarcane, sugar beets, and sweet sorghum can bgroduction from sweet sorghum might also be lower than that
utilized as alternative sources of sugar for ethanol production. for sugarcane/sugarbeet crops due to a potentially lower fertilizer
The first and second commodities are widely used in the U.S.A. and nitrogen requirement and the lack of a requirement for

Suitability of Sweet Sorghum: As Economically Suitable
Source for Ethanol Production

and Brazil, and their juices have been explored for ethanol
production?®-3! In Brazil, the production of bioethanol from
cane juice is practiced on a large sc&#é?

prefermentation processifig*°
A techno-economic feasibility study undertaken by the
National Research Center for Sorghum (NRCS), Hyderabad,

There is a growing interest to find alternate bioresources apartAndhra Pradesh, with active collaboration with M/s Renuka

from sugarcane/-beet molasses for ethanol produétiamich

Sugars Ltd. Belgaum, Karnataka, indicated that the per liter cost

has been triggered due to acute water shortages all over theof production of ethanol from sweet sorghum (Rs. 13.11) is

countries where sugarcane is growdweet sorghumJorghum
bicolor (L.) Moench] as an alternative energy source is a high
biomass and sugar-yielding c#§3° because it has a unique
characteristic of high carbon assimilation (50 gdday1) and

has a special ability to accumulate high levels of extractable

slightly lower than that from sugarcane molasses (Rs. 14198).
The net income from sweet sorghum is 38% higher than that
of sugerbeets as reported by Almodares and Shépahk rapid
growth rate and early maturity, greater water use efficiency,
limited fertilizer requirement, high total value, and wide

(24) Rolz, C.; Decabrera, &ppl. Erviron. Microbiol. 198Q 40, 466—
471.

(25) Ganesh, S.; Fazlullah Khan, A. K.; Suresh, M.; Senthilviddras
Agric. J. 1995 82 (5), 361-363.

(26) Bryan, W. L.Enzyme Microbiol. Technoll99Q 12, 437-442.
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50 (1), 1-39.
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81, 253.
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14-16.

(31) Phowchinda, O.; Delia-Dupuy, M. L.; Strehaiano, P. 9th Annual
Meeting of the Thai Society for Biotechnology and the 2nd JSPS-NRCT-
DOST- LIPP-VCC Seminar on Biotechnology: An Essential Tool for Future
Development? Suriname University of Technology, November29 1997,
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(32) Smith, G. A,; Buxton, D. RBioresour. Technol1993 43, 71-75.

(33) Borrero, M. A. V.; Perrero, L. T. V.; Miranda, E. Biomass Bioeng.
2003 25, 287—299.

(34) Swain, M. R.; Kar, S.; Sahoo, A. K.; Ray, R. Microbiol. Res.
2007, 162 (2), 93-98.

(35) Jingshan, C.; Jingyou, D.; Chengfang, D.; Zhanzhong, J.; Haliyi, C.
Effect of PRszon Growth and Yield of Sweet Sorghum. Rtoceedings of
the First International Sweet Sorghum Confererigajue, L., Ed.; Institute
of Botany, Chinese Academy of Sciences: Beijing, China, 1997; pp-469
474.

(36) Rao, B. D.; Ratnavathi, C. V.; Karthikeyan, K. K.; Biswas,
P. K.; Rao, S. S.; Kumar, B. S. V.; Seetharama 3Mieet Sorghum Cane
for Biofuel Production: A SWOT Analysis in Indian ConteXlRCS
Technical Report, No. 21; National Research Centre for Sorguhm: New
Delhi, India, 2004.

(37) Woods, JEnergy Sustainable De 2001 5 (1), 31—38.

(38) Soltani, A.; Almodares, AEvaluation of the Imestments in
Sugerbeet and Sweet Sorghum ProdugtMational Convention of Sugar
Production from Agricultural Products, March-136, 1994, Sahid Chamran
University, Ahwaz, Iran.

