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INTRODUCTION

- The need for renewable energy sources lead Brazil to
establish the National Alcohol Program (PNA) in 1975. This program
sought to increase ethanol production though appropriate economic

policy actions involving the traditional technoclogy  already in
‘widespread use in the country. First priority was clearly given to:

quick response and immediate- application instead of technologlcal
improvements on existing techniques or alternate fuels.

Ethanol production in Brazil has in fact expanded
rapidly in the last few years in response to the government policy
of economic incentive. About 80-90% of the total funds invested in.
industrial alcohol plants was borrowed from. the Bank of: Brazil
at interest rates lower than 1nflat10n rates. '

Ethanoll and gasollne2 productlon o :
year et h 3 n,o o gasollge ethanol-gasoline . .
mixture (%) .

total fuel ' _ . :
72 . 681 389 12004 ' 3,24

73 666 306 13929 : 2.20-
74 625 217 - 14322 1.52
75 556 233 14619 1.59
76 664 - 3060 - 14724 . 2.04

77 1177 14103 ' 8.35
783 o 1589 14448 : 111.00
803 2465 14501 ' 17.00
843 3184 15922 20,00

l-Source:Instituto do Agucar e do Alcool. Ministerio da Industria
e do Comercio. Brasilia.

2-Balango Energetico Nac1onal Ministerio das Minas e Energia. 1378

3-Estimative. :

Considering the high artificial price of gasoline for-
the consumer in Brazil (US$0.42/liter) the increase in ethanol
production occurred without technological developments to im-.
prove efficiencies and lower production costs.

" Within the contraints of the relatively small flexi-
bility of PETROBRAS refineries in varying the relative produc-

tion amount of petroleum derivative, it is only justifiable to

Third International Symposium of Alcohol Fuels Technology.
California, U.s5.A. 1979.



- increase substantially ethanol production for gasoline substitution
if there is simultaneous reduction or substitution of the demand
of others petroleum products.

In the particular case of Diesel oil, the substitution-
by ethanol presents some téchnical and economic difficulties, but
it is expected to find some possible technical solution in the
future.

1

Ligquid fuels prices per liter, in Brazil
fuels production ' ‘consumer
_ final price _ price
. ethanol 0.29 0.42"
~gasoline 0.19 : 0.42
diesel oil 0.11 - _ 0.22"
fuel o0il 0.045 0,065

”l—Conversion rate: Crizl. 00/dollar

These considerations and data on the economical aspects
.of the problem, show the need of a high production of  petroleum
substitutives. To reach a large ethanol production it is important
to analyse the physical constraints imposed by the amount of avail-
" able land and the particular conditions of so0oil quality and climate
for raw material cultivation. Sugar cane is practically the only
raw material explolted on a commercial basis for ethanol produc-
tion and requires soils of good fertility and special climate condl,
tions; these conditions are already a. limiting factor for sugar :
cane expansion,. since its cultivation competes already with other
food crops in the utilization of good quality soils. So, it is
more and more necessary to search other raw materials and fuels
that could become part of a brazilian solution to its energy
needs.

' The objective of this paper is to present an.’. energy
comparison of different raw material- sugar cane, sweet sorghum,
cassava, eucalyptus and pinus -, and to provide subsidies for the .
regsearch and selection of crops for ethanol production.

AGRICULTURE AND ENERGY

Composition and Yield of Raw Materials
The comp051t10n and yield of sugar cane, sweet sorghum,
cassava, eucalyptus and pinus, are presented in tables la, 1lb and

'Table la- ComEOSltlon % {1 2,3, 4, 5, 6w

sugar cane ‘ sweet sorghum . cassava
. stems . stems . grains = . roots "ramas"
moisture 12-76 68-72 11-15 68 ' 76
fiber 9-13 14~-17 . 2=3 . l.a 23
sucrose . 12-16 9-12 . o 1-2 ' 2.0
glucose 0.2-1.5 1.0-4.0 . L.2
starch - ) 55-65 25-35
total sugarl13.0-17.0 12.0-16.5 1.0-2.0

l) fermentakble sugars (glucose %):sucrose x 1.05 plus glucose

* {  }- references -




Table lb— Composition & {3, 7, 8, 9, 10}
eucalyptus pinus sugar. cane

sweet sorghum

fiber fiper

cellulose (alfa) - 5Q.0 50.0 40.0 35.0
hemicellulose 20.0 15.0 27.0 1 27.0
hexosans _ 2.5 9.6 1.0

