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Abstract: There are some controversies about 2G bioethanol and it is in need of a reliable test data
in order to make a further analysis and proof. In collecting basic data from three classes of typical
raw materials, such as wheat, maize stalk juice, and straw, it was found that 4.32 tons straw or 3.358
tons wheat is needed to produce 1 ton bioethanol. Using the coefficient of variation calculation and
analysis method, it is able to obtain the C.V. value of straw fermentation efficiency 0.08932<0.15,
indicating the fermentation technology and process of 2G bioethanol is already quite mature and
reliable, without risk, and also with a raw material cost advantage. There is a problem in that the
C.V.value of straw volume is 1.2648>0.95, indicating 2G bioethanol is in an extremely high-risk area.
Using the straw volume calculation method, building and its costs — capital expenditure of 2G
bioethanol plant is approximately seven times that of a wheat ethanol plant. This should be some of
the important reasons why it is noncompetitive, extremely high price, and requiring government
subsidies. Straw volume data study has caused the 2G bioethanol plant to require more cement,
steel, equipment, and other materials. Thus, there are ample reasons to question the CO2 emissions
and its carbon footprint of 2G bioethanol plant. Actually, the volume is not the only existing
problem, it is necessary to re-evaluate and discuss the definition of 2G bioethanol and its future.
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1. Introduction

The technology to produce alcohol (ethanol) from sugar and starch crops is quite mature and
reliable [1].

In 2014,Inbicon Demonstration Plant(Inbicon D Plant) [2] had successfully completed the
industrial scale fermentation experiment on making ethanol from straw and its C6 (from cellulose) +
C5 mix sugars(from hemicellulose)[ 3 ].This kind of ethanol is called Cellulose ethanol or 2G
Bioethanol.

To this date, the test data published by Inbicon D Plant are the most complete, the most reliable
and the most valuable 2G bioethanol reference data. They are also the basis of Denmark’s 2G
Bioethanol Industrial Plan—Straw plan [3,4].

Test data published by Inbicon D Plant are: It is 231 kilo ethanol per. tonnes of straw (calculated
as straw with 100% dry matter), 374 kilo of lignin and 80 kilo of vinasse[5].

This paper is the results of gathering data first and then comparing the data against that of sugar
crops, starch crops, and Straw, analyzing and proofing the existing problems of 2G bioethanol.

In it, starch crops uses the data of Wheat plan that were already being denied [6], and Sugar
crops use the data from the UF/ IFAS Hastings Agricultural Extension Center Sweet Sorghum (M81)
or Canada’s sugarcorn [7], shortened and called B-plan.

2. Carbohydrates Calculation

In this paper, sugar, starch and C5+C6 mix sugars are called Carbohydrates or fermentable
sugars. In theory, 1.9553 tons of sugar can be fermented into 1 ton of ethanol.
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Table 1 shows the basic data of sugars or starch conversion into bioethanol. According to
chemical reaction equations plus losses (=0.074%), approximately, 2.10 tons sugars or starch can be
converted into 1.0 ton bioethanol.

Table 1: Table 1: Fermentation Processes/Chemical Reaction Equations

I. Sucrose to Ethanol II. Starch to Ethanol
C1oHp, 045 + HyO > 2C¢H 04 2(CeH;0O0s)n + nH,O --> n(Cy,Hy,04
Sucrose Glucose Starch Maltose
CeH1206 --> 2C,H;OH + 2CO, C12Hp011 + Hyo > 2CH 1,06
Glucose Ethanol Maltose Glucose
C¢H,,06 -->2C,H;0H + 2CO,
Glucose Ethanol
Molecular Weight Material Balance
Sucrose C;,H,,04; 342.296 Feed Material Sucrose  Starch
Glucose C¢H;,Oq 180.158 Moleculsr Weight 342.296 nx162.143
Ethanol C,H;OH 46.069 Feed Rate. t/t 1.85751807 1.75978424
Starch nC¢H;(O5 nx162.143 Maltose, t/t 1.85751807
Sucrose, t/t 1.85751807
Glucose, t/t 1.95530617 1.95530617
Ethanol, t/t 1.000 1.000

Inbicon D Plant data: 2.36 tons C5+C6 mixed sugar can be converted into 1.0 ton bioethanol.
Inbicon data calculation process is not expressed in this table.