(39) Daniel, H. P.; William, E. L.; Brain, K. K.; Thomas, R. H. Prod.
Agric. 1991 4 (3), 377-381.

(40) Sheorain, V.; Banka; Chavan, M. Ethanol Production from sorghum.
In: Technical Institutional Option for Sorghum grain mold Management:
Proceedings of an International Consultatiol€handrashekar, A. J.;
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India: International Crops Research Institute for the Semi-Arid Tropics,
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Table 6. Comparison of Sugarcane, Tropical Sugar Beet, and Sweet SorghGh$?
sugarcane tropical sugar beet sweet sorghum

about 1213 months
only one season

crop duration
growing season

soil requirement grows well in loamy soil

about56 months
throughout the year (10 months),
except rainy period
grows well in sandy loam; also

about®, months
all season - Kharif, Rabi, and
summer
all types of drained soil

tolerates alkalinity

water management requires water

less water requirement; 4®0%

less water requirement; can be

throughout the compared to sugarcane grown as rain-fed crop
year
crop management requires good greater fertilizer requirement; little fertilizer required; less pest
management. requires moderate and disease complex; easy
management management
yield per acre 2530 tons 36-40 tons 26-25 tons
sugar content on weight 8—12% 15-18% 8-10%
basis
sugar yield 2.54.8 tons/acre 4.57.2 tons/acre 23 tons/acre
ethanol production directly 1700-2700 L/acre 28064100 L/acre 11461640 L/acre
from juice
harvesting difficult and laborious very simple; both manual and very simple; both manual and

with simple small
mechanical machine can
be used

with simple small
mechanical machine can
be used

adoptability have frequently been suggested as good reasonss the seeds become more mafiil@etermining maturity and

for ethanol production from sweet sorghdf344One of the

harvesting of the sweet sorghum is the most critical aspect of

major factors which supports sweet sorghum as a feedstock inmaking high-quality syrup. The last step in producing the crop

India, is the possibility of cultivation and processing for ethanol
during the noncrushing seastirhrough intensive agronomic

and the first step in obtaining high-quality sorghum syrup is
harvesting the crop at the proper stage of maturity. As the crop

research conducted over the past decade in the U.S.A., Australiamatures, changes in the composition of the juice and soundness

Brazil, China, India, Zimbabwe, and Europe, sweet sorghum
has emerged as a viable feedstock for fuel ethanol produgtion.

Chemical Composition and Ethanol Yield

Interest is currently focused on the nature of the composition

of sweet sorghum juice, that is, 60% sacchrose, 33% glucose

and 7% fructosé® while according to El Bassam et 4l.the

composition of sweet sorghum juice is 53% sacchrose, 28%

of the stalks influence the syrup quantity and quality. Since the
sugar content usually continues to increase as maturity ap-
proaches, the best harvest time for most varieties will be before
the plants are mature. Judging the right time for harvesting is
essential. When stalks attain their full size, the entirety of plant
maturity advances at about the same rate as the seed head’s

'maturity. The maturity period of sweet sorghum plants depends

on the variety and the climatic conditions and differs from one
year to another. The crop should be harvested when the sugar

glucose, and 19% fructose. In sweet sorghum juice, the sugaliag approximately in the range of 15:96.5°B 5151

concentration at the beginning of the harvest is approximately
12.5°B (degree brix), and it increases as the plants mature to

approximately 17°B; so the average sugar concentration is
approximately 15°B424849and sugar yields are 3-%.9 ton

ha 150 The mass balance of sweet sorghum juice extraction and

ethanol production from 1 ha of agricultural area with high
productivity is shown in Figure 1.

For most cultivars, the sugar concentration increases from

the milk stage to the soft dough stage of the seed then decline

(41) Reddy, B. V. S.; Ramesh, S.; Reddy, P. S.; Ramaiah, B.; Salimath,
P. M.; Kachapur, R. Sweet SorghurA Potential Alternate Raw Material
for Bioethanol and Bioenergynt. Sorghum Millets News Lett., ICRISAT
India 2005 46, 79-86.

