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The possibility of bioethanol production from autumn sugar beet
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ABSTRACT

Ethanolis a clean and renewable energy source. The necessity of ethanol usage instead of fossil fuel or mixed with them, in order
to reduce environmental pollution, resultedin increase of ethanol production from 50 million m? in 2007 to 85 million m™ in 2012.
The present study aimed to compare the cost of bio-ethanol production from sugar beet with other agricultural crops, and also
economical comparison of sugar beet production in spring and autumn seasons, and finally, to estimate the required capital for
constructing industrial unit for bio-ethanol production. Previous studies showed that the average cost of producing 2.3-3.3 m? ha’
hio-ethanol from one hectare of spring and autumn sugar beet fields with average yield of 37 and 48 t ha™ and 17.5 and 13.3%
sugar content is 92 and 89 million Rials, respectively. With the implementation of research recommendationsin autumn sugar beet
productionand increasing sugar content, the bio-ethanol production may increase to 5.4 m? ha™. In addition, using dried pulp, bio-
ethanol production efficiency can increase to 0.25 m? t* of dried pulp. To produce about 76000 m ethanol per year (with the as-
sumption of producing 90 L ethanol from 1000 kg sugar beet with sugar content of 15%), about 1100 tons sugar beet is needed. In
conclusion, with activation of autumn sugar beet planting for bio-ethanol production, not only air pollution will be reduced but also
a good source of income for growers and dependent industries will be provided.
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nol (Vivekanandhan et al. 2013). Ethanol is mixed
with gasoline at different ratios of 5, 10, or 85%
denoted by E5, E10, or E85, respectively. It has
been established that E20 (containing 20% etha-
nol) reduces CO emission by 23% and by 13% for
other hydrocarbons as compared with ethanol-

INTRODUCTION

he occurrence of climate change in the last ten
years has made it as one of the most im-
portant issues in the world. It has been docu-
mented that the Earth is warming at the rate of

0.2+0.05°C/year (Hansen et al. 2006). Climate
change is seriously affected by greenhouse gases
(GHG). The consumption of fossil fuels in me-
tropolises increased GHG emission and air pollu-
tion. For example, air condition in a city like
Tehran was unhealthy and too unhealthy in 56and
31% of days, respectively in 2011 (Anonymous
2012). So, it is recommended to use renewable
energy source which does not pollute the envi-
ronment.

Ethanol is a source of renewable energy which
can be derived from agricultural raw materials.
Agricultural crops account for about 97% of etha-
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free fuels (Buddy and Hilton 2009).

The global rate of ethanol production is as-
cending with 85 million m® production in 2012
(Anonymous 2012). Among different sources, sug-
ar crops and molasses account for 39% of ethanol,
grains for 48%, and biomass and other crops for
10%, and the remaining 3% is synthetic (Viveka-
nandhan et al. 2013).

Crops used for ethanol production are deter-
mined in terms of surplus production in order to
adjust the crop price in the global market. Iran has
a warm and arid climate suffering from agricultur-
al water scarcity which forces the import of most
of the crops used for ethanol production in other
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countries. Sugar beet and sugar cane crops which

Table 1. The cost of bioethanol production from some crops
and residue (Grassi 2000)

Crop Cost of ethanol
production
(USD m?)
Sugar beet 300
Sugarcane 260
Sweet sorghum 200-300
Potato 990
Corn (120 USD t %) 300
Cassava 790
Cellulose compounds (acidic hydrolysis) 450
Cellulose compounds (enzymatic hydrolysis) 180
Synthetic ethanol 540

are usually grown for sugar extraction do not sup-
ply the sugar demand so that about 1800 thou-
sand tons of raw sugar was imported in 2012
despite of 1150 thousand tons sugar production
(Anonymous 2010, 2012). Although Iran climate
allows sugar beet sowing in autumn in some re-
gions (Fatollah Taleghani et al. 2010), the acreage
of autumn-sown sugar beet has declined in recent
years because of its low sugar content (about
13%) and subsequently profit loss versus spring
sowing. As a result, not only the crop rotation
been disrupted, but also the sugar production has
decreased whereas mean sugar content can be
readily recovered in these regions via applying
research-based recommendations (Abdollahian
Noghabi et al. 2013).

In this study, national and international data
were used to explore the potential of bioethanol
production, to evaluate different factors under-
pinning the bioethanol production cost, to com-
pare ethanol production from one hectare of
spring-sown sugar beet with autumn-sown sugar
beet from economic perspective, and to estimate
the capital demand to found an industrial plant of
bioethanol production from sugar beet.

Factors underpinning the cost of bioethanol
production

The cost of bioethanol production from crops
depends on the crop price, the applied method for
fermentation, the industrial methods of bioetha-
nol production, and the production efficiency

(Roehr 2001). Production efficiency varies among
different crops. Average bioethanol production
per unit area is 6.62, 3.55, 3.52, 2.76, 2.23 and
2.03 m* ha? for sugar beet, potato, corn, wheat,
triticale, and rye, respectively. Therefore, one kg
of fresh sugar beets gives 0.1 L (100 mL) of etha-
nol which is an agreeable efficiency (Icoz et al.
2008). Table 1 presents the cost of bioethanol
production from different crops. The etimated
cost is lower for crops containing sucrose (such as
sugar cane and sugar beet) since direct fermenta-
tion can be applied for them(Grassi 2000).

