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ENERGY BALANCE FOR THE PRODUCTION OF ETHYL AND METHYL ALCOHOL*

ABSTRACT

Enérgy requirements to produce ethyl and methyl alcohol
from five differeﬁt crops (sugar cane, cassava, sweet sorghum,
eucalyptus and piﬁus) were calculated considering different pro-
cessing syétems: é) transformation of fermeﬁﬁable and/or non fer-

mentabieisqgaﬁs‘intQ_éthanbl and b) transformation of cellulosic

materialsiinté méthaﬂol,  Whenévér it was poésib1e the‘ca1éulation

used energyééoefficien£s éva1uated from Braziliaﬁ input-output
matr;x.' Figures afe presehted for all the energy éonsumption in
thé agricultural phase and for the energy éonsumed és combustible
for the induétfial phase. In two particular cases, ethanol pro-
duced from sugar cane juice and methanol produced by hydrd~carbo—
nization, all the energy embodied in the industrial processes were
measured. Capital and maintenance energies became very important
when considering crops that requires small amount of agricultural
energy. Wood is the less energy intensive crop for ethanol pro-
duction and, at least for the two examples examinéd in detail,

methanoi requires less energy than ethanol to be produced.

* Workshop on Fermentation Alcchol for Use as Fuel and Chemical Feedstock in

Developing Countries" - Viena, Austria, March 26-30, 1979.
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I) INTRODUCTION

The search for alternative renewable sources of energy
has been recently the subject of many investigations in developed
and less developed countries. The large strategic risks result-
ing from a dependence on imported oil, the high prices of petro-
leum and thercummulative polliution of CO2 in the atmosphere are
the main reasons for the attention being given to this area of
research,

Brazil assumed a leading position in the utilization of

renewable energy sources with the National Alcohol‘Program (PNA)

in 1975. This prégram established an increasing utilization of

ethyl'élcohol for automotive propulsion. In 1978 the total pro-
| 6 3

- duction of ethanol amounted to 2.5 x 10 m”, which corresponds to

an average blend of 14% to gasoline (1). New distileries are

under construction and probably by the end of 1979 the total pro-

duction will be 4 x 106 m3, which is enough to reach the techni-

cal limit of 20% blend to gasoline* (2) .

* Any further increase in the blend will require engine modifications if an

efficient utilization of the fuel is intended..
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The increase in ethanol blending, together with other
conservation measures, explains partially the almost constant
annual consumption of gasoline in the country since 1973%, in spite
of the increasing fleet of automobiles in the last féw years (the
substitution of gasoline motor trucks by Diesel operated trucks

is another part of the explanation). Figure I shows the total

number of cars and the annual gasoline consumption in recent years.

The consumption of Diesel and combustible oil increased at an
average rate of 8% per year,which accounts for the crescent need
"of crude oil, despite the stabilization of the gasoline consumption.

The choice of ethanol as a gasoline additive was very

convenient since it was possible:

1) to utilize the full installed capacity of the exisfing

alecohol factories,

2) to redirect raw material used in the sugar production

to an economically more profitable sector because
sugar is presently quoted at very low prices in the
interhational market,

3) to develop an industrial activity which uses only

existing local "know-how".

The selling price of alcohol by the producers to the
large companies responsible for the blend to gasoline (and subs-
quent resale) is guite high. The only reéason it can‘compete with
gasoline prices is because Brazil, along with several other coun-
tries,has artificially raised the prices of the oil derived pro-
ducts. Table I lists the current price of ethanol and some of the
petroleum derived fuels in Brazil.

The country is now debating the future of the PNA. As
we conclude from these preliminary considerations, one possibi—
lity is to start the production of cars with new engines designed
to operate with pure alcohol; another choice would be to blend

alcohol and Diesel o0il in order to get a real reduction in the

¥ Actually only after 76 the alcohol content in gasoline increased significantly.
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physical amount of imported oil. There are many technological
difficulties for the utilization of an ethyl alcohol ~ Diesel oil
blend; however, there is widespread agreement that theSé'problems
can be solved through the utilization of'additivés (3,4) which
enhance the self-ignition of the blend in current Diesel engines
(15 to 16 atm of pressure). Nevertheless, as can be seen from
Table I, the price of ethyl alcohol is not competitive with Diesel
oil.

The only way to overcome this economical problem is by
an increasing technological effort to'réduce the production costs
of the ethanol, along with the search for other options compatible
with the liquid fuel distribution system already used for gasoline.
Presently, methanol produced from biomass (wood in particular) is

under strong consideration,since it's price appears to be more

)
competitive with Diesel oil than ethanol.