(42) Almodares, A.; Sepahi, A. Potential of Sweet Sorghum for Liquid
Sugar Production in Iran. IRroceedings of the First International Sweet
Sorghum Conferenc®ajue, L., Ed.; Institute of Botany, Chinese Academy
of Sciences: Beijing, China, 1997; pp-339.

(43) de Mancliha, I. M.; Pearson, A. M.; Waller, J.; Hogabaom, G. J.
Biotechnol. Bioengl1984 26, 632-634.

(44) Smith, G. A.; Bagby, M. O.; Levellen, R. T.; Doney, D. L.; Moore,
P. H.; Hill, F. J.; Campbell, G. J.; Coe, G. E.; FreelmanJfop Sci.1987,

27, 788-793.

(45) Rao, R. K. Ethanol Production from Sweet Sorgh@mceedings
of the International Conference on Biofuels: Perspesdiand Prospects
September 1617, 2004, Win Rock International, India.

(46) Mohite, U.; Shiva Raman, HBiotechnol. Bioengl984 26, 1126—
1127.

(47) ElI-Bassam, N.; Dambroth, M.; Ruhl, Blant Res. De. 199Q 31,
7-17.

(48) Neuse, G. A.; Hunt, D. RTrans. ASAEL993 26 (3), 656-660.

(49) Freelman, K. C.; Braodhead, D. M.; Zummo, N.; Westbrook, F. E.
Sweet Sorghum Culture and Syrup Productio®DA Agriculture Hand-
book, Number 61, 1United States Department of Agriculture: Washington,
DC, 1986.

S

The inter-relationship among the characters at a genotypic
level plays a significant role and has a positive correlation with
the total sugar, sucrose percent, brix, juice yield (recovery), cane
yield, and girth of the stem. Selection for high total sugar,
sucrose content, and brix will lead to high ethanol productton.
The ethanol yield positively correlated with dry matter yields,
with sugarbeets, fodder beets, and sweet sorghum giving the
highest yields of 32545011 L hal52 Smith and Buxtof?
reported that average ethanol yields for 2 years of study were
above 3100 L hat and ranged up to 5235 L hhfrom different
sweet sorghum varieties. The ethanol fermentation of juice and
press cake, resulting from the squeezing of sweet sorghum stalks
at high pressure, was investigated by Mamma &% @he juice
was fermented bysacchromyces cerisiae and yielded 4.8 g
of ethanol per 100 mL of fresh juice. The press cake was
fermented directly to ethanol by a mixed cultureFafsarium

(50) Cosentino, S. L.; Copani, V.; Riggi, E.; Mantineo, M. Comparison
of Different Sweet Sorghum [Sorghum Bicolor (L.) Moench.] Genotypes
in Mediterranean Environment. IRroceedings of the First International
Sweet Sorghum Conferend@ajue, L., Ed.; Institute of Botany, Chinese
Academy of Sciences: Beijing, China, 1997; pp 444i5.

(51) Bitzer, M. J.; Fox, J. DProcessing Sweet Sorghum for Syrup. AGR-
123 Cooperative Extension Service, University of Kentucky, College of
Agriculture:  Lexington, KY, 2000. Available online at http://
www.ca.uky.edu/agc/pubs/agr/agrl23/AGR123.pdf (accessed June 28, 2006).

(52) Zahan, P.; Zahan, R. Correlation between the biomass yield and
the quantity of ethanol in a range of crop plants cultivated on podzolized
soil on the western plaimAn. Inst. Cercet. Cereale Plante Teh. Fundulea
1988 56, 339-356.

