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I 

P R E F A C E 

During a seminar on the analysis of energy systems, given by the author 
of this report for the staff of CEPED and the Petrochemical Pool at 
Cama~ari, a participant asked a short but dramatic question: What have we to 
do? He asked obviously for a short and general advice, suitable to overcome 
the difficult economic situation in Brazil. 

The author borrowed the answer from Franklin D. Roosevelt, given at the 
beginning of tlie so called "new deal" to overcome the crisis in the early 
thirties: "You have nothing to fear except thi:: Zear itself". In fact, Brazil 
remains a country rich in nearly all sorts of natural resources. From its 
huge hydroelectric potential only a moderate part is exploited to date. The 
Brazilian climate frees the population from the necessity to heat their 
houses, while many countries of the northern hemisphere need to import per 
capita more oil for this purpose than for the industrial and automotive 
demand. Last but not least, Brazil is able to produce many goods for export 
at competitive prices. So, an answer to the quoted question c0uld be: use 
hydroelectricity wherever possible (e.g. development of a transport system 
driven by electricity) . The answer to the petrochemical industry will be: 
hard detail work. This report contains some suggestions ti1ereto. 

Some steps towards a Brazilian "new deal" have already been initiated. 
The author of this report hopes that his advice given in Brazil and 
completed in the following text will co:1tribute to this objective. 

DR. L. SILBERRING 
Zurich, November 1983 
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I 

S U ~ M A R Y 

Brazil i5 a ~ealthy country in terms of many natural resources. It has 
considerable land reserves, numerous mineral resources a favourable climate 
and additionally, it possesses a significant hydroelectric potential. But it 
ha5 not enough assured oil deposits and therefore it will be difficult to 
acquire 5elf-sufficiency of oil supply for prolonged periods. 

The sharp rise of oil prices in the seventies has hit the Brazilian 
economy stronger than it was the case in many other countries. In fact, the 
stroke came in a period when the industry went through a rapid development. 
This development must continue in order to provide the necessary 
contribution to the solution for a ntll!'.ber of social problems. 

Oil can be economized almost everywhere and a number of actions have been 
taken in Brazil towards this objective. The present report recommends some 
es£ential priorities in this respect and describes some actions able to 
provide appropriate results within a reasonable period of time and at an 
acceptable cost. According to the Terms of Reference prepared by UNIDO, the 
recommendations are centered on the energy economy in the chemical and 
perrochemical industries. They are also restricted to the particular 
problems presented by the staff of the Centro de Pesquisas e Desenvolvimento 
(CEPEDl in Cama9ari .and by the staff of the Institute de Pesquisas 
Tecnologicas do Estado de Sao Paulo (IPTJ in Sao Paule. On the other hand, 
some of t~ose problems have been treated, although they do not belong to the 
chemical and petrochemical industry. 

Oil and oil derivatives should be assigned with the highest priority to 
those requirements which are usually designated as petrochemical feedstock. 
Replacement of oil in this area would be very costly and time consuming. On 
the other hand, oil can be replaced most easily for most of those 
requirements in which it is used as fuel, i.e. for heating purposes. 
Especially favourable oil replacement is possible wherever heating is 
required at a low or moderate temperature level. 

According to the received information, the hydroelectric power presently 
available in Brazil is not fully used. The excess power between 2 and 3 GW 
is dissipated by overflows of dams. As long as this situation lasts, it is 
strongly r~commended to stop any electric power generation (even the so 
called cogene=ation at Cama9ari or elsewhere) using oil firing, provided 
that the excess hydroelectric power can be supplied to the potential users 
by existing electric transmission lines. Subject to the same condition, 
heating by oil should be replaced by electrically driven heat pumps for low 
or moderate temperature levels er even by electric resistance heating for 
any tempera~ure level. The above actions can be completed within a few 
months at very moderate cost and· can bring an economy on oil imports between 
300 and 800 million dollars per year, which depends on par~iculars of the 
energy t:.:ansformation systems. 

In the future, the available hydroelectric energy will continue to rise 
a~cording to the national program but will simultaneously almost certainly 
find a better use than large scale electric resistance heating. Hence, high 
temperature heating power requirements must be satisfied by other means. 
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l 
The petr:ichemical pool at Camai;ari belongs to the most important 

consumers ~f ~il in Brazil. The consumption of oil as chemical feedstock 
will continue to rise at this site along with the expansion of the pool's 
capacity, unless some of the requirements can be replaced by domestic 
natural gaz. But a significant part of the present oil consumption, namely 
about half a million tons per year, is used just for heat (steam) supply. An 

additional eighty thousand tons of oil per year are burned for eleccric 
energy cogeneration, which should be stopped, provided that the excess 
hydroelectric energy can be brought to Cama<;ari. 

Attempts have been made towards the replacement of oil which is presently 
used for heating purposes at Cama<;ari by biomass which should be used in the 
far future. The author of this report did not see any feasibility study 
about the subJect, and he cannot avoid to express his scepticism about the 
said attempts. The required heating power at Camaiyari is simply too great 
and the distances for the overland transport of biomass from its potential 
sources too long in order to solve the problem competitively. At this point 
it should be mentioned that the Cama<;ari pool is producing basic chemicals, 
which should be delivered at competitive prices to other industries and that 
the influence of the heat (steam) price on the product price is high fer 
this kind of products. 

In the opinion of the author of this report, the best solution for the 
problem of heat supply at the Camai;ari pool is a nuclear steam supply 
system. Such a system can be con3tructed within a few years at a competitive 
cost provied that a strong and effective project management is set up. It 
should be noted, that the technology and the objectives will be in this case 
quite different from those associated with the construction of the nuclear 
plants for electric power ge~eration. 

A new coal or peat fired boiler plant could also be considered in order 
to replace oil actually used for heat supply at Camai;ari. However, it would 
be necessary to examine prior to any further consideration of these variants 
the feasibility and economics of coal supply from the South as well as the 
availability of peat together with the feasibility and economics of its 
supply from the bogs. In any case, the new boiler plant should be preferably 
located at the seashore near Cama<;ari and the steam should be transfered by 
pipelines to the users. In contrast to this, a nuclear steam supply system 
can be located as near as possible at the existing boiler plant of COPENE 
UTIL. 

Ammonia production belongs to petrochemical industries needing many oil 
derivatives as feedstock and fuel. The actual ammonia production capacity in 
Brazi~ is moderate, but its rise can be expected together with an 
intensification of agriculture. The highly competitive world ammonia market 
does not allow to produce it ecc;,1omically in Brazil because the country is 
forced to use lmported feedstock and fuel. Plants using domestic low grade 
feestocks and fuels, e.g. coal, can be constructed (one plant uskng asphalt 
residue of oil is already in operation) but the capital investment is, in 
this case, roughly twice as high as for natural gas based plants, which 
again compromises the economics. But it can hardly be recommended to Brazil 
to rely entirely on imports of such an important basic product like ammonia. 
A precess called electroreforming, developped a few years ago but not yet 
implemented, can probably help to solve this dilemma. Negociations about 
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I 
th~s have been initiated at IPT. 

The industry, set up a few years ago in Brazil for producing alcohol from 
sugar cane, can look at remarkable achievements in spite of controversies 
due to the high specific investments and the competition created in respect 
to the assignment of land. Improvements recommended by the author of the 
present report are centered on a better use of bagasse, a significant part 
of which is actually burned to supply low grade heat to the reboilers of the 
alcohol distillation columns. This duty can be preferably replaced by vapour 
compression using electrically driven compressors, whereas bagasse can be 
used to extract paper pulp and as fuel for heat supply at a high 
temperature. Furthermore, it is recommended to start feasibility studies of 
alcohol production using domestic coal or peat in order to explore a second 
way for the production of this product, which is important for 
transportation requirements. 

Vapour compression can be applied not only to the alcohol distillation 
but also to any distillation process in which the ratio between the absolute 
temperatures at the columr. top and the bottom is not too low. In some cases 
an indirect heat pump might be preferable to direct compression of the 
product vapour, in particular if the dPnsity of the latter is low. In any 
case, oil can be efficiently replaced by a fraction of electric energy. 

Drying proces~es represent another area in which fuels can be replaced by 
electric energy using heat pumps. The latter can recover most of the 
sensible and latent heat of the effluent drying gas and rise its temperature 
to a level necessary to heat the affluent drying gas. Hence, only a more or 
less small fraction must be added in form of electric energy. 

The pulp and paper industry should be optimized differently in Brazil 
compared to other countries. In particular, the availability of cheap 
hydroelectric energy should be taken into account and again a large scale 
application of heat pumps should be considered. 

Future ceramic furnaces in Brazil should be preferably electrically 
heated. 

Some particular problems have been presented by CEPED and IPT and, 
subsequently, examined more in depth. The corresponding descripti~ns and 
recommendations are included in the text of the report and in its annexes. 

A lot of engineering work remains to be done in order to improve the 
energy economy in Brazil. During the mission, CEPED and IPT have expressed 
their interest to continue at least some actions with the author of the 
present report, who is also interested to do so. 

Future visits to Brazil, if any, should preferably include meetings at an 
energy managment level, e.g. with the Brazilian National Energy Conunission. 
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1. Objectives of the mission and a brief description of actions in Brazil 

The objectives of the mission are descriped in the terms of reference 
which serv~d as a basis of the contract between ONIDO and the author of the 
present report (Annex l) . A more detailed program has been prepared by CEPED 
(Annex 2) for the actions in Cama~ari and by IPT (Annex 3) for the actions 
in Sao Paulo. The seminar given in Cama~ari on Augus~ 25 and 26 was attended 
by representatives of a number of companies, belonging to the Petrochemical 
Pool in Cama~ari. An additional seminar, not mentioned in the Annex 2, was 
given on August 29 at COELBA, 3 state company in charge of electric energy 
production and distribution in Bahia. The actions in Bahia have been 
su.'t!Illarized in a publication in the local press, Annex 5. 

Following a suggestion of the author, a list of specific projects and 
specific themes has been prepared by CEPED (Annex 6) . Some suggestions on 
the subjects specified therein were given during various conferences with 
the personnel of CEPED. 

The activities were not limited to the 
industry. some suggestions were also given on 
paper industry, to the ceramic industry and 
industries. 

chemical and petrochemical 
topics related to the pulp and 
as far as possible to other 

~ost members of the staff of CEPED and IPT deal with some kind of 
~articular subJects as research engineers usually do. T:1ese subjects are not 
necessarily the most important or the most urgent ones what the present 
energy situation in Brazil concernes. The author of this report tried to 
encourage the people to attack those energy problems which are of the 
highest national importance for Brazil. Studies and decisions on such 
problems have often been performed hitherto by multinational companies; and 
the staff of such research institutions as CEPED and IPT need still to get 
more courage and more industrial experience in order to provide significant 
contributions in the areas under consideration. 

