Lecture -19
Bio-ethanol production flowchart — applications in transport sector

Bio-ethanol is an environmentally friendly fuel for vehicles that normally run on
petrol. As a renewable source of energy, it reduces demand on fossil fuels while it burns
more cleanly and with reduced emissions of CO2, a greenhouse gas. As an energy source,
bio-ethanol is carbon neutral in that it reduces, by up to 70 %, the amount of greenhouse
gas released into the atmosphere. The CO2 released during ethanol production and
combustion in an engine has already been absorbed from the atmosphere during the
growth of the crops due to photosynthesis. The reduction of greenhouse gases, to meet
the climate change targets set by the Kyoto Protocol, is responsible for fuelling the
current boom in biofuels.

Bio-ethanol is a versatile transportation fuel and fuel additive that offers excellent
performance and reduced air pollution compared to conventional fuels. Its production and
use adds little, if any, net release of carbon dioxide to the atmosphere, dramatically

reducing the potential for global climate changes.
Simple Bioethanol Process Flow Diagram
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Bio-ethanol is produced by the fermentation of sugar, a well established process
used in the production of beer and alcohol.

Carbohydrates such as starch from cereal and tuber crops — which is
enzymatically converted into simple sugars — and natural sugars from sugar beet, sugar
cane and sweet sorghum crops are fermented using yeast to produce a mash containing
ethanol, water and unfermented solids. Distillation columns separate ethanol from the
fermented mash, with additional purification taking place in rectification columns to
produce an ethanol and water mixture. Dehydration is the step of removing the last of the
water, taking the mixture beyond its azeotropic equilibrium to produce anhydrous
ethanol, or bio-ethanol.

A significant advantage of bio ethanol is that it can be blended with petrol as both
an oxygenator and octane enhancer. Environmental concerns due to the widespread use
of MTBE (methyl tertiary butyl ether, a possible carcinogen) in unleaded petrol have
prompted drives to seek alternatives. Bio-ethanol provides an ideal solution in that it is a
renewable and environmentally friendly petrol extender, while providing a direct
substitute for MTBE as an octane enhancer. Ethanol is also suitable as a feedstock for
producing other octane enhancers such as ETBE (ethyl tertiary butyl ether) or TAEE
(tertiary amyl ethyl ether), considered safer than MTBE.

Additional revenue streams are available from the spent products that result from
ethanol production. These are usually dried to produce DDGS (distiller’s dried grains
with solubles) marketed as a protein and nutrient rich animal feed for cattle, pigs and
poultry. Alternatively, the biomass can be utilised as a renewable fuel source, producing
electrical power and heat for the process, or for conversion into methane for use as a fuel.
These energy conversion technologies enhance the overall production energy balance and

enable further carbon credits to be earned.

Advantages Of Bio-ethanol
The overwhelming advantage of bio-ethanol for the environment is its potential to
be carbon neutral on a lifecycle basis — meaning the carbon dioxide (CO2) emitted during

its use is offset by the absorption from the atmosphere during its growth.



With emissions of CO2 and nitrous oxide taken into account, some studies
suggest that lifecycle greenhouse gas emissions can be reduced by 90% with bio-ethanol
compared to petrol. This is a best-case scenario however, using sugar cane as the crop
and large amounts of bagasse (the remaining wood fibres after the juice is extracted) used
for heat energy. Nevertheless, even by current European standards the emission
reductions are significant — around 35-65% depending on the processing method.

Bio-ethanol also has the advantage of lower taxation. The UK government has
reduced fuel duty on bio-ethanol, which offsets the higher production costs. The first
supermarkets in the UK selling E85 offered it at around 2p cheaper than conventional
petrol but typically you would use much more bio-ethanol per mile than traditional fuel —

around 50% more if you’re using 100% bio-ethanol.

DISADVANTAGES OF BIOETHANOL

There are many concerns over the use of bio-ethanol as a long-term alternative in the

fuelling of cars. These include:

« Biodiversity — A large amount of arable land is required to grow crops. This could
see some natural habitats destroyed including rainforests.

e The food V fuel debate — There is concern that due to the lucrative prices of bio-
ethanol some farmers may sacrifice food crops for biofuel production which will
increase food prices around the world.

e Carbon emissions — There is debate over the neutrality of bio-ethanol when all
elements are taken into consideration including the cost of changing the land use
of an area, transportation and the burning of the crop.

There are also concerns over the fuel systems used. Too many older cars are currently

unequipped to handle even 10% ethanol while there is concern that using 100% ethanol

decreases fuel economy by around 15-30% compared with 100% petroleum.

FUEL ECONOMY- PRICES, POLICY - ENERGY CRISIS
The capital costs occurred to be always the most expensive position in

conversion, followed by the expenditures for process steam input. The expenses for



electricity formed the lowest proportion. Approximately 75% of the process auxiliary
costs were due to the technical enzyme products.