(53) Mamma, D.; Christakopoulos, P.; Koullas, D.; Kekos, D.; Macris,
B. J.; Koukios, E Biomass Bioenerg$995 8 (2), 99-103.
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| Agricultural area 1ha |4>| Grains 20t |

| Water 5.0t | Bagasse 1533 t
Y
Sorghum stem  50.0 t Water (73% 8.26t
$ 4>| Juice extraction |—> SuZaerrs( ) 0.83t
Water (73%) 36.5t I Cellulose 261t
Sugars 649t Sweet juice 39.67 t Hemicellulose 1.83t
Cellulose 2.66t Lignin 1.31t
Hemicellulose 1.87t Water (84%) 3324t Others 049t
Lignin 1.33 ¢ Sugars 565t
Others L15t Others 078t
'
Pre-treatment
Distillation
Dehydration
l !
Simultaneous
Anhydrous ethanol Saccharification &

3451.29 litres fermentation

A 4
Enzyme production |

A 4

Lignin and Distillation
unconverted solid Dehydration
A
Anhydrous ethanol

2422.14 litres

Figure 1. Mass balance of sweet sorghum juice extraction and ethanol prodéttion.

oxyporumand Sacchromyces cerisiae and yielded 5.1 g of This crop is ideally suited for the semi-arid agro-climatic
ethanol per 100 g of fresh stalks. An overall ethanol concentra- region of India and gives reasonably good yields with minimum
tion and yield of 5.6% w/v and 9.9 g of ethanol per 100 g fresh requirements of irrigation and fertiliz&€t.A lengthy growing
stalks, respectively, was obtained. On the basis of soluble period and high water requirements are the disadvantages for
carbohydrates, the ethanol yield from press cake was doubledsugarcane§accharum officinarujnand sugerbeetBeta vul-
while the overall theoretical yield was enhanced by 20.7% due garis). In those areas where irrigation facilities are not available,
to the bioconversion of a significant portion of cell wall sweet sorghum will be the choice of farmers in drought-prone
polysaccharides to ethanol. This showed the significance of theregions, because of being able to survive low water and nitrogen
process for bioethanol production from whole plant parts that (fertilizer) inputs and also being relatively tolerant to salinity
can be utilized as energy plants. The ethanol yield from sweet and drought stres8.These factors along with the comparative
sorghum might be increased by utilization of its byproducts, disadvantage of molasses (higher price, water and air pollution,

that is, grains and bagasse. etc.) are expected to increase the interest in sweet soréhum.
This crop has a great future for ethanol production in developing
Sweet Sorghum Cropping in India countries like India.

Sweet sorghum is one of an increasing number of crops that

Sweet sorghum is one of the main coarse cereal crops in India.can be used to produce bioenergy at practical scales for rural
India is the second largest producer of sorghum in the world, communities and industries. The sugars obtained from the sugar-
with a production of about +112 million tonnes from a total rich stems can be extracted and fermented to produce ethanol
area of 12 million hé# During 1989-90, the area under hybrid  for use as a liquid fuel, primarily for transport purposes. Ethanol
sorghum was 47%, which increased to 60% by 1996. The can also be used as fuel for lighting and cooking purposes.
yield of sorghum has steadily increased during the past two Electricity is currently a byproduct of sugarcane-based crystal-
decades and is projected to increase up to 4250 k2010, line sugar production and is generated from the combustion of
but the area under cultivation is expected to be 10.2 million sugarcane bagasse. However, in the future, it may become one
ha 1.4%In India, only 5% of the area under sorghum is irrigated; of the primary products as more efficient generating technologies
the irrigation facilities available to the crop are about 8% in are introduced’ The fibrous residues obtained from the
Karnataka, 6% in Maharastra, and 1% in Madhya Pradesh. Theextraction of sugars from sweet sorghum, the stems, have similar
top five sorghum-producing states are Maharastra, Karnataka, . )
Madhya Pradesh, Andhra Pradesh, and Tamilnadu, Which erdy. Mogoing the Pematialfor Electiots and Bihanol i So Simbabwe.
account for about 86% of the area under sorghum cultivation Ph.D. Thesis, King’s College, London, 2000.

