CHAPTER Il
LITERATURE REVIEW

2.1 Sustainable Development

2.1.1 Definition of Sustainable Development

Sustainable development is development that meets the needs of the
present without compromising the ability of future generations to meet their own
needs. In other words, development that meets the needs of current generation
without compromising the needs of future generations is termed as sustainable
development. Sustainable development has three components: environment, society
and economy. Ifyou consider the three to be overlapping circles of the same size, the
area of overlap in the center is human well-being as shown in Figure 2.1 (Education
Department of Western Australia, 2011).
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Figure 2.1 Sustainable development concept (Adams, 2006).

2.1.2 Sustainable Energy for Future
At present, the environmental problem is the main issue for the entire
world to be interested. The major energy source is still the fossil fuels which are non-
renewable and also impact to environmental. The energy that sustainable, renewable
and environmental friendly is now replacing fossil fuel.



Sustainable energy is the provision of energy that meets the needs of
the present without compromising the ability of future generations to meet their
needs. Sustainable energy sources are most often regarded as including all renewable
energy sources, such as hydroelectricity, solar energy, wind energy, wave power,
geothermal energy, bioenergy and tidal power. It usually also includes technologies
that improve energy efficiency.

Apart from the energy sources that have to sustain, the processes
which producing these energy are also importance because the main part that
influence environment problem are released from the processes. If the processes are
designed to minimize waste and optimize the utility consumption, the environmental
impact will decrease. The next topics will mention about the energy situation and the
way to improve the energy usage in Thailand for more sustainable.

2.2 Energy Situation in Thailand

2.2.1 Eneruv Consumption in Thailand

Energy consumption in Thailand is divided into two parts which are
renewable energy and commercial energy. Renewable energy, is the energy used up
and can produce up again, divided into fifteen categories which are rice husk, waste
wood, sawdust, palm, bagasse, charcoal, firewood, cob, shell bean, biodiesel B100,
waste in agriculture, coconut tapioca, hiogas and waste. And another category is
commercial energy sources such as large oil, natural gas and coal also includes
power through privatization, including electricity and petroleum products.

Thailand’s final energy consumption in 2010 was 71,166 ktoe, an
increase of 6.7 % from the previous year. The total value of final energy
consumption was 1,294 hillion Baht. Commercial energy consumption was shared
811 % of the total final energy consumption and the rest 18.9 % was renewable
energy.

Petroleum products consumption played the greatest proportion
46.4 % of the total final energy consumption, followed by renewable energy,
electricity, coal/lignite and natural gas shared 18.8 %, 17.9 %, 9.9 % and 7.0 %
respectively as shown in Figure 2.2
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Figure 2.2 Final energy consumption, 2010 (DEDE, 2010).

For final consumption by economic sector, the greatest share of
36.4 % was from energy consumed in industrial sector, followed by transportation
sector, residential sector, commercial sector and agriculture sector shared 35.2 %,
155 %, 7.7 % and 5.2 % respectively as shown in Figure 2.3,
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Figure 2.3 Final energy consumption by economic sector, 2010 (DEDE, 2010).

Total commercial energy production in 2010 was 49,148 ktoe which
increase about 11.0 % from 2009. Of this amount, the production of crude oil 7,655
ktoe (10.7 %), natural gas was 31,061 ktoe (43.5 %), condensate 4,467 ktoe (6.2 %)
while lignite 4,771 ktoe (6.7 %) and hydro & other (geothermal, solar cell and wind



power) 1,194 ktoe (1.7 %). The total production of renewable energy and other
energy (fuel wood, paddy husk, bagasse, agricultural waste, garbage, biogas, biofuel,
black liquor and residual gas from production processes) was 22,281 ktoe (31.2 %)
(DEDE, 2010) as shown in Figure 2.4,
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* Others include geothermal, solar cell and wind power.

+¢Including fuel wood, charcoal, paddy husk, bagasse, agricultural waste, garbage, biogas, biofuel, black liquor and residual

gas from production processes.

Figure 2.4 Energy production by fuel type (DEDE, 2010).
2.2.2 Petroleum in Thailand

2.2.2.1 Petroleum Reserves

In 2007, including the reserves contained in the Malaysia-
Thailand JDA area finds that the proved reserves stood at 11.19 Tcf for natural gas,
265 million barrels for condensate and 176 million barrels for crude oil. As you can
see, proved reserves of natural gas and condensate dropped marginally from last year
at 4.2 % and 0.50 %. By contrast, crude oil reserves took a 9.5 % drop. All three
probable reserves surged from year 2006: by 12 % for natural gas to 11.67 Tcf, by 10
% for condensate to 322 million barrels and by 71 % for crude oil to 201 million
barrels. The possible reserves of both natural gas and condensate declined by 17 %
and 12 % to 6.84 Tcfand 140 million barrels while that of crude oil jumped by 25 %
to 52 million barrels. For crude oil, the probable and possible reserves resulted
largely from the discovery in fractures of volcanic rocks that had intruded shale
layers in the Wichian Buri sub-basin of Phetchabun. In the Gulf, the Banyen crude



oil deposit operated by Pearl Oil (Thailand) and Yungthong deposit operated by
CTEP were added to the list as shown in Table 2.1.

Table 2.1 Thailand petroleum reserves in 2007 (DMF, 2007)
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2.2.2.2 Petroleum Potentials, Supply, Demand and Consumption
Even if, Thailand can produce crude oil locally but not
enough for demand, Thailand can produce oil only 25.3 % of the demand (Figure
2.5) and import around 791 thousand barrels per day of crude oil in 2009. The
majority of crude oil (83 %) was imported from the Middle East (UAE, Saudi and
Oman) (MOEN, 2008).

Thailand Crude Oil Production and Consumption by Year

Year
3 Production  in Consumption

Figure 2.5 Thailand crude oil production and consumption by year (INDEX
MUNDI, 2011).

2.2.2.3 Crude Qil Price Trend
Driven in part by the relentless run up in petroleum prices as
shown in Figure 2.6, increasingly, ill the United States, utilities and investors are
finding it important and profitable to invest in truly renewable energy solutions.



Figure 2.6 Trend of NYMEX light sweet crude oil prices between 2000-2010
(MONGABAY.COM, 2011).

2.2.2.4 UseofPetroleum Product

Products produced from crude oil were mainly consumed in
transport sector shared 72.3 %, followed by agricultural sector, manufacturing sector,
residential sector, commercial sector, construction sector and mining sector, shared
110 %, 83 %, 50 %, 2.9 % and 0.5 % respectively. The main proportion of
petroleum products consumption was diesel (including palm diesel) shared 48.6 %,
followed by gasoline (including gasohol), LPG, jet fuel, fuel oil and kerosene shared
169 %, 134 %, 123 %, s.5 % and 0.04 % respectively (MOEN, 2009). The
petroleum products uses in Thailand are shown in Figure 2.7.

Figure 2.7 Petroleum product used in Thailand (MOEN, 2009).
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2.2.3 Alternative and Renewable Energy

Nowadays, climate change concerns coupled with high oil prices,
peak oil and increasing government support, are driving increasing alternative energy
rapidly to replace fossil fuel for more sustainable. Alternative energy can be divided
in two categories of theirs original resources; alternative energy from depleted
resources such as coal, natural gas, nuclear, peat and oil sand etc. The other
alternative energy comes from non-depleted resources which can be renewable.
Renewable energy is the energy resource that is replaced rapidly by natural processes.
It comes from natural resources such as sunlight, wind, water, wave and geothermal
heat, which are renewable or naturally replenished.