Several aspects must be investiéated before a choice
between methanol and ethanol as a substitute for gasoline may be
made. The brazilian experience with the utilization of ethanol
as a fuel is enormous, in contrast, little is known about problems
related to the use of methanol for this purpose. Pollution and
corrosion characteristics are often presented against the use of
methanol (5). It is also well known that methanol-gasoline blends
are much more sensitive to water than ethanol-gasoline blends (5).°

In this paper it is compared the energy balance for -

producing the two fuels. The energy balance is one fundamental

measure of the suitability of the fuel as an energy carrier.




II) METHODOLOGY OF ANALYSIS

IT.a) Producfion Sources -

Presently, commercial ethanol is being produced in Brazil
cnly through the utilization of directly fermentable sugar from
sugar cane juice. Nevertheless, other methods and crops are
available and are being considered on the laboratory scale. We
include in this comparison all the following alternatives:

1) processing of directly fermentable sugar

2) processing of starch

3) processing of cellulose.

- from the following crops

a) sugar cane

b) cassava

c¢) sweet sorghum

d) wood (eucalyptus and pinus)

From sugar cane (a) 1is possible to prepare ethanol from
the juice fermentation (la), from the hydrolysis of cellulose and
from both (la + 3a). The same is true if we select sweet sorghum,
but in this case we can add the hydrolyéis of starch (2¢) as
another way of producing . alcohol. Cassava can be a source of etha-
nol through hydrolysis of starch (2b), hydrolysis of cellulosé
from stem (3b} and from both (2b+3b). Starting with wood we can
arrive to. the final product by hydrolysis of cellulose (3d).

Methanol can be produced from biomass,; in particular
Eucalyptus and Pinus wood have been studied more closely,because
they grow in solls which are not qualified.for food production and
they require a very small quantity of energy for their cultivation.

| Several processes are listed in the literature as po-
tential routes for the large scale commercial production of me-
thanol. However, at the present state-of-art, hydro-carbonization

seems the moré appropriate process (7). For this reason, in our
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analysis we did energy balance calculations for the hydrocarbomri-
zation process for Eucalyptus and: Pinus crops.

Methanol is produced by the catalytic*reaction of hy-
drogen and carbon monoxide-at'modefate temperaturé-(::300°C) and

high pressure (100-350atm). The required hydrogen/carbon monoxide

mixture commonly known as synthesis gas or syngas is obtained from
steam gasification of carbon at temperatures around 650-700°C - (8) .
Usually the output gas from the reactor must be cleaned from other

gases before compression to high pressure for methanol production.

IT.b} Methodology of analysis’

-+ In order to obtain the energy balance one muét:examinet
in detail the various options for ethanol and methanol prdductioﬁ,.
listing all the energy costs involved in the-agricultural.andfinrf
dustrial phases of their preparation. The energy expended in dis-
tribution and resale ié not taken into consideration. To disregard
these costs in a comparative study of these two alcohols introduces
negligible error since both products are liquid fuels with almost
the same heat value per liter (5).

The measurement of the total "built in" energy in the
products is analyséd with the help of well known techniques such
as Process Analysis and or Input-Qutput Analysis (I-0 Matrix).
Whenever possible we used the Brazilian I-0 Matrix compilled with
data from the 1970 Census (%). Since this matrix is only concern-
ed with the industrial sectors, all energies figures derived from
it must be a lower limit to the real energy cost. The matrix
also does not include charcoal and wood as inputs since their
production does not involve industrial activity. This omission
can introduce a considerable error into the energy coefficients
derived from the I-0 matrix, especially in a country whére the
sources of energy present a distribution as shown in figure II.

To. reduces this last error we added,to the energy expen-
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ditures derived from the I-0 Matrix the energy cost of charcoal
used in iron and steel-production.- This evaluation was made
with figures of the aver;ge consumption of charcoal in iron and
steel industries (10) which are responsible for over 90% of the
industrial use of charcoal in Brazil (9). Thus it was possible
to arrive at an energy coefficient of 13000 kcal/US$ (1970)
expended in the purchase of iron ané-steel)which reflects the
energy content of the charcoal not taken into consideration by
the I-0 Matrix.

