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FOREWOID

One of the most urgent tasks before the Energy Research Group was to get
an idea of the scale and significance of energy research in developing count-
ries. Amongst them, the countries in Latin America were outstanding both in
respect of the seriousness of their energy problems and the research effort
brought forth by the problems. Hence one of the first steps taken by the Group
was to persuade Mr. ios Eddy Torres to undertake a hurricane tour of Latin
America and to report on its energy R&D activities. The present study is the
result of his tour.

As Mr. Torres points out, this study was prepared in haste and is based on
limited travel and first-hand contact with the doers and users of research.
Mr. Torres's earlier experience in Latin America was undoubtedly useful in
rounding out his findings. The study was undertaken at a point of time fo.r a
particular purpose, and we are confident that no significant initiatives or
developments have gone unnoticed. But neither he nor we would like to claim
comprehensiveness. It is possible that some topics or countries have received
less complete coverage than they deserve. If readers notice any gaps, we would
like to know about them. We think a more complete survey would be useful,
especially to the research community, and if one is undertaken, we would welcome
it and would like to hear about it.

Mr. Torres discovered a lack of communication between research groups and,
related to it, much duplication of research. This report is being distributed
in the hope that it will inform research groups about one another's activities,
improve contact amongst them and thereby contribute to an increase in the
efficacy of research.

Mr. Torres also finds the dispersal of resources over an unduly large
number of projects selected without a sense of priorities. Fragmentation of
research occurs in many parts of the world, even developed ones, and is the
result of political processes of resource allocation. But it is worth while
posing the problem, even in purely intellectual terms, how a wise and rational
dictator would allocate resources. Listening to arguments amongst intellect-
uals, we find a number of possible answers, none of which is unequivocal and all
together are often mutually contradictory. Consider the following for instance:

The dictator should direct resources towards policy problems - for instance,
to the imbalance in trade and payments arising from oil imports. A purely
policy-oriented approach introdiies inefficiency in research in a nuraber of
ways. For one thinq, it often leads to an unduly narrow formulation of the
problem: in the case of oil, for instance, to a search for oil substitutes to
the neglect of other ways of improving the balance of payments or of reducing
transport requirements. For another, it leads to sudden and rapid changes in
the direction of' research: for instance, the enormous increase in funds for
energy research in the seventies has been followed in industrial countries by an
equally sharp fall in the eighties. The increase in funds led to repetitions,
unimaginative and futile research as researchers struggled to meet the vast
increase in the demand for their services, the contraction of funds is leading
to the wastage of accumulated research experience and the loss of opportunities
that arise from concentration of talent.

The dictator should take a long view - for instance, direct research towards
oil substitutes even though oil may last some decades. lhfortunately, the long
view is also an uncertain view. IL is impossible to predict in how many decades
oil will be exhausted; Peter Odell (1984) has even argund that oil may never run
out, thanks to the oil replacement arising from the rise in oil price in the
past decade. Further, a long view needs to be taken only if it is different
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from the short view. A decision taken on long-term considerations will be an
error in the short rui, and the cost of the error must be borne until the long
run arrives. If it never arrives the cost of the error will be so much waste.
In this way, a long-term approach can do much harm unless it is matched by a
degree of prescience.

(c) The dictator should direct research towards the problems of those who are
disadvantaged. This approach, which has a natural appeal, is however prone to
ignore the fact that research is a link in the chain between intention and im-
plementation. The results of research must be embodied into production, and in
a market economy the products must be sold. If the disadvantaged cannot buy
them, they must be subsidized. Every subsidy raises two questions: Who should
be taxed to finance the subsidy? And is the sabsidy the best means of' helpiri
the disadvantaged? If a subsidy is not raised, the research will remain unuti-
lized. If it is raised by taxing the wrong people, its net benefits will be
reduced and may be negative. If it is not the best means of helping the dis-
advantaged, the research would have led to a misallocation of resources. These
questions must be answered satisfactorily in the case of ccnnu-iity woodlot or
improved stove programmes, for instance.

These 're the problems arising in the course of the Energy Research
Group's programme, and even if the Group did not exist, they would arise in the
course of decisions by researchers and policy-makers. The Group would like to
have all the help it can get in the solution of these problems, and would like
to hear from all who have thought deeply about them.

Ashok V. Desai
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I PII1RODUcTI ON

This report is divided into six main sections. The first outlines the
conceptual framework and methodology stressing the limitations that impede
greater depth of analysis. The second, on the types and directions of research
and development (R&D) activities in Latin America, is divided Into three subsec-
tions, covering New and Renewable Sources of Energy (NRSE); conventional energy;
and integrated energy resource R&D (primarily energy conservation and substitu-
tion, as well as energy policy and planning studies). In each subsection, I

endeavoured 1-o describe and critically assess R&D activities, achievements, and
failures within the context of the limitations. Conclusions and recommendations
in each case are implicitly or explicitly made depending on the field. In the
third section, the state of science and technology (S-T) policy on energy
resources is presented. The fourth section draws together the conclusions and
recommendations on further work to be done. The fifth section is a bibliography
of 64 annotated and 52 unannotated items and the sixth, an appendix, Is a direc-
tory of people working In the field of energy research.

The Study: Its Framework, Methods, and Limitations

Petroleum prices in the international markets of the past decade have
clearly signaled the onset of a global energy transition. Price fluctuations
have not only introduced changes in behaviour and economic structures of
petroleum-Intensive societies but also focused on the peculiar nature of energy
problems in developing societies, whose vast majorities have little access to
the amenities of life that petroleum has helped establish (26, 27, 29, 32, 35,
67, 68, 72).

Within the context of a global transition, in which developed and develop-
ing countries are searching for alternatives to petroleum,1 it becomes a respon-
sibility of developing countries to mobilize their own S-T systems to tackle the
bulk of their problems.

This review attempts to illustrate how Latin America's systems are respon-
ding to the challenge. It is not geographically or thematically exhaustive.
However, it provides the basis for discussion on the R&D activities, capabili-
ties, resources, results, and diffusion -- as well as some obstacles to overcome
and opportunities to be taken advantage of -- in Latin America.

l<eeping in mind the limitations set by time and the vastness of the region
and subject matter, as well as the objectives of the Energy Research Group
(ERG), I chose pragmatic methods for this survey:

An analysis of available regional surveys and evaluations of R&D or
related activities in the energy field (23, 25, 29, 30, 32, 34, 35,
113);

tAithough most national-level and global exercises aimed at predicting
energy futures foresee continued dominance by petroleum, they nevertheless base
their predictions on the expectation that alternative sources will somehow
freeze the rate of growth of petroleum's share in energy consumption structures.
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were:

An analysis of S-I evaluations and policies that have been carried out
or are being designed at the country level (47 - 64);

Visits and interviews to roughly 40 LatIn American energy researchers,
policyrnakers, industrialists, and R&D funding Institutions (Appendix);

A review of relevant documentation found t libraries of institutions
visited, obtained during visits, or consulted in Bogota.

Only six countries in South America were visited (Argentina, Brazil,
Chile, Colombia, Ecuador and Uruguay), primarily because of time constraints.
information on other countries was obtained from my visits to regional organiza-
tions headquartered In these countries (Asistencia Reciproca Petrolera Estatat
Latinoamericana -- ARPEL, inter-American Development Bank/lnstituto pare Ia

integracion de Amrica Latina -- IDB/INTAL, Economic Commission for Latin
America -- ECLA, Food and Agriculture Organization of the United Nations -- FAO,
Organizacion Latinoamericana de Energia -- OLAbE, and United Nations Education-
al, Scientific and Cultural Organization -- Unesco), from reviews ofavailable
literature, and discussions with experts from other countries (Mexico, Peru,
Dominican Repuiic, and Costa Rica). The conclusions, therefore, may be biased
on the basis of the experiences of the countries visited.

The visits were oriented toward local or international organizations play-
ing important roles in the formulation, financing, execution, and utilization of
R&D activities. Each visit -- too brief for comprehensive coverage of centres
-- was prepared in advance with the cooperation of knowledgeable local con-
tacts.2 Needless to say, the visits had to be highly selective, and the insti-
tutions visited were extremely useful in providing a qualitative backdrop to the
documents later reviewed.

The types of institution visited and the orientation of the interviews

State energy-policy ministries, boards, and agencies, at which I

attempted to detect the degree of commitment to local R&D efforts on
the part of poilcymakers, in terms of the formulation of explicit pro-
grams, mobilization of financial resources, etc.

State S-T boards and agencies, the aim of interviews being to obtain
information on research groups, activities, results achieved and expec-
ted, priorities, funds available, etc.

Where "energy coordinators" existed, the quality of the information and
commitment of the country to energy R&D was general ly greater.

State energy enterprises, which execute end administer energy policy in
the electricity, petroleum, and nuclear sectors. These state enterpri-
ses often house the bulk of R&D in their specific fields; views of
R&D's role in energy development were sought.

Research centres in universities and in technological and state enter-

2For lhelr help in establishing appointments, I thank Sergio Ennes of
Conselho Nacional de Pasqulsa (CNPq) in Brasilia, Antonio Boa Nova of Companhia
Energetica de Sao Paulo (CESP), Octavio Miolnik and Luiz Pinguelli of COPPE/
Universidade Federal do Rio de Janeiro (UFRI), Juan Legisa of IDEE/Bariloche
Foundation in Buenos Aires, Alfedo del Val le of the University of Chile in

Santiago, and Jose Ramon Acosta of OLADE in Quito.
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prises were visited wherever possible to explore the types of work
being done, the publications and patents being produced, the priorities
and constraints, and the interaction between the R&D community, the
state, and industry.

A few of the larger local industries with R&D facilities or capabili-
ties were also visited to obtain the industrialists' views on the role
of local research and development vis-a-vis Importation of technologies
and to detect the interaction of industry with the R&D community and
with state energy-policy and management organizations.

In all cases, the objective was not only to gather documentation but to
perceive interactions, Integration or disarticulatlon of objectives, priorities,
and actions among the various actors of the S-T system.

R&D efforts in conventional and nonconventional energy sources, as well as
in energy conservation, use, planning, S-T policy, and information systems were
included in the survey, in each case, information was sought on:

identification of active groups;

Themes each one Is working on;

Objectives of each work area (evolution, tendencies, and relationships
with energy needs and with other socioeconomic policies or problems of
the country);

Lists of past, present, and planned projects;

Degree of contact with users: who generates the projects? (Users?
Groups themselves?);

Financial, human, and laboratory resources devoted to R&D.

Principal themes, and results expected in the short, medium, and long
term;

Major obstacles and opportunities confronted by the groups and coun-
tries;

Possible fields for regional or South-South interaction.

The information finally obtained permits establishing a clear picture of
activities and voids; highlights successes, failures, qbstacles, and opportuni-
ties; provides very incomplete or unreliable data on budgets (except those
obtained from S-I boards or funding agencies); lists projects, groups, and
publications.

Due to differences in the quantity and quality of the information finally
collected, as well as to the other limitations mentioned, it is difficult 1-

present the results as a standardized series of indicators and charts, as might
be desirable for comparative purposes; however, wherever this is possible, it is
done. It is hoped that further study on these issues will allow extending the
analysis in a more systematic, standardized and rigorous fashion.

-5-



THE FINDINGS

New and Renewable Sources of Energy

The state of NRSE pot Icy at the reg tonal level

New and renewable energy resources, also referred to as "nonconventional"
or "alternative," have received a great deal of attention in Latin American
energy policy circles over the past years. However, at present, interest is

starting to wane or at least there is a desire to reassess the role they might
really play in either the solution to the energy problem or the improvement of
the quality of life.

Althoujn the evolution of regional thinking on the role of NRSE in the
development process may be traced back to earlier beginnings, it began consoli-
dating with the implementation of two major studies in 1977 and 1979, one on
potential demand and one on the capabilities (both human and industrial) to
foster demand. These studies were sponsored by United Nations Development
Programme (UNDP), United Nations Environment Programme (UNEP), and OLADE.

The first study (see 35c) forecasts an 11% participation of NRSE in total
energy demand In 1995 and, possibly, this will rise to 30% by 2010 if penetra-
tion assumptions hold up. The scenario suggests that 78% of NRSE will be con-
sumed by the rural and agroindustrial sectors, with only 4.5% for transport
through liquid fuels. This wide gap in the end-use projections of biomass and
other nonconventional energy sources implicitly reflects an initial mistrust of
the growing role of alcohol fuels -- at the time, this role was still being
debated because of associated technical and social problems -- and a belief that
these newly popularized energy sources could best be harnessed in improving
rural productivity and quality of life, a continuing argument still today.

The principal conclusions of the second study (see 34) are that the region
possesses adequate human resources to solve problems related to the technologies
required for the use of nonconventional sources of energy; that all of the coun-
tries of the region have installed industrial capacity to produce technology
with a medium degree of sophistication, and none (except f or Brazil's experience
in alcohol) are capable of autonomous production of equipment with a higher
technical complexity; that, again with the exception of the Braziiian case, no
relevant efforts at the institutional level for the fostering of research,
development, and use of nonconventional energy sources were detected. Several
years later, these conclusions are still valid.

Based on these studies, OLADE end UNOP jointly formulated comprehensive
strategies for the widespread introduction of NRSE into Latin American society,
culminating in a meeting of 39 representatives of 19 governments, 85 Latin
American experts, and 25 observers and participants from other organizations, In
November 1979. At the meeting, a "Latin American Strategic Plan for the Deve-
lopment of Non-Conventional Energy" was approved. This called for the execution
of 25 well-defined regional programs over the next 5 years, covering methodolo-
gical or "basic" studies, nonconventional technologies, scientific and technical
Information dissemination, public awareness campaigns, and even a funding scheme
by which a percentage of each participating country's oil consumption bill would
be channeled to this program (35a).
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The next round of enthusiasm came during the preparations for the 1981
Nairobi conference. During this, not only did all governments write documents
proving their commitment to the concept of NRSE penetration, but also a series
of regional expert meetings on the various technologies and issues of NRSE cul-
minated in the development of a "Regional Plan of Action on New and Renewable
Sources of Energy," adopted by the regional preparatory meeting for the Nairobi
Conference held by government representatives in Mexico (March 1981; see 26.)

This Regional Plan is a clear analysis of the situation, giving reasoned
and balanced arguments for the setting of priorities and execution of actions
that-- taken together and not in isolation of each other -- would allow NRSE to
establish a solid niche inTTi satisfaction of Latin America's energy and qua-
lity of life needs. For example (28, p. 9-10), it argues:

That the effective development of these sources requires deci-
ded support for research, demonstration and the generalized use of
technologies that have attained a certain degree of maturity and
that such development should be directed towards large-scale appli-
cation of such technologies.