By the year 2010. Thailand’s alternative energy consumption was
7,148 ktoe, an increase of 21.2 % from the previous year. Of this amount, alternative
energy consumption as electricity energy, thermal energy, biofuel (ethanol and
biodiesel) and NGV shared 100 % of the total final energy consumption. The
electricity and thermal consumption which was produced from alternative energy
(solar energy, wind energy, hydro energy, biomass, biogas and garbage) totaled 304
ktoe and 4,443 ktoe, biofuel consumption as biodiesel was 475 kitoe, NGV
consumption totaled 1,597 ktoe, which are 4.3 %, 62.2 %, 6.6 %, 22.3 % respectively
while biofuel consumption as ethanol which is 4.6 % as shown in Figure 2.8 (DEDE,
2010). In the first quarter of 2011, about 20 % of total final energy consumption in
Thailand came from alternative energy (MOEN, 2011). This work focuses on
biofuels as described in the following section.

Electricity 4-3Vb

0 1.000 2,000 3,000 4,000 5000 ktoe

Figure 2.8 Alternative energy consumption in Thailand, 2010 (DEDE, 2010).



2.3 Biofuels

Biofuels are a wide range of fuels which are in some way derived from
biomass. The term covers solid biomass, liquid fuels and various biogases. Because
of the environmental friendly, there are increasing trend about biofuel usage around
the world. National hiofuel target of Thailand will increase renewable energy use
from 0.5 % in 2002 to 8.0 % in 2011 which comprise of 1% of power generation,
4% of heat process and 3 % of biofuel in transportation.

2.3.1 Biofuel Generations
Biofuel can be derived mainly into two generations which are;

2.3.1.1 First Generation Biofuels
First generation or conventional biofuels are biofuels mace
from sugar, starch and vegetable oil. The important first generation biofuels are:e

* Bioalcohol

Biologically produced alcohols, most commonly
ethanol, are produced by the action of microorganisms and enzymes through the
fermentation of sugars or starches. This research will mention only on hioethanol.

Ethanol or ethyl alcohol (C2HsOH) is a clear
colorless liquid, biodegradable, low in toxicity and causes little environmental
pollution if spilt. Ethanol burns to produce carbon dioxide and water. Ethanol is a
high octane fuel and has replaced lead as an octane enhancer in petrol. By blending
ethanol with gasoline, it can also oxygenate the fuel mixture so it burns more
completely and reduces polluting emissions. Ethanol fuel blends are widely sold in
the United States. The most common blend is 10 % ethanol and 90 % petrol (E10).
Vehicle engines require no modifications to run on E10 and vehicle warranties are
unaffected also. Only flexible fuel vehicles can run on up to 85 % ethanol and 15 %
petrol blends (E85).

Ethanol fuel is the most common biofuel
worldwide, particularly in Brazil. Alcohol fuels are mainly produced by fermentation



of sugars which derived from wheat, com, sugar beets, sugarcane, molasses, cassava
and any sugar or starch that alcoholic beverages can be made from (like potato and
fruit waste, etc.). The dominating sugars available or produced from these popular
raw materials are glucose, fructose and sucrose in sugar substances; glucose in
starchy materials. The reaction is shown in Equation 2.1 below:

CeH,20 6 -* 2 CHsCH20H +2 C02 (eq. 2.1)

Some sugars can be converted directly to
bioethanol, whereas starch and cellulose must first be hydrolyzed to sugar before
conversion to hioethanol. Most of the polymeric raw materials are available at prices
lower than refined sugars. However, transportation costs of the raw materials make it
necessary to use locally available raw material.

The ethanol production methods used are enzyme
digestion (to release sugars from stored starches), fermentation of the sugars,
distillation and drying. The distillation process requires significant energy input for
heat (often unsustainable natural gas fossil fuel, but lignocellulosic biomass such as
bagasse, the waste left after sugar cane is pressed to extract itsjuice, can also be used
more sustainably)

The fermentation method generally uses thre steps:
(a) the formation of a solution of fermentable sugars (Milling dry/wet); () the
fermentation of these sugars to hioethanol (Ethanol process); and (c) the separation
and purification of the ethanol (Product recovery), usually by distillation as shown in
Figure 2.9.
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Figure 2.9 Overview of the ethanol production process (Nag, 2008).

Biomass wastes contain a complex mixture of
carbohydrate polymers from the plant cell walls known as cellulose, hemicellulose
and lignin. In order to produce sugars from the hiomass, the biomass is pretreated
with acids or enzymes in order to reduce the size of the feedstock and to open up the
plant structure. The cellulose and the hemicellulose portions are broken down
(hydrolyzed) by enzymes or dilute acids into sucrose sugar that is then fermented
into ethanol. The lignin which is also present in the hiomass is normally used as a
fuel for the ethanol production plants boilers.
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* Biodiesel

Biodiesel is an alternative fuel for diesel engines
that is gaining attention in the United States after reaching a considerable level of
success in Europe. Its primary advantages are that it is one of the most renewable
fuels currently available and it is also non-toxic and biodegradable. It can also be
used directly in most diesel engines without requiring extensive engine
modifications. Biodiesel can be used in any diesel engine when mixed with mineral
diesel. In some countries manufacturers cover their diesel engines under warranty for
B1oo use (pure biodiesel which is the lowest emission diesel fuel).

Biodiesel is produced from oils or fats using
transesterification and is a liquid similar in composition to fossil/mineral diesel.
Chemically, it consists mostly of fatty acid methyl (or ethyl) esters (FAMES).
Feedstocks for hiodiesel include animal fats, vegetable oils, soy, rapeseed, jatropha,
mustard, flax, sunflower, palm oil and algae. As stated by biodiesel Development
and Promotion Strategy (18 January 2005),the main feedstock for biodiesel
production is oil palm. Because oil palm is a plant with high competitive potential
due to its lower costs in production and marketing compare with other plants.
Besides, palm can be utilized diversity in consumption goods (Biodiesel. 2010).

Biodiesel can be produced using a variety of
transesterification technologies. The oils and fats are filtered and preprocessed to
remove water and contaminants. If free fatty acids are present, they can be removed
or transformed into biodiesel using special pretreatment technologies. The pretreated
oils andfats are then mixed with an alcohol (usually methanol) and a catalyst
(usually sodium  hydroxide or potassium hydroxide). The oil molecules
(triglycerides) are broken apart and reformed into methyl esters and glycerin, which
are then separated from each other and purified. The biodiesel production process
can be shown in Figure 2.10.
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Figure 2.10 Biodiesel production process (AFDC, 2010).

Roughly speaking, 100 pounds of oil or fat are
reacted with 10 pounds of a short-chain alcohol (usually methanol) with a catalyst to
form 100 pounds of hiodiesel and 10 pounds of glycerin. It is shown in the Equation
23 Dbelow.