The author of the present report informed the UNIDO representative in 
Brazil about the situation and asked for meetings at a level at which key 
issues are discussed. The Brazilian National Energy conunission, of which one 
member was encountered at IPT, would probably represent the best address for 
the purpose under consideration. Unfortunately, it was not possible to 
organize meetings on this level during the limited time of the mission. 
However, the staff of CEPED and IPT have been informed about the author's 
opinions, relatea to some of the key issues. These opinions are repeated in 
the subsequent paragraphs of this repo~t and it is also expected that they 
will reach the right addresses. Needless to say that the author is ready to 
give any further suggestions and/or take any further actions which might be 
necessary on the suggested lines. 
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2. Some basic information about the key chemical and petrochemical industry 
in Brazil 

2.1. Petrochemical Pool in Cama~ari, Bahia 

The biggest production center for basic chemicals in Brazil is situated 
in Cama~ari near Salvador. Essential information about the companies 
belonging to this center is summarized in Reference 1. According to the 
References 2 and 3, this center consumes nearly 1 million tonnes of oil 
produces and about 0,4 million tonnes of natural gas per year. Additional 
information received on the site leads to the conclusion that at least one 
half of the above consumption is used for heat (mainly steam) and electric 
energy generation, whereas less than one half is used as chemical feedstock. 
Thus the Cama~ari complex participat~s significantly in the high Brazilian 
oil import bill. 

The supply of utilities (steam and electric energy) for tne Cama~ari 
complex is centralized at a company called COPENE UTIL. This company was 
vi~ited during the mission. It consists mainly of five boilers, each of them 
having a steam rising capacity of 400 t per hour at a pressure of 120 bar 
and a temperature of 550 oC. This high pressure steam is expanded in five 
steam turbines, each of them constructed for an extraction pressure of 42 
bar and a back pressure of 15 bar. Steam at the two last mentioned pressure 
levels as well as electric energy are distributed from the COPENE UTIL plant 
among all participants of the Cama~ari Pool. The COPENE UTIL plant is 
therefore a so called cogeneration plant but the ratio between electric 
power and heat generation is quite low due to the relatively high extraction 
and back pressure. 

The fate of the steam delivered to different companies is unknown (!) to 
the staff of COPENE UT!L. However, it might be expected that at least some 
of the delivered steam is 
for differ~nt drives. Even 

expanded at various sites 
at COPENE UTIL a number 

in condensing turbines 
of condensing steam 

turbines are used for the drive of auxiliary equipment. Hence, a significant 
part of oil is burned in order to provide driving power by condensing steam 
turbines. 

Several particulars of the engineering design of the COPENE UTIL plant 
are questionable as well as overall economics, accessibility for maintenance 
and expected lifetime of tr.e equipment. 

2.2. Ammonia plants in Sao ~aulo and elsewhere 

Nearly one half of the ammonia production capacity in Brazil is 
concentrated in Sao Paulo where three plants belonging to ULTRAFERTIL S.A. 
are in operation, in particular: 

- Cubatao plant. Design capacity 100 t per day. The plant is operating 
since 1945 using Texaco partial oxidation process of refinery off gas. 

- Pia~aquera plant. Design capacity 454 t per day. The plant has been 
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operating since 1970 using Forster 
Actually, the plant is in course of 
to refinery off gas. 

Wheeler steam reforming of nafta. 
adaptation for changing the feedstock 

- Araucaria. Design capacity 1200 t per day. The plant is in operation since 
1982 at a capacity factor of about 70 % using Shell partial oxidation 
process of asphalt residue. 

Besides these three plants for which the head office is located in Sao Paulo 
there are additional following plants in Brazil: 

- Two plants at Cama~ari, cne of them having design capacity of 250 short 
tons per day, using Foster Wheeler synthesis gas preparation and Ammonia 
Casale synthesis process and the second having a design capacity of 1000 
short tons per day, constructed by M.W. Kellogg. 

- Laranjeiras plant in Sergipe having a design capacity of 1000 short tons 
per day constructed by M.W. Kellogg. 

Thus the total design ammonia production capacity is about 3800 metric 
tons per day. The total supply of nitrogen fertilizers in 1982 was slightly 
above 1 million tons of nitrogen of which 70 ' was used to satisfy the 
domestic demand, whereas the remaining nitrogen fertilizers have been 
exported. It is expected that the domestic demand ~ill balance the 
production capacity in about three years from now. 

All above information was given by the representatives of ULTRAFERTIL 
S.A. during a meeting held at IPT on September 5 1983. 

2.3. Alcohol from sugar cane 

The results of the alcohol program in Brazil must be cor.sidered as a 
success, in spite of all controversies about the "gasoline gardens". 
According to the Reference 4, this program succeeded to replace as much as 
17 % of gasoline used for the trnnsport on roads in 1981 (five years 
earlier, the ratio between the alcohol and gasoline used for the road 
transport was negligible small, namely 1.2 \ only). 

The heating value of the alcohol produced from sugar cane is only about 
1/5 of the heating value of thP feedstock. A significant amount of bagasse 
is produced as a byproduct of the process. The fate of this byproduct cannot 
be followed in detail from the general data in the published statistics. 
rlowever, according to the information received during the mission, a 
significant part of this bagasse is used to heat the reboilers of the 
alcohol distillation columns. 

Investments for the alcohol production are twice as high as the 
investments necessary for the increase of the domestic crude oil production, 
according to the reference 5, which also indicates that each barrel of oil 
extr~cted from the Campus basin costs $ 17.1, which is one of the highest 
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cost levels in the world. However, the same reference advocates higher 
invest~ents in alcohol production instead of investing it in oil reserves 

that will be exhausted in the foreseeable future. 
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3. Basic information about energy in Brazil 

Tre already mentioned Reference 4 includes almost all relevant 
information about the energy fluxes in Brazil. The presentation is excellent 
and allows a quick reference to almost·all relevant data. A similar balance 
for the state of Bahia (Reference 6) includes some additional information 
about the methodology of these statistics adopted in Brazil which, according 
to this refer~nce, has been developed by the Latin American Energy 
Organi~ation (OLADE). 

As in all other known stati~tical summaries, there is still a controvers; 
about the factors to be used in calculating the so called equivalent amounts 
of different forms of energy. The recommendation of the autr.or of this 
report to solve this dilemma is quite simple: Different fonnes of energy are 
not equivalent. Therefore, in the author's opinion, the highest value of 
statistical information can be attained if the data about each form of 
energy are specified using any well defined unit. Energy balances can be 
still computed using first law of thermodynamics together with some well 
defined basi~ levels of each form of energy and any common unit for all 
forms of energy. However, it is not very useful to make such assumptions as 
for ~xample about the transformation 0f fuels into electric energy in 
condensing power plants. These assumptions can be often quite far from 
reality as it has been concluded in Annex 1 to the Reference 6. 

Valuable statistical information about oil, its derivatives, coal, 
alcohol and petrochemistry is included in the Reference 7. 

Some selected key data about the primary energy inputs in 1981 are 
summarized on table 3.1. Tt can be seen therefrom that slightly more than 
one half of the fossil fuel requirements have been provided by crude oil of 
which mote than 80 % has been imported at the cost of about 8 billion 
dollars. According to the Annex 7, this important bill shall be reduced by 
nearly 60 % by 1985. However, as it follows from the Reference 5, very high 
investments are necessary to rea• ti this ob]ective. 

The hydroelectric potential represents probably the most valuable 
resource of primary euergy in Brazil. In 1981, the installed capacity was 
31.1 GW. Another 26 GW are in construction and will be added to the present 
potential by 1991. By the year 2000, the firm potential (in cr;tical 
hydraulic periods) shall reach 56.4 GW. In 1982, the average cost of 
electric energy from hydroelectric plants was equivalent to 2.4 US cents per 
kWh, including the cost of transmission over average distances. 

Comparing the delivery of hydroelectric energy, specified on Table 3.1, 
with the above mentioned installed capacity, one can conclude that this 
capacity has been used in less than half the time. This quite limited use 
cannot be fully explained by limited hydrological availabilities. In fact, 
the author of the present report has been informed that the a;tually not 
exploited capacity is between 2 and 3 GW. Most of this excessive capacity is 
available in the Southern States of Brazil, namely Parana and Sao Paulo. 
However, it should be mentioned that a=cording to the Reference 6, page 56, 
only 63 % of the transmission capacity to Bahia have been exploited in 1982. 

The excess of the capacity of the hydroelectric plants has acctually 
simply not been delivered and the overflows of the dams are at least 
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partially open. The conclusion is, tr.at hydroelectric energy is presently 
available in Brazil at zero cost. In fact, the COPENE UTIL plant purchases 
actually electric energy at 6 cruseiros per kWh, which is equivalent to less 
than one US cent per kWh, that is at a price which is significantly below 
the cost of the higher heating value of import~d oil. 

Coming back to the fossil fuel, it can be concluded that the known 
deposits of oil and natural gas as spezified in the Reference 2, fage 13 are 
inadequate to increase significantly the domestic production for a prolonged 
period. Coal reserves in the southern states are large and allow a 
significant increas~ of production even if ons takes into consideration the 
fact, that the quality of this coal is not very high. On the other hand, 
most coal can be exploited using open mines and most deposits are located 
not very far from the Ocean. That means that this coal can be transported at 
moderate cost to any place on the Brazilian ocean coast. Peat may represent 
another significant source of fossil fuel. However, peat deposits are not 
yet adequately explored. Consequently, the future of peat as a large scale 
energy source in Brazil cannot be predicted for the time being. In any case, 
peat cannot be transported over any significant distances at acceptable 
cost. Only transport by barges can be perhaps economically acceptable. 
Consequently, the rules valid for coal are still more significant for any 
peat uses. In short terms, both these fuels c~n be used either near their 
depcsits or at sites accessible by water. 

The author of this report did not ·collect any i~formation about the 
deposits of nuclear fuels in Brazil. It seems, however, that the supply of 
nuclear fuels would not represent any significant problem for nuclear energy 
program. At present, the capital 
several times higher than the 
power. 

cost of nuclear power plants is, however, 
capital cost for additional hydrcelectric 
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Table 3. l. 

Selected key data from the Brasilian energy balance 1981 

Primary energy inputs (oferta interna brutal 

Higher heating values of fuels, MTOE Cll 

Crude oil (/.) 52.2 

Natural qas 1.1 

Coal 5.8 

Wood 27.6 

Sugar cane 13.5 

Other fossil fuels (3) 0.4 

TOTAL 100.6 MTOE 

Electric energy from hydroelectric origin (4) 128.8 TWh 

Cll Expressed in MTOE (millions of tons of oil equivalent); 1 TOE = 
10.8 Gcal = 45.2 GJ 

(2) Of the specified amount 42.4 MTOE have been imported 
(3) C0mbustion of nuclear fuel started in the first Brazilian nuclear power 

plant (Angra dos Reis ll in 1982. 
(4) In Brazilian energy balances this value is converted to 37.4 MTOE using 

a "factor of equivalence" equal to 0.29 TOE/MWh. As mentioned elsewhere 
in this report, its author does not consider it as necessary and/or as 
useful to make such conversions. 
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4. Initia~ed and planr.ed actions towards the reduction ~r oil imports 

Like in many other countries, the necessity to r~duce the oil import bill 
is recognized by alrr.ost everybody in Brazil. There ire several organizations 
trying to provide some contributions to this objectiva. 