Figure 1: Carbohydrates required to produce 1.0 ton of bioethanol (/t ethanot)

, 1236

mstarch ®Wsugar ® C5+C6 mixed sugar

3. Raw Material Feed Calculation

Wheat plan and straw Plan are actual examples of industrial operation. Their raw material feed
quantities can be found in the following brief description. However, the raw material feed quantity
of B-plan still needs to be calculated from Table 1.

3.1. Wheat plan(Starch crops) [8]

W-plan was started around 2007. It uses 530000 tons of winter wheat, produces 200 million liters
bioethanol and 115000 tons protein (dry basis), etc. byproducts. Proteins are valuable items in the
market and there is a strong demand for these products. Because wheat is considered to be a food
item, the W-Plan was forced to be shut down in 2014.
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Manufacturing process and technology for W-Plan is mature and well understood and there are
examples of successful commercialization[9, 10].thus, the risk is low. Because wheat gluten and B-
starch (15 - 20 %) [11], etc., would require some special treatments, therefore, its wastewaters are
difficult to treat.

In it, bioethanol calculation is based on 1000 kg = 1267 liter, and 200 million liters bioethanol =
157853 ton bioethanol, amounted to using 3.358 tons wheat to producel.0 ton bioethanol.

3.2. Straw plan (Lignocellulosic) [12]

The Danish word for "straw" is halm. S-Plan was started around 2009; it uses 300000 tons straw
to produce77million liters (#60773t) bioethanol, 92000 tons vinasse and 92000 tons lignin, etc.
byproducts. S-Plan is a typical cellulosic ethanol, and it is the important analysis point of this paper.

Presently, cellulosic ethanol is in various experimental stages of development and there is no
single example of successful commercialization here in the EU region and USA [13,14]. S-Plan is
rather controversial [15].

Based on calculation 300000t straw to produce 60773t bioethanol, 4.936t straw can produce 1.0
ton bioethanol. After deducting 12.3% moisture content, there is 4.33t straw (100% Dry Matter)
remaining to produce 1.0 ton bioethanol. This is in agreement with the data of Inbicon D Plant, which
is a small S-Plan demonstration plant in Denmark [2].

3.3. B-plan (Sugar crops)

Sugarcorn (with high stalk sugar content) [16] is a new energy crop from Canada. With the
development of the agricultural technology it might replace sugarcane [17] and sweet sorghum
[18,19], its stalk Juice contains ample amount of carbohydrates (C6 sugar), that can be fermented into
ethanol.

Carbohydrates in sweet sorghum or corn stalk juice (S-Juice) are non-crystalizabled, with odor,
so it is unsuitable as a sweetener for human consumption, but, it can be a raw material for animal
feeds or bioethanol. After their grains are harvested and if their stalks are not processed into other
products, S-Juice shall be converted into lignocellulose within a few days.

Extraction of S-Juice and its concentration shall be accomplished by using the same processes
we utilized in 2015 for sweet sorghum crop at the University of Florida’s IFAS Hastings Agricultural
Extension Center in USA.
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Figure 2: Raw material required for 1-ton bioethanol (t/t ethanol)
From Table 1 and The Sugar Engineers[20]; 3.23t S-Juice (65%Brix, 200 °C, Purity 80%, Density
1317.6 kg/M?) would is required to produce 1.0 t bioethanol.
3.4. Ethanol Conversion Rate

Ethanol conversion rate can be obtained from carbohydrates and raw material feed quantity.
Ethanol conversion rate is one of the important indicators for evaluation of 2G bioethanol processes.
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Carbohydrates
Ethanol Conversion Rate = - - (1)
Rawmaterial Feed Quantity

Table 2: Ethanol Conversion Rate Calculation (%)

Wheat 21 3.358 62.54% 60% a

Stalk Juice 21 3.23 65.02% I -

Straw 2.36 433 54.50% 40%
Wheat Stalk Juice
62,54% 65,02% [Straw 54,50% ,q

100% [ e T S
Ethanol
NAME  Carbohydrate Feed Quantity Conversion g, 1 = b} |
Rate _
%"/ . 77

4. Raw Material Volume Calculation

Because raw material runs through the entire 2G bioethanol production process, its volume has
direct effect on the major flow line sizes, equipment number, building, and capital expenditure of its
production line. Therefore, it is necessary to calculate the volume of the raw material.