Vegetable Oil + Methanol—Biodiesel (Ester) + Glycerol  (eq. 2.3)
100 |bs 10 |bs 100 |bs 10 lbs

Equation 2.3 is a simplified form of the following transesterification reaction:

CH2-00C-RI CH.-OH R1-COOCH3
1 Catalyst 1 1

E-00C-R2+3CHOH ——>  CH2-OH + R2-COOCHs
CH2-00C-Rs CH2-OH R3-COOCHs

Qil or Fat Alcohol Glycerin Biodiesel
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* Biosas
Biogas is methane created when organic material is
anaerobically digested by anaerobes. During production, there is a solid byproduct
called digestate. This can be used as a hiofuel or fertilizer. Landfill gas is created in
landfills due to natural anaerobic digestion and is a less clean form of biogas. Dried
manure, charcoal and wood are examples of solid biofuels.

2.3.1.2 Second Generation Biofuels

During recent years, the productions of many first generation
biofuels have faced heavy criticism regarding its sustainability. On the one hand,
rises in agricultural commodity prices have spurred discussions as to which extent
first generation hiofuels can be produced without endangering food production. On
the other hand, the release of greenhouse gas (GHG) associated with land use
changes led to controversial discussions on the effectiveness of first generation
biofuels to reduce global carbon emissions. Despite the fact that some of the
currently produced biofuels are performing well in terms of economic and
environmental sustainability, ongoing debates shifted focus onto second generation
biofuels, which are based on non-edible biomass and promise to avoid the
sustainability concerns related to current biofuel production (IEA, 2010).

Second generation biofuels can help solve these problems
and can supply a larger proportion of our fuel supply sustainably, affordably and
with greater environmental benefits. Second generation biofuels are those biofuel
derived from lignocellulosic crops. Plants are made from lignin, hemicellulose and
cellulose; second generation technology uses one, two or all of these components.
These biofuels can be manufactured from various types of biomass. Biomass is a
wide ranging term meaning any source of organic carbon that is renewed rapidly as
part of the carbon cycle. Biomass is all derived from plant materials but can also
include animal materials. The two main conversion routes for second generation
biofuels are

1) Bio-chemical route: This process is based on enzymatic-
hydrolysis of the lignocellulosic biomass through a variety of enzymes that break the
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lignocellulosic biomass into sugars. In the second step of the process, these sugars
are fermented into alcohol which is then distilled into ethanol.

2) Thermo-chemical route: The first step in the process is the
gasification of the feedstock under high temperature into a synthesis gas. This gas
can then be transformed into different types of liquid or gaseous fuel, so-called
“synthetic fuels” (e.g. BTL-diesel, bio-SNG).

An overview of the different conversion routes and the producible biofuels is given
in Table 2.2,

Table 2.2 Classification of second generation biofuels from lignocellulosic
feedstocks (Eisentraut, 2010)

Biofuel groups Specific biofuels Production process
Bioethanol Cellulosic ethanol Q\nddv?:rcnignetgi%wftlc hydralysis

Biomass-to-liquids (BTL)

Fischer-Tropsch (FT) diesel synthetic diesel

Biomethanol Gasification and synthesis**

Heavier alcohols (butanol and mixed)

Dimethyl ether (ODME)

Methane Bio-synthetic natural gas (SNG) Gasification and synthesis**
Gasification and synthesis** or
biological processes*

Synthetic
biofuels

Bio-hydrogen ~ Hydrogen

* Bio-chemical route; ** Thermo-chemical route

The goal of second generation biofuels processes are to
extend the amount of biofuels that can be produced sustainably by using biomass
consisting of the residual non-food parts of current crops, such as stems, leaves and
husks that are left behind once the food crop has been extracted, as well as other
crops that are not used for food purposes (non-food crops), such as switchgrass,
grass, jatropha, whole crop maize, miscanthus and cereals that bear little grain, and
also industry waste such as woodchips, skins and pulp from fruit pressing, etc.

The problem that second generation hiofuel processes are
addressing s to extract useful feedstocks from this woody or fibrous biomass, where
the useful sugars are locked in by lignin, hemicellulose and cellulose. All plants
contain lignin, hemicellulose and cellulose. These are complex carbohydrates
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(molecules based on sugar). Cellulosic ethanol is made by freging the sugar
molecules from cellulose using enzymes, steam heating, or other pretreatments.
These sugars can then be fermented to produce ethanol in the same way as first
generation bioethanol production. The by-product of this process is lignin. Lignin
can be burned as a carbon neutral fuel to produce heat and power for the processing
plant and possibly for surrounding homes and businesses.

While the production of first generation biofuels are in an
advanced state regarding both are processing and infrastructure, second generation
technologies are mainly in a pilot or demonstration stage and are not yet operating
commercially. The main obstacle for second-generation biofuels is high initial
investment costs as well as higher costs for the end-product compared to fossil fuels
or many first generation biofuels.

2.3.2 Bioethanol Situation in Thailand

As seen previously in Figure 2.7, transportation is the one of the
largest sector of energy consumption, and gasoling is the second rank of petroleum
product demand (22 %) in Thailand. Moreover, the Thai government has monitored
ethanol prices and gasohol to ensure competitiveness with gasoline which continuing
increase while biodiesel is heavily subsidized. In other word, it would be more worth
to invest in bioethanol than biodiesel (Bloyd, 2009). So this work will focus on
bioethanal.

The top s countries ethanol producers are shown in Table 2.3. In 2009,
the world’s giant ethanol fuel producers were the United States and Brazil with
produced 10.6 and 6.5 hillion US gallons respectively, accounting for ss % of world
production of 1953 hillion US gallons. While Thailand ranked at the 5thwith 435.2
million gallons.
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Table 2.3 Top world’s ethanol production by country

Annual fuel ethanol production by country 2009

Top 8 countries
: Production?'l .
World rank Country/Region (M US gallons) Main feedstock
1 HS United States 10,600.0 Cornz
2 E | Brazil 6,577.89 Sugarcaned
3 E 9 European Union 1,039.52 Sugar beet, wheatl
. Corn, cassava, sweet
4 n China 24153 sorghum, potato sweet2l
. : Sugarcane molasses,
5 IS5 Thailand 435.20 Cassavafl
6 1*1 Canada 290.59 Corn
7 mmm India 91.67 Sugarcaneil
8 I i Colombia 83.21 Sugarcanell
World total 19,963.70
Sources: [1] RFA [2] APEC
[3] Baka etal (2009) [4] www.ers.usda.gov

[5] www.ethanolindia.net

2.3.2.1 Ethanol Use Background in Thailand

Ethanol that use as fuel in Thailand known as gasohol
(blending of gasoline and ethanol) production in Thailand had originated by the
Royal Project of King Bhumibol in 1985, in the “Study Project on Gasohol
Production for an Alternative Energy by producing ethanol from cane”. Later on,
awakening of promising ethanol occurred towards the public and private sectors to
participate in development and tests with engines. In 2000, the national oil company
PTT carried out the tests of using gasohol in cars and found that it helps reducing of
pollution, saves energy and no effect to the car performance. Alcohol production
from fresh cassava bulb has been conducted by Thailand Institute of Science and
Technology (TISTR) which then would delivery to Bangchak oil refinery for gasohol
production. An experiment for distribution in 2001 was for five Bangchak gas
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stations in Bangkok gasohol price was slightly lower than of the unleaded gasoline
95, thus getting satisfied achievement from the people acceptances. In 2008 PTT and
Bangchak petroleum started supplying E20 in January, after that, PTT lunched E85
to the country in August.