In order to achieve effective utilization of these sources, it

is equally important, on the one hand, to support research and deve-
lopment and, on the 01-her, to promote largescale application of
technologies. Here it must be pointed out that widespread applica-
tion also requires that patterns of consumption and production be
adapted socially and economically. Any such adaptation encounters a
process of social inertia, which must be taken into account in draw-
ing up the programs for the use of these sources. Interval programs
are the most efficient method of promoting these activities.

Determination of the potential for the use of new and renewable
sources of energy should include the following elements:

A study and inventory of the country's principal natural
resources and of the residues generated by industrial and agri-
cultural activities which may serve as energy sources. The
study should include an estimate of costs and environmental Im-

pacts.

A study of the country's energy needs, Including final and
alternative uses. These needs include effective demand
Indicated by purchasing power as well as unsatisfied require-
ments that may be covered by special social development poii-
des.

(C) The preparation of descriptions or technical and economic pro-
files of available technologies for using new and renewable
sources of energy.

Utilization of the results of research and demonstration of
developing technologies.

The combination of the above elements into one or more senarios
1-hat are considered feasible for the energy future, and evalua-
tion of the economic, social and environmental consequences
which each scenario would have for the countries.

Needless to say, not much has come of all these plans, because governments
were never committed to more than endorsing a set of principles. Those regional
programs that did continue were either already under way (such as OLADE's Energy
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Balances Program, which includes but does not emphasize these energy sources),
or else commit only minor resources to allow governments or reionaI
organizations to show that "something" is being done about lmplementation.'

After Nairobi, further diagnoses and political statements, such as the
Group of 77's "Action Plan for the Cooperation among Developing Countries In the
Field of New and Renewable Sources of Energy" (Rio meeting in 1982; see 28) have
contributed little to what was already established in the earlier documents. At
the moment, FAO, ECLA, and OLADE are preparing documents for a joint action plan
for rural energy development in Latin America to be presented to a meeting of
the Region's Ministers of Agriculture in 1984, and which is hoped will go beyond
the diagnosis to the formulation of bankable projects. The shift in focus is

double: from plans and strategies to bankable projects that might be submitted
to international development banks (see 27).

Introductory critique of NRSE Rl) activities in Latin America: The IDB/INTAL
study

A rather exhaustive evaluation of the current state and potentiality of
NRSE technology development and perspectives in Latin America was carried out in
1981 by a group of experts contracted by IOB/INTAL (see 29, 30). Based on a
16-month study of 93 R&D centres in six representative countries (Argentina,
Brazil, Colombia, Costa Rica, Mexico, and Uruguay), the report (29) is now in

press and will surely contribute to the current rethinking of NRSE policies on
more than one count.

The countries chosen constitute over 70% of the region's population and
gross domestic product (GDP), a wide range of geographic locations, energy
situations, relative size and economic development. Their regional representa-
tiveness is beyond doubt, as is the coverage of R&D centres: roughly 65% of
those centres were identif led as "active" in the six countries.

Table 1 summarizes the main highlights of the activities discovered.
Three types of activities were classified -- Basic Research (BR), Research and
Development (R&D), Mass Development (MD) -- and three types of technologies were
considered:

Type I - Simple technologies, small-scale with little substitution
effect (solar, wind, and small hydroelectric and biomass plants);

Type II -- Large-scale production units with large substitution effect
but generally complex and costly (wave, geothermal, oil shales, coal gasifica-
tion, and large-scale ethanol plants);

Type Ill -- Intermediate technologies of small-scale but potentially
large social impacts using complex techniques and materials (photovoltaics and
grid-connected mini-hydroelectric stations).

'A common characteristic of many of these regional efforts is that they
involve such few funds that technology diffusion is out of the question, and the
little money available is channeled primarily to financing meetings, workshops,
events - at which regional experts or government officials discuss again and
again the need for action, or exchange Information on experiences, and go back
home to wait for the next meeting. Even where experts or government officials
are ful ly committed to NRSE penetration, they do not have sufficient power to do
much more than that: wait.
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Table 1. DistrIbution of Activities and Resources
in NRSE, 11a

aAll figures refer strictly to activities and resources mobilized by the
93 centers surveyed out of a total of 144 ldentlf led to be "active" in NRSE
technology.

b5 text for definitions.
CUS$24 000 for the rest of activities if we exclude US$11.1 million for

geothermal Is excluded.

SOURCE: Item 29.
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Active centres
% Coverage

Activitlesb
BR ()
R&D (%)
MD (%)

36
70

105
22
66
12

41

49

112

14

81

5

15

87

26
27
61

12

12

75

26
23
73
4

27
59

74

25
68
7

13
77

22
45

55
-

144
65

365
26
67
7

ActivitIes/centre 4.2 5.6 2.0 2.9 4.6 2.2 3.9

Technologlesb 705 112 26 26 74 22 365
Type I (%) 55 21 58 35 46 41 41

Type II (%) 12 35 38 38 27 55 28
Type Ill (%) 32 44 4 27 27 4 31

Human resources
(man-months) 1328 11560 1044 34 1756 270 15992
Solar (%) 52 9 36 15 65 2 30
Biomass (%) 23 60 45 30 4 38 33
Geothermal (%) 4 - 3 17 27 2 9
Small hydro. (%) 9 - 10 17 - * 6
Wind(%) 6 4 2 11 3 4

Low content
coal (%) 15 - - - 3

Oil shales (%) - - - 3 - 58 10

Others (%) 6 12 4 7 1 - 5

Intensity (man-
month activity) 12.6 103.2 40.1 1.3 65.0 20.8 111.1

Financial resour-
ces (US$'OOO)
Solar (%)
Biomass (%)
Geothermal (%)

3482
43
18

30

17020
6
53
-

1170
30
51

4

11692
1

1

97

9824
71

4

23

1014
2

24
3

44202
25
25
26

Small hydro (%) 9 - 11 - - - 3

Wind(s) 3 5 2 2 1 2

Low content 4

coal (%) 27 -
Oil shales (%) - 7 - - - 69 12

Others(%) 7 2 2 1 1 3

Intensity (US$'OOO
activity) 33 152 45 450c 133 78 307

Argen- Costa
i-tern tina Brazil Colombia Rica Mexico Uruguay Total



Purpose and emphasis of research in the various energy sources varies
widely from country to country. The Brazilian centres spend the most effort on
R&D and carry out the largest number of activities on average, not getting
directly Involved In mass diffusion activities nor devoting much time to basic
research. In terms of technologies, Colombia and Argentina devote the largest
effort to the simple, more easily "successful" Type I technologies, although the
difference In focus between the two is evident from Colombia's second-order
concentration on ethanol (Type Il) and Argentina's devotion to the intermediate
technologies of complex techniques (Type Ill). On the same score, Brazii is the
country that devotes relatively less elf on- to Type I technologies, which by
1981 were largely already well known. Costa Rica distributes its efforts nre
equally among the range of technologies, apparently trying to cover all bases.

In terms of topics studied, Mexico devotes 65% of its R&D personnel and
71% of its financial resources to solar energy, showing very little interest in
biomass (4% of personnel an financial resources) and placing instead emphasis on
geothermal energy (about 25% of resources). Central America as a whole, in

fect, seriously considers geothermal as a subregional option, as Is also clear
from Costa Rca's 97% allocation of R&D funds to it. Even though this leaves
an average or only Us$24,000 per year/activity for the rest of the energy
resources, Costa Rica again disperses its funds on the ful I range (solar, bio-
mass, wind, mini-hydro, oil shales, and others).

Another country with great concentration of personnel (52%) and budget
(43%) in solar energy is Argentina, which has been successful in a number of
solar applications. Colombia shares its resources between solar energy and blo-
mass for the most part, although leaving 10% personnel and 11% budget for mini-
hydroelectric stations, where it too has shown successful advances. One govern-
ment centre in Uruguay spent roughly US$200,000 and 58% of its R&D man-months on
oil-shale technology, which explains that country's high proportion of basic
research activities.

Needless to say, Brazil's centres concentrated efforts and budgets on
biomass applications (mainly ethanol but also charcoal and its mixtures) and
research on combustion, pyrolysis, reduction, gasification, and liquefaction of
low-quality coal and peat. Brazil's national report expected synthetic fuels
from coal to become a major option for Brazil by the year 2000, although this
might be unreasonable due to the high ash content of Braziis coal (up to 50%).

Costa Rica and Argentina show the lowest concentration of resources per
activity, with the former devoting only 1.3 man-months/year and US$24,000 to
each activity (excluding geothermal) and the latter devoting 12.6 man-months!
year and US$33,000 to each. If one considers the salary and operating-expense
components of these activities, arid that normally it is a research team and not
an individual who works on each project, we might conclude that only Mexico and,
particularly, Brazil show satisfactory levels of resource commitment to allow
purchase of equipment and generation of results. Colombia is at an intermediate
level, with Uruguay generally weakened if the oil-shale budget of a single
centre is disregarded.

The authors of the IDB/INTAL study draw conclusions of two types. First,
the customary prediction of the potential Impacts of NRSE in the future of the
countries surveyed. Although the use of the word "potential" is not as rigorous
as might be concluded from the list of ideas quoted from item 35a, it neverthe-
less considers that NRSE should not be viewed strictly in terms of their energy
substitution effects but also in terms of the population that would benefit from
their penetration. Table 2 shows that NRSE might substitute up to 10% of total
energy needs and reach 7% of the population of the six countries by the year
2000, however, there Is tremendous variations among them (from 2% in Colombia to
16% in Costa Rica in terms of energy substitution, and from 2% of the population
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in Mexico to 55 in Costa Rica). The predictive capacity of this study is not
very trustworthy, as it was not designed to be more than an analysis of what was
then happening with R&D. Yet the scenario drawn undoubtedly influences the
perceptions with which the other set of conclusions is drawn.

This second set refers more concretely to R&D capabalities, limitations,
and perspectives, and is much better grounded on the evidence compiled. Need-
tess to say, the results of the present qualitative survey on a more extensive
list of energy topics, would very much coIncide with most of them.

General conclusions are:

With the current state of R&D, the NRSE will penetrate only modestly by
the year 2000 -- substituting not more than 5 of apparent consumption levels --
unless more resources are appropriated to them and are used in a more rational
form towards their development.

Efforts made have been consIderable, despite the limitations, and the
bases for an adequate development of NRSE in Latin America are given, particu-
larly as a function of natural resources available and with the support of

Table 2. EstImate of the Potential Energya and Social Inipactsb
of NRSE (year 2000)

Country

Parameters
Year 2000

Apparent Energy Population
consumption Population effect effect
(kt-oe) (million people) 1T-oe mit lion peopte %

aEnergy consumption and impact expressed in kiiotonnes oil equivalent
(kt-oe).

bEnergy Effect: capacity to substitute conventional energy with NRSE by
the year 2000.
Population Effect: population which in the year 2000 would benefit from the NRSE
activities -- either from the energy itself or from nonenergy services associa-
ted to it.

SOURCE: Item 29 (table 6.4-1).

12.5 13.1

51.4 14.5

0.7 1.5

1.1 15.9

7.0 3.3

0,6 13.3

73.3 10.2

Imp acts

12.5 32.2

8.7 4.4

3.2 7.6

2.1 55.3

2.9 2.1

1.3 39.4

30.7 7.2

Argentina 95.4 38.8

Brazil 353.9 198.0

Colombia 45.6 42.1

Costa Rice 6.9 3.8

Mexico 209.0 140.0

Uruguay 4.5 3.3

Total 715.3 426.0



local technologies or the adaptation of international ones. The local natural
resource mix and technological capability, one should add, is equally crucial to
the selection of priorities in other energy fields as well.

Physical infrastructure (laboratories, etc.) is generally adequate and
does not constitute a fundamental bottleneck in itself, at least for the current
level of R&D activities. It would be insufficient if activities were to inten-
sify in the medium term.

Human resources devoted to R&D in NIRSE are generally well qualified,

although they should tend toward full-time dedication in all cases.

Major limitations of R&D in NRSE are:

Selection of R&D priorities are non-existent or inadequate: in gener-
al, any type of national NRSE development policies that might set priorities are
lacking.

The scarcity of human and financial resources -- in relation to the
number of activities undertaken -- works against the efficiency of the projects
and the generation of results. The dispersion of activities should be reduced
and efforts concentrated on selective areas of Interest.

Insufficient funding is often coupled with high concentration of al lo-
cations to specific R&D topics that are not fixed on the basis of national
priorities, but more on the relative wealth of a few entities within each coun-
try. (In fact, this bias towards poorly selected projects -- such as oil shales
In Uruguay -- deflects resources from projects where reasonable relevance and
success might be better assured.)

National coordination of activities, as well as information exchange
systems, are inadequate or nonexistent.

A Latin American NRSE information system is lacking.

Major advantages of R&D in NRSE are:

The quality of human resources in these areas Is general ly very high.

A general willingness to cooperate, on a personal level, is common
among researchers and technologists -- although the isolation with which activi-
ties are normally carried out does not favour cooperation.

The accumulated experience of centres involved in NRSE (an average of
5-7 years) has consolidated expertise, would allow positive exchanges,and might
lead to the reflection necessary for a reorientation of activities.

The overwhelming impression from the report of the IDB/INTAL study is that
R&D in this field may not be more successful in the continent not because of a
limitation of funds-- which itself reflects a lack of national policies -- but
because available resources are too widely spread or poorly allocated to activi-
ties that are not based on any kind of national needs or priorities. A second
overwhelming conclusion Is that there are no major technological bottlenecks for
NIRSE research In Latin America -- at least none that would not readily be over-
come if priorities were set and policies decided.

These are recurring themes that will appear repeatedly as we sift through
the experiences of the various specific fields. They are not really new themes,
however, as similar conclusions have been drawn on Latin American R&D in general
for many years. in this respect, what might now be necessary is to try to
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understand the essential Ingredients of both successful and unsuccessful R&D in
the various energy fields, and so to draw lessons for the future. The fol lowing
sections attempt to review technological progress in each specific energy area
largely from this perspective.

Resource oval ual-Ion

Although resource evaluation is generally considered not only a legitimate
but also an essential basic research activity when dealing with £4RSE, petroleum
exploration or coal reserve quantification fall more into the realm of applied
geology or engineering and almost never constitute "research" in the convention-
al sense of the term.