Thanks to the favorable cl2~ate, it is not necessary to heat the houses in 
Brazil. Contrary to the situation in mary countries of the northern 
hemisphere, which have to import a lot of oil for heating purposes, in Brazil 
most oil is necessary for industry and transportation purposes. 

A national program of the energy conservation in the industrial sector has 
been prepared by the Ministery of Industry and Commerce (Reference 8) . This 
programm sets general objec~ives for all industries and specific objectives 
for the cement, iron and steel industry as well as for the pulp and paper 
industry. It is essentially recommended to replace oil ~.n the last mentioned 
industries by coal and, in the pulp and paper industry, by process waste 
materials and wood. No specific recommendations are formulated for the 
chemical and petrochemical industry. 

The research institutions, namely CEPED and IPT, are basically in charge to 
help all industries to economize energy. The staff of these organizations 
analyzes a number of processes and prepares recommendarions for the energy 
economy and last but not :east provides basic general information for the 
personal in all sorts of industries. 

The staff of the research organizations is also working on some research 
programs, which are expected to replace oil and oil products or to reduce 
their consumption. 
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5. Suggesti~ns from the author of the present report 

5.1. Ganeral observations 

Most suggestions given in this chapter were already discussed during the 
mission. Some additional suggestions have been worked out afterwards using 
th~ information received during the mission as well as the information 
available from the home office. 

The suggestions are limited to the subject~ on which adequate information 
were available. Their validity is conditioned by the validity of the basic 
ir.formation, which has led to the conclusions and suggestions described in 
the following sections of this chapter. 

As an independent consultant, the author of this report stresses that his 
suggestions are governed solely by the Terms of Reference of the UNIDO 
contract and by the interests of the Federation of Brazil in as much as they 
have been understood by the consultant. 

5.2 Heat supply for the utilities in Cama~ari 

As descriped in the previous chapters, the Cama~ari petrochemical complex 
needs significant amounts of oil and oil derivatives for three principal 
purposes: 

- Chemical feedstock 
- Process heat supply 
- Electric energy generation 

Among the above purposes, the replacement of oil as chemical feedstock, for 
example by coal, would not only be most difficult but would also need most 
time and capital. Therefore, attempts to replace oil used for this purpose 
should be considered at last if at all among actions centered on economy of 
hydrocarbons. Nevertheless, in many cases liquid hydrocarbon feedstock can 
be replaced by natural gas or by refinery off gas. Such actions are 
recommended wherever gas can be supplied over a moderate distance. An 
economically acceptable distance de~ends on the size of the gas source; the 
higher the transport capacity the longer the acceptable distance. The 
Reference 9 gives some indications about this. 

On the other hand, electric energy generation using oil as fuel should be 
replaced in the highest priority. As already mentioned, the COPENE UTIL 
plant is producing electric energy by a so called cogeneration process which 
is more economical than the production of electric energy using oil fired 
condensing power plants. However, even a cogeneration process cannot be 
considered as economical in the present Brazilian situation. Each kWh of 
electric energy produced by cogeneration needs about 110 g of oil, which is 
actually imported at the cost of about 2 U.S. cents. Simultaneously, the 
possibilities to obtain the same electric energy from hydroelectric plants 
are not fully used. As long as this situation exists, a very simple and 
quick action is recommended, namely to stop cogeneration and to produce only 
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as much steam as necessary for the ~hemical processes. According to the 
received information, the COPENE UTIL plant has delivered 344 GWh of 
electric energy during the first six months of 1983. Consequently, about 14 
million dollars per year can be economized on the actual oil import if 
cogeneration is stopped. No investments are necessary to achieve this 
economy provided that the capacity of the electric transmission lines to 
Cama~ari is adequate and enough safe to replace the electric power which 
originates actually from cogeneration by electric power originating from 
Brazilian hydroelectric plants, the latter being presently not fully used, 
as already mentioned. 

Provided that the above described condition related to the electric 
transmission lines is met, still more oil could be economized if all 
conuensing steam turbines in cama~ari were replaced by electric motors. A 
corresponding action nP-eds a careful examination of each case and some 
investments must be made to implement this recoaune~dation. However, in 
general, the repayment of such investments can be achieved within a few 
months. 

If the above described condition related to the electric transmission 
lines is met to an adequate extent, still a more significant action ~s 
recommended in order to stop wasting the hydroelectric potential. In 
particular, the author of the present report recoITlI!lends to con~truct 

electric boilers at the COPENE UTIL plant in Cama~ari. The capacity of thes~ 
boilers should depend on the maximum possible electric power input. If all 
steam which is necessary for the Cama~ari complex and which is actually 
produced by the combustion of oil were replaced by electric steam generation 
nearly half a million ton of oil, burned acutally for this purpose, could be 
economized. This would reduce the oil import bill by nearly one hundred 
million dollars per year. The available excess hydroelectric power is 
obviously not constant during the time. As a consequence, the electric 
power, which can be used for steam generation depends also on the time. 
However, any shortage of electric power for steam generation can be easily 
compensated by existing oil fired boilers, which can be always ~ept hot by 
using very moderate amounts of oil for this purpose. Hence, a very economic 
cooperation between the existing oil fired boiler plant and the eiectric 
boilers suggested by this report can be easily organized. The investment, 
necessary for electric boilers is non negligible. However, its repayment can 
be achieved within a period of less than one month. Most of the necessary 
equipment can be fabricated in Brazil. 

In the more or less far future, one muse assume that in Brazil the whole 
available hydroelectric potential will be necessary for more sophisticated 
purposes than for steam generation. Electric boilers would therefore 
probably have a lifetime of no more than a few years and other solutions 
must be considered for the period afterwards. A number of a~tions have 
already been started at the COPENE UTIL plant in order to reduce the oil 
consumption. An obvious possibility, namely the combustion of residual gases 
(mainly from pyrolysis) has already been implemented with success. Also 
about 20 \ of the fuel requirements of the COPENE UTIL plant is already 
covered by natural gas. In spite of all these actions, the problem of nearly 
half a million tons of oil per year used JUSt for heat generation remains 
pending. Some attempts are started to replace some of this oil by charcoal 
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and NOOd ar.d it has been ment~oned that in 15 years from now one of the five 
existing boilers will use Jnly wood as fuel. It is difficult to see 
technical and economic prosp~cts for this action, which in any case would 
yield too little and too la~e. The author of this report does not recommend 
to continue the attempt to replace oil by biomass in Cama~ari but recommends 
instead another action which has all chances to solve the pro~lem radically 
and that not only in the present situation but also in the future, assuming 
that the petrochemical pool in Cama~ari will continue to expand. 

In the author's opinion, there are only three possibilities to replace 
oil actually used in Ca~.a~ari for heat ge~eration by domestic fuels. 

The first possibility is the coal from the South. If this coal can be 
brought at a sufficient rate and at an acceptable price to the coast, the 
transport over the ocean will not represent an economic obstacle even if the 
distance is significant. However, Cama~ari is not situated on the shore. The 
shortest distance to the Bay of All Saints is about 15 km. Coal transport by 
railway, even over this limited distance, could comprise the economics of 
the proJect. A better solutior would be to construct a new boiler plant near 
the coast with an adequate coal storage area directly accessible for ships 
unloading equipmen~. Steam from this new plant could be economically 
transported by a pipeline over the distance under consideration. It should 
be noted that a new boiler plant would be, in any case, necessary if oil had 
to be replaced by solid fuels. It is seldom possible to adopt boilers 
constructed for oil firing to fossil fuels without major changes and without 
significant sacrifices to the capacity. A new boiler plant near the coast is 
therefore a bette~ solution. 

Domestic peat may represent another valid solution provided that there is 
enough of it and that it can also be brought over the ocean to a place near 
Cama~ari. In any case, a new boiler plant should be constructed near the 
coast. But it should be stressed that the coast of a peat fired boiler plant 
would be significantly higher than the cost of a coal fired plaflt. 

In the author's opinion, the technically and economically best solution 
for the steam supply to the petrochemical pool in Cama~ari is the 
construction of a nuclear steam supply system. The site of such a system may 
be selected diregarding any problems of fuel transport. Therefore, it can be 
constructed as near as possible to the present COPENE UTIL plant. The fact 
that the steam supply for the whole pool was centralized already years ago 
represents a very favorable condition for the delivery of the steam to the 
whole pool by a nuclear steam supply system since it would be more difficult 
and less economic to construct a multitude of such systems for every 
particular plant. On the other hand, the sum of the present steam 
requirements of all plants belonging to the pool is adequate to be supplied 
by a system under consideration, which can be easily extended in the future 
as far as necessary. For the present needs, just one nuclear reactor could 
3upply the basic load whereas the existing oil fired boiler plant can supply 
the peak steam requirements and serve as a reserve fer periods during which 
the nuclear reactor is out of service. 

The construction of nuclear reactors started in Brazil in 1971 and the 
first nuclear power plant (Angra dos Reis ll was put into operation one year 
ago. In the meantime, the Brazilian nuclear power plant program has become 
controversial mainly due to the doubts about its economics as compared to 
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the hydroelectric possibilities. In this context it must be stressed that 
the petrochemical pool at Cama9ari does not need a nuclear power plant but 
that it needs only a nucleac steam supply system. The investment cost for 
such a system is only a fraction of the investments necessary for a nuclear 
power plant for power generation using the same reactor size. As it has 
already been described, it is not easy to generate the steam in Cama9ari by 
any other means except perhaps by electric boilers which, however, cannot be 
consi~ered as a permanent solution. Given the fact that nuclear reactors for 
electric energy generation are already constructed in Brazil, it would be 
quite wasteful to generate electric energy using nuclear heat in order to 

a backward process to generate again heat for 
opposite process steps allows to economize 
and roughly the same proportion of the total 

use this electric energy in 
Carna9ari. Bypassing this two 
about 2/3 of the nuclear fuel 
investment. 