0 ion i (56) Reddy, B. V. S.; Reddy, P. $at. Sweet Sorghum Millets News
and about 90% of the total sorghum production in the couftry. Lett. 2003 44 2628,
(57) Gopinath, S. Biomass Based World-Class Sugar Mill for Maximum
(54) Maiti, R. Sorghum Scien¢eOxford and IBH Publishing Co. Pvt. Power Export in India. Gayathri, V., Ed.; Bangalore, BUN-India, Newsletter
Ltd.: New Delhi, India, 1996; p 352. 2.2, 1997.
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properties to sugarcane bagasse and can be used in the sant@oenergy at practical scales to meet the ethanol needs of the
way as sugarcane bagasse to produce electricity and procestransport sector within economic and ecofriendly perspectives.
heat and powet; while the production of ethanol from bagasse This crop has a great future for ethanol production in developing
would be more economical and ecofriendly. Continuing work countries like India. Ethanol-producing companies, research
in Zimbabwe has clearly demonstrated that sweet sorghum caninstitutions, and governments can coordinate with farmers to
be grown and processed without any modifications to an existing strategically develop value-added utilization of sweet sorghum.
sugar mill, that is, work by Triangle Limited, and processing  |ngian land use is primarily dominated by agriculture, and
can occur before the start of the sugarcane harvesting s€ason. hence it generates a large quantity of agro residues. The
The sugar-accumulating potential of sweet sorghum could jlization of agricultural land for producing biomass for ethanol
be effectively used in ethanol production. Currently, Indian production has been advocated as an alternative policy option.
ethanol industries utilize only sugarcane molasses as rawsgjnce the primary aim of agriculture, however, would remain
material; however, the dwindling supply of sugarcane molassesq he meeting the food needs of the ever-increasing population,
due to fluctuations in sugarcane production forced the industriesipere is a need to explore options for simultaneously meeting

to look for supplementary raw material that can coexist with the ethanol needs of the transport sector. Sweet sorghum could
sugarcane molasses. Sweet sorghum is one of an increasingter 5 remunerative crop to farmers under irrigated and rain-

number of energy crops that can be used as a source to producgyy conditions as well as a supplementary raw material to the
- - ethanol industry. Agricultural waste and surplus grain could also
(58) John, B.; Hansen, uels and Fuel Processing Options for Fuel

Cells 2nd International Fuel Cell Conference, Lucerne, CH, 2004. be utiIiZ(-:‘d for energy production. Itis also impergtive t? gxplore
(59) Vaivads, R. H.; Bardon, M. F.; Rao, V. K.; Battista, V. Flammability ~the available bioresources for ethanol production within eco-
Test of Alcohol/Gasoline Vapours. SAE Technical Paper 950401; Society nomic and ecofriendly perspectives. The agronomic trials have

of (Agg;) potve Efg'ge:r;S:MVgﬁ;Lensﬂale,sBﬁ;hé?SE"The Key to Indis SO far have been limited to either research stations or sugar estate

Sustainable Energy NeedBroceedings of the RISO International Energy ~ fields. Therefore, if sweet sorghum is to be grown by small-
Conference, 2005, RISO, Denmark; RISO-R-1517(EN), pp-4238. holder farmers, new trials are required on their fields in order

(61) Seetharama, Nsweet Sorghum as Biofuel: Prospects and Chal- 14 gptain maximum yields under local conditions. It might
lenges International Conference on Biofuels, New Delhi, India, September . .
16-17, 2004, become a boon to the farmers of India, and also it may have

(62) Gokhale, DTropical Sugar Beet (TSB), a Relutionary Alternatie extensive potential for the ethanol industry.

Source for Sugar, Ethanol and Alcohdinternational Conference on
Biofuels, New Delhi, India, September 167, 2004. EF0603282