This distinction is easily justified. Resource development decisions are
clear once conventional energy exploration shows reserves to be economically
exploitable using available technologies, as standard economics defines "proven
reserves." On the other hand, there are absolutely no clear decision criteria
for the utilization of the NRSE, not only because available technologies might
be insufficiently tested or in development stages, but also because there is
uncertainty as to consumer acceptance and, quite often, competitive (nonenergy)
uses for the same resources (for example, biomass).

In other words, the technological and socioeconomic uncertainty about the
NRSE Itself justifies the incorporation of new dimensions into the definition of
resource potential that transcend the physical, technical, and economic stan-
dards defined for conventional energy. Because the physical quantities of

sunlight, biomass, wind, or other NRSE cannot be divorced from energy or quality
of life needs and conversion/use technologies as readily as can conventional
sources for which needs and technologies are well established, the emphasis on
the basic research nature of NRSE resource evaluation is legitimate. This is

evident not only in the definition of "potential" cited earlier (see 26), but
also in the methodological issues raised in the preparatory technical paper
that lay behind it (79).

A clear example of how this new approach to resource evaluation has been
put into practice in Latin America is the study conducted by the IPT (institute
of Technological Research) of Sao Paulo on the "Potential of Vegetable Biomass
for Energy Purposes in the State of Sao Paulo" (12). This monumental study,
which involved 800 man-months by over 90 researchers, dealt with all conceivable
aspects of blomass as an energy resource, ranging from research on the optimal
use of soils for competing purposes according to agricultural, socioeconomic,
ond ecological conditions, to the technical-economic quantification and costing
of using different types of biamass from specific localities or subregions with-
in the State of Sao Paulo as energy sources.

The study analyzed the dynamics and production technologies of different
crops and forest species, and the state of the art and perspectives of processes
and industrial-sIze plants for transformation of biomass into energy derivatives
(enzymatic and acid hydrolysis, low and high temperature pyrolysis, fermentation
processes, direct combustion technologies, etc.). it also evaluated the
political-institutional framework for agroindustrial and biomass energy develop-
ment, transport requirements and costs, economic evaluation methodologies appli-
cable to biomass studies, and included the basic geomorphological or physical
mapping that would normally be associated to the establishment of natural
resource potential.

This rather comprehensive evaluation of the energy potential of biomass,
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well worth highlighting in any review of Latin American energy research, never-
theless did not cover the possibflities of nonindustrial or nontransport app11-
cations of biomass (such as biogas). its authors explicitly acknowledged that
the study was restricted to those possibilities of biomass utilization that
constitute Brazil's official energy objectives. We might define the latter as
biomass as a means of perpetuating current energy end-use patterns with less

dependency on petroleum derivatives (see 7, 13, and 15).

In Brazil, studies attempting to replicate IPT's coverage of biomass

potential in other states have not yet met with the same degree of success. In

Chile, a group of local researchers from various universities and research
centres scattered around the country is currently undertaking a similarly
comprehensive endeavor, seeking to evaluate the nation's wind potential in

relation to physical, technological, and socioeconomic criteria. This country
has previous estimates of geothermal reserves that show very slight potential
for development and estimates of forest resources that show very high potential
for energy use.

In othcr countries, research on NRSE resource potential Is of varying
quality and coverage. ArgentTna has excellent Information and mappings of solar
radiation and average winds measured on a daily basis by a network of 40
stations around the country (55 and 94), but no systematic nation-wide evalua-
tions of biomass or of small hydroelectric potential were found. Although not
exactly a resource evaluation methodology, it Is worth noting that the Institute
of Energy Economics (lEE) of Argentina's Bariloche Foundation has prepared an
extensive manual for the evaluation of energy requirements that might be satis-
fied by NRSE on the basis of previous experience, including a study of the Entre
Rios Province. Applications of the methodology, with adjustments, are being
attempted in Brazil and Chile as well, and this complementary line of work might
eventually contribute significantly to the shaping of a comprehensive NRSE
resource evaluation methodology (see 74).

Colombia has partial evaluations of biomass potential, solar radiation,
geothermal potential, and small hydroelectric resources, most of which are being
expanded, at least in terms of physical data if not comprehensively treated to
incorporate technological and socioeconomic criteria (see 9, 48, 51, and 56).
Costa Rica has no accurate estimates of geothermal or biornass potential (40).
Dominican Republic, with assistance from the Organization of American States
(OAS), has evaluated its solar and wind resources (7). Mexico and Uruguay have
partial estimates of their NRSE resources, the first primarily on solar and
geothermal energy, the latter on biomass and wind energy, although both are
somewhat dependent on assumptions rather than exhaustive measurements (29; also
see 69).

OLADE has been encouraging and partially financing the evaluation of

resource potential for several NRSE. in much of Central America and the
Caribbean, and to a lesser extent in South America, it has been through OLADE
that geothermal resources have been evaluated or are being quantif fed. in terms
of other NRSE, small hydroelectric development has also been linked by OLADE
since 1979 to resource evaluation exercises (for which it has established a
uniform and comprehensive methodology; see 83). However only in countries such
as Peru, Panama, and Colombia (with schemes for mass development of these tech-
nologies) is it evident that these resources are being systematical iy deter-

mined.

Currently, three studies commissioned by FAO leading toward the formula-
tion of an "Action Plan for Rural Energy Development" are reviewing, among other
things, the state of knowledge about resource potential in roughly 20 countries
of the region. By the end of the year, it should be possible to tell how far
other countries have gone in this field (see 27).
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The impression, however, is that the approach to NRSE resource evaluation
from the broader perspective of physical potential, technological conversion/use
options, and energy/quality of life needs is not yet being done. Where these
resources are being evaluated at all, it is only from the physical perspective
-- that is, the energy-equIvalence of the wind, biornass, sunl lght, or smal I
waterfalls in each country. The Sao Paulo exception is hardly likely to be rep-
licated outside Brazil, where the peculiar circumstances of a decisive biomass-
for-energy policy, the strong scientific and technological knowledge and
capability of IPT, and the financial possibilities of the sponsor (CESP) com-
bined to allow such an exhaustive evaluation to take place. it remains to be
seen whether the more moderate Chilean wind-energy evaluation shows the viabili-
ty of surpassing conventional practice, and how the lEE methodology is applied.

Biomass technologies

Alcohol

Undoubtedly, Brazil's alcohol program can boast the greatest technological
advance in terms of biomass liquid fuels in Latin America, having mobilized
intensive research and development efforts over the past decade. Argentina, in
which gasohol (20% admIxture) is commercially sold in the Province of Tucuman,
has not yet made any technological developments in the field, simply limiting
its program to using existing distilleries. Costa Rica has set up an ethanol
distillery, which hs not functioned for lack of raw materials (70), and the
Dominican Republic has studied the possibility of producing alcohol through its
sugar industry (with German technical assistance; see 7). Colombia has conduc-
ted some research over the past 6 years with various raw materials, admixtures,
motors, and anhydrous distillation, whose major merit has been demonstrating the
technical feasibility of gasohol under the changing atmospheric pressures of
mountainous terrain, although socioeconomic feasibility studies have not yet
justif led an alcohol program (see 48). Mexico showed little R&D activity rela-
ted 1-0 alcohol, and Uruguay only had three small projects related to it, accor-
ding to the IDB/INTAL study (29).

Except for the specific issue of agricultural productivity of sugar cane
-- in which Brazil lags behind most producing countries of the region -- it
would be safe i-a assert that the state-of-the-art in alcohol-fuel technology In
Latin America Is whatever Brazil has achieved. The relatively minor R&D efforts
of the rest of Latin America have resulted, correspondingly, In relatively minor
contributions to technological advance elsewhere in the region.

Ethyl alcohol (ethanol) has been mixed with gasoline in Brazil since 1931,
when mandatory regulations set a 5% alcohol content in gasoline to protect the
sugar industry. "Proalcool," the currently well known National Alcohol Program,
was established in 1975 both to combat the "petroleum crisis" and again to pro-
tect a depressed sugar Industry hard-pressed by an international price slump for
the cofmod1ty.

Although large-scale production of ethanol employs standard milling tech-
niques followed by the Melle-Soinot fermentation and distillation techniques,
Brazil has employed, for decades, intensive research; however, development and
implementation of technological innovations had to be deployed to reach current
levels of production and use. Until 1980, only anhydrous ethanol (99.3 alcohol
content In mass) was marketed in mixture with gasoline. However, since then,
hydrated ethanol (produced without the final dehydrating distillation column)
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has also been sold for 100% alcohol-fuelled vehicles.4

The basic technology for adapting the Otto cycle engine for alcohol fuel
was developed starting in 1973, by the government's Aeronautical Technology
Centre (CTA) and National Technology Centre (INT), which together also proved
that existing vehicles need not be modified when using what in 1975 they estab-
lished to be the optimal admixture of 20%. Simultaneously, intensive fleet
testing of converted motors was carried out In government vehicles during 1975-
78. By the time the general public was allowed access to converted (100%
alcohol) motors, technical problems had been anticipated and largely solved,
although the "first generation" was not totally accepted by consumers.

Fourteen labora-lories in research centres around the country were provided
with equipment to convert and test motors, constituting a technical support and
auditing system for firms beginning conversion and production of alcohol
motors. Nevertheless, technical problems combined with the increased price of
el-hanoi produced a significant delay in achieving targeted vehicle production
and conversion until March 1982, when new financial incentives were instituted.
Today, roughly 80% of Brazil's iight vehicles produced are alcohol-driven
(50,000 cars per month, up fran less than 1500 in August 1981), and long-term
goals are to replace all gasohol cars with these models. Third-generation
vehicles will probably have different carburators, as corrosion by alcohol still
poses problems. Gasoline is no longer distributed, being substituted by a 22%
gasohol admixture, and hydrated ethanol is distributed using the infrastructure
for premium gasoline (eliminated due to the higher octane of gasohol).

Up -to now, ethanol has been produced in increasing amounts primarily
through the expansion of sugar-cane plantations and distilleries. Almost none
of i-he increase from 625 million L in 1974 to over 3 billion in 1980 and an
expected 7.2 billion in 1983 can be attributed to gains in agricultural produc-
tivity, which have historically been in the order of only 1.5% per year. Major
research efforts in cane varieties, cropping methods, biological pest control,
and other areas related to the agricultural portion of the ethanol program have
been carried out over the past 10 years and are stili being conducted to try to
alter the poor record of 50 - 60 of cane/ha. Goals are to achieve 80 t/ha, as
well as to increase the sugar content of cane from today's 13-14% to 17% within
the next 10 years.

Roughly 200 annexed sugar-cane distilleries (those combined with sugar
refineries) and 120 autonomous distilleries (introduced beginning 1978) are
being used in ethanol production, and 150 new projects are being implemented.
Only 11 cassava-based plants have been built, of which just 2 operate at roughly
20% capacity because of difficulties in obtaining raw materials.5

Brazilian industries can produce and equip about 150 distilleries per

'lhe processes and figures in this section were obtained from visits to
Brazilian institutions involved In Proaicool and from 13, 15, 17, 18, 41, 60,
63, 64, 91, 92, and 107.

5The industrial technology of cassava-based alcohol production has been
developed since 1977, when the Curveio 60 kL/day industrial demonstration plant
was built. Operational parameters, optimal equipment design and adjusted
production processes have been established. Principal industrial R&D challenges
rest in the generation of process steam, currently based on wood but hoped to be
substituted by cassava branches in the future. Nevertheless, the bottleneck in
cassava alcohol is squarely in agricultural productivity, as distilling requires
development of plantation-scale farming rather than the traditional small-farmer
production. (For more on cassava alcohol, see 15, 92 and 107).

- 16 -



year, ranging from "mini-distilleries" (10-30 kL/day) to medium (40-120 kL/day)
and large (120-240 kL/day). They have also equipped three 1200 kLfday annexed
distilleries in operation, and project the construction of a 1500 kL/day plant.
Nevertheless, the average size of distilleries is 120 kL/day, and R&D is now

shifting to the development of "micro-distilleries" (about 5 kL/day) for isola-
ted areas.

The industrial process today can be considered to have reached an overall
transformation efficiency of 70%, although with the development and adoption of
improved industrial processing technology, It could be Increased to about 85% --
which would help decrease the total investment necessary per litre of annual
capacity (today's ultimate goal). Extraction of fermentable sugars in large
mills has reached 91%, although improved mill design or the use of diffusors
could improve this stage of the process to 97% extractIon levels. The optimiza-
tion of conditions for the microorganisms would improve efficiency of the
fermentation process from today's 85% to 91%. Distillation columns today permit
recovery of 95% of the alcohol from the fermented liquor, but tested adjustments
to the technology would allow 99% recovery rates and decrease production of
highly pollutant stillage.

As production of ethanol began rising, the environmental problem of efflu-
ents or stillage management became increasingly critical; for each litre of
fuel, 12 - 13 L of stillage is produced with current technology. The technical
solution found, and particularly implemented in the State of Sao Paulo (the
major producer), Is the production of fertilizer from the stil lage. Alterna-
-lively, blogas can be produced. However, current R&D efforts aim at the intro-
duction of continuous fermentation at the Industrial scale, which would reduce
production of si-illage to 1 - 2 L/L of alcohol. A pliot plant (150 kL/day) with
this process is already operational, but commercial Introduction of the techno-
logy has not yet been achieved. Continuous fermentation would also improve
efficiency of industrial production, as would other innovations currently under
study (automation of the distlllage process, for example).

Another area of industrial process research is excess bagasse production.
Currently, use of bagasse as a substitute for fuel oil In boilers has been
commercial ly enhanced by natural drying to 25% humidity and compacting into
bundles that are sold at 65% the price of fuel-oil equivalent volumes. Never-

theless, there is pilot work on ethanol hydrolysis from bagasse, with the long-
term view of using the total biomass (not just the sugar) in fuel production.
With an integrated system for complete use of the sugar cane, the hope is to
extend the ethanol production cycle to 280 days/year.6

The government expects to develop a fully integrated pilot plant producing
10 kL/day withIn 2 years, the time still needed f or analysis and establishment
of all the parameters for use of complete cane stalks. This technology would be
extended, in principle, to existing distilleries as the industrial plant Is

renovated, a need already being contemplated.