2.3.2.2 Types of Gasohol in Thailand
Ethanol 99.5 wt% purity, fuel grade, can mix with gasoline.
The mixture of ethanol and gasoline has "E" numbers which describe the percentage
of ethanol in the mixture by volume, for example, E10 is 10 % ethanol and 90 %
gasoline. Low ethanol blends (5-25 %) are also known as gasohol, though
internationally the most common use of the term gasohol refers to the E10 blend.
Currently, the ministry of energy allows producing gasohol in three types:

» (Gasohol E10
It is divided into two types; gasohol octane 91 and
gasohol octane 95. The mixture of ethanol contain up 10 % and no less than 9-90 %
of gasoline by volume. It can replace or switch to gasoline 95 and 91 normally,
without engine modification.

» (Gasohol E20
It contains ethanol up to 20 % and not less than
19% and 80 % gasoline by volume basis.

» (asohol E85
It contains ethanol 85 % and gasoline 15 % by
volume hased or ethanol, at least 75 % (DEDE, 2010).

2.3.2.3  Gasohol Consumption in Thailand
The current blends of ethanol with gasoline in the Thai
market are E10 (10 % ethanol with 90 % gasoline) in octane 91 and octane 95, E20
(20 % ethanol with 80 % of gasoling) in octane 95 and E85 in octane 95 (85 % of
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ethanol with 15 % of gasoling). Table 2.4 illustrates that the gasoline consumption is
dramatically increasing since the start in 2004. The most recent available data of
gasohol sales in Thailand was for the month of March 2011 at 1,112.56 million liter
or 1251 million liter per day, 78 times higher than the sale volume in 2004,

Table 2.4 Gasohol consumption in Thailand (including E10 octane 91, E10 octane
95, E20 and E85) (DEDE, 2011)

Year  Million liter per year ~ Million liter per day % Change of consumption per day

2004 59.5 0.16

2005 690.23 1.89 1,081.25 %
2006 1,279.30 3.5 85.20 %
2007 1,762.76 4.83 38.00 %
2008 3,393.98 9.29 90.90 %
2009 4,456.44 12.21 31.43 %
2010 4,382.34 12.01 -1.64%
Mar 11 1,112.56 12.51 4.16%

2.3.24 The Advantages of Gasohol Usage in Thailand

Gasohol is good for the environment. Overall, ethanol is
considered to be better for the environment than gasoline. Ethanol-fueled vehicles
produce lower carbon monoxide and carbon dioxide emissions, and the same or
lower levels of hydrocarbon and oxides of nitrogen emissions. E85, a blend of 85 %
ethanol and 15 % gasoline, also has fewer volatile components than gasoline, which
means fewer emissions from evaporation. Adding ethanol to gasoline in lower
percentages, such as 10 % ethanol and 90 % gasoline (E10) reduces carbon
monoxide emissions from the gasoline and improves fuel octane.

Gasohol is widely available and easy to use. Flexible fuel
vehicles that can use E85 are widely available and come in many different styles
from most major auto manufacturers. E85 is also widely available at a growing
number of stations throughout the United States. Flexible fuel vehicles have the
advantage of being able to use E85, gasoline, or a combination of the two, giving
drivers the flexibility to choose the fuel that is most readily available and best suited
to their needs.
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Gasohol is good for the economy. Ethanol production
supports farmers and creates domestic jobs. And hbecause ethanol is produced
domestically, from domestically grown crops, it reduces . . dependence on foreign
oil and increases the nation’ energy independence (www.environment.about.com).

2.3.2.5 Problems in Production and Distribution of Gasohol in
Thailand
After several months of distribution, PTT and Bangchak Pic.
did the survey on customer’s opinion about gasohol usage. Price gap and trial and
following the trend are two main reasons that customers use gasohol in their cars
(Bhandhubanyong, 2010).There are still several problems for the country-wide
distribution of gasohol which are listed below:

-~ Customer’s confident in the quality of gasohol. Although
the government requested for the full cooperation from
automobile manufacturers in Thailand, there is still no full
guarantee issued from the company.

- Price differentiation. The price gap was set at 0.0125 cent
per liter (cent/L) in the initial stage and then it was
increased to 0.40 cent/L in the beginning of 2005. The
price gap can he wider with the secure supply of raw
materials such as cassava and sugar cane.

- Instability in ethanol supply. The ethanol prices are still
varied due to the raw materials price fluctuation. The RTG
set the ceiling price for ethanol at 30 cent/L which is
enough for the initial stage. But as sugar cane, molasses
and cassava price increased due to the lack of supply the
ethanol producers are requested for the upward adjustment
of the ceiling price to 40 cent/L.

- Cassava price guarantee by government lead to shut down
of cassava hased ethanol production.


http://www.environment.about.com

2.3.2.6 Ethanol Plant in Thailand
At present, there are 19 commercial ethanol plants operating
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in Thailand as shown in Table 2.5. The total production capacity is 2,925,000 liters
per day.

Table 25 Existing ethanol plants in Thailand (DEDE, 2011)

© o —N o ol B W N e &
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Company

Pornwilai International
Group Trading Co. Ltd.

Thai Alcohol Pic.
Thai Agro Energy Pic.

Thai Nguan Ethanol Pic.
Khon Kaen Alcohol

Co. Ltd.

Petro Green Co. Ltd.

Chaiyaphoom)

hai ugar Ethanol

Co. Ltd.

KI Ethanol Co. Ltd.
Petro Green Co. Ltd.

(Kalaseen)

Ekarat Pattana Co. Ltd.
Thai Run Ruang Energy

Co. Ltd.

Ratchaburi Ethanol

Co. Ltd.

ES Power Co. Ltd.
Maesawd Clean Energy Co.
Ltd

Thay Ping Ethanol

Co. Ltd.

PSC Starch Production Pic.
Petro Green Co. Ltd.

(Dan chang)

Sup Thip Co. Ltd.

Khon Kaen Alcohol
Co. Ltd. (Bor Ploy)

Total

Province
Ayuddhaya
Nakhon Pathom
Suphanburi
Khon Kagn
Khon Kaen
Chaiyaphoom

Kanchanaburi

Nakhon
Ratchasima

Kalaseen
Nakhonsawan
Saraburi
Ratchaburi
Sakaew
Tak
Sakaew
Chonburi
Suphanburi
Lopburi
Kanchanaburi

Capacit
(LF/)day)y

25,000
200,000
150,000
130,000
150,000
200,000
100,000
100,000
200,000
200,000
120,000
150,000
150,000
200,000
150,000
150,000
200,000
200,000
150,000
2,925,000

Feedstock

Molasses/
Cassava

Molasses
Molasses
Cassava

Molasses

Molasses/
Sugarcane juice

Molasses

Molasses

Molasses/
Sugarcane juice

Molasses

Molasses/
Bagasse
Cassava/
Molasses
Molasses/
Cassava

Sugarcane juice
Cassava

Cassava

Molasses/
Sugarcane juice

Cassava

Molasses/
Sugarcane juice
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2.4 Biomass, Lignocellulosic Biomass and Agricultural Residues