4.1. Bulk Density of Raw Materials

Bulk density (or density) is related to its volume. Volume data can be obtained through bulk
density data.

Bulk density: Raw material weight (t) / Volume (M?3) usually expressed in t/M>

Bulk density data are as follows; wheat 0.77 (t/M?) [21,22], S-Juice 1.317(t/M3) (Temperature 200
0C, Brix 65%, Purity 85%).

During transportation and in a production process, except wheat and S-Juice, there are relatively
large changes in bulk density of crop stalks.

Table 3: Bulk Density of Raw Material (t/M?)

B StalkJuice
1,317

B Wheat

Raw Material Bulk Density 5
Wheat 0.77 ' AT
08 VO#280
Stalk Juice 1.317 ' Vg”llfo
Straw (VO#140) 0.14 0,4 -
Straw (VO#280) 0.28 0

e  During transportation; its stalks after being compressed, its bulk density is around 0.10(t/M?3)
[23] ~0.28 (t/M3) [24]. Therefore, during transportation, use 0.28t/M? for stalk calculations, marked
as VO#280.

e  During production; straw after pulverizing, its bulk density is still going lower. Such as,
lowering to 0.045t/M3-0.140t/M3, similar to letpressede baller. As an example, in 2017, a steam
explosion test system feed density was 100kg~125/M? [25]. In this paper, 140Kg/M?3 is used for
calculation, marked as VO#140.

4.2. Raw Material Volume Calculation

Using bulk density the raw material volume can be obtained. It is usually expressed in M?3.
To produce 1 ton of bioethanol, the formula for raw material volume is: Usually expressed as
M3/t ethanol.
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Mass of Raw Material(%
ethanol
(2)

Raw Material Volume = T
Raw material Material Bulk Density(m)

Table 4: Volume Calculation for Various Raw Materials (IM3/t ethanol)

n—— T mVOH280
et SRS vosao  vomso T = VO#140
B 154
Feed Quantity ~ 3.358 323 432 432 15 f- Wheat  m Stalk  gmmmm
436 Juice
Bulk Density 0770 1317 0.14 0.28 L o
RawMaterial = 36 545 15.43 30.86 -
Volume

5. Hypothesis and Calculation

This paper utilizes the coefficient of variation (C.V.) to analyze straw data. Because 2G
bioethanols and their production processes consisted of many different technologies, therefore, their
C.V. threshold values can be hypothesized separately as follows:

1. Sample values of sugar and starch are all mature and reliable data, and they are regarded as
comparative group data. Straw sample values VO#140 and VO#280 are also regarded as test
group data. The extent of variability of C.V. values is only related to sample values.

2. C.V. threshold of fermentation technology area follows the common practice and
hypothesized to be <15% [26]. If the C.V. value is >15%, it shows the existence of risks, should
reject or deny.

3. Raw material volume and equipment dimensions, quantity, and efficiency, etc., are closely
related, encompassing many industrial technologies, giving a larger development space.
Thus, their C.V. threshold values can be widen to <95%. If C.V. value is >95%, proportional
to pipeline dimensions, equipment number, and capital expenditure, etc. Under the same
production quantity conditions, pipeline dimensions, equipment number, and building and
its costs — capital expenditure of 2G bioethanol plant shall be about 7 times (30.87/4.36)
indicating it is in the outliers, with high risks, should be denied or rejected.