In Brazil, experimental work has also been directed toward the production
of ethanol from other crops. As has been mentioned, industrial technologies for
the production of cassava alcohol are at a mature stage of development, although
confronting rather serious problems in terms of agricultural productivity and
the need for an external combustion source (unlike sugar cane, whose bagasse
satisfies alt needs of process steam and electricity). Sorghum, millet, babas-
soo (an indigenous palm), soya, and many others have been evaluated, but only
one alcohol plant not based on sugar cane or cassava had been built by 1982.

dihe 200-day milling season would produce incremental cane juice concen-
trate for dilution and use after the harvest season is ended.
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Vegetable oils have been viewed as particularly advantageous as a substi-
tute for diesel, as they can be mixed with it in any proportion and have very
similar characteristics (including energy content). The major problems with
vegetable oils to date is their much higher cost (and value) than diesel.

Technically, research in vegetable oits has reached the same level as ethanol
had when Proatcool began, and testing Is still being done to solve the technical
problems that remain. Today vehicles of all types (tractors, urban buses, and
trucks) are being analyzed for performance both with admxtures of 30% and, with
minor motor modifications, for 100% vegetable oil. Motors with direct injection
still have problems running vegetable oils, which require an additional esteri-
fication. Although technical solutions to these problems might be straight-
forward and will possibly be found within 2 - 3 years, the best alternative use
of vegetable oils is not as a fuel, and either agricultural productivity must
radically improve or diesel prices must dramatically climb to justify using this
resource as a fuel.

Diesel, in fact, remains the major substitution priority in Brazil, as

gasoline has been reasonably substituted with ethanol and fuel oil can be and
has been substituted with a variety of solid fuels. Today, the country produces
exportable surpluses of both. However, diesel substitution has not found a
major option. Hydrated alcohol can be mixed in proportions of up to 5% without
separation of phases (10% has been achieved experimentally), and work on the
ethanol option is focussing now on double injection systems where alcohol and
diesel are mixed in the chamber. Two manufacturers (including Volvo) have been
developing this type of motor, and expectations are that as much as 80% of the
diesel can be substituted. Even so, the "penalty" for using alcohol with diesel
is that up to 60 - 70% more liquid fuel will be required.

Chemical additives to gasoline have also been tested, because gasoline is
closer than alcohol to diesel. The admixture can replace diesel completely as
well. R&D is also being conducted on gasogens, which would require auxiliary
gasoline or diesel systems and might be appropriate for rural equipment (up to
40% of the vehicles' power would be lost, but stationery equipment or tractors
might function well).

Finally, the R&D work being done on alcohols from wood must be noted.
Ethanol can be produced with an acid hydrolysis process that also supplies
metallurgical charcoal, methanol, and furfurai. The technology has been well
proven In the USSR and Europe for over 25 years, and Brazil is setting up a
30 kL/day plant with Soviet technology. The problem is that this is a highly
capital-intensive process whose economic scale is in the order of 500 kL/day
plants operating 300 days/year and each requiring 60,000 ha of forest to main-
tain continuous supplies of fuel and raw materials. Investments per litre of
capacity are double or triple those of other alternatives, and production costs
run 50 - 100% higher. Acid hydrolysis, thus, does not seem a viable option for
wood ethanol, and priority research in this area is currently onprocesses using
enzymatic hydrolysis.

Alternatively, wood can be gasified to obtain methanol, a solution being
developed by the Sao Paulo Energy Company (CESP) over the past years. CESP now
is constructing an industrial demonstration plant expecting to demonstrate the
feasibility of the Winkler coal gasification process with fuéiwood.

it is difficult to assess the R&D costs involved in the whole Brazilian
alcohol program. Of the 44 research centres analyzed in the National Research
Council (CNPq) roster (64), 16 were working on alcohol technologies, including
basic chemical research, corrosion and materials technology, motors, distilla-
tion columns, and the rest of the aspects mentioned. The centres devoted 95
researchers (52% of those working In biomass; 10% of those working in all energy
R&D activities at the 44 centres and universities). Financiadora de Estudos e
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Projectos (FINEP), which channels roughly US$30 million/year to energy research,
financed 29 alcohol projects at 16 of the 45 research centres and a number of
industries working on biomass technologies during 1982. R&D on alcohol is also
conducted or financed by state enterprises such as the State Petroleum Enter-
prise (PETROBRAS), mainly on cassava; CESP, on methanol; Empresa Bras Ileira de
Pesqulsa Agropecuara (EMBRAPA), research branch of the Ministry of Agriculture;
the industrial Technology Foundation (FTI) (see 91), the CTA and 1NT already
mentioned, etc.

Although the philosophical debate on the results and relevance of Proal-
cool focuses primarily on either the costliness of the solution or the foreign-
exchange savings -- depending on the position taken -- it is best to bypass
those issues here. From the point of view of lessons for energy R&D in develop-
ing countries, it might be best to draw some more elementary, If fundamental,
conclusions at this stage:

First, the solution of national energy problems can be substantially
enhanced by the mobilization of local R&D efforts as has occurred in this case.

Second, this mobilization, however, requires a decisive and continuous
political (hence, financial) backing, and political backing cannot be expected
to focus narrowly on the solution of energy needs alone. In the case of Brazil,
other development objectives were also at play, such as economic survival of the
sugar Industry, growth of the capital goods and automobile industries, or simply
maintaining and expanding the current "development style" -- this time on the
basis of indigenous fuels. Hence the choice of energy strategies and the back-
ing of R&D activities to support them would depend both on national energy
resources/requirements mixes and on nonenergy development considerations.

Third, moving from blackboard, laboratory, or "paper" studies to the
massive implementation of alternatives such as alcohol is not a minor technolo-
gical achievement, but requires high R&D commitment and a lot of work. in this
case, a multitude of "unglamorous" innovations such as carburettor coatings,
design of distillation columns, waste treatment, and numerous other details had
to be developed arid implemented. Hence mass diffusion itself is a gradual and
shifting learning process requiring continuous R&D support activities. In the
case of Brazil's alcohol program, indeed, it may take another 10 years or so for
major technological "breakthroughs" to be developed, if at all (new biomass
varieties, new fermentation processes, different combustion systems, etc.).
Overall, however, Proalcool is one of the best examples of successful energy R&D
in Latin America and merits all the attention given to it in this review, even
if the alcohol option itself does not became generally transferrable to other
LDC5.

B I ogas

Almost all the countries in Latin America and the Caribbean have had
recent experience with blogas plants, primarily using readily available and
easily transferable technologies. in many cases, as in Central America with
coffee pulp and Chile with grapevine residues, R&D has been focused on the use
of locally available agroindustrial wastes, although in the latter case, there
are problems of seasonal variability of raw materials as well as plant designs
themselves (see 49).

Two regional biogas "networks" are currently working. The first began In
1980 under the auspices of OLADE, and its program is to build 60 pilot demon-
stration digestors in 10 countries (Bolivia, Dominican Republic, Ecuador,
Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, and Nicaragua). Some are
already operational, using basic designs jointly decided by Latin American
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specialists on the basis of Chinese, Indian, and regional experiences. The
three designs fostered are the "OLADE-Guatemala" model (multiple chambers for
continuous feeding and unloading of the digestor, cylindrical shape, anticorro-
slve pIpes), the traditional Chinese model and the "Xochicalli-Mexlco" model
(variable construction materials, anticorrosive paint, galvanized sheet bell,
can be self-constructed; Item 33).

The Food and Agricultural Organization (FAO) has been coordinating another
10-country network since 1981, led by Empresa Brasileira de Assistencia Tecnica
e Extensao Rural (EMBRATER) the Brazilian rural extension agency. Institutes of
a rural development nature from Argentina, Bolivia, Brazil, Colombia, Costa
Rica, Chile, Guatemala, Honduras, Panama, and Paraguay have, to date, mainly
exchanged technical information on experiences in an effort to avoid duplication
and decrease costs towards the accelerated adoption of biogas technologies by
small farmers.

On a more national basis, some achievements and failures might be high-
lighted. Mexico's National University (UNAM) and Institute of Electrical
Research (liE) have developed successful communal and family-size plants using
dung and produced valid pilot results: they are now ready for commercial mass
production. Costa Rica has been successful with coffee-pulp digestors, whereas
Colombian experience with the same raw material has been a dismal failure; most
Colombian biogas work has been of a university or laboratory type, although a
few commercial concerns market "empirically" successful, locally designed,
plants (see 48 and 50).

Mexico, Brazil, and Argentina all have developed various technologies
ready for transfer to commercial concerns. In Brazil, where rural extension is
also taking place, much of the urgent work on biodigestors has been focused on
the treatment of ethanol stillage and the production of dIesel oil through
anaero-bic digestion of organic matter. The latter Is at the laboratory stage
at the Federal University of Rio de Janeiro (see 18).

In Argentina, work has also focused on the digestion of sugar-industry
wastes, but the most promising new developments seem to be with the work on
aquatic-biomass digestors (a subject of research In Brazil also) and the deve-
lopment of municipal water-treatment plants. One of these plants is already
operational at Lujan, generating energy for the plant itself plus surpluses for
injection into the network (55). In Chile, experience with biogas from urban
sanitary fill is expanding, and 12% of Santiago's piped gas comes from this
source (according to interviews; see also 49).

Blogas production requires relatively simple, well known technologies,
particularly on a small-scale. Persisting technical problems relate primarily
to finding low-cost, locally available materials, the use of multiple feed-
stocks, and quality control. There are, however, greater barriers than the
purely technological for the massive diffusion of this alternative resource.

First, there is the problem of the availability, abundance, periodicity,
spatial distribution, and economic accessibility of raw materials. Most rural
households in Latin America do not own sufficient animals to support a family-
size plant; many live in widely scattered dwellings rather than villages; most
crop residues are produced In sufficient abundance only on a seasonal basis.
Given this, biogas may be a valid option only on a larger scale (Integrated into
agroindustries, dairy farms, or other concerns).

Second, there is the problem of costs and mechanisms for financing the
diffusion of these technologies, which are not distinctly separable from the
technical viability of the designs. For individuals, communities, or enter-
prises to adopt these technologies, these considerations are important.
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Third, sociocultural barriers such as the lack of a tradition for collec-
tion and use of agricultural or animal wastes should not be ignored when plan-
ning diffusion strategies.

Much of the work with biogas, as with other NRSE, takes for granted that
these technologies are somehow intrinsically "good" and "appropriate." As
discussed previously, however, social, economic, financial, institutional, and
other factors need also be taken into account.

As a purely "energy" option, biogas is not as strong an alternative as
when collateral benefits are also assessed. One, naturally, is the production
of blofertilizers of higher value than the original waste from which they are
generated. Another is environmental management, because many agroindustrial
wastes are severe pollutants (coffee pulp and sugar cane sti liage). Also,
plants such as that at Lujan may demonstrate new paths for the development of
biogas techniques.

Firewood, Charcoal, and other Biomass
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Hydrolysis of biomass for the production of alcohols and the production of
methane and cot lateral gases through anaerobic fermentation has already been
discussed. This section focuses on other uses of biomass, particularly direct
combustion, wood gasification, pyrolysis, and compressed briquettes. These
processes or uses can be applied to wood and a multitude of forest and agro-
industrial "residues" that, although potentially useful to man, are often found
to cost more to collect, transport, and process than the apparent value of the
transformed product. Whether these residues are transformed into useful pro-
ducts .1epends on finding appropriate uses, tested technologies, and acceptable
costs.

The use of biomass by direct combustion is not only a very ancient tradi-
tion, but also today constitutes an Important element in the energy balances of
all Latin America (see 32 and 82). Wood is the primary source of energy for
most of the region's rural population, and direct combustion of agroindustrial
wastes is not limited exclusively to those processes that generate then (e.g.,
bagasse) but finds economic use in other industries. In Colombia, rice and
coffee husks are a preferred fuel in brick manufacturing (see 48 and 72).

In Chile, it has been estimated that fully 3% of the country's total
industrial energy consumption can be substituted by combustion of forest wastes
simply in the paper and wood Industries, and government policy Is to stimulate
R&D in this area (8 and 49). One example of the basic research being done on
this topic is the experimental work carried out by the Catholic University of
Chile with a mobile tree chipper machine, which aroused commercial interest on
the part of forestry concerns although it was shown that wood chips cannot
economically be transported far (93). Not much is being done on combustion
itself or In other energy uses.

A recent study in Colombia showed that only 70 of 27 centres identif led as
active In this area were actually conducting any R&D activities, only two had a
record of more than 6 years work. Most projects were of a minor university-type
experimental nature, half involving only I man-month each of professional exper-
tise. One demonstration plant for fluidized-bed combustion and another fixed-
bed prototype were constructed and functioned well, with other work concentra-
ting on pyrolysis and carbonization of wood residues. Although this field has

7A discussion of these and other issues, as well as a review of available
technologies, is found In 54.



only received minor financial support in the past, technological adaptations
have been achieved and one commercial firm has locally developed and marketed
industrial boilers using agroiridustrial wastes. The resulting innovations In

this area have been to cut down costs of equipment components and to optimally
design equipment to raw material specifications. Wood gasification and the
design of Improved stoves for rural use have been basically abandoned after
several years of activity, the former primarily due to poor results and the
latter to loss of financial backing (see 54).

Wood gasification has been known for over 100 years, -and became widely
used during World War II, when over 700,000 cars, trucks, buses, tractors, and
other vehicles used gas generators. in Guyana and Paraguay, imported German
wood gaslfiers are being Installed primarily for electricity generation and
tractors, respectively. These experiences have not yet involved local R&D or
even technology adaptation, but It is likely that innovations will be required
either in the equipment itself or in the handling of the wood by local workers
If the system is to function. The Guyanese case is particularly interesting in
this respect, as wood handling has already created problems, but might prove the
system's operational viability on a commercial scale in LDCs. It is a 4-MW
generator (large for this technology) and will reduce national fuel oil imports
by 2%.

Argentina's nonconventlonal energy program merely points out that it might
be interesting to begin R&D in this area, but no specific activities were iden-
tified (55). Brazil's IPT, on the other hand, has designed, built, and tested a
500-kW piiot eiectricity generator using wood gas In a diesel motor. Based on
this experience, and for the same sponsor (CESP), IPT has desIgned a 1-MW elec-
tricity generator using wood gas (41). ELECTROBRAS, in association with a major
capital-goods firm has also been conducting R&D and demonstration of gas-genera-
ting equipment on the basis of charcoal, again towards the generation of elec-
trIcity (18). Brazil's wood and charcoal gasification efforts are oriented
towards the substitution of smal I-scale diesel generators and other motors, and
are also carried out at ITEP of Pernambuco (64). Another alternative for gasi-
fied wood, studied both in Brazil and Chile, Is the production of methanol.