24.1 Definition of Biomass

Biomass is a renewable energy source because the energy it contains
comes from the . Through the process of photosynthesis, plants capture the
energy. When the plants are bumed, they release the " energy they contain. In
this way, biomass functions as a sort of natural battery for storing solar energy. As
long as hiomass is produced sustainably, with only as much used as is grown, the
battery will last indefinitely. Biomass are including the living and dead organisms
(that come from biodegradable wastes). Biomass can equally apply to both animal
and vegetable derived material. For these reason, the organic materials as fossil fuels,
which have been transformed by geological processes into substances such as coal or
petroleum are not include,

The vital difference between biomass and fossil fuels is one of time
scale. Biomass takes carbon out of the atmosphere while it is growing and returns it
as it is burned. Ifit is managed on a sustainable basis, biomass is harvested as part of
a constantly replenished crop. This is either during woodland or arboricultural
management or coppicing or as part of a continuous program of replanting with the
new growth taking up CO2 from the atmosphere at the same time as it is released by
combustion of the previous harvest. This maintains a closed carbon cycle with no net
Increase in atmospheric CO2 levels, as shown in Figure 2.11. But for fossil fuels,
they contain carbon that has been out of the carbon cycle for a very long time. Their
combustion therefore disturbs the carbon dioxide content in the atmosphere.

TECHNOLOGY

Figure 211 The carbon cycle of biomass (www.allgreencars.co.uk).


http://www.allgreencars.co.uk
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2.4.2 Categories of Biomass Materials

Within this definition, biomass for energy can include a wide range of
materials. The realities of the economics mean that high value material for which
there is an alternative market, such as good quality, large timber, are very unlikely to
become available for energy applications. However there are huge resources of
residues, co-products and waste that exist around the world which could potentially
become available, in quantity, at relatively low cost or even negative cost where
there is currently a requirement to pay for disposal.

There are five basic categories of material:

- Virgin wood: from forestry, arboricultural activities or from wood

processing

- Energy crops: high yield crops grown specifically for energy
applications

- Agricultural residues: residues from agriculture harvesting or
processing

- Food waste: from food and drink manufacture, preparation and
processing, and post-consumer waste

- Industrial waste and co-products: from manufacturing and
industrial processes (www.hiomassenergycentre.org.uk).

2.4.3 Application of Biomass Materials
The varieties of applications for biomass are
- Food and fodder crops: food e.g. carbohydrates, lipids, proteins,
vitamins,
- Fiber: material e.g. paper pulp, timber, furniture, textiles.
- Chemical: hio-product e.. pharmaceutical, flavoring, lubricant.
- Energy: biofuel e.g. bioethanol, biodiesel.

In general there are two main approaches to using plants for energy
production: growing plants specifically for energy use, and using the residues from
plants that are used for other things (www.altenergystation.com).


http://www.biomassenergycentre.org.uk
http://www.altenergystation.com
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Because hiomass fuels are normally less dense, lower in energy
content and more difficult to handle than fossil fuels, they usually do not compare
favorably to fossil fuels on an economic hasis. However, hiomass fuels have several
important on environmental advantages. Biomass fuels are renewable and sustainable
use in GHG neutral (biomass combustion releases no more carbon dioxide than
absorbed during the plant’s growth). Biomass fuels contain little sulfur compared to
coal (reduced sulfur dioxide emissions) and have lower combustion temperatures
(reduced nitrogen oxide emissions). However, unless hiomass is efficiently and
cleanly converted to a secondary energy form, the environmental benefits are only
partially realized, ifat all. For this reason, efficient, modern biomass utilization must
be favored over traditional applications (NEPO, 2000).

244 Cellulosic-Based Bioethanol in Thailand
According to the previous information, feedstocks for produce ethanol
that come from first generation hiofuels have problem about the competition of food
and energy market. So, the second generation biofuels were developed to compensate
this problem by using non-edible material. It is a type of biofuels produced from
lignocellulose, a structural material that comprises much of the mass of plants.

2.44.1 Composition ofLignocellulosic Biomass

Lignocellulosic biomass is the least expensive, most
abundant renewable feedstock on earth, with around 200 hillion tons produced
annually (Zhang, 2008). It requires less input (such as water and fertilizer) per unit of
biomass produced when compare with grain and crop. It is composed of three major
components: cellulose, hemicelluloses and lignin as shown in Figure 2.12.

Cellulose is the major component of most non-food energy
crops or lignocellulosic biomass. Cellulose is an organic compound with the formula
(CoHioOs),!, a polysaccharide consisting of a linear chain of several hundred to over
ten thousand P(I—4) linked D-glucose units. Cellulose is derived from D-glucose
units, which condense through (Y1—>4)-glycosidic bonds. This linkage motif
contrasts with that for a (I—4)-glycosidic bonds present in starch, glycogen and other
carhohydrates. The seemingly minor difference in linkages makes a major difference
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in reactivity. For the same enzyme loading, amylase hydrolyzes starch about 100
times faster than cellulase hydrolyzes cellulose. This is because the hydrogen bonds
between adjacent cellulose polymers form crystalline structures that give plants
structural strength, but make them particularly difficult to digest.

Figure 2.12 Composition of lignocellulosic biomass (Sierra et al., 2008).

Hemicellulose is any of several heteropolymers (matrix
polysaccharides) such as arabinoxylans, present along with cellulose in almost all
plant cell walls. While cellulose is crystalline, strong and resistant to hydrolysis,
hemicellulose has a random, amorphous structure with little strength. It is easily
hydrolyzed by dilute acid or base as well as myriad hemicellulase enzymes include
xylose, mannose, galactose, rhamnose and arabinose. Hemicelluloses contain most of
the D-pentose sugars. Xylose is always the sugar monomer present in the largest
amount.

Lignin, a polymer of phenyl propane units linked in three-
dimensional structure, acts as "glue”. It is a very complex molecule. A plant can be
compared to fiberglass, where the cellulose is analogous to the glass fibers and the
lignin serves as the epoxy resin. Chemical bonds have been reported between lignin
and hoth cellulose and hemicellulose. Lignin is extremely resistant to chemical and
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enzymatic degradation. Biological degradation can be achieved mainly by certain
fungi.

One barrier to the production of ethanol from lignocellulosic
biomass is that the sugars necessary for fermentation are trapped inside the
lignocellulose. Lignocellulose has evolved to resist degradation and to confer
hydrolytic stahility and structural robustness to the cell walls of the plants. This
robustness or "recalcitrance” is attributable to the crosslinking between the
polysaccharides (cellulose and hemicellulose) and the lignin via ester and ether
linkages. Ester linkages arise between oxidized sugars, the uronic acids, and the
phenols and phenyl propanols functionalities of the lignin to extract the fermentable
sugars, one must first disconnect the celluloses from the lignin and then acid-
hydrolyze the newly freed celluloses to break them down into disaccharides
(cellobiose) and into simple monosaccharides (glucose-CUH00). Another challenge
to hiomass fermentation is the high percentage of pentoses in the hemicellulose, such
as Xxylose, or wood sugar. Unlike hexoses, like glucose, pentoses are difficult to
ferment. The contents of cellulose, hemicelluloses and lignin in common
lignocellulosic biomass are shown in Table 2.6.