In several cases it was impossible to extract the energy
coefficient from the Brazilian I-0 Matrix, as it is the case of
the fertiiizersjzsince they were not produced in the country iﬁ
1970. 'In all these situations we used energy data from the I-O
Matrix of the US economy (11). Price deflators for the Brazilian

| and Americaﬁ-currency were extracted. from Ref.12 and 13, respecti-

vely.
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ITII) THE PRODUCTION ENERGY .CQSTS. - ETHANOL . -

III.a) Agricultural phase

This investigation was reported by Silva et al (17) for
sugar cane, sweet sorghum and cassava. -Other authors (14,15,16)
reported this investigation only for sugar cane. For a developing
country like Brazil, the data from Silva et al (17) seems more
appropriate; it is also more convenient to use because. it guotes-
results for all the three crops which are of interest here., In-

their paper,da Silva et al classified all the energy costs in ten

sectors. We used these same sectors, neglecting however the energy

cost of man-power* and reevaluating the other costs.. Table II
lists all the energy requirements in the agricultural phase eva-
luated in this paper and in Ref. 17,

Eucalyptus and Pinus energy expenditures were evaluated
from available data (20). The energy conversion was made following
the prescription used for the previous crops. Table III presents

a comparison of our results and those from Ref. 20. - .

III.b) Industrial phase

The evaluation of the total energy "built-in" the capital
investment , consumed. in operation and maintenance of an ethanol
plant was carried out using as a model a typical brazilian auto-

nomous distillery of 120,000 . 1l/day and 150 days of operation

* Seme authors believe it is more appropriate to not. include man-power as an

energy cost. The man consumes a certain amount of energy to survive even if -

he is not working, thus, this enerqy is not directly linked with the alcohol.

producing system. In any case, man—power ls a small: fraction of the total

energy consumption (17).
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per year (this is the most frequently sold unit in the country,
in recent years). Figure IIT shows a detailled lay-out of all the
plant modules: crushing, fermentation, distillation, process steam
and electric energy units, watef treatment and civil construc-
tions. Table IV lists the economic and energetic costs of the
‘main components of the distillery.

Table V presents a comparison betweeh-our'rESUlts and
the ones obtained from Ref. 21. Since large quantities of process
steam together with a moderate amount of electric energy are
required to operate the plant; it is a common practice in Brazil
to built a thermo-electric unit inside the alcohol plant. This - i
is not the case considered in Ref. 21, where electric energy and
- process steam are bought from external suppliers , which increasges
the operational cost and decreases_theifuel“consumption, when |
compared with- the brazilian distillery.

The evaluation of the total energy invested in the
thérmo—electric unit was carried using the energy coefficients
extracted from the brazilian I-0 Matrix (9). From the available
data of Ref.22 it is also possible to quote this energy. 1In the
Appendix we present in detail a comparison between the results
derived from Ref. 9 and Ref. 22, 7 |

To determine the combustible ekpended in the operation
of the distillery we assume, aé suggested by Ref.9, that bagasse
is enough to supply all the energy reqﬁirements for the machine
operation. The operational costs have a small energetic content
as compared with combustible and amount to 3.89% of the capital -
energy costs (21). It is also necessary to add the maintenance
costs which are arbitrarily chosen as 5% of the capital costs
(it is compatible with an average life of 20 years for the alcohol

plant).
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Iv) THE ENERGY COSTS OF METHANOL PRODUCTION

IV.a) Process Description

Various authors (23,24,25) describe the process for -
methanol production from bidmaés. A short description of the
principal steps will now be given.

Wood is harvested, stored, dried and cut to feed a gasi-
fier. Part of the wéod is combusted to COZ; supplying the ne-
cessary heat to keep the device at a high temperature (650-700°C) .
At this temperature steam is injected and reacts with carbon
through the reaction

c + HZO > CO + H2

Figure IV presents a blqck diagram of a_typical methanol
plant with a processing capacity of 57&000 liters/day. _We_can_j
see its several components including a unit fqr gxygenﬂproduction
used in the partial oxidation of carbon. If oxyéen is replaced
by air it is then necessary to include a cryogenic unit £Q_remov§
the large amount of nitrogen which is_presenf in the exhaust of  ‘
the gasifier, to avoid large_qperational energy expenses in the_
high pressure compressors and high cépital energy costs in the
construction of the synthesis unit. - |

Carbon monoxide, hydrogen and several ther gases are
produced and their percgntage composition is strongly dgpendent
on the kind of gasifier and its operationalztgmperature, as can
be seen from Table VI. The undesirable.gases are removed by
scrubbers; heavy hydrocarbons and char are recovered and used to
supply part of the energy requirements of tﬁe factory.