Generally, as the crop production intensity increased, the conversion costs on a
per hectare basis increased as well. The increment was proportional to the grain yield
increase, since the costing are based on the specific amount of processed grain per
hectare and not on the amount of bio-ethanol produced. This method allows appreciating
the economic advantage of increased bio-ethanol conversion rates per equivalent tons of
grain. As the calculations prove, the conversion costs on a per liter basis were relatively
the same independent of the scale that results directly from the applied method of costing.
However, the results revealed that the conversion costs per liter of bio ethanol produced
were evidently affected by the bio ethanol conversion rates, which depended primarily on

the genotype’s fermenting traits.

Bio-ethanol can reduce the environmental impact of the transport sector:
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ethanol plant. This figure is likely to increase as the technology develops. It is expected
that second-generation bio-ethanol will be able to reduce CO2 emissions by as much as

90% compared to petroleum-based fuels.

Bioethanol production costs of the triticale cv. "Modus™ at the location Thinger Hof dependency upon the previous crop and the crop
production intensity (means of [996/1997 and 1997/1998)

Species (cultivar) Winter triticale (cv. ‘Modus”)

Previous crop Pea Winter grain

Crop production intensity High Medium  Minimum  High Medium  Minimum
Grain dry weight (t ha~") 9.1 1.6 6.2 8.3 5.8 43
Bioethanol conversion rate (1t) 461 459 468 454 456 463
Bioethanol yield (I ha™') 4203 3505 2893 3840 2651 1968
Grain production

Seed grain (DM ha™!) 91.7 91.7 91.7 9.7 9.7 91.7
Fertilization (DM ha~') 2247 120.0 97.2 2633 91.5 66.8
Plant protection (DM ha—!) 305.8 279.1 237 284.1 262.8 237
Fixed machinery costs (DM ha—') 228 388.3 326.4 3273 406.3 3187
Variable machinery costs (DM ha~!) 170.0 246.0 175. 1789 2754 178.4
Labor costs (DM ha™h 142.0 2216 142.1 140.7 2375 134.0
Insurance and interest costs (DM ha 1) 64.5 56.6 39.9 65.3 539 381
% (DM ha™ 1) 1321.5 1403.3 896.5 13515 1419.0 851.3
Grain production costs (DM 1=! of bioethanol) 0.31 0.40 0.31 0.35 0.54 0.43
Bioethanol production

Capital costs 4556 381.9 309.2 4230 291.0 2125
Staff, administration, maintenance 3371 282.6 228.8 3130 2154 1573
Enzymes and other chemicals 3587 300.7 243.4 3330 2292 167.3
Process electricity costs 91.1 76.4 61.9 846 58.2 42.5
Process steam costs 419.1 3513 284.5 389.2 267.79 1955
z 1661.6 1392.8 1127.8 15428 1061.4 775.0
Conversion costs (DM 17! of bioethanol) 0.40 0.40 0.39 0.40 0.40 0.39
Total costs (DM ha ') 2983.1 2796.1 2024.3 28943 2480.4 1626.3

Total costs (DM 1! of bioethanol) 0.71 0.80 0.70 0.75 0.94 0.82



Totall
Primary Inputs Input Costs Requirement

Corn (bu) 39,727,273 0.334831
Water (gal) 1,819,091 0.015332
KwH Electricity 2,618,550 0.022070
Natural Gas (btu* bushel*alcohol yield) 16,952,813 0.139511
Enzymes 3,136,615 0.026436
Yeasts 1,438,462 0.012124
Chemicals: processing and antibiotics 1,307,487 0.011020
Chemicals: boiling and cooling 327,436 0.002760
Denaturants 2,287,538 0.019280
Waste management 1,089,364 0.009181
Maintenance 756,909 0.006379
Transportation (rail only) 10,062,500 0.084809
All debt service costs 7,173,166 0.060457
All other unspecified 4,600,000 0.038770
Depreciation (Simple - straight 10 years) 7,346,000 0.061914

Production of Bio fuel (Ethanol)

Ethanol can be commercially produced by a variety of methods. The
fermentation method is the one, which make use of naturally occurring renewable raw
materials. Any material, which is capable of being fermented by enzymes, can serve as a
source for ethanol production.

There is an abundance of farm crops/residues which can be of being used as raw
materials in the fermentation process leading to ethanol production. Starch based feed
stock include a variety of cereals, grains and tubers like cassava, yam, sweet potato etc.
Starchy feed stocks can be hydrolyzed to get fermentable sugar syrup and give an average
yield upto 42 litres of ethanol per 100 kg of feed stock.

General production process

The starch bearing materials are steamed for one to two hours at two to three
atmospheric pressures to gelatinize the starch present. The resultant pulp is cooled to
about 50°C and an equal volume of water and 10 per cent malt is added. The mixture is

allowed to stand for a short while, when the starch is converted to dextrin. The



temperature is gradually raised to about 50°C while dextrin is converted first to maltose
and then to dextrose.

Yeast is then added to the liquid mash and fermentation is allowed to proceed for
a couple of days. The yeast converts sugar into ethanol. The ethanol water mixture is
sent through additional distillation columns where ethanol concentration is increased to
190 proof (95 per cent ethanol). This in turn is dried through an extra active distillation

process to yield 200 proof ethanol.