- manans 1.3 7.0

galactans 1.2 2.6

pentosans 17.5 5.4 26.0

xylans 16.8 3.9 25.0

arabans 0.7 1.5 1.0
lignine 25.0 30.0 22.0 20.0

Table 2-_Yields and dJ_:y matter production (t/ha)

{5, 11, 12, 13, 22, 23}

i yield dry matter
CIOPS /year /montn /year /month
sugar cane 45-60 3.8-5.0 12.6-~16.8 1,1-1.4

- 523 4.3 14.6 1.2
sweet sorghum A :
stems ' 30~-40 6.7-8.9 9.6-12.8 2.1-2.9
35 ' 7.8 11.2 2.5 _
grains 2-4 0.4-0.9 1.7-3.5 0.3-0.8
3 0.7 2.6 0.6
cassava 3 :
roots 10-15 1.1-1.7 3.2-4.8 0.3-0.5
12.5 . 1.3 4.0 0.4
*ramas" 7.5-10.0 0.7-1.1 1.8-2.4 0.1-0.3
8.8 - 0.8 2.1 0.2
eucalyptus 11.8 1.0
pinus 14,6 1.2

l)plant cane has a 18 month cycle {land is required for 2 years)
and 3-4 ratoons of 12 months;sweet sorghum: 4.5 months; cassava:
15-22 months (land is required tor 2 years) eucalyptus: 7 years
(2 ratoons of 7 years); pinus: 25 years (7 partial harvests in
.this period); 2)"ramas":aerial part of cassava plant; 3)average.’

Except for sweet sorghum wich is not cultivated on
- commercial basis, these data are representatlve of plantations in
the State of Sao Paulo. :

Yields of Glucose and Ethanol

" Table 3 and 4 shows the yields of glucose, residues and
ethanol. In order to make possible a better comparison between raw
materials we considered 2 systems, according to the cellulose
utilization for ethanol production or not. System I is related to
the processing of fermentable sugars and starch. sttem 11 in-
volves also processing of cellulose.

3



Table 3- Yiel__d.s' (t/ha) of glucose L and reSidues- (dz':y. ba-sis__)*

system I system II
glucose fiber glucbserlignine
/year /month /year /month /year /month /year /month
sugar cane 7.8 0.65 5.7 0.48 9.5 0.79 1.3 0.1
sweet sorghum 6.7 1.45 5.4 1.20 8.3 1.85 1.1 0.1
stems 5.0 1.11 5.4 1.20 6.6 1.47 1.1 0.1
grains 1.7 0.38 - - 1.7 0.38 =~ -
cassava 4.0 0.17 1.8 0.08 4.6 0.38 0.4 0.03
roots 4.0 0.17 - - 4.0 0.33 - -
“"ramas" - - 1.8 0.08 0.6 0.05 0.4 0.03
eucalyptus - - - - 4,3 0.36- 3.0 0.25

l)glucose.donversion factors!shc;ose X 1.05;starch x'0.95:cellu105e-x‘0;70
* {SI 6] 7’ 81 9; 14' 15} ‘ .