Combustion of solids such as wood, charcoal or agroindustrlal wastes is a
priority area for R&D in Brazil as well. Several prototypes and pilot plants
have been designed, built, and tested both with fixed-bed (37) and fluidized-bed
techniques (60 and 63). For the tropical forest regions, direct combustion of
wood is also being studied for development of thermoelectric plants, and two
projects have been set up. The first set up two 900 kVA turbogenerators fed by
wood and biomass residue steam boilers, end two more units of 25 ITVA are being
set up. The second Is a thermoelectric plant with three steam turbo generators
(7500 kVA each) to generate electricity for a large hydroelectric power plant
being built, using the wood to be removed before flooding the Balbina reservoir
(18). This option, by the way, Is a potential contribution to the solution of a
major stumbling block in dam development: what to do with the blomass before
filling the reservoirs.

Shipping costs of wood make it uneconomical for direct combustion far from
forest sites, and gasification, or even more so, charcoal production are viewed
as more interesting options. Brazil's "Energy Model" (strategic plan; 7) seeks
substitution of 24% of fuel-oil requirements by charcoal before 1985 (120,000
barrels o-e/dey), and major R&D efforts have been undertaken by centres such as
CETEC (of Belo Horizonte) seeking to optimize the carbonization process. The
challenge is to make integral use of elI the by-products of the process because,
wTth existing technology, 50% of the wood's weight is released into the atmos-
phere in the form of polluting gases. A second feature sought by R&D is to
develop lower-cost ovens and continuous carbonization retorts, which have bean
proven by CETEC but are still too costly. FInally, charcoal briquettes or
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pellets are also being studied for possible use in public transportation
vehicles with gasiflers (see 18).

A major subject of concern, particularly for environmental protection
agencies and international organisms, is the whole question of energy forests
and fueiwood supply. FAO has estimated that, by the year 2000, extensive areas
in the region will present considerable deficits in fuelwood supplies: Peruvian-
Bolivian highlands, Pacific Coast of Northern Chile and Peru, Central Colombia,
Eastern Brazil, Central Mexico, Guatemala, El Salvador, and a number of islands
in the Caribbean (Haiti, Jamaica, Cuba, Dominican Republic, and Trinidad-
Tobago). If present trends are unchecked, 290 million people will be living in
these areas with insufficient fuelwood supplies (29).

National programs in several countries to date have been of inadequate
magnitude to counteract these trends, but focus on most aspects of the problem:
improving the efficiency of use of fuelwood (improved stoves with locally
available materials, such as the "Lorena" mud-sand stoves), deveioping new
fast-growing species, reforestation and forest-management practices, and new
technologies for creating or expanding the supply of wood-based fuels. The
latter activities -- such as the development of mobile charcoal ovens -- may in

fact be counter-productive by creating new means to deplete forests for commer-
cial profit.

OLADE has been active in the area of fueiwood, charcoal, and improved
stoves on a regional scale, holding several workshops and financing studies on
design of stoves for rural applications and on the rational use of agroforestry
residues, in the latter area, the 1983-84 workplan contemplates development of
pilot demonstration plants, case studies, and elaboration of manuals in the
various technologies (gasification, carbonization, and combustion). OLADE also
seeks to establish a Latin American cooperative network on firewood, charcoal,
and gasification with the principal centres working in these areas (32).

Unfortunately, more information on energy forests, improved stoves, corn-

bustion, and all the other topics discussed here was not found. in part, of
course, this was due to the types of limitations previously mentioned. The
impression is, however, that It is primarily because very little Is being done.

There are several concluding considerations to be made, however:

The problem of deforestation cannot be conclusively or exclusively
linked to energy use, particularly by households. Expansion of agricultural
frontiers, industrial use of wood and charcoal, and indeed hydroelectric and
other infrastructural developments take a much larger toll on forests.

Very little research has been done on rural fuelwood use, but what has
been done would indicate caution in promotion of solutions (stoves, communal
forests, etc.) before studying the problem more fully (see 67 -69 and 72).

in contrast with the more sophisticated work on gasification and even
synthetic liquid fuels from wood that some countries are undertaking (in spite
of few possibilities of their passing laboratory tests), little work seems to be
undertaken in the more down-to-earth fields of improved combustion techniques,
boiler, oven, and stove design, or other such topics. The only somewhat promi-
sing RD activities in wood gasification and liquid fuels detected were found in
Brazil, largely related to that country's all-out policy to seek energy alterna-
tives. Activities in the smaller countries did not seem to lead anywhere.
Argentina was not perceived to be active nor was Mexico.

On the other hand, the little work done on fluidized-bed combustion
in which all sorts of solid organic materials are pulverized to allow complete
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and uniform ccxubustion -- shows particular promise in even the intermediate-size
countries of the region. R&D activities in combustion seem particularly worth
pursuing when one considers that these are gains in the final use of the energy
content of the fuel, that the technology is accessible to local researchers and
manufacturers in most countries, and that the experiences with wood and agro-
industrial wastes can be transferred to combustion of coal, peat, etc.

One of the studies commissioned by FAO's Regional Secretariat in pre-
paration of the rural energy action plan mentioned earlier specifically centres
on R&D activities, accomplishments, and priorities for "dendro-energy" (forest
energy) In La-fin America, and should expand our understanding of current efforts
and issues on the topic before the end of this year.

Solar energy technologies

A tremendous amount of R&D activity has been cnducted and continues to go
on in most, if not all, countries in Latin America.0 Although, unfortunately,
much of it is of a repetitive, uncr-eative type, several solid achievements
throughout the region can be highlighted. This is one case where there is per-
haps a minimal critical mass needed to achieve autonomous technological develop-
ment except perhaps In photovoltaic electricity generation, where the more
industrialized countries of the world seem equally s-failed.

In Chile, 31 of 65 energy-related R&D projects under way In 1980 were
solar, appropriating 24% of total available resources. They were carried out in
13 of 22 centres covering the spectrum of the energy field, with much activity
concentrating in centres of the arid northern part of the country. Chilean
experience shows that the best applications there are for agriculture and solar
drying, for which industrial prototypes have been developed (oriented towards
drying of fruits such as grapes, a major agricultural product of the country).
Nonetheless, low-cost solar water heaters for residential use in low-income
housing have also been successfully developed. Although the government itself
has low expectations on economically competitive solar-energy applications, it

has nevertheless set up a pilot solar project on isolated Easter island, where
solar and wind technologies might be closer rivals to conventional energy alter-
natives (9 and 49).

In Colombia, solar energy is the only energy field where the full techno-
logical chain -- from basic research through commercial production, quality
control, and university trainIn -- has been achieved. By the year 2000, it is
expected that at least 50,000 m' of solar collectors will be installed, as well
as 200 kVA of power. Large-scale housing developments using local ly produced
technological adaptations of water-heating systems have been and are being
installed already, and industrial installations at breweries and cement plants
have also been achieved. In the field of photovoltaics, the most Interesting
and promising applications have been for rural telecommunications, where accumu-
lated experience is more than 6 years old and a program of the telephone
authority (TELECOM) Is running; the cells, however, are not yet locally pro-
duced. Solar distillation and solar drying have lagged behind in terms of
development and practical demonstration, although attention is beginning to
shift towards both. Solar refrigeration did not get past the university "toy"
stage (see 29, 48, and 56).

0RecaIIIng Table 1, the strong commitment to solar R&D is demonstrated by
the IOB/INTAL countries' average of 30% of human and 25% of financial resource
commitment out of their 1981 R&D budgets In NRSE.

-
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In Central America, a regional program on the use of solar energy for
grain drying has been headed by the Central American Research and Industrial
Technology Institute (ICAITI), which also leads the subregion In biogas tech-
nology and has patented an interesting process for fermenting sucrose. In

Jamaica, Barbados, and the Dominican Republic, and indeed in most of the
Caribbean in general, solar energy projects have been undertaken extensively
through bilateral or intergovernmental organization technical cooperation agree-
ments (see 29 for some of those programs). Yet, It Is the "Big Three" (Argen-
tina, Brazil, and Mexico) that have advanced the most in solar-energy technology

not surprisingly.

Solar energy R&D has been a growing activity In Argentina since 1970 (55),
and in 1974 an important symposium on "The Sun at the Service of Latin American
Man," brought together national and regional experts and served to shape the way
for much of the country's current activIties in the area. Strong research
centres are the norm, including one specifically devoted to solar architecture
in Mendoza (IADIZA) and the National Atomic Energy Commission (CNEA). As pre-
viously mentioned, a 40-station solar monitoring system provides a solid back-
bone for R&D in various applications (94).

Solar architecture received early attention based on the premise that
adequate design and construction of buildings should allow minimal thermal
losses produced by differences in temperatures of the external and Internal
environments. Developments in this area have been oriented towards "passive
system" low-cost technologies, in which the elements of the solar conditioning
system are useful parts of the construction itself, and local (preferably
natural) materials are employed. As the same element both collects and accumu-
lates solar energy (eliminating the need for fluids moved with mechanical equip-
ment to transfer energy from collector to accumulator), costs are maintained at
a low level.

Flat solar water collectors have been developed to provide hot water,
space heating, and space cooling in houses. No difficulties are found in

achieving adequate temperatures even In winter and, because air conditioning Is
demanded largely in summer, It is not difficult to sustain the required tempera-
tures of 90°C. Norms and computerized testing laboratories are well estab-
I ished.

Fiat solar air collectors for drying of agricultural produce are also at
an advanced stage of development at a number of R&D centres and, in Rosario, an
Industrial fIrm commercially produces a silo grain dryer developed by the local
Institute of Physics (1FIR). Driers for fruits and tobacco have been developed
as well, and a green pepper model to prevent the serious economic losses of
conventional drying techniques and assuring international health standards is
also being developed.

Solar ponds, especially suitable in Argentina's northwest (intense radia-
tion, salt mines, and no conventional options), have achieved great commercial
success and compare favourably with Israeli technology. They are not used for
electricity generation, where application is just being studied, but primarily
for salt mining. One 400-rn' pond, financed by a shared-risk agreement between a
mining firm and the Science and Technology Secretariat SUBCYT), n2t oniy worked
well but paid back the Investment ahead of schedule. A 600-rn experimental

-'Unier the shared-risk agreement, firms repay SIJBCYT only if the techno-
logy pays for itself. Such arrangements between S-T funding agencies and indus-
trial concerns are becoming attractive options in other countries and energy
technologies as well, and sometimes involve participation of the funding agen-
cies in any patents that might be developed.

-
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pond provides hot water for a university gymnasium and heating for its green-
house.

CNEA Is pushing hard on photovoltaics, which it expects to have reached
commercial development internationally withIn 5 - 6 years, and also experiments
with cylindrical mirror concentrators in conjunction with one of the universi-
ties, towards the production of electricity and industrial heat. CNEA feels
that both solar and nuclear energy (fusion) are the fuels of the future, and is
trying to keep pace with research developments In both areas so that they wilt
be prepared when these energy sources are fully economic.

With the onset of the initial petroleum price shock, the first major
energy R&D plan established in Brazil was the solar one, with funds promptly
made available to various universities, physics groups, and research centres.
Within 2 - 3 years, after initial problems with adequate building materials,
complete control of the technology of flat collectors was achieved, and commer-
cial firms began producing them for luxury homes, swimming pools, etc. By 1981,
the first equipment and manufacturing directory for solar (and wind) energy had
been published to promote the concept of component systems more closely matched
to fit specific localities than what by then was possible with conventional
"packages" (75). Over 100 firms manufacture components and systems, primarily
water heaters and solar driers.

Water-heating systems of the flat collector type typically use the thermo-
syphon system of water circulation (hot water above cold) but are generally
complemented with water pumps. Most solar driers are often the tunnel (hot air)
or tubular (hot water) type, reaching temperatures of 55 - 60°C, but plastic
collectors have more recently been introduced commercially. Where higher
temperatures are required, concentrator collectors are used (normally parabolic)
both with manual or automatic adjustment to the sun's rays. These too are of
more recent entry to Brazilian markets.

Photovoltaic panels are designed, built, and installed locally as well,
primarily for irrigation or cattle-ranch pumps and radio-telephones, as well as
for electricity generation on small scale. A photovoltaic parabolic concentra-
tor system is being developed in the country, to reduce the costs of electricity
generation with respect to current PV systems.

Research in solar water heaters themselves is no longer financed, having
reached technological maturity and commercialization. Only work on quality
control, evaluation and optimization of residential, commercial, industrial, or
agricultural water heating systems is still financed with R&D funds. Similarly,
work on solar driers is mainly geared toward diffusion and mixed solar/conven-
tional energy systems. Refrigeration and cooling systems with solar energy are
also topics of minor priority in R&D efforts and funding.

Most solar energy R&D efforts are now turning to development of steam-
generation concentrators for industrial purposes, and to photovoltaic conversion
and accumulators. In the first area, one typical project Is a joint venture
with the French CNRS to install a 50-kW thermal prototype of a "mini-Pericles"
concentrator, seeking temperatures of 250 - 350°C. Due to its small size, it is
viewed only as an experimental project, but will be used to generate steam for
the Pernambuco Electricity Company-CELPE's restaurant (800 daily customers).
The resulting parameters will serve for future industrial applications of con-
centrators (see 18).

At the Universldade Estadual de Campinas (UNlCAP), with funding from
CESP, R&D seeks optimization of the performance of conventional monocrystal
silicon cells as welt as development of technologies with amorphous silicon
cells aimed at cost reductions. Intensive research at other centres is also
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conducted with amorphous silicon and other materials for cells (such as cadmium
sulphate, copper sulphate, and indium phosphate) based on fine film techniques
(18, 60, and 62 - 64).

The State University of Pernambuco, with the support of ELECTROBRAS, has
been developing a combined system of conventional solar cells with parabolic
concentrators of simple construction requiring no mechanical components to
rotate towards the sun's rays. A 30-W system has been installed (see 18).

Accumulation and storage of solar energy with the various conversion tech-
niques is another area of priority research. in particular, battery research is
being intensif led (63), not only to improve existing acid batteries but to
develop new types -- battery development for electric cars Is also studied in
Brazil.

Although much solar technology Is currently available commercially or is

in the development stage for commercial use, Brazil's solar program faces
several bottlenecks to more widespread diffusion. The relatively high costs of
these systems are compounded by public mIstrust or apprehensiveness about the
reliability of solar systems, and indeed research centres and government tech-
nological promotion Institutions place emphasis not only on R&D towards cost
reductions, but also on quality control and consumer education and information
systems (18 and 41).