A shift_unit is also included in the plant to produce

more hydrogen through the reaction

+ H

co + HZO > CO2

2

which is required to reach a'Hz/CO ratio of two, thereby optimizing
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the synthesis efficiency.

The gas is then ready to be converted in CH,0H in the

synthesizer. There are t@ree main classes of synthesizer, accord-

ing to the gas pressure |
1) High pressure =300 atm

2) Medium pressure = 150 atm

3) Low pressure = 80 atm
In the_synthesis unit, CO and H, undergc the catalytic
reaction

. CO + 2H, - CH,OH

2 3

IV.b) Energy costs - Agricultural and Industrial Phases
| The agrlcultural costs are already evaluated in section
III a for wood. | .
| The industrial costs can be computed from several pro-
jects.(23,24,25).Teble VII presents the most relevant data.
Since the cost.eetimafe of Hokanson et al (23) is the most detail-
'ed one and more suitable for an energy analysis we chose it as our
proﬁotype for a methanoi blant. Table VIII lists all the“components,
their classification by economic sector and their total "built-in"
energy (evaluated when possible from Ref.9).
o The operational cests'were estimeted under the following
assumptions:
| "a) The total installed electric power (42180 kw,) is
| “generated by thermo—electric units which consume
147550 kg/h of steam at an 1nput pressure of 60atm
and output of 2atm (23).
b) The total consumption of low preesufe process steam
(93980 kg/h (23)) is a by-product from electric
generators and must be excluded as an operational costf

A fraction of the combustible used in the boiler. (56%)
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are heavy hydrocarbons produced during the gaseification process

and the balance (44%) {s wood at a rate of 15.8 ODT/h. The heavy
hydrocarbons do not contribute :to the energy cost, and the heat
content of wood is taken as 4500 kcal/kg (oven dried). The total
annual combustible consumption for 330 days of continuous operation

11 kcal.

amounts to 5.63 x 10
- Plant maintenance is arbitrarily set as 5% of the total
capital energy costs, that is 26.2 x 109 kcal/year.
- Table IX lists all the industrial costs:for methanol

processing.
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V) DISCUSSION

The embodied energy in the capital goods of methancl and
ethanol factories is very low compared with the energy content of
the fuel for the factory operation. It is possible therefore to
“estimate as a first approximation the total enefgy'costs for -all
crops (and different industrialization process) neglecting the
embodied energy in the capital goods. Table X presents the energy
costs for ethanol and methanol production, using different crops
and industrial processes, neglecting for the industrial phase the
embodied energy in the capital goods and maintenance. Table XI
lists the energy embodied in the final products at the output of
the factory. Table XII shows the energy balance for several crops
and industrial processes with the approximation stated above and
also considering that all energy needgd for industrial processing
was derived from burning wood (Eucalyptus) which is produced as a
complement of the crop raw material. In order to use the same
criteria for different crops we based our calculations in the
concept of a "self-sufficient" hectare. The self-sufficient hectare
consists on the partial utilization of 1 ha for Eucalyptus crop
sufficiently large to cover the energy deficit of the industrial
processing of the raw material grown in the rest of the hectare.
For example, for the sugar cane crop (system 2) since all bagasse
is used as raw material (including the cellulose), there is an
industrial energy deficit which is covered by wood cultivated in
0.25 ha, for each 0.75 ha of raw material harvested. The last

two columns of table XII can be interpreted as follow:

1} The utilization of wood as raw material is 3 to 5
times more efficient than the other crops considered;

2) Wood is 50% more efficient if the final product is
methanol. Each kcal expended yields 33.4 and 45.2 kcal
of.energy as a liquid fuel if we use Eucalyptus and

Pinus, respectively.
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Nevertheless the efficiencies quoted in Table XII are

correct only as a first approximation. Two aspects must be examin-

ed in more detail: .

° a)

b)

The capital energy invested in the plant installation,
maintenance and operation was neglected as stated
above. This introduces a Significaﬁt érror, mainly

in the methanol evaluation, because the total external
energy involved is very low. Capital and maintenance

energies, as can be seen from Table IX, amount to

10 8

4.14 x 10 kcal/year for the production of 1.893x10° ¢
of methanol, that is, 218.7 kcal/l must be added to

the energy costs, increasing the total external energy

to 1458 and 1804 Mcal/ha/year for Eucalyptus and Pinus,

respectively. For ethanol produced from sugar cane .
(system 1), as seen from Table V we have to consider

g-kcal for the production'

an energy cost of 8.44 x 10
of 18 x 106 1/year, that is, 496 kcal/l, increasing =
the total energy expenses from 3796 to 5467 Mcal/ha/
year.