Table 2.6 Contents of cellulose, hemicellulose and lignin in Thailand hased
lignocellulosic biomass (moisture freg)

- Lignocellulosic biomass Ce}!);(])l)ose Heml(%zl)lulose LE%'”
Rice straw{Brod /2l 1) 32-41 19-27 524
Cassava rhizome"{atiyaeta/" 207 28 40 22
Cassava stalk [Kingsumamera 2L 3 14 21
Sugarcane hagasse[lred "1 3 20 23
Sugarcane trash[Sghe' 2071 40 25 18-20
Jatropha[Guresselare a/’ 2B 3 NA NA
Oil palm fronds[Waodie' "1 a7 3 15

Ol palm EFB[Aidss 2101 37 % 4
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2.44.2 Categories of Lignocellulosic Biomass
Lignocellulosic hiomass can be grouped into four main
categories: agricultural residues (including rice straw, com stover and sugarcane
bagasse), dedicated energy crops, wood residues (including sawmill and paper mill
discards) and municipal paper waste. However, this work will focus mainly on
agricultural residues.

2.44.3 Potential ofAgricultural Residues in Thailand

Thailand is agricultural country and has a lot potential of
agricultural goods and also the country is one of the leading producers and exporters
In the world market. The potential of biomass materials in Thailand are both virgin
wood and agricultural residues. At the present time, more than 30 % of whole Thai
area is forest. However, the forest area in Thailand has decrease from 53 % in last 50
years (RFD, 2009). Focusing on agricultural resicues, it is a big challenge for change
that residues to ethanol especially from rice, sugarcane and cassava. All of them is
the major crops and release a lot of residues. The potential of agricultural residues in
Thailand is shown in Table 2.7.

Thailand is the higgest rice exporter of the world since 1981.
More than 10 million tons Thai rice export account around 35 % of the world” rice
market. The country is also the world’s number one cassava products (chips, pellets
and starch) account around 70 % of the world’s cassava market. Furthermore,
Thailand is the second sugar exporter (10 %) which comes after the giant, Brazil.
Other agricultural plants, oil palm, com, also have potentials (OAE, 2009). The
quantities of agricultural residues are calculated from agricultural product multiply
by crops to residue ratio (CRR), this result is call total agricultural residues.
However, some of agricultural residues are used in other activity for example fodder
for animal. Therefore, the potential of agricultural residues that use for energy
(available unused residues) are calculated from total agricultural residues multiply by
surplus available factor (SAF). These two ratios are conversion factor.
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Table 2.7 Energy potential of agricultural residues in Thailand (DEDE, 2009)

Products

Sugarcane

Padldy
Soybean

Maize

Oil palm

Cassava

Coconut

Rubber
tree

Total

Productions

(Tons)

66,816,446

31,508,364
190480

4,616,119

8,162,379

30,088,025

1,380,980

3,090,280
145,853,073

Residues

Bagasse
Top & trash
Husk
Straw
Stalk, leaves, shell
Com cob
Stalk
Empty bunches
Fiber
Shell
Shaft
Stalk
Rhizome
Shaft
Spathe
Shell

Branch/Shaft

Available unused
resiclues for energy

(Tons)
4,190,794.31
13439,721.21
3510598.90
25,646,547.96

170,383.17
584.539.15
2,7158,777.36
1,024,868.34
162,970.06
38,959.04
2,203,740
2,439236.19
1,834,466.88
628990.82
46425095
12893658

312,118.28
59,539,905.20

Heating
values

(Milkg)
144
179
127
1024
1944
1804
1804
1796
1762
1846
983
1842
1842
154
1623
7%

1498

Energy potentials
(TJ) (ktoe)
6034744 142854
23371686 553252
50,096.25 118587
26262065  6,216.73
331235 7841
1054509 24962
4976834 117811
1830415 43329
287153 67.97
719.18 172
2182424 51662
44.930.73  1,063.60
3379088 79989
9686.46 293
753479 178.36
2311.83 5473
467553 11068
50433940  11,938.60

Thailand has continued to promote domestic biofuel

utilization. Production and consumption of hioethanol in Thailand have continued to
increase at a fast rate due to aggressive policies of the Thai government in reducing
foreign oil import and increasing domestic renewable energy utilization.
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2444 Focus on Rice Straw in Thailand

Each year in Thailand agricultural industries generate
millions of tons of various lignocellulosic feedstocks as agricultural residues i.. rice
straw, sugar cane bagasse, corn stover and corn fiber. The Thai government has a
policy to encourage fuel ethanol production from agricultural residues. This work
will focus on one of the importance agricultural residues in Thailand which is rice
straw.

Rice straw is an attractive lignocellulosic biomass for
bioethanol production since it is one of the most abundant renewable resources.
Production of rice in Thailand was about 30 million tons per year which ranked 3r
for rice producer in South-East Asia and 6t in the world. Furthermore, Thailand is
the world's largest rice exporter which around 9.0 million tons of rice exports to
other countries. Every kilogram of grain harvested is accompanied by production of
1-1.5 kg of the straw. So, it gives an estimation of about 30.0"15.0 million tons of
rice straw produced per year and a large part of this is going as cattle feed and rest as
Waste.

Rice straw has several characteristics that make it a potential
feedstock for fuel ethanol production. It has high cellulose and hemicellulose content
that can be readily hydrolyzed into fermentable sugars. In terms of chemical
composition, the straw predominantly contains cellulose (32-47 %), hemicellulose
(19-27 %) and lignin (5-24 %). The pentoses are dominant in hemicellulose; in
which xylose is the most important sugar (14.8-20.2 %). The carhohydrate
composition and theoretical ethanol yields of rice straw are shown in Table 2.8,

Table 2.8 Carbohydrate compositions and theoretical ethanol yield of rice straw
(Zhu etal, 2005)

Compositions and yield Value
Cellulose 38.60 %
Hemicellulose _ 19.70%
Theoretical ethanol yield (L/k d1r_yg 0.42
Theoretical ethanol yield (gal/MT dry) 110
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Table 2.9 Proximate composition and selected major elements of ash in rice straw,
rice husk and wheat straw (Jenkins et al., 1996)

Ricestraw  Rice husk ~ Wheat straw
Proximate analysis (% dryfuel)

Fixed carbon 15.86 16.22 1771
Volatile matter 6547 63.52 5.2
Ash 18.67 20.26 1.2
Elemental composition ofash (%)
5102 14,671 91.42 55.32
Ca0 301 32 6.14
MgO 175 <0.01 1.06
Nad) 0.9 0.21 171
k) 123 311 25.6

The chemical composition of feedstock has a major influence
on the efficiency of bioenergy generation. Table 2.9 lists the chemical properties of
rice straw, rice husk and wheat straw to highlight the particular differences in
feedstock. Only disadvantage of rice straw for ethanol production are the high
content of ash and silica (Binod et al., 2010).