Consumer mistrust extends less to imported technologies, which manufac-
turers began using because of their own mistrust of locally produced technolo-
gies. In fact, researchers and R&D funding-agency staff manifested frustration
at the poor absorption rate of local ly developed, proven, and economic solar
energy technologies when the manufacturing "boom" arrived. in spite of local

technical success, many manufacturers preferred to purchase foreign patents -- a
manifestation of the "demonstration effect" at work.

Information obtained on Mexico's solar energy progress for this report was
very fragmentary, limited primarily to the general discussion in the IDB/INTAL
study (29). This is unfortunate, as indications of the magnitude and dynamism
of MexIcan R&D in thIs field suggest successful achievements. This research
should be looked at more carefully.

The IDB/INTAL study indicates that Mexico expects to substitute 4.5 of 270
million t-oe total energy consumption (1.7%) with solar energy by the year
2000. The roughly US$7 million spent in 1981 on solar R&D in the country were
distributed as: 14% In flat collectors, 7% in refrigeration, 48% in integrated
projects (solar housIng), 4% on solar architecture, and 26% in other applica-
tions. Solar R&D groups at 16 centres were carrying out 47 projects, 20 with
high degrees of coordination and interaction among researchers, an indication
that traditional R&D dispersion of efforts might have been avoided in this
case. The projects themselves included 33 on solar thermal conversion, and 14
on photovoltaic conversion. Unfortunately, more detai Is were not included in

the report.

In conclusion, solar energy has received a high degree of R&D attention in
the region, which has achieved proficiency in designing and constructing not
only the more simple technologies involved, but also some of the more sophlsti-
cated (e.g., Argentina's solar ponds and Brazil's photovoltaics). Large-scale
power plants were apparently not on the drawing board but, other than that,
almost all other solar applications were found in the region. Local knowledge,
even control, over these technologies has been achIeved in most countries,
although the smaller countries (such as those in the Caribbean) have been basi-
cal iy passive importers of solar merchandise.
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The prospects for further penetration of solar technologies in the region
depend almost entirely on the towering of costs, adaptation of techniques to
specific needs of industries and households and 1-he consolidation of national
energy policies with incentives and promotional mechanisms.

Seal I hydroelectric plants

Latin America has an accumulated experience with Small hydroelectric
plants (SHPs) that dates back 1-o the last century, although the bu,i of

installed capacity has been based on imported conventional technologies. The
sporadic and unsystematic nature of activities in the field has been emphasized
in a critical review of the state of the art contained in the OLADE publication
prepared by SHP experts from Colombia, Costa Rica, Cuba, Ecuador, Mexico, and

Peru (83). At one point, development stopped altogether as policies favoured
Interconnection with diesel and thermal plants for rural areas.

Although a relatively well entrenched engineering design and construction
capability, as well as an adequate materials and equipment industry, have been
established in the region, only three countries have any type of systematic
program for the mass diffusion of these plants at present -- Coiombia, Panama,
and Peru. These three countries have experience with most recent developments
in SHP technologies from all parts of the world and, in fact, are achieving some
degree of successful technological Innovation (such as Colombia's proposed
raft-generators).

Since 1979, OLADE has been promoting the development and diffusion of SE-P
technologies through an intensive series of workshops and courses, pius 1-he
preparation of technical manuals. The effort has already mobilized hundreds of
experts and trainees from most countries of the region, which share the need to
develop their rural economies, a sufficient technical and industrial capability
to implement large-scale SHP programs, and abundant water resources (at least
enough for SHP development even in the smaller countries and islands).

As a result of OLADE's efforts, also enhanced by complementary or joint
efforts by ECLA and lOB, R&D groups and electricity boards within most countries
are well acquainted with conventional SHP design, construction, maintenance, and
evaluation, and some have moved on as well to construct demonstration projects
with nonconventional technologies using equipment of national and regional
origin. Nevertheless, the lack of policy and resource commitment to SE-P by most
national governments and electricity boards is evident, and progress is spurred
mainly by the self-motivation of researchers and manufacturers involved in these
activities.

The Colombian, Panamanian, and Peruvian SHP programs, as mentioned, are
the most ambitious in the region, although Argentina, Brazil, Chiie, Costa Rica,
Cuba, Ecuador, Mexico, and Venezuela also have relatively good know-how. In

Colombia, 50 plants in the 50-100 kW range are being installed over the 1983-
86 period by the instituto Coiombiano de Energia Electrica (10EL), a state
electricity board under technical cooperation with the People's Republic of
China. Work at the University of Los Andes, a traditional R&D centre in the
area, is focusing on the development of a "raft" generator (to float with river
tides from a fixed mooring). The Gaviotas experimental centre, which works with
appropriate technologies, has also developed SHPs for waterfalls as small as

10Fhe SHP turbines most often employed in Latin America include the age-
old Pelton, the Michel 1-Banki, the Francis, and the Kaplan.
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I m. The University of Val le Is another strong centre in the field, working
primarily with vertical axis Francis turbines (18 - 100 kW range) and low-power
Kaplans since 1977. MI of these centres work on the full range of equipment
involved in SHPs -- generators, turbines, regulators, control systems, transmis-
sion, etc. (see 56).

Peru has a 5-year plan to install 5000 kW of "micro" SRPs,11 for which it
is using both local iy produced and imported equipment. Its Institute of indus-
trial Technology Research and Technical Standards (ITINIEC) is the strongest
Peruvian R&D centre in the area, primarily developing Pelton-1-ype micro turbines
(expandable to 500 kW), as well as generators, regulators (tidal-dynamic), etc.
It also has experience with technical standardization, quality control, indus-
trial property technology transfer, drafting technical manuals, etc.

ITINTEC is currently involved in a cooperative venture with Argentina's
National University of Mislones, another strong R&D centre in the area working
primarily in the development of 0-100 kW Michel 1-Banki turbines and electronic
regulators. The two, under the auspices of IDB/INTAL, seek to exchange patents
and know-how through sabbaticals and joint research, and are at the moment
drafting "state-of-the-art" documents on SHP technologies in their respective
countries. This effort, seen as an initial step towards the development of a
Latin American R&D network beginning with the more advanced centres, is meant to
be complementary to OLADE's recognized initiatives (see 31).

Geothermal energy

As has been mentioned, geothermal energy is considered an Important option
in Mexico, Central America, and to a lesser extent in the Andean chain countries
of Latin America. Mexico already has an installed geothermal generation capa-
city of 150 MW and El Salvador has 100 MW, the two countries being today the
best acquainted at the regional level wi-f-h all facets of the technology (29).

R&D in Latin America is not widespread or particularly autonomous. On the
contrary, most activity is related to the evaluation of th resource's potential
(from reconnaissance to exploratory drillings) and the preparation of personnel
for eventual adoption of existing technologies.

Experts from France, Iceland, Italy, New Zealand, end the USA have been
involved in regional workshops and training programs and most interested coun-
tries have sent personnel to Europe or USA for further training. Only the
National Autonomous University of Mexico (UNAM) with the technical, field, and
laboratory support of the Federal Electricity Commission and I lE has short-
duration training programs in geothermal engineering and exploration. Typical
courses run f or 3 months and are attended by technicians,from 7 - 10 countries
of the region each time, with the sponsorship of OLADE (24).

The United Nations-sponsored Central American Isthmus Energy Program
(PEICA) has held three subregional workshops, and OLADE has sponsored another
three at a broader scale, resulting in the establishment ,f norms and methodolo-
gIes for the reconnaissance, prefeasibility, feasibility, development,and
exploitation of geothermal resources.

In terms of resource evaluation, those countries that view geothermal
energy as a viable option have been more active. Chile, after initially

11LatIn American usage distinguishes three ranges of SHPs: "micro" (0-50
kW); "mini" (50-500 kW) and "small" (500-5000 kW).
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establishing a maximum potential of only 30 MW, has essentially abandoned all
work In the area. Costa Rica, on the other hand, spent US$4.6 million in 1975
to prospect and evaluate production options in one zone, obtained another US$8
million loan for four new drillings and other studies in the area, and in gene-
ral has devoted most of its R&D funds In NRSE to this option (29).

Mexico expects to develop geothermal resources to substitute 1% of its

total energy consumption by the year 2000, for a total of 2.4 million t-oe. At

Cerro Prieto, a 75-MW plant uses humid steam, the more commonly occurring geo-
thermal resources. in 1981, Mexico devoted 27% of its human NRSE research
resources (the equivalent of roughly 40 full-time professionals) and US$2.25
million of its financial resources to geothermal issues (29). Unfortunately,
the level of detail in the 1DB/f NTAL report does not permit analysis of what
type of R&D was undertaken.

Nicaragua has also been active in evaluation of Its geothermal resources,
including deep drillings, and has prefeasibllity studies on production alterna-
tives for at least one of its fields (Moinotombo). Dominican Republic, Grenada,
Guatemala, Jamaica, and Panama have all done reconnaissance work and El

Salvador, as mentioned, is already generating electricity.

Colombia, whose large hydroelectric and coal reserves discourage conside-
ration of this option, has nevertheless also actively explored its geothermal
resources since 1978 (in cooperation with the Italian government and, more
recently, OLADE). It has plans to build a 10-MW demonstration plant, but this
Is still not funded (48 and 56).

Wind energy

Another rather traditional energy source has been the wind, widely used in
some parts of Latin America for pumping water. However, windmills are under-
going changes in design, materials, and even uses, with the appearance of aero-
generators. Although no "wind farm" programs such as California's are taking
place, research is being done on electricIty generation, particularly in the
three large countries, and changes in design and materials have been commercial-
ly introduced In many countries, sometimes with local innovations.

In Argentina, wind resources have been found 1-o be relatively abundant
particMlarly in the south, where measurements indicate wind potential above 1500
kW.h/m'. By December 1982, Argentina's National Nonconventional Energy Program
had already produced the country's first wind map, accompanied by a chart giving
annual, June, and December averages for 180 stations identif led by geographic
location and sea ievei. The objective of the program is to develop economically
competitive and functionally proven equipment up to 100 KW.

To this end, the National Space Research Commission has installed a

vertical-axis 20-KW generator with German technology, and is working on a 5-KW
horizontal-axis generator as well as on a thermo-wind system destined to provide
hot water and low pressure steam for household use. The Navy R&D Service
(SENID) is building 10-KW horizontal-axis prototypes and, in Misiones, the
university is building simple-technology, easy-to-install 1-KW horizontal-axis
wind generators for small rural establishments (see 55).

Brazil's efforts have also been large In this area, although the country
still has not made an evaluation of wind resources to allow Identification of
appropriate sites for further development. Both FINEP and CNPq, R&D policy and
funding agencies, assign high priority to expanded resource evaluation (62 and
63).
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The main emphasis in R&D has been the development of small-scale horizon-
tal-axis wind machines, primarily for water pumping, irrigation, and rural
electrification. These machines, ranging up to 10 kW in power, have been well
tested, quality control standards established, and transferred to a number of
industries. The 1981 solar/wind equipment and manufacturers directory gives the
specifications and applications of the machines commercially available (75).

CIA in Sao Paulo, in conjunction with the West German Space Research
Centre, has been developing sophisticated turbines for various applications --
pumping, communal electrification, grid-connected generation, telecommunica-
tions, etc. (64).

While CTA and the eight other R&D centres working on wind energy do
concentrate on low-scale, more mmediately applicable technologies, Brazil also
places some priority on medium and large wind machines as well. CNPq finances
feasibility studies for the construction of 100-kW machines, and "accompanies"
the international state-of-the-art in large size generators (1 MW). The stress
on short-term applicability merely reflects Brazil's pragmatic R&D policy orien-
tat ion.

Chile's researchers, as mentioned, are currently undertaking a joint
venture to evaluate wind potential from a broad perspective. They had previous-
ly been working on the technologies of wind use, viewed primarily as an option
for satisfying energy needs of isolated rural areas. Both university and non-
university research centres conduct R&D with various types of wind machines,
finding major difficulties in handling the irregularity of wind supply, which
requires having some type of complementary storage or regeneration system (49).

Colombia's experiences with wind energy have been largely with the deve-
lopment of equipment for water pumping using low-cost local materials and
autonomous designs. Three universities (National, Valle, and Los Andes), the
Gaviotas research centre, and one commercial firm (Molinos Gavilan) are the
leading centres in this type of activity. Most windmills are of low power, for
pumping water from 25 m deep. Only the National University at Bogota has begun
work on the design and construction of an aerogenerator (3 kW), and is in the
middle of this 5-year project.

Bottlenecks to further development in Colombia are similar to Chile's, as
wind resources are characterized by seasonal variations and generally low poten-
tial. Thus, in most regions, this option is only applicable where random func-
tioning or storage systems are acceptable, as in water pumping (see 9 and 48).

OLADE's wind energy program has focused primarily on three aspects it
normally stresses for all resources: the evaluation of physical potential, the
evaluation of the state of technological know-how on a regional scale, and the
pooling of regional expertise towards the preparation of technical manuals, the
provision of technical assistance, and the training of technicians. In line
with that philosophy, its specific projects have included the preparation and
edition of the Central American Wind Atlas, an inventory of Latin American
research and capacity to industrially produce equipment, and four workshop
courses (on resource evaluation; aerogenerator construction and operation; the
design, construction, and operation of wind machines for water pumping; and a
Caribbean-member workshop for island applications). OLADE created a Wind Energy
Advisory Group of regional experts in 1981 (see 24).

-
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Convent lena I Energy Sources

The debate on the categories or labels to be attached to the different
energy sources and technologies is never likely to lead to consensus. Whether
we term energy sources as convenfional, nonconven-Honal, alternative, new, non-
renewable, or whatever adjective chosen, the contention is that the Issues are
much the same. Supply-oriented energy policies and technologies are insuff I-
dent approaches to energy, technology, and development problems, and categories
should be viewed just as an expedient way to reflect the compartmentalizatton
which the real world has entrenched.

In this section, I consider petroleum and natural gas, larger scale hydro-
energy and electricity, nuclear energy, and coal as conventional sources.
Within each source, alternatives that elsewhere are treated as new and renewable
(coal gasification and oil shales) are discussed.

Pefroleum and natural gas

Several features of the petroleum industry result in R&D being relatively
scarce, if not inexistent, in most of the countries of the region; however,
these can be grouped into two categories.