Table 4~ Yields (liters/ha) ofzethanof' {6, 8, 14, 15}

system I s vystem II

/year  /month _ /year  /month
sugar cane 4541 378 5530 461
sweet sorghum 3900 867 4832 1074
stems 2911 647 - 3843 854
grains. 989 220 989 220
cassava 2329 194 2678 223
roots 2329 194 2329 194
"ramas" R - ' - 349 28
eucalyptus - - 2503 209
pinus - - 3551 296

l)ethanol conversion féctor} 58;22 liters/100kg glucose (209C)

Agricultural Energy

, In table 5 is listed, in: a resumed form, the energy
expended in the agricultural phase of the alcohol production.
These figures were obtained according to a recent study carried in
the State of Sao Paulo and the utilization of input-output brazi-
lian matrix {17}; it represents a more realistic evaluation than
previous studies {19}. = ' : '
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Table 5- Energy {Mcal/ha/vear) expended in agricultural.production

sugar cane s. sorghum, cassava eucalyptus pims
. % % % 2 %
fuel 2475 el.3 987 53.2 561 5.2 381 71.6 316 74.1
fertilizer 997 24.7 1122 40.1 448 9.4 36 6.8 1 0.2
defensive 332 8.2 69 2.5 53 3.5 60 11.3 86 20.3
machinery 119 2.9 65 3.0 39 2.6 21 4.0 17 4.0
labor 116 2.9 12 0.4 73 4.8 - 34 6.4 - -
other - - 23 0.8 51 3.3 - - 6 1.4
total 4039 . 2798 1525 532 426

Source: Internal Report, Instituto de Fisica, Sao Paulo
1} estimative

INDUSTRIAL ENERGY

The industrial energy considered was: a) the energy in-
vested in the capital good,-expresses energy embodied in the equip
ment; b) operational energy-expresses energy of chemical products
and other materials consumed in the processing of the final good;
¢) maintenance; d) combustible - expresses the energy for indus-
trial processing of raw material.

Industrial energy figures for ethanol production from
fermentable sugars are shown in table 7. They were calculated based
on reference {21}, wich presents details for that evaluation. For
ethanol production from cellulose, it was first evaluated the
energy consumption based on reference {16}. Ethanol production from
starch is estimated based on ethancl from cellulose. Table € pre-
sents the results of the calculations.

Industrial processing energy (combustible) is the major
component, representing 90% of the total energy of industrialization
This fact shows that from an energy point of view a program for
utilization of fuels produced from biomass will only be successful
if the combustible used for industrial processing is also from a
renewable source. :

. Another aspect concerns the importance of energy con-
servation measures. In Brasil this is particularly important in
sugar cane distilleries if one considers that: a) present energy
spent on industrial processing is the same as 30 years ago, and
b} bagasse drylng is not used. The surplus energy from bagasse
could be used in electric power generation {24}.

Table 6- Industrial energy of ethahol production (Keal/liter)

fermentable mxmrsl. celhﬂxsez
capital goods (20 years lifetime) ' 168.9 . ' 91.6
operation 131.1 , _ 452.6
maintenance _ 168.9 g9l.6
processing {(combustible) 4932.8 6000.0
1) Source: reference 21; sugar cane arx sweet sorghum stalks
2) Wood _
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ENERGY BALANCE

Considering the results shown in table 7 and other

‘available information {19,21}, a concept of a "self sufficient

hectare" was introduced to compare the energy balance for different
crops: it consists of the partial utilization of one ha by an
eucalyptus plantation (or any other wood) occupying an area which
is sufficient to provide the industrial processing energy (fuel)
required by the crop cultivated on the rest of the hectare. For
example, for cassava industrialization (system I) in one hectare,
0.91 ha would be cultivated with cassava leaving 0.09 ha to .. be
used for eucalyptus plantation; this wood would supply all the
necessary energy for the industrialization of cassava. -
Based on figures of tables 8 and 9, it is possible to.
make de following observations: :
a) All raw materials have a low overall efficiency (Et/A+I} and
there is a wide difference between them (0.63-0.90) at the present
state of the technique. When combustible for industrial processing
is not taken into account - Et/A+I-IP - (being considered part of
system), then efficiencies increase but still present a large dif-
ference (3.41-5.96); '
b) The efficiency of agricultural energy - Et/A - presents the wid
est variation (5.7-36.8). Considering the efficiency for agricul- "
tural combustible energy ~ Et/Ac - , the general trends are similar
(9.2-49.8). Wood is 2 to 7 times more efficient than other raw ma-
terial ih relation to agriculural enerqgy; the other raw material
have, in a general sense, similar efficiencies between then. _
¢} The efficiency of the industrial phase (Et/I), as contrasted to

the agricultural phase energy, shows much lower values for wood and

other cellulosic material. Considering the efficiency rate, it is
remarkable that the industrial energy, and not agricultural energy,
is responsible for lower efficiencies. '
Observing other industrial energetic efficiencies (Et/Ip
and Et/1I-Ip) it is seen that industrial processing energy has a

dramatic effect upon the energy balance.