Table 5: Coefficient of Variation (C.V. %) Calculation

NAME Carbohydrates Feed. Ethanc?l Volume Volume
Quantity Conversion VO#140 VO#280
Starch/Wheat 21 3358 62.54% 436 436
Sugar/Stalk Juice 21 3.23 65.02% 2.45 2.45
C5+C6 mixsugar/Straw 236 433 54.50% 15.44 30.87
COUNT 3 3 3 3 3
Standard Deviation 0.1501 0.6015 0.0549 70137  15.8856
Mean 21867 3.6393 0,6068 74167 1256
Coefficient of Variation 00 0.1653*  0.0905 09456 12648 *
(C.V.%)

0.1653* & 1.2648** are outliers.

6. Results

Based on the above calculation and hypothesis, the following conclusions can be reached:

1. For ethanol conversion rate C.V. values of 0.08932<0.15, there is no risk, data are useful.
Ethanol conversion rate is the overall indicator for carbohydrate (0.0686) and feed quantity
(0.1639) data, representative ones. Indicating the C5+C6 mix sugar (2.36t/t Ethanol)
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fermentation efficiency is very close to that of sugar and starch (2.1t/t Ethanol), their
fermentation technology and process are both mature and reliable, there are none technical
risks.

2. Volume #1(15.44M3/t Ethanol) C.V. value 0.9457<0.95 indicating; when straw 20.28t/M3
there is a risk, but 2G bioethanol project is still feasible.

3. Volume #2(30.87M3/t Ethanol) its C.V. value 1.2648>0.95 is within outlier value, there is high
risk, should be denied. When straw < 0.28 t/M3, 2G bioethanol and its project are in a high-
risk area, should be denied.

7. Discussion

Wheat is a food. It is already being eliminated for consideration. But its production process data
are the important reference value for 2G bioethanol.

When C.V. value of ethanol conversion rate is 0.08932, indicating: It only needs 4.33 tons straw
or 3.358 tons wheat to produce 1 ton ethanol. In comparison, straw has a commanding raw material
cost advantage over wheat.

When C.V. value is 0.9457 that is <0.95, the straw volume is 15.44M3/t Ethanol, bulk density is
0.28t/M3. This time, building and its cost --- capital expenditure for 2G bioethanol plants are
approximately 3.5 times that of wheat ethanol plant (15.44/4.32). Therefore, it seems that if
straw>0.28t/M3, 2G bioethanol project has an ample development space and feasibility.

When C.V. value is 1.2648>0.95, it needs 30.87cubic meters (Bulk density 0.14t/M3) straw to
produce 1 ton bioethanol. Suppose the raw material volume is direct proportional to pipeline
dimensions, equipment number, and capital expenditure, etc. Under the same production quantity
conditions, pipeline dimensions, equipment number, and building and its costs — capital expenditure
of 2G bioethanol plant shall be about 7 times (30.87/4.36) that of wheat ethanol plant. This can also be
explained as: Under the same production quantity conditions, the capital expenditure of wheat
ethanol plant shall probably be just one-seventh of 2G bioethanol plant.

This should be one of the important reasons why 2G bioethanol is so expensive, lack of
competitiveness, and requiring long-term government subsidies. Because there are no evidence to
prove that by increasing the production scale it can lower the straw volume. Thus, regardless of
what production line scale is, when the bulk density of straw is <0,28t/M3, there is a huge risk for 2G
bioethanols, thus, it is not feasible at all.

Seven times investment amount means there shall be 7 times consumption of cement as well as
steel, and 7 times CO2 emissions. Thus, there are ample reasons to question the CO2 emissions and
its carbon footprint of 2G bioethanol plant. Important point is that volume is not the only existing
problem, it is necessary to re-evaluate and discuss the definition of 2G bioethanol and its future.

Because the 2G bioethanol has the above mentioned uncertainty and risk, thus, it will possible
in need of the B-plan. For example, by the way of agricultural technology and genetic engineering to
bring forth new improved sugarcorn, sweet sorghum, etc, C4 crops; heighten the use of
carbohydrates in their stalks, should also be some of the important directions for 2G bioethanol.
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