First, state petroleum conglomerates with mammoth budgets normal?/
dominate all local petrogas activities that are not in the hands of multination-
al subsidiaries or affiliates. Multinationals do not carry on R&D activities
within the region, and state enterprises in Latin America are increasingly more
"enterprise" oriented and less "state" oriented. Hence, they are too concerned
with the day-to-day running of oil fields, oil pipe lines and and distribution
systems, Imports, exports, exploration, internal pricing negotiations, and other
such matters to pay much attention to R&D. This characterization, with minor
adjustments, is also true of most other conventional resource state enterprises
In the region except for nuclear agencies (which do not yet have sufficient
operations to be overwhelmed by daily affairs).

Second, research in new technologies tends to be capital-intensive,
require sophisticated equipment, and demand a peculiar blend of highly trained
and well experienced personnel. Even if personnel of this type are available,
they are generally assigned to management positions for the reasons listed in
the preceeding paragraph.

Universities are primarily involved in training of engineers who are
oriented towards daily operations, and would not normally have the funds avail-
able for autonomous R&D.

These considerations do not imply that R&D is out of reach of Latin
America in this field, nor that the qualified personnel do not exist or cannot
be readily trained. What is argued is that, within the context of their global
operations, R&D is not given high priority. As for personnel, Latin America and
its state enterprises have outstanding cadres of well trained professionals.

ARPEL was created in 1965 and has actively promoted the concept of the
technical Integration of its 13 state petroleum enterprises in South America and
Mexico. ARPEL has played a very important role in permanently upgrading the
technical competence of its affiliates and in the easy flow of technologies,
patents, expertise and information among them. It does not get involved in
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policy issues, except those where consensus among members might be absolute,
e.g., negotiating with multi-nationals; more recently, ARPEL has begun studying
the possibilities of capital goods industries in the region.

ARPEL works through two mechanisms: permanent camissions and expert
meetings, the latter set on four specific topics each year by its assembly. The
specialized commissions, in which each enterprise has one member, exchange tech-
nical information and technologies in the fields of production and exploration,
refineries, equipment and materials, training of personnel, end legal affairs.
Highly specialized papers are presented at the experts' meetings, and published
in a quarterly Technical Bulletin (see 86). The thrust of ARPEL's activities Is
shown by the 51 expert meetings, over 800 technical papers (see 85), and over
1000 professionals involved. As a result, the companies maintain permanent
contact with each other, exchange personnel for technology-transfer purposes,
and generally keep up to date with regional and extr-1egional technological
developments in all facets of petroleum and natural gas.'

The smaller countries, like Colombia and even oil-exporting Ecuador, con-
duct almost no R&D in pe-trogas. What little is done is either in response to
the ARPEL stimulus, or is really related to the adoption or adaptation of tech-
nologies for exploration, refining, and treating these resources to fit local
needs or conditions. Secondary oil recovery, options for unused or flared
natural gas, handling and treatment of heavy oils, and even strategic planning
-- all topics identified locally as research necessities -- have received no R&D
support (see 39, 48 and 51).

Argentina, which is self-sufficient in oil and gas, in 1942 established
Latin America's first R&D centre in the area, run by the State Petroleum Fields
(YPF). Its 150 professionals, 150 technicians, and 200 support staff conduct a
wide variety of activities ranging from basic research to eminently practical
applications. The fields studied span most petrogas technologies plus ethanol
and other liquid and gaseous fuels. Most noteworthy, the Refinery and Petro-
chemical Department has a full line of R&D on catalysis (plant technology
research, and in-depth analysis and evaluation of catalysts, focusing on even-
tual development of production technologies). In oil sands, work is geared
toward sophisticated recovery and refining methods -- given their high metal and
ash content. The solution posed has been to mix with lighter oils and refine at
the fields (rather than transport over long distances).

YPF's centre tries to work primarily on threshold technologies, but also
lends technical support to the operational divisions, given the commercial
nature of the enterprise. it almost never gives long-range or large-scale
countracts to universities, but prefers to try to narrow external contracts to
very concrete problems so that results be more easily achieved and pursued by
the R&D centre. Relations with industry are good, and YPF transfers developed
technologies to it (via patents and licences).

In Brazil, PETROBRAS conducts R&D both at divisions like its Alternative
Energy Department (blomass, shale, and coal) and at its R&D centre (OEMES),
established in 1957 and working out of a modern laboratory complex since 1973.
The R&D policy at PETROBRAS is flexible: case by case, the convenience of pur-
chasing foreign technology or developing it locally is analyzed.

t1For example, one of the experts' meetings in 1982 discussed PETRO
CANADA's hydrocracking CANMET process, Argentina's experience with remodelling
catalytic cracking and vacuum units, Colombia's experience in adapting its
recycling plants, France's experimental procedures for treating heavy oils and
residues, and Brazil's experiences in modifying refinery structures and with
catalytic cracking (86).
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The Alternative Energy Department, whose coal/oil mixture work Is dis-
cussed later, has done some R&D with natural gas, studying the possibility of
using the small amounts available in the Rio de Janeiro bus system (In double
injection with diesel). Its most notable work, however, has been with oil
shales, where R&D originally started by studying U.S. technologies and continued
until it patented its own process, PETROSIX. PETROSIX covers all the steps In
the comercialization of oil shale: mining and handling of the mineral,
pyrolysis of oil shale and recovery of heavy oil, handling of spent oil shale
(whose use for steam generation Is being Investigated), recovery of light oil,
desulphurization of gases and sulphur recovery, distillation of shale oil, etc.
A pilot plant at Ireti (the biggest oil shale deposit in Brazil) began cpera-
tions in 1972, and until 1982 It had had 51,300 hours of operation, using more
than 2 million t of oil shale to produce 135,000 tons of shale oil. The origi-

nal pilot plant handled 100 kg/hour, but a demonstration module now handles
10 t/hour. The scale-up created problems, but they have now been solved.

Using PETROSIX experience, PE1*)BRAS has planned since 1979 to set up an
Industrial scale 100 ton/hour plant in Sao Meteus do Sul, which has reserves of
650 million barrels of shale oil. The 20-tower project would require an invest-
ment of about Us$4 billion. Because of financial limitations, the decision was
to set up only 1 of the 20 retorting towers, and this has been contracted and is
expected to begin operations in 1986. At en internal rate of return (IRR) of
15%, the barrel of oil will cost US$38, although with a 10% IRR and with a
full-size plant the cost could be brought down to US$32. By the year 2000,
PETROBRAS expects to produce 200,000 barrels/day from shale.

Ifydro per and .Iectriclty

Latin America is a continent with generally abundant water resources and
engineering experience. The capital goods Industry is well developed (high
technology) in the three major countries, and relatively undeveloped elsewhere,
although many have installed industrial capacity to produce equipment and compo-
nents for the lower power ranges.

A regional overview of the state and perspectives of hydro-power develop-
ment and the financial and industrial challenges posed by it is contained in

OLADE's report (25), which was drafted by experts from the various state enter-
prises that manage the electricity sectors of a number of Latin America
countries. The study reflects tradItional electricity-sector planning practice,
viewing the role of these enterprIses as constructing and operating ever larger
power plants to satisfy exponentially projected consumption levels on the basis
of historical trends. The experts' principal conclusions deriving from these
projections are that hydro-power development will require a sixfold expansion of
current low levels of resource utilization (7%), requiring the Investment (and
financing) of almost US$260 billion by the year 2000.

The financial iniications of this scenario were the centrai point of
concern to these Latin American experts, as, to a lesser extent, were the possi-
bilities of expanding the region's capital-goods industry on the basis of this
expected dynamic growth of the hydro-power sector. Such possibilities are
becoming a major Issue of discussion throughout the continent. There are,
however, other important implications for the overall development process of
these countries and for related research: these are discussed later after a
brief review of current R&D in this field for the few countries available.

Colombia, which has 100,000 MW proven hydro-power potential and a solidly
established electricity planning, engineering and instItutional capability,
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nevertheless does little research in this area. In a recent evaluation of F&D
in the sector (51), basic research was found to be confined to enhancing know-
ledge of hydroelectric resources below the 100 MW range (the rest being known).
Basic research on electrical systems is not done in the country, although
several universities develop models for different hydroelectric system compo-
nents. There is some adaptation and development of equipment and components for
the lower power ranges by universities and by several manufacturers interested
in local and Andean Pact markets, with most work concentrating on SHPs, conden-
sors, motors, and electrical Instrument panels.

Most electricity utilitis develop models for planning expansions, opera-
tions, long-distance transa4ssion, security of supply, and evaluating the
impacts and causes of rationtng. The major state enterprise (ISA), which inter-
connects all the regional systems and is formed by the largest electricity
utilities, has also conducted several phases of joint research with a university
funded by the Colombian National Research Council (COLCIENCIAS) on the technolo-
gical disaggregation of hydroelectric power projects based on those under
execution. The work seeks to establish national industrial capability and
prospects for a larger participation of local capital-goods manufacturers in
hydroelectric plants, and has reached the stage where modifications of bidding
tenders are being established. A similar process has begun for thermoelectric
plants (as well as for petrochemicals and coal mining).

On balance, however, the study concludes that there is inadequate Incor-
poration of technology development and transfer activities Into the huge invest-
ments of the electricity sector, a general absence of basic research and univer-
sity research in a number of priority themes, and a relatively sophisticated
planning and modeling capacity (nevertheless prone to conventional methodologies
and approaches).

Brazil's electricity sector has a strong R&D capability and ELECTROBRAS
has a well-equipped in-house research centre (CEPEL) working on electrical
systems, operations research and overall systems, materials, electronics, elec-
trical equipment, transmission, and high-voltage/high power (99 - 102). At
CEPEL, the Electrical Systems Laboratory conducts experimental work on specific
problems such as the thermal cycle of electrical high-tension conductors and
accessories, in coordination with industrial concerns. The Materials Department
basically concentrates on he study of local materials as substitutes, for

example, porcelain or glass in insulators, towards application in extra high-
tension transmission. It also works on soil and atmospheric corrosion, metallic
materials (problems related to aluminum soldering), and applied mechanics. The
Transmission Lines Department conducts theoretical and experimental studies on
Insulation toward solution of humidity problems. It has also defined a line of
experimental work on the crown phenomenon and electrostatic effects and the
meteorological conditions that influence both.

Other electricity utilities also conduct their own R&D (primarily but not
exclusively on supply-side topics), or contract university or technological
research centres to do so (see 45 - 46 and 62 - 64). Much of the research now
centres on widening the range of uses of electricity in sectors traditionally
dependent on petroleum derivatives (such as industry and transport). This
includes research on the potential use of electrically driven mass transit
systems; the development of circuits, systems, and equipment to reduce costs of
trolley lines; and the development of electric cars (including experiments with
captive fleets to determine technical and economic operational parameters).

For industrial use, much of the work at both CEPEL (42) and elsewhere has
recently emphasized electrothermy, which might not only constitute a substitute
for other fuels but also a new use for overinstal led hydroelectric capacity,
CEPEL has only studied available electrothermic techniques (largely industrial

-
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demonstration units in countries such as France and Canada), and is planning
laboratory work toward the acquisition and eventual dissemination of technical
capacIty and know-how for the construction of equipment by national industry.
Laboratory work at other institutions has sought to evaluate the performance of
eleci-rothermic equipment to establish energy-conservation parameters and the
development of new equipment to fit the national context. Other areas of
research include the development of electricity-intense production processes for
fertilizers and raw materials, R&D on the generation of plasma at low tempera-
ture by means of electricity for Industrial applications and other studies to-
wards the development of technologies for new uses of electricity in industry
(62).

Besides R&D efforts of the types discussed for Coiombia and Brazil, some
of the larger capital goods manufacturers of the region also have their own R&D
departments or activities. Such is the case of Argentina's Pescarmona Metal ur-
glcal industries, which invests roughly 10% of its annual profits on R&D
primarily on hydromechanics and more recently on electronics. Like other major
Latin American industries, Pescarmona primarily purchases Its technology abroad,
but seeks to absorb, internalize, and modernize it. An example of Its innova-
tion is the &veIopment of an automatic shovel system for Kaplan turbines that
reduces service time by 50%, this has already been sold by Pescarmona to Swiss
interests. Nevertheless, the company recognizes that it must continual ly depend
on licensing from industrialized countries, because their R&D resources are
larger and thus more likely to produce innovations. It is not the origin of
innovations but their use which Pescarmona is interested in.

For other countries, information on the state of hydro-power development
is available, but reference to R&D is scarce. Within the region, 15 countries
know their hydro-resource potential relatively well if not completely, and the
others plan or have evaluation studies at various stages of completion. Besides
the work already mentioned on SHP plants, some work on modeling transmission and
distributTon problems, on technological dlsaggrogatlon in the Andean Pact coun-
tries, and on resource evaluation, no significant R&D activities were detected.

Returning to the 0LPQE document (25) in the light of the previous discus-
sion, several conclusions f or R&D In 1-he areas can be reached.

First is the issue of demand forecasting, where traditional methodologies
do not take adequate account of economic factors. Historical trends of electri-
city consumption are not proving valid for projecting electricity demand. In
countries such as Brazil, excess generating capacity installed on such a basis
is already becoming a major problem, as the R&D focus on electrothermy, trans-
portation, and other possibIlities of intensifying the use of electricity
reflect. in Colombia, where there is no idle capacity and where rationing
occurred as recently as 1981, demand in some subsystems has dropped to the point
where projected revenues will fall by at least 25% this year, forcing postpone-
ment of several major hydroelectric projects under construction. This drop in
demand has been a reaction both to economic stagnation and accelerated tariff
increases scheduled precisely to finance expansions. Thus a major challenge to
electricity planners is to generate forecasting methodologies to more closely
reflect general economic conditions, and to avoid costly and excessive invest-
ments. Projected investments by OLADE's experts thus would probably be revised
more realistically.

Avoiding major mistakes in demand forecasting and investment mobilization
is even more important if one considers that electricity-sector investments
usually amount to a large proportion of total public investments (thus diverting
resources from other development priorities), and that In most of the countries
electricity consumption is extremely skewed in favour of the richer regions and
income groups (so that investments tend to exacerbate rather than ameliorate
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income-distribution disparities).

Secondly, the possibilities of expanding the capital-goods industries of
individual countries depends on many factors - for example, size of local

markets, arrangements for exporting equipment beyond them, licensing negotia-
tions with major equipment manufacturers in industrialized countries (there
being little room for local technological innovation in these basically mature
technologies), and each country's current industrial base.

in terms of research, this calls for detailed studies of at least another
two types. Locally, studies of the "technological disagregation" type that
Andean Pact countries are now undertaking, aimed at establishing national indus-
trial capability, both currently and prospectively. On a more regional or
comparative basis, studies on both technology purchase negotiations and experi-
ences as well as on the feasibility of establishing multilateral arrangements
within the region for either the production of equipment or the specialization
and export of specific components. In many cases, economies of scale might not
be achieved unless local markets are surpassed - even though turbines and
generators are often individually "made to order."