Electrical energy is generated in ethanol plants at a

~rate of 1 kw, for each 9 kg of input steam and in the-

methanol plant at a rate of 1 kwe for -each 3.5 kg of
steam, since higher pressure is uséd in the latter
project. As already proposed by Moreira et al {26)

the utilization of high pressure turbine reduces the
total amount of bagasse consumed in ethanol processing.
Bagasse could be dried to 10% moisture with minor
expenses, since at the factory there are enough heat

derived from exhausted water at temperatures between

50 and TOOC, increasing its heat content to 4000 kcal/kg

(27). With the utilization of this superior combus-

tible it should be possible tg produce 4.2 kg of steam
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at 30 atm and 300°%C burning 1 kg of bagasse in a
boiler operating with 80% efficiency. A fully elec-
trified alcéhol plant requires for operation an excess
of 1245 kw, over the 681 kw_ already used in the
present conditions (item IIIb), that is, 1926 kwe.
With the utilization of high pressure steam all this
energy could be produced from the burning of 3.50/4.20
x 1926 = 1605 kg of bagasse/h; since the totai amount
~of bagasse available (with 10% moisture) is 10400 kg/h
. the excess of 8810 kg/h wouid be able to generate
10570 kwe to be sold to external consumers.

Table XII1 lists the corrected efficiencies when a more
realistic calculation, modified as sﬁggeéted in the above consider-
ations (a) and b)), is performed.  £ c@ﬁp&tison Qf these results
‘with the previous ones (Table XII)}shpws ﬁhe'importance of an
accurate evaluation of. the capital_and,maintenance energy for a
correct efficiency figure. It_isfaiso'cleér that 1 kcal of methanol
can be produced with less energy than 1 kéal of ethanol. Many more
calculations must be conducted for a knowlédge of the total indus-
trial energy for other crops and processes. Even for ethanol from
sugar cane juice and methanol from pyrolysis more precise determi-

nation of tlie efficiency is highly desirable.
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APPENDIX

Estimate of Total Energy Embodied in the Electricity

Generation Unit

The capital and installation energy invested in a ther-
moelectric unit is quoted in literature as 3.53x106kcal per kwe of
installed power (22). From this energy coefficient it is possible
to evaluate the total energy requirement for any thermoelectric
generation unit, in particular the one used in the 120,000 1/day
distillery refered in this paper, if scale factor corrections are
neglected.

| Assuming that alcohol processed from sugar cane juice
requires:

1) Low pressure steam (l.5atm) at a rate of 5.5kg of
steam/liter of alcohol (17) for heating and distillation purpose;

2) High pressure steam (15atm) to drive the motor of the
crushing unit; it is necessary 14 hp.h/t of sugar cane and the
motor consumes 14 kg of stéam/hp.h {28);

3) High pressure steam (l5atm) to drive a set of knives
used to chip sugar cane before crushing, it is necessary 6 hp.h/t
of sugar cane and the motor consumes 14 kg of steam/hp.h (28);

4) High pressure steam {(2latm) to drive a thermogenerator
to produce electricity at a rate of 9 kwh/t of cane with a consump-
tion of 8.9kg of steam/kwh produced (28); |
it is possible to evaluate the minimum installed power required
and the total steam used for the operation of the 120,000 1/day
alcohol plant. The figures are 681 kwe and 66Q X 103 kg of steam/
day at 2latm.

Using the energy coefficient obtained from Ref.22 and'
assuming an installed electric power unit of 1000 kwe, the total

capital and service energy involved is 3.53 x 109 kcal. Since



the electric generator uses only 22% of the total steam produced,
if we add this fraction of.item 4, i1tem 5 and item 6 from Table
IV, all together, we evaluate the total energy embodied in the
thermoelectric unit as 6.01 x 109 kcal. The difference between
this result and the previous one is not large and could be attrib

uted to the small size of the thermoelectric unit.
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TABLE I

' ' ' : *k
Liquid combustibles prices in Brazil

Refinery's Price Consumer's price

1978 dollar's/1 1978 dollar's/1
Ethanol (99.6°GL) 29 .42
Ethanol (95°GL5 ' .24 ._ | n.a*
Gasoline - o .19 .42
Diesel 0il .11 .22
Combustible 0il - .045 | .065

* Not avaiiable to the consumer.
** Prom Ref. 2 .