However, advocating a nuclear steam supply system in Cama9ari should be 
accompanied by some recommendations of caution. The nuclear industry 
succeeded to construct quite safe nuclear reactors enclosed by efficient 
containments preventing the relea3e of radioactivity in almost all cases. As 
a consequence, an explosion of a nuclear reactor has become an extremely 
unlike event but simultaneously, the nuclear industry has allowed to explode 
something else, namely the investment cost and the time schedules of the 
construction of nuclear reactors. It is the author's opinion that an 
acceleratior of the nuclear programs, w~ich are badly needed for many 
developing countries, must be accompanied by an invention of an efficie~t 
cont~inment against this explosion of the investment cost and constructing 
time schedules. The problem is obviously not a technical one but a problem 
of management. The author believes that it can be solved and that the steam 
supply for the petrochemical pool in Carna9ari may be a good example for this 
exercice. It should be possible to perform a feasibility study on the 
subJect within about 6 months and in the case of positive results of such a 
study to construct a nuclear s~eam supply system in Cama9ari within 4 to 6 
years from the moment of a comr:itting decision. Return of the necesseray 
investment can be achieved within a few years, given the fact that one 
hundred million dollars per year are presently necessary to purchase oil for 
process heat generation in cama9ari. This amount can be still higher in the 
future due to the necessary expansion of the petrochemical pool as well as 
due to the possible increases of the oil prices. 

5.3 .. Z\rnmonia production 

Since many years, the world ammonia market has been dominated by 
3uppliers who use cheap feedstock and fuel (mainly natural gas) to produce 
ammonia. As a consequence, the ammonia prices in the international trade are 
lower than the prices of liquid feedstock and fuel necessary to produce it. 
One B1azilian plant, namely Pia9aquera, is actually producing ammonia using 
naphta as feedstock and as fuel. Since this plant is not very efficient, it 
needs about 7 barrels of naphta (extracted from im!?Qrted oil) at a cost of 
at least 200 dollars to produce each ton of ammonia which is exported at a 
price of 110 dollars. The detrimental economics of this business has been 
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apparently already detected because the 
actually c~anging the feedstock to refinery 

plant 
off 

unner consideration is 
gas. The question still 

remains ~hether it is opportune to use this gas (which still represents a 
valuable product and which is able ta replace the oii elsewhere) as 
feedstock and fuel for ammonia which is produced for export. In the opinion 
of the author of this report, ammonia production for export from Brazil 

cannot be presently economical. 
is using a 

application, 
be presently 
used by them 

production by 

Of all Brazilian ammonia plants only the Araucarid plant 
feedstock for which it would be difficult to find a better 
namely asphalt residiue. As for the remaining plants, it would 
favorable ~o aeviate as far as possible the feedstock and fuel 
towards the replacement of oil and to replace the ammonia 
imported ammonia. But such an action cannot be recommended since Brazil will 
certainly need more ammonia in the future and it would not be wise to rely 
too heavily on imports of this important product. As a consequence, the 
decision to change the feedstock from naphta to refinery off gas is 
considered by the author of the present report as correct. However, in the 
future the expansion of the ammonia industry can hardly use the same basis 
since the available quantities of the refinery off gases are certainly 
limited and as already mentioned could probably find a better use elsewhere 

in order to replace the imported oil. 
A new process developed three years ago by the author of the present 

report called electroreforming (Reference 10) might be favorable for Brazil. 
It allows to reduce the hydrocarbon feedstock and fuel requirements to about 
one half of the requirements of usual plants and to replace the remaining 
half by about 20 i of electric energy (in relation to the heating value of 
the usual hydrocarbon requirements). The investments necess~ry for the 
construction of a plant using electroreforming processes will also be 
significantly below the investments necessary for usual plants based on 
steam reforming. The new pr;:,cess has not been implemented to date, but 
negociations about the construction of a pilot plant are running in 

Switzerland and abroad. 
Of the existing plants only the Piacaquera plant has been examined more 

in detail on the basis of IPT report number 18.325 (Reference llJ. As 
already mentioned, the energy efficiency of this plant is poor. The heating 
value of the feedstock and fuel used actually to produce one ton of ammonia 
is 11.5 Gcal compared to about 8 Gcal for modern energy efficient plants. 
The plant design consumption in steady state operation is about 10 Gcal. The 
difference to actual consumption originate mainly from too frequent stops. 
The staff of ULTRAFERTIL attempts actually to rectify the situation. 

IPT analysed extensively the Piacequera plant and made in the report 
number 18.325 a number of valuable suggestions to improve the energy economy 
of this plant. All these suggestions were discussed during the mission and 
nearly all of them have been supported by the author of the present report. 

The possibility to construct a pilot plant for the electroreforming 
process in the Sao Paulo area was also discussed with IPT, which will inform 

about any decision taken on this subject. 

5.4. Feedstockz and utilities for alcohol production 
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Alcohol production from biomass has been treated in many recent 

publications. The overall energy balance must be carefully observed, as 
mentioned a.g. in the Reference 12. In Brazil, the process could be 
significantly improved if a better use is found for the bagasse. Actually, 
important amounts of it are used as fuel for reboilers of the alcohol 
distillation columns. This is not a mandatory application. Distillation can 
be accomplished by thermocompression. In doing so, a lot of bagasse can be 
replaced by a certain quantity of hydroelectric energy necessary to drive 
the compressors. On the other hand, the bagasse can still be used as a 
valuable feedstock for the paper pulp production even if not all qualities 
of paper can be produced in this way. In any case, bagasse can be used 
directly after extraction of cellulose as a valuable solid fuel which can be 
used anywhere at proximity of its source to produce high grade heat rather 
than low grade heat necessary for alcohol distillation. 

Biomass is not the only possibility to produce alcohol in Brazil. 
Brazilian coal deposits are adequate to provide the liquid fuel supply for 
long periods ahead. It is strongly recommended to start to consider coal 
gasification plants followed by alcohol synthesis plants as a second leg of 
the alcohol production industry. 

5. 5. Other processes :md industries 

5.5.1 Distillation 

Many distillation processes require significant: heating power 
moderate temperature level for the heating of reboilers. On the other 
almost the same heating power is available from the top condensers 

at a 
hand, 
at a 

lower temperature level. If cheap electric power is available, as it is the 
case in Brazil, the energy cost can be often significantly reduced if 
conventional heating of reboilers by steam or by direct firing is replaced 
by thermocompression. In the present situation in Brazil, even a direct 
electric resistance heating is more economic than oil firing for heating 
purposes. But thermocompression can significantly reduce the electric power 
requirements provided that the temperature of the heat source is not too low 
compared to the temperature level required for the heating. As a general 
rule, the feasibility and economics of thernocompression should be always 
examined if the ratio of the said :absolute) temperatures is not lower than 
0.8. In such cases, as compared with direct electric resistance heating, 
additional investment necessary for thermocompression can be generally 
returned during quite a short period. 

The process recommended above is known but was of ten forgotten during the 
cheap oil era. In its simplest implementation the top condenser of a 
distillation column is replaced by a compressor in which the top vapour is 
compressed to a pressure level necessary to condense it at an adequate 
temperature level in order to use the latent heat of the condensation for 
the evaporation of the bottom reflux at the bottom of the column. This 
reboiler must be, however, often reoptimized in order to be able to exchange 
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the necessary heat flux at a smaller temperature difference than in the case 

of heati~g by steam or by direct firing. 
As already mentioned above, alcohol distillation represents a good 

possibility for the application of thermocopression. 
In some cases, it may be unpractical to compress the vapour from the top 

of the column, e.g. if the density of the vapour is too low. In such a case, 
indirect thermocompression can be still successfully applied and the top 
vapour is condensed in a recuperator which serves sinultaneously as a heat 
source for thermoccmpression. The thermocompression process can use in this 
case any fluid as working medium. Its evaporation takes place in the top 
condenser and its condensation in the bottom reboiler. The indirect 
thermocompression needs additional temperature differences accross the top 
condenser but on the other hand, leaves freedom in the selection of the 
working fluid and consequently of the type of the compressor. 

5.5.2. Drying 

Most drying processes need heat at a moderate temperature level to 
preheat the drying gas (usually air) to a moderate temperature level. In 
drying processes using closed gas cycles, moisture must be withdrawn by 
refrigerating. The temperature level of refrigeration remains usually 
moderate too. Hence, drying processes using either open or closed drying gas 
cyl£~ are predestinated for the application of heat pumps. Whereas the 
gaseous drying effluent serves as a heat source and the drying gas heater as 
a heat sink. A proper selection of process parameters allows usually to 
close the energy balance. Excess energy, if any, can be evacuated by cooling 

water. 
The temperature levels in drying processes fulfil usually a condition 

desc~ibed in the previous section. Therefore, a heat pump is usually a very 
economic device in drying processes compared to direct electric heating 
which in turn would be presently more economical in Brazil than heating by 

oil firing. 

5.5.3. Pulp and paper industry 

Paper mills need much heat at a temperature level slightly above 100 oC 
and some heat at higher temperature levels. Most European and Nord American 
pape~ mills use medium or high pressure steam boilers and back-pressure 
steam turbines for electric energy cogeneration. As already described in the 
section related to Cama~ari, cogeneration i$ not economical in Brazil if 
boilers are fired by imported oil. Therefore, unless the fuel requirements 
can be entirely satisfied by process wastes, the energy systems of Brazilian 
paper mills must be optimized in a different way as compared to paper mills 
in Europe or in North America. As in the cases of other industries more 
advanced heat recovery systems must be engineered and the available cheap 
~lectric energy must be applied on a larger scale as compared to elsewhere. 

Most heat applied for the drying process of a paper mill appears 
eventually in the enthalpy of the effluent air and can be recovered 
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therefrom at a themperature level between about 50 oC and 90 oc. This heat 
can be directly applied for at least two purposes: Firstly for preheating 
the fresh air input to the drying process and secondly for preheating the 
process water. Besides the energy economy effect, both these applications of 
waste heat allow also to increase the capacity of exi~ting paper machines. 

Sensible heat of the drying air effluent together with the latent heat of 
its vapour can be also used as a heat source for a heat pump, supplying 
steam for the heating of the cylinders. In this case, no external steam 
supply would be necessary for this purpose. 

Careful engineering studies and a good 
implement new energy systems of paper 
conditions. 

5.5.4. Ceramic industry 

design are necessary in order to 
mills optimized for Brazilian 

The Brazilian ceramic industry is confronted not only with high prices of 
imported oil but also with official restrictions in supplying light oil for 
furnaces. On the other hand, replacing light oil by heavy fuel oil may be 
detrimental to the quality of products. 

The fraction of the heat, necessary to dry and to heat up a product of 
the ceramic industry, is generally small as compared to the losses of 
ceramic furnaces. ~ew furnaces should be preferably electrically heated. The 
energy consumption of such furnaces can be ~ignif icantly reduced as compared 
to the oil fired furnaces, provided that the new electric furnaces are 
appropriat~ly designed and constructed. 

Retrofitting of existing light oil fired furnaces might be difficult if 
at all possible. Therefore, it is recommended not to cut the light oil 
supply too quickly. A leading time of at least a few years is necessary for 
every industry in order to adapt to new conditions without significant 
perturbatj~ns. 