Table 2 shows the cost of bioethanol produc-
tion from sugar plants (sugar beet and sugar cane)
including crop price and production costs under
different regions (USDA 2006). Bioethanol produc-
tion from corn in US and from sugar cane in Bratzil
does not cost as much as its production from oth-
er crops which returns to the lower price of raw
material production.

Economic comparison of ethanol production from
one hectare of spring and autumn-sown sugar
beet

The costs of bioethanol production can be di-
vided into the raw material production and extrac-
tion. Mean production cost per ha (Table 3)
depends on land preparation, sowing, harvesting,
land rent, rate and value of inputs per ha (seed
and fertilizer), labor, and farmer’s income (Anon-
ymous 2012).

Comparison of root yield and sugar content of
autumn- and spring-sown sugar beet is presented
in Table 4 which indicates that autumn-sown sug-
ar beet has higher mean vyield with lower sugar
content. Although the amount of produced sugar
per ha is almost the same for both sowing, au-
tumn-sown sugar beet incurs higher transporta-
tion and extraction costs.

Costs of founding bioethanol production unit from
sugar beet

Investment in bioethanol extraction from sugar
beet is composed of fixed and variable costs.

Table 2. Comparison of the price of bioethanol produced from sugar crops (sugar beet and sugarcane) in terms of USD barrel™

Bioethanol production sources

Fresh Dry Sugarcane Sugar beet Molasses Raw liquid Refined liquid Sugarcane  Sugar beet
corn corn us us us sugar sugar Brazil Europe
usD us us us
Crop price 0.4 0.53 1.48 1.58 0.91 3.12 3.61 0.3 0.97
Production costs 0.63 0.52 0.92 0.77 0.36 0.36 0.36 0.51 1.92
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Price of produced alcohol 1.03 1.05 2.40 2.35 1.27 3.48 3.97 0.81 2.89

Table 3. Costs of 1 ha of sugar beet farm (000 IRR)

Crop Land preparation Sowing Cultivating Harvesting Land rent Total (000 IRR)
Spring-sown sugar beet 3500 11602 29347 22417 25000 91866
Autumn-sown sugar beet in Khuzestan 4400 11602 23625 19250 30000 88877

Table 4. Comparison of yield and sugar content of spring and autumn-sown sugar beet factories and the produced ethanol

Crop Mean yield Mean sugar content Sugar Ethanol production Ethanol production
(t ha'l) (%) (t ha'l) (m3 ha'l) (Lt'1 sugar beet)

Spring-sown sugar factory' 36.74 17.55 6.45 33 90

Ahvaz Sugar Factory during operation 47.64 13.34 6.35 3.2 67

Sugar beet produced in Dezful Research Center 67.58 15.88 10.73 5.4 80

" Mean yield and sugar content of sugar beet factories in 2007-2011

*

" Mean yield and sugar content of Ahvaz Sugar Factory in 2003-2007

Mean yield and sugar content of sugar beet produced in Dezful Research Center in 2008-2012.

Assuming the production rate of 90 L ethanol
1000 kg sugar beet roots with an average of 17%
sugar content, about 840,000 tons sugar beet root
is needed to produce about 75.6 million liters (20
million barrels) of ethanol. The capital require-
ment of founding a plant with a production capac-
ity of 75.6 million liters per year is about 120
million USD. The costs of processing bioethanol
from sugar beet include transportation from field,
labor, fuel, chemicals, electricity, raw material,
equipment, maintenance, and management costs.
The cost of ethanol production from sugar beet in
US is estimated to be 2.35 USD per 3.75 liters (one
barrel). Meanwhile, 1.35 USD of the total 2.35
USD is paid for the supply of raw material (Yoder,
2009).

The different industrial steps of sugar beet
ethanol production can be listed as soil removal,
extra leaves removal, weeding, washing, chop-
ping, transportation to diffusion tank, raw juice
preparation, fermentation, diluted alcohol, con-
centration, and storage of the produced alcohol
(Yoder, 2009).

Sugar beet pulp is another source of bioetha-
nol. Sutton and Doran-peterson (2001) used
Klebsiella oxytoca strain to produce ethanol from
the dried pulp of sugar beet. They reported the
conversion ratio of 0.2 g ethanol per g of dried
pulp (with an efficiency of 20%).

DiscussSiION AND CONCLUSIONS

The rate of ethanol production for autumn-
sown sugar beet with an averageyield of 48 t ha™,
average sugar content of 13.35% and white sugar
yield of 4.8 tha™ is calculated to be about 3.2
m® ha™. If the research recommendations are fol-
lowed, it is expected to obtain 68 t ha™ root yield,

16% sugar content, 9 tha' white sugar yield, 6
m? ha ethanol.

Currently, bulk sugar is priced at 22,500 IRR
per kg, and bioethanol (99.5%) at 90,000 IRR per L
(Anonymous 2013, Anonymous 2015), which is
about four times cheaper than the price of etha-
nol. Given that 0.5 L of bioethanol can be extract-
ed from 1 kg of sugar, bioethanol production is
economical.

Finally, it can be concluded that bioethanol
production from autumn-sown sugar beet is more
economical than sugar extraction from this crop.
In addition to its advantages for crop rotation, soil
fertility, and water consumption, the partial re-
placement of fossil fuels with autumn-sown sugar
beet ethanol may contribute to mitigating air pol-
lution in megacities.
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