2.4.45 Study on Cellulosic-based Bioethanol Process

Morales et al. (2008) worked on using computer aided tools
for sustainable design and analysis of bioethanol production by considering the
production of 99.5 wt% pure ethanol from lignocellulosic hiomass where the
hydrolytic enzyme is purchased. Hardwood chips were used as the feedstock and
PRO/I simulator was used as simulation program. The base case process was hased
on NRET process (Wooley et ai, 1999). The main operations of the process are
shown in PRO/II flowsheets in Figure 2.13.
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Figure 2.13 The main operations of the bioethanol process from lignocellulosic biomass (Morales et al., 2008).



Binod et al. (2010) worked on production of biogthanol from
rice straw by various processes. Technologies for conversion of rice straw to ethanol
have been developed on two platforms, which can be referred to as the sugar
platform and the synthesis gas (or syngas) platform. The basic steps of these
platforms are shown in Figure 2.14,

Figure 2.14 Basic concept of ethanol production from rice straw (Binod et.ai, 2010).

In sugar platform, cellulose and hemicellulose are first
converted to fermentable sugars, which then are fermented to produce ethanol. The
fermentable sugars include glucose, xylose, arabinose, galactose and mannose.
Hydrolysis of cellulose and hemicellulose to generate these sugars can be carried out
by using either acids or enzymes.

In the syngas platform, the biomass is subjected through a
process called gasification. In this process, the hiomass is heated with no oxygen or
only about one-third the oxygen normally required for complete combustion. It
subsequently converts to a gaseous product, which contains mostly carbon monoxide
and hydrogen. The gas, which is called synthesis gas or syngas, can be fermented by
specific microorganisms or converted catalytically to ethanol. In the sugar platform,



only the carbohydrate fractions are utilized for ethanol production, whereas in the
syngas platform, all three components of the biomass are converted to ethanol.

The conclusion of this work is that biological conversion of
rice straw into fermentable sugars, employing hydrolyzing enzymes is at present the
most attractive alternative due to environmental concerns. Though there are Several
hindrances on the way of developing economically feasible technology due to its
complex nature, high lignin and ash content, several work is going onto develop an
efficient pretreatment method to remove unwanted portion o as to get readily
available sugars and consicerable success has been achieved till date. The available
statistics shows that the need of bioethanol for transport sector could be met by using
rice straw. Approaches in both process engineering and strain engineering still have
to be carried out to circumvent the difficulties of xylose and glucose co-fermentation
and to improve the system efficiency. A very balanced and intelligent combination of
pretreatment, hydrolysis and fermentation process has to be selected for maximum
efficacy of the process. With the advent of genetically modified yeast, synthetic
hydrolyzing enzymes, other sophisticated technologies and their efficient
combination, the process of hioethanol production employing rice straw will prove to
be a feasible technology in very near future.

2.5 Life Cycle Assessment (LCA)

As mention in the sustainable development topic, environmental issue is one
of the importance parts that have to be analyzed. The efficiency of biofuel in terms of
energy and environmental aspect can evaluate by the method call “Life Cycle
Assessment (LCA)”

25.1 Definition of LCA
Life cycle assessment (LCA) is a technigue to assess environmental
impacts associated with all the stages during its entire life cycle of a product, process
or activity, encompassing, extracting and processing raw materials; manufacturing,
transportation and distribution; use, re-use, maintenance; recycling and final disposal
by identifying and quantifying energy and materials used and wastes released to the

T aw & i0 ‘i
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environment; to assess the impact of those energy and materials used and releases to
the environment; and to identify and evaluate opportunities to affect environmental
Improvements as shown in Figure 2.15 (SETAC, 1993).

V_Ud(f{%tg[ 10 6fidMC

Figure 2.15 Structure of the life cycle assessment (www.scienceinthebox.com).

In the case of petroleum-derived fuels, this means LCA includes
everything from the time the oil is extracted from the ground, transported to the
refinery, made into fuel and distributed to your local gas station. This is also known
as a Well-to-Wheels Study because it starts at the oil well and ends at the wheels or
more specifically the tailpipe of car or truck.

For a crop like comn ethanol, the LCA is much more complex.
Tracking of the energy and emissions it takes to plant the com, and make the fuels,
fertilizers and pesticides to grow the com. Estimating whether growing the com
Increases or decreases carbon in the soil. Appraising how much fuel it takes to get
the com to the ethanol refinery and how much energy is consumed and the amount of
emissions that are generated in the bioethanol plant. Corn ethanol refineries typically
make a co-product called distillers grain, which is a high-protein feed for cattle. This
production is counted as a credit in accounting spreadsheet. It also includes the
Impact of getting ethanol to the service station by rail and truck.


http://www.scienceinthebox.com
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2.5.2 Qverview of LCA

In LCA substantially broader environmental aspects can be covered,
ranging from GHG emissions and fossil resource depletion to acidification and
toxicity aspects, hence it is a good tool for quantifying environmental impacts of a
defined product system. However, LCA as it stands has its limitations such as the
difficulties in data acquisition and validation, and the misleading results due to the
choice of methodology especially on allocation issues. Figure 2.16 illustrates the life
cycle of biofuels involving CO- emission.

The objectives of LCA are to compare the full range of environmental
effects assignable to products and services in order to improve processes, support
policy, provide a sound basis for informed decisions and also increase environmental
awareness on the part of the general public, industry and governments. The
precursors of life cycle analysis and assessment (LCAs) were the global modeling
studies and energy audits of the late 1960s and early 1970s. These attempted to
assess the resource cost and environmental implications of different patterns of
human behavior.

Figure 2.16 Life cycle of hiofuels (PEDA, 2011).
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LCAs were an obvious extension, and hecame vital to support the
development of eco-labeling schemes which are operating or planned in a number of
countries around the world. In order for eco-labels to be granted to chosen products,
the awarding authority needs to be able to evaluate the manufacturing processes
involved, the energy consumption in manufacture and use, and the amount and type
of waste generated. To accurately assess the burdens placed on the environment by
the manufacture of an item, the following of a procedure or the use of a certain
process, two main stages are involved. The first stage is the collection of data, and
the second is the interpretation of that data.

2.5.3 Methodology of LCA
The LCA framework was standardized by the International
Organization for Standardization (ISO). According to the 1SO 14040 and 14044
standards, a life cycle assessment is derived in four distinct phases consisting of:

2.5.3.1 Goaland Scope Definition

The first step is where the intention of the use of LCA is
defined, and where the setting of the boundaries (what is and is not included in the
study) for the product system takes place and assumptions based upon the goal. In
this phase, formulate and specify the goal and scope of study in relation to the
intended application are required. For the example of a packaging study might
choose to define the functional unit as—packaging of 1,000 liters of milk in
containers of 1 liter. Taking this, the relevant significant comparison can be between
1,000 carton boxes and 40 returnable polycarbonate bottles, which can be used in
average 25 times.

Usually what LCA does is compare different ways of
obtaining the same function. Therefore in order to guarantee fairness and relevance it
is crucial to be comparing between product systems that actually provide the same
function, being this assured through carefully defining the functional unit. Finally,
the goal and scope including a description of the method applied for assessing
potential environmental impacts and which impact categories those are included.
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25. .2 Inventory Analysis Definition (LCI)

This step is where all the necessary input and output data for
the processes regarding the product system is gathered. The energy and raw material
inputs and environmental releases associated with each stage of production are
quantified. Other types of exchanges or interventions such as radiation or land use
can also be included. These gathered data are related with the reference flow given
by the functional unit. Typically the data for the different processes is combined over
the life cycle and presented as the total emissions of a substance or total use of a
resource.