TABLE II

Average expended energy in the agricultural phase of energy produc-
tion from sugar cane, cassava and sweet sorghum. On an averacge,
plant cane requires 2 years to grow, ratoon cane requires 1 year.
Cassava requires 2 years to grow. From sweet sorghum one.can ob-

tain two crops per years, one being a ratoon crop.

Sugar cane = . . . Cassava Sweet sorghum
(Mcal/ha/year) {Mcal/ha/year) (Mcal/ha/year)
" This paper - Ref.17 This paper -Ref.17 This paper — Ref.1l7

Labor _ - 118 . - 136.5 .~ =~ 105

Machines 02t 638  2791) 200 7871 1250
Combustibles 22392 1976 14912 1327 42172 3722
Nitrogen 6873 903  347%) 555 1665°) 2222
Phosphorus 893) 59 - 453) 73 2003) 176
Potassium 96 144 533 58 133%) 230
Lime?) 37 37 50 50 50 | 50
seeds”’ 188 205 118 125 23 25
Insecticides?’ 3 3 24 24 145 145
Herbicides®’ 55 55 24 24 96 96
TOTAL 3796 4138 2431 2572 7316 8021

1) Tractor, truck and agricultural implements - In this paper it is
assumed an average life of 10 years for the tractor and implements;
5 years for the truck. Data taken from Ref.l7 and transformed in
energy according to figures extracted from Ref.9; to evaluate the
maintenance energy it is used data from Refs.l18 and 11.

2} This combustible energy estimate differs from Ref.l17 by the in-
clusion of the processing energy costs of petroleum derivatives
as quoted in Ref., 19.

3) Data from Ref.l7 transformed in energy according to the U.S. I-O
Matrix, Ref.ll. The brazilian fertilizer's production in 1970 was
very small.

4) Energy data from Ref.l1l7.

5) In this paper these energies have been evaluated under the hypo-
thesis of Ref. 17, that is, sugar cane and sweet sorghum seeds
consumes 30% more energy than the commercial production. It is
necessary to use 8.0 ton/ha of sugar cane seeds and 10 kg/ha of
sweet sorghum seeds. :
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TABLE IV

Economic and energetic investment costs of ethanol plant compo-

nents. Capacity - 120,000 1/day, operating period’ - 150 davsfear

(1)

. Price™ ‘Energy
Description (103 Dollar(1978)) (10 keal)
1 - Sugar cane unloading .
and conveying : 510 4.851
2 - Sugar cane preparation
and milling 1230 9.150
3 - Juice treatment 210 _ 2.162
4 - Boilers 715 6.780
5 - Thermogenerators 155 .797.
6 -~ Electric power
distribution system 715 3.718
7 - Water treatment . 75 .728
8 ~ Laboratory 50 .485
9 -.Machine shop and |
hardware 120 : 1.265
10- Distillery 1280 12,127
11~ Aiéohol storage 330 ' 3.104
12- Stillage treatment 285 : 2.781
13- Metallic structures 340 3.201
14- Other | : , 110 1.067
15- Transportation 185 1.424(2)
16- Buildings | | 1360 7.13(2)

TOTATL 7670 60.77

1) Data form Cooperativa Central dos Produtores de Aglcar e Alco
ol do Estado de Sao Paulo, COPERSUCAR.
2} Calculated from the U.S. I~0 Matrix, Ref. 1l1l.



TABLE v

Annual energy costs of an ethanol plant. Raw material - sugar cane.

Ethanol pfoduced only from directly'férmentable sugar.

Brazilian typical

distillery _
Energy (10%kcal) = Energy (10°kcal)
. . S 2)
Capital goods {lifetime 20 years) . 3.047% 40.30
Operation ' 2.36 2141.2
Combustible - 88.79 -
Maintenance 3.04 40.30
TOTAL 97.23 2221.8
Annual capacity (xlO6 1 18 259
Energy consumption in the industrial phase 5 40x103 kcal 8 .58 O3 kcal
liter ' 2 ' N '3

1) See Table IV

2) Obtained from Ref.21 and transformed in energy according to Ref.
11.