5.5.5. ~iscelaneous particular processes 

During the mission, the author of the present report asked both CEPED and 
IPT to formulate at least so•.ae particular problems more in depth in order to 
initiate at least some actions as quickly as possible. As a result, both 
host organizations presented a number of such particular problems. They were 
treated during the discussions with the staff of CEPED and IPT. The 
suggestions given on these subjects are summarized and completed in the 
Annexes 8 to 15. 

It should be mentioned that neither the suggestions given during the 
mission nor the Annexes to the present report represent any kind of a 
complete solution of the problems. These suggestions represent 
recommendations on which an engineering design of each particular case can 
start. The author of the present report remains at disposal of UNIDO and 
Brazilian organizations to continue the work on this and other problems as 
far as necessary and parcticable taking into consideration the distance 
between Europe and Brazil. 
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A number of additional problems and questions were discussed during the 
mission, how£ver not enough in depth as to be included in the present 
report. The author remains at disposal to continue the examination of al: 
these problems as far as possible and practical. However, it would be 
necessary to set some priorities for any further ~ctions which may continue 
on behalf of UN:oo and/or Brazilian organizations. 
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6. Recommended actio. ~ 

CEPED and IPT belong to the most important research organisations which 
work o~ energy problems in Brazil. They have certainly made hitherto many 
siqnificant contributions to the energy economy. However, the tasks for the 
immediate future have raised tremendously as compared to the previous 
situatio~. In particular, it is necessary to translate the national programs 
of the e~ergy conservation into a set of concrete actions, which can be 
implemented ~n the necessary period. The objective is high, namely the 
escape from the financial squeeze. 

Energy can be economized almost everywhere but not every action leads to 
the same ~agnitude of results. It is therefore mandatory to set proper 
priorities and to assign for the corresponding activities the best human and 
material res0urces. 

On the basis of the information collected during his mission the author 
of this report summarizes below the most important recommended actions. 

a) As long as hydroelectric energy is wasted and as long as it can be 
distributed by the existing network to the users, it is recommended, 
to stop burning oil for heating purposes and to replace oil heating by 
electric resistance heating. 

b) Provided that the condition a) is fulfilled for the Cama9ari 
pet~ochemical pool, it is recommended to stop the cogeneration of 
electric energy and to replace the electric energy from the COPENE 
UTIL cogeneration plant by electric energy from hydro~lectric so~rces. 
The existing boiler plant can still continue to deliver steam at 
necessary pressure levels using pressure reducing valves. 

cl Provided that the condition a) is fulfilled for the petrochemical pool 
at Cama9ari, it is recommended to start a feasibility study about the 
installation of electric boilers for delivery of process ste~m in 
order to replace steam originating from oil fired boilers at least for 
the periods during which excessive hydroelectric energy is available. 

d) Start a feasibility study about the construction of a nuclear steam 
supply system for the petrochemical pool at Cama9ari. 

e) Start actions towards the development of ammonia productions in Brazil 
using electroreforming of hydrocarbons. 

fl Start feasibility studies about the coal gasification for alcohol 
synthesis. 

g) Apply steam compression for all distillation processes wherever the 
ratio of absolute temperatures between the heat source and the heat 
user is not too low, in ?articular for alcohol distillation processes. 

h) Apply heat pumps to all processes wherever heat is required at a 
moderate temperature level, in particular for most drying processes. 

i) Seiect electric resistanc~ heating for new furnaces in the ceramic 
industry. 

As already mentioned, the actions recommended above are based on the 
information collected during the mission. It is quite likely that other 
actions of similar if not of greater importance could also be recommended as 
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soon as the knowledge abou~ 

aquired. It has already been 
other energy transformation 

mentioned that the author of 
processes is 

this report is 
interested to continue the initiated actions and to contribute as quickly as 
possible to the energy conservation program in Brazil. 

The efficiency of future visits to Brazil (if any) can be significantly 
increased if meetings are scheduled in advance at an adequately high level 
of management of the Brazilian national energy programs. In particular, it 
would be very useful to discuss some key issues with the president or 
members of the Brazilian National Energy Commission. 
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Annex l to R. 526'7'1 

DP/SRA/82/0C3/ll-57/32.4.B 

Terms of Reference for 

Mr. Ludvi3 Silberring 

The expert ~~11 be expected to give advice on: 

l} energy studies in chemical/ petroche?tical indust~ies; 

2) fuel conversion from oil to coal or other domestic fuels; 

3) vaste heat recover-/ and use of vaste heat; 

4) technological advances in reduction of energy consumption; 

5) identi~ication of projects vhere energy savings potential 
exists vithin industry; 

6} methodologies applied to study of data and energ'/ conservation; 

7) utilization sensible heat of hot and cold flovs; 

8) evaluation of energy capacities of various e~uipment consuming 
energ'J !'ram ·:hemical/petrochemical industries; 

9) presentation of topics 6, 11, 12, 13, 15, 17, 28, 31, 33, 35, 
38, 40, 41, 42, 45 and 48 according expe~'s list of publications; 

10) prepare final ~eport setting out the findings of the :nissicn and 
recommendations to the Government on further action vhich mieht 
be taken. 

I 
' I 
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ENCONTRO T~CNICO SOBRE CONSERVA<;AO DE E:'~ERGIA 

NAS INDOSTRIAS PETROQU!MICAS 

EXPOSITOR: Dr. LUDWIG SILBERRING 

EXPOSICOES Datas 

1. 0 poder calorffico e exergetico dos hidrocarbonetos. 
Os sistemas d~ tratamento de energia. 

2. Otimiza~ao do aquecimento de ar em geradores de vapor . 
. Otimiza~ao da temperatura de sa1da dos gases. 

3. Fluidos alternatives para gera~ao. 
. A caldeira de vapor sobre-alimentada. 

4. Bombas de calor. Economia nas bambas de calor.· Contri­

bui~ao na economia energetica. Tecnologias e possibili 
dades de aplica~io. 

S. Recupera~ao de calor em plantas de amonia . 
. Trocadores de calor para plantas de amonia. 

6. Processo de separa~ao de gases inertes em plantas 
amonia (Synthesis Loop). 

PAINEL 

7. Rejeitos petroquimicos e seu aproveitamento. 

de 

8. Otimi:a~ao energetica em sistemas complexes de troca -
deres de calor. 

9. Recupera~ao de calor em flu£dos de baixas temperaturas. 
10.Sistemas de vacuo: ejetores versus bombas de vacuo.Sis­

temas mixtos. 

Participantes: Pessoa! do CEPED. 

SEMINARIO 

Metodologias e evolu~io do uso de energia em plantas pe-

19/08 
19/08 
19/08 
19/08 
22/08 
22/0 8 

22/08 
23/08 
23/08 

24/08 

29/0 8 

29/08 
29/08 

29/08 

troquimicas. 25/08 

Metodologias de otimiza~io em sistemas de vapor. 26/08 

Participantes: Pessoa! do CEPED e Polo Petroqu1mico 

Sug;-estoes para futures Programas e Reserva de Tempo 

Participantes: Pessoa! do CEPED 

30/0 8 
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Anexo, o programa de atividades do que o referido consulter 

devera cunprir no IPT durante a sua estadia at~ o dia 09/09/~3. 

Solicita-se a colabora.;ao dos t~cnicos envolvidos para os 

hor~rios indicaJos. Qualquer modifica~ao que se fa~a necessaria pode 

ser feita direta~ente com a Comissao ou com o cole~a ~larcio de Sou:a 

S:rntos. 

0 Semin5rio previsto para o dia 08/09/83 esti sujeito a 

confir~a~ao e, em caso positivo, sera divulgado amnlamente por nov~ 

comun1ca.;ao. 

CO>II SS.!.O TRE I ~A>IE>ITO . .\ET 

~la r ia .~p;:i rec ida Salles/Sflvio Oliveira Jr. f:'larcos Bruno 
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Visita do Consultor lb lJNJIX): L. SlLBE!llUNl; 