Finally, the results of the inventory which provides
information about all inputs and outputs in the form of elementary flow to and from
the environment from all the unit processes involved in the study are obtained.

2.5.3.3 Life Cycle Impact Assessment Definition (LCIA)

Analyze and compare the impacts on human health and the
environment burdens associated with raw materials and energy inputs and
environmental releases quantified by the inventory. In this phase, “Life Cycle Impact
Assessment” (LCIA) is aimed at evaluating the contribution to impact categories
such as global warming, acidification, ozone depletion and etc.

The first step of LCIA is termed “characterization”. Here,
impact potentials are calculated based on the LCI results. The next steps are
“normalization” and “weighting”, but these are both voluntary according the 1SO
standard. Normalization provides a basis for comparing different types of
environmental impact categories (all impacts get the same unit). Weighting implies
assigning a weighting factor to each impact category depending on the relative
importance.

2.5.3.4 Interpretation Definition
Evaluate opportunities to reduce energy, material inputs, or
environmental impacts at each stage of the product life-cycle. In this phase,
“Interpretation” is the most important one. An analysis of major contributions,



40

sensitivity analysis and uncertainty analysis leads to the conclusion whether the
ambitions from the goal and scope can be met.

All conclusions are drafted during this phase. Sometimes an
independent critical review is necessary, especially when comparisons are made that
are used in the public domain. Finally, an improvement, in which recommendations
are made based on the results of the inventory and impact stages, is also analyzed.
These may include modifying a production process, using different raw materials, or
choosing one product over another (ISO 14040 and 14044, 2006).

To understand easily, the framework within which life cycle
assessment is carried out is shown in Figure 2.17. Two main activities— inventory
analysis and impact assessment— are preceded by a vitally important planning phase
and followed by extended interpretation, which will normally involve checking the
results both against the initial goals and for self-consistency.

Life Cycle Assessment Framei: ork
Interpretation phase
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Figure 2.17 Life cycle assessment framework (www.ami.ac.uk).
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2.5.4 LCA Studies on Bioethanol

Bioethanol has become the new challenge on the reduction of fossil
resource use and global warming concern. After that, many research teams have
conducted the LCA on bioethanol in various materials including sugar, starchy and
lignocellulosic biomass.

In 2008, Searcy et al. compared the LCA emission renewable energy
routes that convert straw/corn stover into usable energy were examined. The
conversion options studied were ethanol by fermentation; syndiesel by oxygen
gasification followed by Fischer-Tropsch synthesis and electricity by either direct
combustion or biomass integrated gasification and combined cycle (BIGCC). The
GHG emissions were 830 g C02e/kWh for direct combustion, 839 g C02e/kWh for
BIGCC, 2,060 g CO2e/L for ethanol production and 2,440 g C02e/L for FT synthesis
of syndiesel. The comparison in unit per megajoules is shown in Table 2.10.

Table 2.10 Comparison of GFfG emission from difference sources (Searcy et ai,
2008)

Method Emission (g CO./MJ)
Direct combustion 230.56
BIGCC 233.06
Fermented ethanol 97.31
FT syndiesel 67.40

The result showed that bioethanol choice gave more attractive than
those from electricity choices. However, syndiesel emitted the lowest emission with
67.40 g CO. per mega joules. By this, it means that the use of lignocellulosic
biomass in conversion process to he ethanol is better than use it to generate
electricity.

In 2009, Luo and co-workers worked on life cycle assessment and life
cycle costing of bioethanol from sugarcane two cases in Brazil. The two cases
engaged were: (1) base case— bioethanol production from sucrose with heat and
electricity generation from hagasses using the current technology; (2) future case—
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bioethanol production from both sucrose and bagasses with heat and electricity
generation from wastes. His study performed LCA and compared gasoline with E10,
E85 and Ethanol as well. The results are shown in Figure 2.18.

Fuel Type

Figure 2.18 Greenhouse gas emission of ethanol from sugarcane (Luo et al., 2009).

When GHG emissions were concerned, burning bagasse for electricity
generation (base case) was a much better option than converting bagasse to ethanol
(future case). They also performed life cycle costing, the result indicated that driving
with ethanol fuels was more economical than gasoline and the future case was
economically more attractive than the base case, which have been the driving force
for the promotion of advanced technologies converting hagasse to ethanol.

In 2009, Gonzalez-Garcia and coworkers studied on the life cycle
assessment of flax shives in Spain. They compare the emission in difference
allocation method, economic and mass. Three scenarios (EAL, EA2 and EA3) based
on economic allocation were evaluated according to the large difference in the
market prices (from 15 to 36 €/ton regardless of their final destination). Mass
allocation (scenario MA) was also assumed in order to estimate the effect of
allocation. The comparison of global warming potential using different allocation
methods is shown in Figure 2.19.
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Figure 2.19 The comparison (between allocation factors) of CO- equivalent
emission for ethanol production and main process involved (Gonzalez-Garcia et ai,
2009).

Activities related to the ethanol conversion plant, such as distillation
and electricity production, are the main hot spots in this impact category. In addition,
when mass allocation is assumed, there is a remarkable contribution from fossil fuel
extraction due to a higher amount of diesel from agricultural machineries being
allocated to the flax shives. Moreover, it is important to remark the positive effect of
the carbon sequestered during crop growth (9.9 ton CCVha), which contributes to
offset the GHG emissions. This effect is more outstanding in the mass allocation
(highest allocation factor) since more CO. taken up during the crop growing is
allocated to flax shives.

In 2011, Neupane et al. worked on the attributional life cycle
assessment of woodchips for bioethanol production. An in-depth LCA of woodchips
shows that harvesting and woodchips processing stage and transportation to the
facility stage emit large amount of environmental pollutants compared to other life
cycle stages of ethanol production as shown in Figure 2.20. Their analysis also found
that fossil fuel consumption and respiratory inorganic effects are the two most
critical environmental impact categories in woodchips production. They have used
Eco-indicator 99 based cradle-to-gate LCA method with a functional unit of 4 m3 of
dry hardwood chips production.
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Figure 2.20 The characterized impact factor for natural regeneration scenario
(Neupane et al., 2011).

In their work, they applied an LCA approach to analyze the
environmental impacts of each process steps for woodchips production in view of the
impending large scale bioethanol production in the . . Using an appropriate LCA
method and following the 1SO 14040 standards have allowed them to assess the
different environmental impacts in each process step of woodchips production. The
dominant environmental contributors are fossil consumptions and respiratory
inorganics in the natural regeneration and the artificial regeneration scenarios.
Transportation of woods from forest site to a facility has significant impact factor,
followed by harvesting and processing of woodchips. Since most of the impacts are
due to the combustion of fossil fuels (diesel and gasoline) used for operating
machineries, one option to reduce the life cycle impacts of woodchips production on
the environment is to increase the fuel efficiency of equipments used in harvesting
and processing and transportation. This could be done by balancing the size and
power capacity of equipments with the tree size to be harvested. They also
recommend establishing a prospective biorefinery at proximity to biomass area in
order to minimize transportation distance and consequently cost. This however,
might increase the transportation distance and costs for producing biomass-based end
products.
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