: In distillation process it is well accepted that it is
possible to reach better energetic efficiencies. But concerning
sugar cane the necessity of high pressure steam to drive the mills
is a limiting factor over low pressure steam economy. _

Also, those efficiencies always show lower values for
cellulose industrialization. This fact suggests the need to achieve
better efficiencies for cellulose hydrolisis which is considered
very low {25}; research is under way showing the possibility to.
obtain efficiencies 100% higher {25}.

The Et/I-Ip coefficient is based on the use of renew-
able energy for industrial processing, furnished by an eucalyptus
plantation, which allows the achievement of higher efficiencies
(6.4-10.8). .
Analysis of Et/I-Ip coefficient show that cellulose
problem is more related,once again, with acid hydrolisis efficien
cy; the industrial operation energy plays a less important role,
since it is much lower. ' : . . o
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CONCLUSIONS

The agricultural energy balance shows clearly the high
energetic efficiency of forest crops. The tropical conifer forest
has showed better results than eucalyptus, due not only to higher
crop yields but also to its composition.

This favorable aspect of forest crops associated to the
existence of a successful l2-year program of reforestation in
Brazil, would allow a rapid response to higher biomass needs at low
costs, also allowing any farmer (even with low purchasing power)
to participate in the energy production program. '

The energy balance analysis is not conclusive. It is
necessary to consider particular aspects of the country and its
different regions, such as technological development, social as-
pects, climate and land availability and quality. In spite of the
good results shown by the sugar cane energy balance, the expansion
of this crop is limited by two factors: a) availability of high
fertility soils and an adeguate topography for mechanization and,
b) high investments for cultivation (energy intensive crop),which
are only possible for a more limited part of rural properties.

In particular for cellulesic material, the high ener-
getic gain in the agricultural stage becomes seriously absorbed
by the industrial efficiency due to: a) low acid hydrolysis effi-
clency with a consequentely low .ethanol yield, and b) high energy
consumption for industrial processing, requiring 6170 kcal/liter
which is superior to the calorific value of ethanol (5038 kecal/
liter), and leading to energetic deficit. :

Besides the wood c¢rop agricultural energetic. aspect
which recomends it for the biomass production program, other
factors, peculiar to Brazil, must be added to the previous one
making it acceptable when a national energetic program is aimed;
they are: a) wood crops adjustment to utilization of large areas
having low soil fertility, low water availability and low popu-
lational density; b) adoption, by brazilian government, of poli-
cies to concentrate efforts on ethanocl production; ¢) necessity
to produce liquid combustible in large scale and using national
technology.

In so considering, 1t is suggested the intensification
of research on cellulose hydrollsis, specially on enzimatic hydro
litic process development, for being the latter much more effi-
cient than the acid process which probabily will make cellulose
industrialization more efficient.

Energy conservation. is showed as another important
technological improvement to be reviewed specially regarding to
distillation process and combustible residues (bagasse, e. g.)
drying.

ACKNOWLEDGEMENTS

The authors presents their acknowledgements to Mr.
Vito Vanin, Alan Poole and Aloysius M. Heezen for their held and
suggestions; also to Metalurgica Conger S$.A. and Usina da Barra
S.A. - Aclicar e Alcool.

10




G - .-

1l

. REFERENCES

Serra, G.E.; Cesar, M.A.A.; Oliveira, A.J. de; Godoy, D. Com
portamento de variedades de cana-de-aglicar no periodo de in-
dustrializacdo. Bras. aguc., 79(4):27-40, 1972.

Araujo, N. de Q. et alii Hidrolise enzimdtica da mandioca .
Inf. Inst. Nac. Tecnol. (9):42-52, 1975. .-

Wall, J.S. & Ross, W.M. Produccion y usos del sorgo. Hemis-

- ferio Sur ed., 12 ed., 1965.