Perfodo: 31 /08/83 a ~/~l/83 

~~~~--~~~~~~~~~~~-,-~~~~~~~~~~~~~~~-.-~~~~~~~~~~~~~~~~-.-~~--~~~~~~~~~~~~~,-~~~~~~~~--~~~~~--

~l/U8 

l~l .. , ·L'I )-.·;lo/Apn·sen l ;1\;ilo do 
/\LI' 

! • 111 scu'.,siiu e fedlamcnto 
· du prug r;una 

V 1s1 l •1 au /\IT/ I PT 

h\llSlO/H~lll: 10/BHllNt) 

llS/ll9 

• l{l~1111i:io 1.:0111 llltrafcrtil 
11' f 
l lq11 i pc· ~bnu;1 I re 1·1 i l i­
;'.;i 11 t vs/Paiva/Bi 11g/l:ugc-
11i;1/~ti1·cll) 

lJ l l LI l'l~ rl ii 
l l.ll)'.'-! Sn

1

U)}01 ... sk i /faw<.l 
Cl,wis/l:ng') Ohduliu) 

l.\ ,\~ 11.: ~;;ti a <ill I a CU:Ell 
Ill Jl~J\l;i\1 >: m;mhil 

01/W 

. Lei.tura rclatorio 
lJltraicrtil/Pre~aro 
reuniao 

BRUNO 

Oli/U9 

l:mprego de hombas de 
ea lo r l 11rn 1h:i) 
l S 11 v io/i'lifcu J 
Con~crva~·~lo Jc Energii.l 
na lndlistria de Celulo 
se c Pa pc l l t '-' nle) -

IJ\driano/Zc llclio/ 
l<onaJdo/CNP 90/CfCP) 

02/09 

Consc rva1;£io de Euerg i a 
- t-11 3 

1. discu~·sao das potencia 
lidades do relat6rio -
Ultrafcrtil 

2. prcpa ra~iio da rcun iiio . 
tccnicu com Ultrarenil 
lPaiva/Bing/Eugcnia/ 
Equip.Manual de Fcrtiii 
zantcs/Ma rco) --

LOCJ\L: sala aula CEFER 
lllJW\C"O: manhii /ta rdc 

07/09 

l~l:Rli'\DO 

03/ll~l ll·I /ll~l 

S/\B/\IX) llm\[Nl;O 

"· 
ll8/U9 I O~/ll~J 

. Scminilrio "Sistc111as de j • 1:1.1trcvista ro111 .. ,:i 

'l'ratamcnto de Energia" D1rutor1;1 do 11'1 
• /\va 1 i ai;-iio da vis i l" 

LOC/\1.: sala aula CEFEll 

llOHAHIO: 9:00 iis 12:00 h 

J\lff/OUTll/\S DlVISOES IIYl' I rJ\lJSTO/C(\\l.TRl:INi\J\1.J\Ll 

. j 
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RELACAO DOS PARTICIPANTES EXTERNOS 

N 0 M E ~MFRESA / ENCERECO 

LUIZ ANGELO SANTOS ............ OXITENO DO NORDESTE S/A 

ANTONIO FERNANDO A.P. COELHO/ 

/Jose ANTONIO DE c. CUNHA/ E 

WILTON AROLDO WEBER .........•. 

MANLlEL JORGE AM:OROSINE ....... . 

Rua Eteno s/n - Camacari-Ba 

COPENE - PETROQU!MICA DO NORDESTE 

Rua Eceno s/n - Complexo Basico 

Polo Petroquimico 

I FI s I:OA - FI BRAS s INT~T ICAS DA BA 

I HIA S/A 

JORCELINO TAVARES BASTOS 

~ Rua Nafta s/n - P. Petroquimico 

...... I POL IALDEN - PETROQU !MICA s I A 
Rua Hidrogenio s/n - P. Petroqui-

1 mica 

:·tANUEL VELOSO/ EDUARDO MENDON - METACRIL - COMPANHIA QU1MICA 

CA . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fazenda Caroba s/n - CIA -

deias - Bahia 

Can-

MARCIO TAVARES BARREIROS/ROBER-

TO DE CARVALHO ................ . 

ARNALDO LIMA BARBOSA/SILVIO MOU 

RA FRANCO/JOSAFA NASCIMENTO MOU 

RA/AIRTON BARBOSA BONFIM ...... . 

NATRON - CONSULTORIA E PROJETOS 

S/A - Av. Pres. C. Branco, 750 

PETROBRAS - PETR6LEO BRASILEIRO 

S/A 

Av. Luiz Viana Filho s/n - Acesso 

Stiep - Salvador - Bahia 

ANTONIO CARLOS BRvCANELLO/NEL - NITROCARBONO S/A 

SON TIETROBON DES. GOMES ...... Rua Hidrogenio s/n - Polo Petroqu 

mica 

~DILSON PINHEIRO DE MOURA ...... POLIPROPILENO 
Rua Alto Cacinba, 21 

I 
I 
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N 0 M E EMPRESA / ENDERE~O 

J. OKAMOTO . . . . . • . . . . . . . . . . • • . . ACRINOR - ACRILONITRILA DO NORDES 

TE S/A 

Rua Hidrogenio s/n - Polo Petro -
, . 

qu1m1co 

ANA VIRGINIA F. ROCHA/JOS~ RO- PRONOR -

BERTO ARAGAO ARA0JO .•.......... Rua Hidrogenio s/n - Polo Petro -

qu£mico 
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8-038-BA 
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'0 ell.a 20 <II! ouruoro Cl4! 1963 nos ~ntonos 
·O 3r:lf'll:O. I 35 - J.' lMar rho <11! ,anl!lro. 
i~1met110 '! -.rttf"Oll ~_, r;:1ANSFOAMA00-
..,., 1~f'!IO n~~rilS ~S~tw;:ricac::>-.S. nP.Cess.a­
... ~"t;r.1t'1S3'1 ~ .:!tsrr:u·~:l.O f!a C,)f'T'Oan"'a de 
JEL3A. 
<!S :om sei<:,. r'1t"; .. .i1;~;:,r1pf'ftO~Sdf) S~nco 
910). ~·.'1<1- .~ Ju~ .i~n~<ar3. a;rav"s do 

~ a .:oonora ~o =1 .. nai a i.:1.• SI! refer'! a 

i....ie agr"5l!f'lradas e"' ~Odetos romecd.lS 
·""<;OeS e "soecirica~~l!S :>ar ~a orl!Qaracias. 
.OSI.IS dl~~on1v~• ~,.,, OOrTulJu~s I! •"91~ al~ 
, ·l~. aue Seta •ornooc.a aos •nll!fessaoos 
c.,mgru. aeomoanna.io o-.1.a a..anoa nao 

'!f1D'O e trTnta e cinco 1n11 cruz!tf'CsJ ou 
:uAJ per 1090 ae aocumen~ao nos oos 

.,,,,_. pc>dara ser OC1lda no~ aoma 

JOnenlltS de¥-.rao aor~ u.N ·Garann1 
Y>' C9"IOI ao v1w cics marena1t orooosros. 

1e ar)CSIO cl<!' 1983 

JoAODURVAL 
tJ 

ra Vat»lltO e deHfl'IOIYr,,,.,,ro. 
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mesa. 
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11!30min. c1eoa1as C'Of'll :iergunras • respostas. Em sa­
i\0101. navera nova mesa-reciondacom o lf!ma ··!1Qnutesra­
-;oa exrra·ilrllcul...s c:as ~ reuma!!cas... reNIO 
~cmo coorcen.aaor o Or. Nivai<:o Souz.a C.ardoso. As 1 o 
noras. a ura :;ug*"'a Arauio aool"j.ara as ·· Pn"Cl;>as m• 
nifesr~oM cutanHS-. as TOl115mun o Cr ~'°'"° Sovills 
!a:ara soore as · P""°"aus m..,,.r..s1~ca ?1ais··: as 
:on30m1n. 0 nt1a0aus manotest~Oes car0ovascuiaras .. 
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Ceped tem consultor: 
assuntos de energia 

'.lentro do co""'1io eldstant• enn a UNl-
00/P!llOU auaves csa ST!/ MIC. toi c:orm<:aoo para 
~ o ?'oc;rarn.a de energia co C.antr0 cs. 
Pesc;i.isa e Oesll!NOMmenro-C.aed. o eng-•ro 
Qu11111eo. L"°"'9 Silbemnq. com mastraoo em 
Energia. no lnstt;uro F'otirecnico c!a Wrodaw. na 
Po!Onla. I! C:outoradO em T~ ?elo ,..,. 
lituto Polirecnco de Zu."1QU9. Sur~ O comr6nuo­
a SUlls!ltuui;ao e ~ai;ao de energi& 

S~o Cled~ <le recnicos CSo Ceped. o -
g~ro Sdt>emng :t3Dalnou - tUIS C• JO gfilrT­
cles or,•1eros c1a ;~· ae en9'Cjl.a termic:a na 
Sui?. l"ra.-:;a. Sueca. !taia . ?eru. Venezuela. 
atiranc;en<lo 3:e US1na.s Ce 350MW!. Eslia •nctuudU 
aincsa na ex~a c:o consultor que na sext.a-leu"a 
ulDm.a v1sirou ~ ~rolenu uma ;iaio?stra no Co!ped • 
conneomentos cla 1n<1US:n.a i;iemx;utmuca. !emi­
zama mrroganiicsos e cse oapei em vanes t1o11sas. 

O engenlleiro SUl'iO protenra. l'ioie. uma Oalft­
rra no audilOrio aa Coellla. em 5.alvacor c;uanclO 
allonlwa o rema ··possit1ulidadas de SUllSll~ de 
<ilerentas tonnu cse o!nef'911'". 

Ouama ao ~ma cl• c:on-ona no Celled. 
aorw>qe rrltlfl.amento ~ asS95$0rlll1lenro em: _. 
gua nas i.-mas qu.rmcas e pwoc:uumcas. U90 
ll!emativo de tonres ce energra. conversao ese Oleo 
par11 cartilo ou outro c:omous11vet Pl'C¢lZJdO local­
mente. recuoer~ :le c.ator. e •cenoff~ oa 
Pf0!9IOS onoe • .,SI• po1enollc:ad• ce economuaoe 
comtlustlvel na ll'ldUsmu. 

l'AOGAAMA DO CEPED 

Atlnnam os rlellicos que Q C8IMd asla..a.­
Hnl'OIVendO um grograma 1unro as 1nCSUSUlas cla 
Bal1la ~ n;ao so reaimr o consume oe can­
vaocs ae oetroteo na .arl!a <le enen;i.a indUsmat 
coma tamo.m 1'D1etivanoo a suosuiu~ Ce e1enva­
<10:0 cl1t oe1ro1eo oar comousUvl!ls er>conrraoo• l~ 
ca1m-.n1oi. ?ro;.,'.ls retiaonac:os com ~ aorov<!tra­
mento 1a 1:.rf2. Cl!? ·•s1auos v~etais. ~as...nc:ac;ao 
d.., ma1etra O'Je 11"!~'~'5:.am a Coott11e. as 1ndusrnas. 
Cle cer<imi~H. Cl'! c1m-.nro ,.,,f!falurg:.a" ourras que 
~tao"'" ciorso ·· Es:es P'?1~r'Js :~m oartte!;lai;ao cso 
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Annex 6 to R. 526'7'1 

SPECIFIC PROJECTS 

- Heat pump utilization for cacao-bean drying 

2 - Gas generation from biomass and purification for stationary 

engine up to .2 MW for eletric pawer generation. 

THEMES 

- Waste heat recovery projects. 

Z - Heat pump application in chem~cal plants. 

3 - Exotermic rea~ions heat recovery 

4 - Chemical pr.ocesses mod if ica t ions with respect to energy 

economie. 

5 - Thermic integration of systems: distillation columms, heat 

exchangers, etc, otimization. 

6 - Fea$ibility studies. 



(*) 
SUBSTITUTION OF PETROLEUM DERIVATIVES (1000 b e p d) 

1979 1980 1981 1982 1983 1984 1985 
Substitutes 

1. n i onw s s ( 1 ) 0 9 4 29 57 II 7 ] ] 7 

2. Coal 0 9 17 25 4 6 56 (){) 

3. Natural Gas 0 2 2 11 23 40 42 

4. Eletricity 0 0 0 0 13 33 ti 9 - - - - - - -
5. Total substitute 0 20 23 65 139 216 268 

6. Domestic oil 171 187 220 266 324 429 500 

Consumption 

7. Teorctic 1.122 1.118 1. 039 1.083 1.083 ] . 0 83 ] . 08 3 

8. Actual 1.12 2 1.098 1.016 1. 018 944 867 815 

9. Imported 951 911 796 752 620 4 38 315 

(*) barrels equivalent of petroleum per day 

(1) includes: wood, cl1arcool, tar oils, alcohol, sugar cane bagasse, agricultural and forest 
residues. 
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VACUUM SYSTEM OF A SODIUM CYANIDE CRYSTALLIZER FOR 
METACRIL, CENTRO INDUSTRIAL DE ARATU 

Problem presented by Mr Rodolfo Mattos of CEPED 
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In t~e plant under consideration a sodium cyanide solution is 
concentrated in a vacuum evaporator located upstream a crystallizer. 
According to the enclosed scheme designated "System l", vacuum is maintained 
by a three stage eJector with two intermediate condensers, the first of them 
being feed by cooling water and the second by brine. It is not clear how the 
ice formation is prevented in the second condenser since the temperature of 
the brine is -15 oC at the in~?t and -6 oC at the outlet. 

The ejectors are driven by saturated steam at an effective pressure of 
7 kg/cm2. The evaporator is also heated by steam at an effective pressure of 
.35 kg/cm2. In addition, a small amount of steam at an effective pressure of 
3 kg/cm2 is used to heat the connection pipe between the evaporator and a 
crystallizer. Altogether, the system needs 3.25 t/h of steam. Most of it is 
necessary for the first stage ejector and for the heating of the evaporator. 
A simple calculation shows that the production of this steam needs about 
2000 t of fuel oil per year at the cost of about 220 million cruseiros. 

The key question asked was how to economize steam. Mecanical steam 
compression could be used at least instead of the first stage ejector i~ 
order to replace its high steam consumption by some electric power for 
compressor drive. In addition, compressed steam could be used to heat the 
evaporator and to replace also the significant amount of steam actually used 
for this purpose. A closer examination of the problem leads to the 
conclusion that the steam compressor, necessary in this case, would be quite 
big and expensive. As a consequence, another system is suggested. It is 
shown on drawing nr. 526/7/2. 

The essential elements of the suggested modifications are as follows: 
A refrigerated condenser should be incorporated in the steam line between 
the evaporator and the first stage ejector. A moderate level of 
refrigeration, namely an evaporating temperature of 10 oC and a condensing 
temperature of 60 oC, is adequate to condense nearly all the steam 
originating from the evaporator. The evaporator heating coil may serve as a 
condenser of the refrigerating equipment. Consequently, the added eq~i2~·ent 
would mainly consist of a heat pump of which the hot end will be used to 
evaporate the water from the solution and the cold end to condense the 
vapour exctracted from the solution. Refrigerant 12 may be used as working 
medium of this heat pump. In this case, a set of piston compressors or 
preferably one or two screw compressors may be used for the heat pump. 
Superheated refrigerant vapour may be preferably used to heat the downcomer 
between the solution evaporator and sodium cyanide crystallizer. 

The existing heating coil of the solution evaporator must be replaced by 
a bigger one securing adequate heat flux at a lower temperature difference 
and constructed for the maximum pressure at the delivery side of the 
compressor. The refrigerated vapour condenser will be an apparatus of 