TABLE VI

Reactor type _ Lurgi Winkler Kopper-Totzek
Combustion's type - "~ . Pixed Fluidized Entrained
Pressure (atm) 26.5 1-3 1
Temperature (°C) - B15 1090 1480
Raw material Coal Coal Coal
Size (cm) .95 % 5.10 .64 70% - 20CMesh.
Coal type Non-caking Non-caking All

C 2s e x
Oxidizing agent O2 02 * _92
Crude gas - volume percentage

H, 40.7 43.3 33.2

co ' 18.6 35.4 55.6

co, 29.8 16.8 9.9

CHy ‘ 9.6 3.2 .4

HC 1.0 0 0

Ny .0 1.0 .7

HZS .3 . .
* Ref. 23

** pAir can also be used as oxidizing agent




TABLE VII

Estimated total costs of a methanol plant using wood as raw material

REFERENCE 23 24 25

Methanol production (m3/day) ' 570 1370 765
Total cost (10% dollars) o 521) 1032) 63.92)
Working pericd (days/year) DR 330 330 330
Annual investment cost (dollars/t)  91.21)  75.22) 83.52)
Raw material consumed (ODT/dayi. 1120 2700 1559
Energy acquired for operation 3303) 600 kwe e

1) In 1975 dollars
2) In 1976 dollars
3) ODT/day of wood

4) Installed power



TABLE VIZITI

Description, economi¢ and energetic costs of the ethanol plant using

wocd as raw material. Capacity 1.89 x 108 1/vear.

. _ o  Cost (1) . | Energy/price (1) Snergy
ESCRIPT Anda1_ . .
REF. 23 (07l rerx seeror. (222l (10%keal)

lar (1975)) o ~ Us$ (75)
Wood storage x Industrial
and reclaim - 1650 machinery BN 10100 16.7
ol £ Iron and
_Gaglf:.er. . 4000 steel forgeds ..14700 - b8.8
Cooling, scrubbing Stainless
and recovery 975 steel products ' 6960 (2) 6.8
First stage) ENGINES 250 ﬁlectric engines 7200 ';3
ourpressors | MACHINES . 962 Industrial machinery 10100 i1.5 |

‘::‘.02 removal system, Stainless steel

Hot Carbonate & MEA 1704 products : - 6960 (2) 11.9

Second stage} ENGINES | 50 Electric engines 7200 182?.

compressors | MACHINES 1000 Industrial machinery 10100 10.5

Gas preparatioﬁ : _

{shift converter) 75 Industrial machinery 10100 0.8

Second 0, removal Stainless steel

system 364 products ' 6960 (2) .

Methanol synthesis ENGINES 75 Electric engines 7200 lg 3
MACHINES 1455 Industrial machinery . 10100 15.2 -

Methanol separation 621 Stainless steel 6960 (2) 4.3

products

Converter-Reactor 530 Iron and steel 14700 7.8

forgeds

Cryogenic system 4231 Industrial machinery 10100 43

Installation 6164 - - 0-

Buildings 1370 Non-residential 8740 (3) 12.0

' buildings
Electric energy Estimated from .
generation 12756 Ref,22 e '3.53}:106(4) 148.9




{ocont. )

TABLE"V:I:{I

Description, economic and energetic costs of the ethano1 plant. using

wood as raw material

' Capac:.ty 1.85 x 10° 1/year.

DESCRIPTION Cost (1) Enexrgy/price Energy
3 ' :
(x10"dol~ - keal : :
REF. 23 MATRTX SECTOR (—==2= ) (20%kcal)
1lar(1975)) us$ (75)‘
Water and process
steam distribution ‘ Pipe-line _
system 2192 transportation 17900(3) .. 39.2
Slte prepa.rat:.on _ 42
pa:dung - free—way 276 High-way construction 15300(3) 2. 3
other 231 average 10000 {5) 6.7
Purifier 639  Tron and steel 14700 9.4
' forgeds ' B
Electric  energy Enerqy transmission
distribution system 875 hardware 10240 (3) 9.0
TOTAL 42450 414.5
Notes:

————

1) Coefficients obtained from I-O Brazilian Matrix, except when marked.

2) From Ref. 22.

3) Calculated with data from Ref. 11.
4) value in kcal/kwe:

5) . Estimated value.

obtained from Ref.22.



TABLE IX

Annhual energy costs of.é:méthaﬁol plant using wood as raw material.