10~
11-

12-

13~

14-
15~

l1o-

17-

Serra, G.E.; Rosolem, C.; Machado, J.R.; Alonso, O. Maturagao
de colmos de sorgo sacarino e gualidades tecnoldgicas para -
producido de etanol. Anais da 7% Reunion Latino americana de
Fisiologia Vegetal, Mar del Plata, Argentina, pg. 86., 1978.

Serra, G.E. Algumas consideragoes sobre as possibilidades de
materias primas para producdo de alcool etilico. Bras. aguc.,
87(3):44-51, 1976. : :

Valsechi, O. & Oliveira, E.R. de. Tecnologia do Alcool. Esc.
Sup. Agric. "Luiz de Queiroz". Apostila. ‘1963. '

Paturau, J.M. By-products of the cane sugar industry. Elsevier

~1969.

Quintella, A.C. Hidrdlise da madeira. Silvicultura, special
ed., pg. 155-162. 1977. |

Panshin, A.J.; Zeeuw, C. de; Brown, M.P. Textbook of wood -
Technology, Vol. 1., 2% ed., 1964.

Andrade, E.N. de. O Eucalipto. 2% ed., 196l.

carvalho, L.C.C. & Graga, L.R. Produtividade agricola da -
cana~-de-agucar no Estado de Sao Paulo. Bras. aguc.,88(4):36 -
59, 1976.

Empresa Brasileira de Pesguisa Agropecuaria (EMBRAPA). I Cur-
so Intensivo Nacional de Mandioca. Centro Nacional de Pesqui-
sa de Mandioca e Fruticultura. 1976.

Serra, G.E. et alii - Internal Report on Sweet Sorghum produc
tion. 1977.
Kretzchmar, H. Levaduras y alcoholes. Reverte, 12 ed. 1961.

Perrone, J.C. Os processos hidroliticos no aproveitamento -
dos recursos renovaveis. Silvicultura, (3):23-33, 1977.

Hokansol, A.E. et alii Chemicals from wood wastes. U.S5.Depart,
of Agriculture Forest Service, Madison, Wisconsin. 1976.

vanin, V.R. & Moreira, J.R. A matriz de insumo. Produto da
economia brasileira. Instituto de Fisica, S3o Paulo. Internal
Report. 1879.

Ministério da Indiistria e do Comércio. Instituto do Agucar e
do Alcool. Relatdrio Anual 1977.

11



19-

21-

23=

24~-

25_.

Silva, J.G. da; Serra, G.E.; Moreira, J.R., Gongalves, J.C. &
Goldemberg, J. Energy balance for ethyl alcohol production =~
from crops. Science, 201(4359):903-906, 1978.

Serra, G.E. 0 sorgo sacarino_como matéria prima para a produ
gao de alcool etilico. I Simp051o Brasileiro de Sorgo.EMBRAPA.
Brasilia. 1977.

Moreira, J.R.; Vanin, V.R.; Goldemberg, J.; Serra, G.E. Energy
balance for the production of ethyl and methyl alcohol. Work-
shop on Fermentation for Use as Fuel and Chemical Feedstock
in Developing Countries. Viena, Austria. 1979.

Gﬂfanq ‘L.; Caser, R.L.; Moura, V.P.G. Zoheamento ecologlco
esquematico para reflorestamento no Brasil (28 aproximagao) .

‘Serie Técnica n? ll. Centro de Pesqulsa Florestal da Regiao
~do Cerrado. 1978. 66 pag. .

Lamb, A.F.A., Pinus caribaea var. hondurensis. Oxford,Common-
wealth Forestry Institute. 1973. 254 pag. o : '

Moreira, J.R.; Serra, G.E.; Goldemberg, J. Alcool - Um. novo
meio de gerar eletrecidade. Ciencia e Cultura, 30(7):822-829,
1978. _

Goldsteln, I.S. Potential for converting wood into plastics.

~ Science, 189:847-852, ,975.

12