significant size and must be well egineered in order to secure safe 
operation and an optimum ratio between the investment and operating cost. 

The feasibility of the modified system depends largely on the vacuum 
tightness of the equipment. It is mandatory to secure that the air leakage 
into the system is not higher than specified, namely 6 kg/h. 

The existing ejectors will be replaced by very small ones, sized to 
compress the mentioned air flow together with residual vapour, saturating 
this air at the te~perature downstream the said retrigerated condenser. 

Anne~ 8 to R. 526'7'1, Page 2 



When ~he system is implemented the whole present steam consumption will 
be reduced to a negligible fraction and electric power for the driving of a 
heat pump compressor will be used instead. The necessary power is estimated 
to be 280 kW, which will lead, even at 14 cruseiros per kWh, to an annual 
energy cost of 30 million cruseiros compared to the present 220 millions 
cruseiros. In addition, it should be mentioned that oil for steam production 
must be imported whereas the electric energy necessary for the modified 
system originates from domestic sources. 

As a consequence, it is stror.gly recommended to continue the action on 
these lines. As a first step, it is recommended to verify the actual air 
leakage into the system. Afterwards, a r~ugh estimation of the necessary 
investments has to be made. At the present stage of the investigation, the 
return of the necessary investment can be expected in less than two years. 

Enclosures 

System l: sheet 1 to 3 
Drawing nr 526/7/2 
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HzO 7 bar 165 °c 

0.035 bar 
20 OC 

1 bar 

molls 
H20 18.5 
NH3 0.049 
HCN 0.031 

0.25 molls 

molls 
H20 0. 115 
AIR 0.057 

835 kW 

15,3 bar 
60 0( 

LUDWIG SILBEARING, D. SC. 
CONSULTING ENGINEER 

ZURICH 

DRAWING NR 5261712 
16 NOVEMBER 1983 

R12 
4.23 bar 
10 Oc 

-280 kW 

1115 kW 

15,5 bar 
75 °c 

0.080 bar HzO 
92 °c 

0.040 bar 
45 oc 

NaCN 
CRYSTALIZER 

AIR 

HzO 
NH3 
HCN 
AIR 

TO SECOND STAGE EJECTOR 

molls 
VIA REFRIGERATED CONDENSER 

0.365 
0.057 

molls 

18.6 
0.049 
0.031 
0.057 

CtPEO, CAMA~ARI, BAHIA 

FOR METACRIL, CENTRO INDUSTRIAL DE ARATU 

VACUUM SYSTEM Of A NaCN CRYSTALIZER 
RECOMENDATION OF A MODIFICATION 
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Annex 9 

A.i.lo!MONICM SULPHATE PLANT OF METACRIL AT THE CENTRO INDUSTRIAL 
DE ARATU. POSSIBILITIES OF THE RECOVERY OF THE HEAT OF FOR­
MATION OF AMMONIOM SULPHATE ACCORDING TO THE ENCLOSED SHEET 

A problem presented by CEPED 
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l 
According to the enclosed sheet, saturated steam having a temperature of 

105 ~C is produced by the exother.nic reaction between ammonia und sulphuric 
acid at a rate of 2110 ~g/h. The steam is contaminated by sulp~ur trioxyde 
and possibly by droplets of sulphuric acid. The reactor used for the 
synthesis of ammonium sulphate is made of stainless steel AISI type 316 L. 

It is understood that some use can be found for the latent heat of the 
produced steam, even taking into account that the temperature level of the 
available heat is moderate. The recovery of this heat could eventually lead 
to an economy of about 1000 t of fuel oil per year. An increase of the 
temperature level of the heat recovery is possible by increasing the 
reaction pressure. However, this would mean a significant modification of 
the existing process. All consequences of such a modification must be 
carefully examined prior to taking it into consideration. 

The corrosive contaminants of the steam represent a major obstacle for 
the heat recovery. The same steel as used for the reactor would net be 
adequate for a heat exchanger since its resistance to the corrosion by 
diluted sulphuric acid is only moderate. High corrosion allowances are 
uneconomical for a heat exchanger and the lifetime of the tubes would be 
anyway too short it AISI type 316 L steel were used anyway. Other materials 
can be, however, successfully applied. In particular, the heat exchanger can 
be made of Hasteloy B, Hasteloy C, or Alloy 20 (Carpenter) . 

The condenser under consideration will be of moderate size provided that 
at least 5 oC difference can be allowed between the temperature of the 
saturated steam and the 0utlet temperature of the heated medium. Therefore, 
if the available heat can be efficiently used the installation of such a 
steam condenser is recommended. Repayment of this investment can be achieved 
in less than one year provided that the recovered heat leads to a 
corresponding economy of fuel oil. 

Enclosures 

System 2: l sheet 

Annex 9 to R. 526'7'1, Page 2 
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ETHYLENE OXIDE PLANT OF OXITENO CAMACARI. POSSIBILITIES 
OF ENERGY ECONOMY IN THE SCRUBBING AND STRIPPING SECTION 

Problem presented by Mr Raphael Viana of CEPED. 
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The p~ocess flow diagram of the plant section under consideration is 
shown on the enclosed sheet prepared by CEPED. According to it, a heating 
power of about 34 ~ is rejected due to the necessity to cool the 
c~rculating water from 75 oC to 31 oC. 

When heat is rejected in cooling towers the stage for this has been 
usually already set elsewhere in the plant. Consequently, the cooling tcwer 
can hardly be blamed for heat losses since it is generally difficult to make 
any use of low grade heat in chemical plants except for heating of make-up 
wa~er for boiler plant. In the case of the Cama~ari petrochemical pool, it 
~s known that steam is distributed among the users from a central point, 
namely from the COPENE UTIL plant. Condensate is not recycling because of 
its possible contamination. On the other hand, it is not clear how the 
COP~E UTIL plant heats the dernineralized water to replace the lost 
condensate. It is most probably done by steam originating from the exhaust 
line of the steam turbines. This is still quite high grade steam (15 bar). 
In any case, oil must be ultimately fired in the boiler in order to preheat 
the demineralized water unless this water is preheated by some waste heat. 
If this is not the case at the COPENE UTIL plant, it is recommended to 
decentralize the deminaralizing plants and to replace the condensate lost in 
any factory by deminaralized water. The latter can be locally preheated as 
far as possible by waste heat prior to the delivery to the COPENE UTIL 
plant. 

The suggestion made above represents a major change in the existing water 
preheating system of the Cama~ari pool. Its feasibility and economics must 
be carefully studied since the potential fuel economy is quite high. If this 
suggestion was realized, the cooling tower of the ethylene oxide plant could 
be replaced by a heat exchanger, preheating demineralized water to a 
temperature of about 70 oC. As a consequence, the heat loss would be 
eliminated. 

Another possibility to reduce the heat loss of the cooling tower exists 
by increasing of the heat recovery between the scrubber and stripper as 
already suggested in the enclosed CEPED sheet. The heat exchanger, which 
already exists for this purpose, operates at quite high temperature 
differences, namely 14 Kon the hot end and 15 Kon the cold end. Using a 
better heat exchanger the temperature differences in question may be easily 
reduced to about 1/3 of the present value. As a consequence, the heat 
rejection in the cooling tower could be reduced to about 78 ~ of the present 
value. 

An additional heat exchanger can be added in series to the existing heat 
exchanger but replacement of the existing h~at exchanger by a better one 
would represent a better solur.ion: For exemple a plate type heat exchanger 
could be economical even if tte ffiinimum difference of temperatures between 
the heating and heated medium were as low as 3 K. Doing so, the steam input 
to the stripper can be reduced to the quantity necessary just for stripping. 
That is slightly more than one half of the present steam input. In the 
present situation, another half of the steam input is used to preheat the 
feed at its inlet from 98 oC to 112 oC. 

Operating conditions of the stripper will 
the feed is increased. The precise flow rate 
adequate stripping must be determined by 

change if the temperature of 
of the steam required for 

a careful analysis of the 
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equilibria Nithin the stripper. At present, it can be expected that the 
actual steam flow rate of nearly 36 t/h can be reduced to no more than 20 
t/h. That ~eans that nearly 10'000 t of oil can be economized per year. This 
economy would very quickly pay back a better heat exchanger. 

Another significant economy is possible within the part of the plant 
which is represented on the enclosed sheet. In particular, significant power 
is necessary to pump the bottom effluent of the stripper to the pressure in 
the scrubber, which is as high as 22 bar. At leas~ one half of the power 
necessary for driving this pump can be economized if the expansion of the 
bottom effluent of the scrubber will be made in a hydraulic turbine, the 
shaft of which is coupled with the pump shaft (see enclosed drawing nr 
526'7'3). This is a standard technology in all carbon dioxide removal 
systems in ammonia plants. As a consequence, about half of the steam flow 
rate to the pump driving steam turbine can be economized. The fate of the 
back-pressure steam from this turbine is unknown but probably the heat 
delivered by this steam can be replaced by some waste heat from within the 
plant. If so, another 2'000 t of oil can be economized per year, which could 
again allow a quick repayment of the investment necessary for the 
installation of a hydraulic turbine. 

Enclosures 

Drawing nr 526/7/3 
Sheet from CEPED 
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Annex 11 

DRYING OF COCO FRUITS 

A problem presented by Mr. Ernesto Paulo Cencia of CEPED 

Annex 11 to R. 526'7'1, Page 1 



Bahia delivers 240'000 t/year of the coco fruits product having a final 
humidity of 10 %. Initial humidity is as high as 50 % so that nearly 
200'000 t of humidity must be removed during the quite short drying season 
lasting about 40 dayz per year, from September to December. 

Present drying systems use warm air at a temperature of 35 to maximum 
60 oC, the air flow rate being 49 m3/min per ton of the wet product. Coco is 
supplied in 12 cm thick layers, drying time is 44 hours and air humidity 
increase from the inlet to the outlet by 3 g/m3. 

Small producers deliver 3 to 38 t/year. Medium sized producers deliver 
between 38 to 63 t per year and large producers above 63 t per year. 

Heat is presently supplied to the dryers by different ways. Some 
producers use solar energy which is quite 
rain approaches (which is often the case 

troublesome since every time when 
from September to December) they 

have to cover the product layers and uncover them again as soon as the sun 
reappears. Larger producers use different but also not very sophisticated 
dryers in which air is preheated by various fossil fuels, mostly by wood. 

It has been already mentioned in section 5.5.2. that fossil fuels are too 
valuable to be used for low grade heat supply as it is necessary for drying 
processes. As far as the coco fruits are concerned, there is an additional 