Capacity 1.89 x 108 l/yeég;

 COSTS - Bt S o ENERGY (10Ckcal)

Capital goods (lifetime 20 years) 2,07
Operation PR ' -
Combustibles R 56.30

Maintenance B 2.07

TOTAL . 60.44

Energy consumption in the industrial phase [10°kcal 3.193
_ liter S ) )




TABLE X

Energy costs for ethanol and méthanol'productiqn, using”aifferent

A e——C——————
e ——

i i K
Alochol Residual excess : _
Production Lignine bagasse - Energy consumption TOTAL
CROP (1/ha/year) Production production {Mcal/ha/year) ,
_ (t/ha/year) with 50% Agricultural Industrial
roisture rhase phase
(t/ha/year)
Sugar cane _
1) 1 2)
system 1* 3564 - 4.7 3796 14704 18497
system 142*  4894°) 1.50%) - 3796 234838 27279
Cassava
System 1*  2523%) - - 2431 12301>) 14732
system 142% 29637 .50%) - 2431 15205 17636
Sweet sorghum
system 1* 51650 - 2.15% 7316 22585%) 20901
System 142* 7123 2,177 - 7316 35509 42825
Eucalyptus
System 2* 2800 3.00%) - 551 184828 19033
Methanol 66685 - - 551 18480%) 20431
Pinus
System 2¢  3840°) 4.40 - 471 253478 25818
Methanol 8249 - - 471 24594 25065

* System 1 - Fermentation of sugar from sugar cane or cassava roots or stems and
grains from sweet sorghmum. System 2 - Hydrolysis of cellulose from sugar cane
from cassava stems, from sweet sorghum stems and from wood.

1) Ref. 17

2) To produce 1 liter of alcohol 5.5 kg of steam is required; 1 kg of bagasse
(50% moisture) produces 2.4 kg of steam. Heat content of bagasse = 1800 kcal/
kg .

3) Ref. 20

4) 1 liter of alcohol from cellulose recuires 8.0 kg of steam ~ Ref. 20.

5) 1 liter of alcohol from hydrolysis of starch requires 6.5 kg of steam.

6) 1 liter of alcchol cbtained from sweet sorghum stems requires 5.5 kg of steam
and 1 liter of alcohol from grain requires 6.5 kg of steam. '

7} Fermentation efficiencies according to Refs. 17 and 20.



TABLE X (cont.)

8) According to Ref. 23, 1 torr of methanol is produced from 2.24 ODT of wood;
from Ref. 20 is known that 11.8 ton/ha/year and 14.6 ton/ha/year of oven
dried eucalyptus and pinus wood are obtained, respectively.
9) Datum obtained using the combustible cost listed on table IX; wood with a
~heat content of 4500 Mcal/ODT is used as combustible.




TABLE XTI

Total energy content in the alcohol and in the excedent residues

(excluding the cellulose needed for alcochol processing)

Residual 50% moisture Produced energy

Alcochol  lignine excess bagasse {Mcal/ha/year)
; e eXcess production }
CROP  Production . quction (t/hajyear)  atcomorl) mesmues®  tomar
(L/ha/year) (t/ha/year) .
 Sugar cane
System 1* 3564 - 4.71 18020 8478 26498
System 1+2* 4893 1.50 - 24744 5400 30144
Cassava . :
System 1* 2523 - - 12756 - 12756
System 14+2* 2963 .50 - - 14981 1800 156781
Sweet sorghum - ‘
System 1* 5165 - 2.15 - 26114 3870 29984
System 142* 7123 2.17 36014 7812 43826
Eucalyptus _
System 2* 2800 3.00 - 14157 10800 24957
Methanol* 6668 - - 25285 - 25285
Pinus
System 2* 3840 4.40 - 19415 15840 35255
Methanol 8249 - - 31276 - , 31276

* See table X footnote.

1) Ethanol heat content -~ 5056 kecal/l; methanol heat content 3792 kcal/l, Ref.5.
2) Bagasse heat content (50% moisture) 1800 kecal/kg; Lignine heat content 3600
kcal/kg, Ref,.20. '
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TABLE XITITI

Energy efficiency

A B
CROP ' Produced energy External consumed EFFICIENCY
{Mcal/ha/vear) energy A/B

ALCOHOL ELECTRICITY {Mcal/ha/year)

Sugar cane

System 1 18020 32451) 58012 3.66
Eucalyptus

Methanol 18407 - 1613 11.4
Pinus

Methanol 21362 - - 1729 12.4

1) Electric energy sold during 150 days/year with a 50% load factor

2) It was assumed that energy embodied in capital goods and indus-
trial maintenance energy are increased by 20% on account of the
high pressure steam and the increase in electric power generation

capacity.
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