need to improve the drying process, namely in order to increase the quality 
and to rise the value of the product. 

As mentioned in section 5.5.2, the heat pump is a very suitable device 
for most drying processes using either closed or open air cycles. There is 
no problem in applying the heat pump to preheat air upstream a dryer and to 
use dryer effluent as a heat source for the same heat pump. In the case 
under consideration, it appears that most work has to be concentrated on the 
development of a suitable dryer which allows an increase of the quality of 
the product. Some key ideas for such a development may be summarized as 
follows: 

- Continuous counter-current movement of dried product and drying air 
- Automatic feeding of the fresh product and automatic extraction of the 

dried product. Both feeding and extractions should be adequately tight 
in respect to the leakages of the outside air 

It is suggested to develop a pilot plant which has a capacity between 10 
and 20 t of dried product per year. The heat pump necessary for a plant of 
this size would need 5 to 10 kW of electric power. Standard hermetic or 
semihermetic compressors using refrigerant 12 can be applied. More or less 
standard heat exchangers used in the air conditioning industry can be 
adopted to the process, but as it has been already said, the key development 
must be concentrated on mecanical elements of the dryer. 

If all coco fruits in Bahia were eventually dried by heat pumps the 
electric power necessary for this purpose would be between 100 and 150 MW. 
Simulataneously, however, at least a 5 time higher heating power of wood, 
presently used for the same purpose, would be 

It is recommended to start the development 
drying plant. 

economized. 
and construction of the pilot 
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DRYING OF ORANGE BAGASSE 

A problem presented by Mr. Sylvia Oliveira 
and Marco Giulietti of IPT 
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Orange bagasse originates from the fruit juice industry. It is used as 
animal food but must be dried in order to limit the transport weight. 

Actually, 30 t of oil per hour are burned to dry the bagasse during 9 
months per year, that is 180'000 t of oil per year. Just one factory uses 
1.4 t of oil per hour to evacuate 22 t of moisture per hour. Altogether 
about 20 such factories are in 

The drying air is actually 
and leaves the drying process 
humidity is at the inlet 75 % 

operation. 
heated up to a temperature 
at a temperature of about 

and at the outlet 14 %. 

as high as 600 oc 
150 oC. Material 

As mentioned elesewhere in this report, even electric resistance heating 
would be better than oil firing for the heat supply as long as hydroelectric 
energy is wasted. But for prolonged periods neither oil firing nor electric 
resistance heating can be recommend~d for such low grade heat as mandatory 
for drying processes (see section 5.5.2.) 

Heat pumps can be certainly applied for the drying of orange bagasse too. 
The main problem to implement the process is the development of suitable 
dryers. They will be certainly ~igger and more costly than oil fired dryers 
using very hot air, but the inve~tment will be returned very quickly keeping 
in mind the fact that presently about 180'000 t of oil are imported for the 
purpose under considertion at a cost of more than 30 millions dollar~ per 
year. Electric energy for driving the heat pumps will cost less than 2 % of 
the above sum. Besides, most money necessary for the electric energy supply 
will be spent inside of the country rather than for the imports. 

It is strongly recommended to start the development of dryers using 
moderate air temperature in order to apply heat pumps efficiently to the 
heating of the drying air (see also annex 11 for some additional indications 
related to a similar subject) . 
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ETHANOL DISTILLATION 

A problem presented by Mr Sylvio Oliveira 
and Marco Giulietti of IPT 
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Annex 13 



The reboilers of the main ethanol distillation columns are operating at a 
temperature of 105 oC whereas the temperature at the column top is 79 oC. 
Between these two temperatures a vapour compression process with a very high 
coefficient of performance, namely about 8, is possible. 

In a typical unit 120 m3 of ethanol are produced per day. The volume flow 
rate of the vapour to be recompressed and introduced as a top reflux is 
about 3.6 m3/sec, which would lead to a moderate size (preferably 
centrifugal) compressor, having a pressure ratio of about 3.2 to 1. 

The problem of vapour compression in ethanol plants has been already 
examined elsewhere although not always very logically. A careful examination 
of the existing process would be necessary prior to any recommendations 
about retrofitting of such processes by vapour compression. Any new ethanol 
plaut could be optimized from the very beginning in view of the application 
of vapour compression. 

As already mentioned in section 5.2., it is recommended to start the 
action on above lines in order to free the sugar cane bagasse used presently 
for heating the reboilers for a better purpose. This can improve 
significantly the economics of the process and can even reduce the necessary 
investments for ethanol distillation plants since the equipment for the 
combustion of the sugar cane bagasse is certainly not inexpensive. 
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Annex 14 

BIOMASS AS FUEL 

Problems discussed at CEPED, COPENE UTIL and IPT 
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Several attempts have been made towards the replacement of oil by 
biomass, particularly by wood. Suggestions were also made to use charcoal as 
an intermediate product from biomass. Some programs suggest wood 
gasification in order to yield an intermediate product, which can be easier 
applied a.s fuel for a number of purposes. 

The author of this report is of the opinion that the use of biomass 
should be encouraged in the interior of the country, particularly at sites 
which are located near renewable sources of biomass and which are not yet 
connected to the national electric grid. Small electric power plants (up to 
a few hundred kW) should preferably use wood gasification followed by 
internal combustion engines. If the required electric power output is in the 
range of a few ~w. steam power plants using wood fired boilers represent a 
better solution since they avoid the losses in the gasification process 
which are at least as high as 20 % of the heating value of the wood used for 
the gasification. On the other hand, the efficiency of electric energy 
generation by a small steam power plant is roughly the same as in a gas 
engine but the maintenance cost is significantly lower and the lifetime of 
the plant is significantly higher in the former case as compared to the 
latter. 

Charcoal is a valuable fuel for a number of special small applications. 
For industrial furnaces it does not represent any substancial advantage ouer 
a direct firing of wood. However, the main disadvantage of the large sca~e 
application of charcoal is due to the high losses of the heating value of 
wood when transformed to the charcoal. 

During the visit to COPENE, a program of converting one steam boiler into 
wood firing was mentioned but the author of this report has not receive a 
feasibility study describing any details of this program. At least one half 
of a m3 of air dried wood would be necessary to produce one ton of steam at 
COPENE UTIL plant. Therefore, about 5'000 m3 of air dried wood should be 
brought everyday to the plant in order to cover the fuel requirements of one 
boiler, having a steam output of 400 t/h. A transport distance of 150 km has 
been mentioned but no statement has been made about the tr~nsport means 
which are foreseen in the program. 

The author of this report considers as uneconomic the use of biomass for 
industrial furnaces of the size as in Cama~ari. If oil has to be replaced in 
the furnaces of this size, the priorities for alternative fuels should be 
given to uranium, thorium, coal or peat in this sequence. 

As far as wood gasification for small applications is concerned, it 
should be mentioned that both CEPED and IPT are running some research 
programs on the subjects. The merits of these programs have not been well 
understood. Wood gasification is a quite well known pror.ess and the 
technology has been already used on a significant scale many decades ago. 
For exampie during the World War II, many trucks in the Soviet Union and in 
Switzerland were quite quickly equipped with wood gasifires in order to 
economize gasoline. It is suggested that any new research should, as a first 
step, acquire the full knowledge about the technology which was developed 
already long time ago. This technology can certainly be improved using 
todays possibilities but the targets of such possible improvements must be 
clearly set prior to start any major theoretical or experimental 
~xperimental programs. 
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Annex 15 

GAS SUPPLY FOR PRESSURE RISING IN OIL DEPOSITS 

Problem exposed by CEPED and IPT 
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Pressurized gas is introduced worldwide to many oil deposits in order to 

get additional yield from existing oil wells. Since oil is in most cases 
accompanied by natural gas the latter is usually compressed and introduced 
underground. 

However, Brazilian oil fields do not dispose of enough natural gas which 
could be used for the purpose under condiseration. A program has been 
therefore started in Brazil in order to produce arificially some gas able to 
fulfil the objective. For reasons unknown to the author of this report the 
selection has been made for carbon dioxide. In particular, the author did 
not receive any inf~rmation about the role, which should be attributed to 
the carbon dioxyde in the oil field. Rising the level of oil wherever it is 
not mixed with sand can be achieved at signigicantly lower expense just by 
introducing water, as it is done in many fields even in the Sahara, where 
water is scarce. Claims are known, according to which carbon dioxyde at 
supercritical pressure can be used as solvent in order to separate oil from 
sand, but to the author's knowledge, the feasibility of the process has not 
been proved yet and it is more than doubtful, whether it can be successfully 
applied in situ to the oil bearing sa~d. 

Production of the carbon dioxide by any of the possible processes is 
quite expensive and needs a significant amount of fossil fuels. If the gas 
should be used only for the purpose of rising the underground pressure, the 
author of the present report suggests to use nitrogen rather than carbon 
dioxyde. The former can be separated from air at much lower cost than the 
cost necessary to produce the latter artificially. Air separation units 
whould be preferable mobile in order to move them always near the place of 
nitrogen requirements. In this way, the necessity of delivery of liquified 
nitrogen can be avoided and as a consequence, the energy consumption per 
unit of the produced nitrogen will remain moderate. 
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