Given the large hydro-power potentlai of the region, the decisions of most
governments to expand the participation of hydroelectricity within their energy-
supply mix, the financial implications of large-scale development of these
resources, and other considerations previously set forth, we must conclude that
the R&D gaps requiring most urgent attention are those related to planning and
policy formulation: better demand forecasting, closer attention to economic
implications and opportunities of hydro-resource development, analysis of alter-
native electricity expansion schemes, etc.

Nuclew energy

Nine countries in Latin America have already begun nuclear programs, and
several others have interest in beginning activities In the area. Based on
scattered documents and interviews with nuclear program personnel in several of
these countries, the current state of nuclear-reactor development in Latin
America can be summarized (Table 3). Only the three largest countries and Cuba
currently have firm commitments to Install power plants, however, both Mexico's
and Brazil's programs have run into local opposition and technical difficulties,
and are behind schedule.

Argentina's is the oldest and most advanced of these programs, having
achieved nearly complete (if not yet total) control of fission technology. The
distinguishing feature of this country's nuclear energy program is its constancy
in the systematic pursuit of well defined objectives, despite all the political
and economic fluctuations experienced since it started in 1950. The self-
sufficiency sought in the nuclear area does not imply eventual local production
of all reactor components, however, but primarily Independence of all external
factors in the making of any decision or choice of any equipment or option
regarding nuclear development. Accomplishment of this and other long-term goals
(such as meeting all electricity-demand increases through nuclear power once all
major hydro-power piants are installed) is expected toward the mid-1990s, by
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Table 3. Nuclear Reactors In Latin America

Argentina
RA-0 1 - 10 OP 1958; UnIversity 1970
RA-1 1 x (P 1958
RA-2 1-4 x OP 1966
RA-3 5 x i06 OP 1967
RA-4 OP 1971; UniversIty
RA-6 5 x iO OP 1982
Atucha 1* 335 x 106 OP 1974
Embalse* 6 x i08 OP 1983
Atucha 2* 75 x CO 1987

Brazil
REN - 1 1 x 1o4 --
lEAR-i 5x106 --
Triga-Brazil I x 1O -
ANGRA 1* 6 x 108 OP 1976
ANGRA 2* 13 x i08 CO 1981; behind schedule
ANGRA 3* 13 x iO8 CO 1983; behind schedule
ANGRA 4 - 9 13 x PL 1990; behInd schedule

CoI1 a
lAN-Ri 2 x OP 1965
-- 35x105 ST

cuba
---k 88x107 coiggo

Chile
NEN (La Reina) 5,x 106

CNEM (Lo Agulrre) 2 x iø

Equador
lxlO6 Si

Mexico
RN ixiO6
Sur-Mexlco 10 x
Laguna Verde 1 650 x
LagUna Verde 2 650 x 1O7

Peru
lx

Venezuela
RV-1 3 x iO

a* power reactors.

b(P, under operation since (year); CO, under construction for
(year); PL, planned or projected; and sr, under study.

Source: 106 supplemented by 43, 69, 103 - 105, and Interviews.
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which time Argentina should be introducing one nuclear power plant per year.13

Argentina's nuclear program is based on the formation of solid scientific
and technological infrastructure, beginning with human resources. During its
initial years, it trained personnel primarily abroad while its own Baiseiro
Physics Institute set up regular academic programs. Today, the country conducts
doctoral and postdoctoral programs in most areas necessary for its nuclear
development, complementing local training less and less with training abroad on
specific themes.

By 1958, Argentina had locally designed and built Its first 100-kW experi-
mental reactor (Including the fuel), with a second (5-MW) following in 1967.
Currently, it has the capacity to local ly design and construct a 60-MW reactor,
and has participated with over 50% of the construction and 33% of the electro-
mechanical components for its latest power plant (Embalse). CNEA, with its

staff of 6263 (in 1982) and the participation of local capital-goods industries,
is now exporting nuclear technology through cooperative programs with several
Latin American countries, primarily Peru, but also Brazil and Colombia.

Argentina has chosen to develop nuclear-power reactors on the basis of
natural uranium and heavy water, for four principal reasons. First, and in

comparison to the enriched uranium line, it allows total local control of the
fuel cycle given the country's scientific-technological-industrial capacity.
Second, it allows a more rational use of the country's uranium resources
(requiring 15% less uranium than enriched uranium per kilowatt-hour generated).
In addition, it enables greater participation of local industry in the produc-
tion of reactor components, given its capacity. Finally, it offers good
possibilities for improving the fuel cycle and feeding a second generation of
reactors (103).

Argentina, which possesses vast uranium resources, has acquired experience
In uranium mining, small-scale manufacture of nuclear fuel and heavy water,
reprocessjng of reactor fuels, and the operation and maintenance of power
reactors. it is building an industrial plant to produce sufficient fuel for
the first three power reactors, produces the zircon alloy employed in nuclear
fuel capsules (and possesses the technology to produce the latter) on a pilot
scale, and is developing local technology to produce heavy water, also on a
pilot scale.

These activities have, of course, Involved substantial R&D. Most of it

has been conducted directly by CNEA, which undertakes theoretical and experimen-
tal research in physics, chemistry, biology, nuclear technology, fuel and
materials technology, and several "prospective technologies" (nuclear fusion,
solar energy, wind energy and advanced fission reactors). CNEA's R&D activi-

1For this survey extensive material on Argentina's nuclear program (such
as 103, 105, and 106) was supplemented with four interviews at the National
Atomic Energy Commission and two with the leading national capital goods indus-
tries involved in the nuclear program (TECHINT and Pescarmona; see 20 for

details on one). One of the persons interviewed is also president of the 450-
member Argentina Nuclear Technology Association, which brings together profes-
sionals in government, industry, and research centres working on the nuclear
program.

141n 1981, "Reasonably Assured Reserves" of. U308 (at recovery costs below
US$66/kg) were increased by 650 t to a total of 30,050 t. In the same year,
Argentina mined 289,055 t of uranium mineral, produced 144.8 t of "yellow cake,"
and supplied 38% of the fuel used in the Atucha I power reactor, which showed a
93% plant factor and was serviced eight times by CNEA staff (see 105).
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ties Include the development and construction of equipment to be used in the
various experimental areas (such as a 20-MW electrostatic accelerator), low

temperature and magnetic resonance studies, solid-state physics experiments,
reactor-chemistry research on corrosion and contamination, radiocheoiistry pro-
cess development and applications, and a range of work on biological effects of
radiation.

CNEA has assigned US$10 million (expandable -l-o $40 million) to keep
abreast with nuclear-fusion developments, not only through its own laboratory
experiments, but primarily through association with teams working on fusion In

other countries (notably West Germany). The idea here Is not to develop fusion
locally, which would require much larger budgets, but to be prepared when fusion
technology is available. Argentinian scientists working under association
schemes are sufficiently well trained and qualified to actually make contribu-
tions to the R&D process, and avoid playing the role of mere laboratory assis-
tants.

This reflects one of the stronger characteristics of Argentina's nuclear-
technology transfer experience: negotiations, purchase, and use of foreign
know-how have always been geared towards the absorption of technology because of
the high level of the local engineers and scientists involved in the transfer
process.

This characteristic is not exclusive of CNEA's own philosophy, but per-
vades the whole nuclear industry in Argentina. Taking advantage of CMEA's
policy and bilateral arrangements, which generally compel total technology
transfer, Argentina's capital-goods manufacturers involved in the nuclear
program in turn negotiate licenses and know-how with a view of completely inter-
nalizing the technologies. The country, and its manufacturers, have been
successful thus far in avoiding technological dependence from any single country
or equipment supplier through a policy of diversifying its technology purchases.

The involvement of Industry and local engineering In this program has had
positive side effects for industrial development as a whole. The strict quality
control and advanced technology involved in the manufacture of nuclear compo-
nents and the construction of nuclear-power plants has required a noticeable
upgrading in engineering and materials know-how, which has been transferred to

other areas such as hydro-power generators and plant construction (see 20).

The moral issue of nuclear proliferation notwithstanding -- and nuclear
irresponsibility is manifest primarily in "defense" programs of industrialized
countries -- it can be argued that Argentina's nuclear program constitutes one
of the best examples of successful R&D in Latin America. Of course, the local
generation of nuclear technologies has not been the basis of the program, but
the "internalization" or near-complete control of a technology that requires
highly sophisticated engineering, materials, equipment production, etc. Is
itself a measure of successful R&D. In developing countries, a legitimate func-
tion of R&D must be the absorption of technological know-how so that eventual
technological autonomy and local deveiopmen-f can take place.

Brazil's nuclear program is much more recent, but is the most ambitious in
Latin America in terms of power capacity to be installed over the next 10 - 12
years. Unlike Argentina, which has diversified its technology purchases to
include European, U.S.. and Soviet supplies, Brazil's program centers on an
agreement with West Germany for the construction of nine power plants (now
expected by 1995).

The agreement includes provision for the transfer of technology for the
full fuel cycle by 1990. Because Brazil chose the enriched-uranium line of
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reactors, this requires the provision of a jet nozzle enrichment plant.15 A
fuel reprocessing plant will also be supplied (106).

The scientific community has opposed the program both 5ecauso the country
was inadequately prepared to negotiate nuclear technology at the time the agree-
ment was signed, and because it Is felt that local industrial and scientific
participation is too small compared to national capabilities: although 60 - 70%
of total materials, equipment, and services could have been provided since 1975,
provision for Angra 2 and 3 Is only for 30% participation. In fact, only by the
final two plants is local participation scheduled to reach 70% (43).

Again in contrast to Argentina's program, the critics feel that too little
attention is being given to human resource training to take full advantage of
this experience to internalize the capacity to design and develop technologies.
Brazilian universities and research centres have not been adequately mobilized
to develop personnel able to discuss the subject as "peers," a condition neces-
sary for true technology transfer. Unless and until sufficient local R&D and
personnel training is ungertaken. it is felt that this program will be of little
benefit to the country.1

Although R&D may be insufficient compared to the country's human and
institutuional capability and the objectives of eventual full control over
nuclear technology, it is carried on in several centres around the country. Sao
Paulo's Nuclear and Energy Research Institute (IPEN) appears to be the leading
centre working on nuclear reactor technology, having developed and operated
laboratory and pilot plants of various types (64). Its Nuclear Metallurgy
Centre has designed and built equipment and is now concentrating on fuel produc-
tion for its own reactor. IPENI's research staff of 117 covers a broad range of
topics, except fusion technology. Other centres working on nuclear R&D include
the federal universities of Minas Gerais (thorium and research reactor develop-
ment), Pernambuco (environmental monitoring, instruments, radiochemistry), Rio
de Janeiro (complex components for nuclear equipment), and Sao Paulo (basic
research on nuclear energy).

Colombia's nuclear energy program is minor, although its Institute of
Nuclear Affairs (IAN) was established in 1959. IAN is responsible for nuclear
development in the country and is the only R&D centre currently active in the
area. However, it works primarIly toward the application of radioisotopes and
has not undertaken activities geared toward eventual nucleoelectrlc development,
except setting up a small laboratory for the production of yellow cake.. The
country lacks a national policy for nuclear development -- perhaps due to its
vast hydroelectric and coal potential -- but is currently studying the possi-
bility of installing a second experimental reactor with Argentinian technology
(see 48 and 106).

Chile's nuclear program has reached a stalemate after the initial instal-

lation of a 5-MW reactor in 1974. A second reactor, under construction, has
been postponed indefinitely. In line with Chile's current economic policies,
nuclear power is expected 1-0 become an option only when It can compete
economically with other alternatives available to the country. In 1979, the
National Commission recommended postponing until 1985 the decision to eventually
construct a nuclear-power plant. In late 1982, it established that perhaps a

1in the meantime, the uranium cake is sent to Europe for enrichment
(total 1981 production was 550 t).

16From discussion al- the "Seminar on Nuclear Technology Transfer" orga-
nized by COPPE/UFRJ with participation of private enterprise, the public nuclear
sector, and university researchers held in Rio de Janeiro In May 1983.
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600 to 900-tvTvl plant might be attractive in the late 1990s, although no decision
on the type has been discussed.

Given this situation, Chi le's Nuclear Energy Commission has emphasized
nonelectric applications of nuclear energy and low-keyed preparation of human
and support infrastructure for the time to enter the nuclear-power phase. The
objective is to develop local know-how (If not production capability) of the
full fuel cycle (probably natural uranium and heavy water rather than enriched
uranium) at least at the pilot scale. Before the decision to postpone the
nuclear program, the country had begun to prepare qualified personnel for
installation of power plants in the next decade. Many of these 70 or so engi-
neers and scientists are scattered throughout the country in other activities --
but they are still there.

Given Mexico's enormous oil reserves, the country's financial difficul-
ties, and some Internal opposition, its nuclear program has been developing with
extreme caution. The first power plant has been delayed until 1987, and there
are doubts about the construction of the second -- although the government's aim
was to install 20,000 MW by the year 2000 (69 and 106).

Like Argentina, Mexico seeks to avoid dependence on any particular tech-
nology supplier. The first reactor will be a General Electric plant, but It is
currently negotiating future supplies with a great number of governments and
firms (particularly Canada, France, Sweden, and Spain).

Proven uranium reserves reach 17,000 t, and estimated reserves are
600,000 -1. In 1981, yellow-cake production was 385 -t. Mexico has small-scale
facilities for fuel production and reprocessing. It does not yet have the
capacity to produce heavy equipment for reactors, but this could be developed by
the early 1990s under adequate conditions. Nevertheless, there are doubts about
the future of the nuclear program.

The main lessons to drawn from the nuclear programs of these countries are
fourfold.

First, Scientific, technical, and industrial capabilities are strongest in
Argentina, where unswerving polltica[ comiiitment has allowed the nuclear program
-t- consolidate over the past 30 years. The element of stability and national
priority assigned to the nuclear program has allowed it to reach a technological
maturity that enables It to transcend Its own boundaries -- both to other
sectors of the economy and to ol-her countries (this Includes joint ventures witi
Westinghouse in Egypt, for example).

Second, nuclear power technology absorption is within reach of Brazil and
Mexico as well, although the political commitment to this objective is weaker
than in the case of Argentina, and progress made is slower.

Third, the smaller countries are in a weak position even to negotiate the
purchase of nuclear technologies. Colombia's IAN only has 14 professionals with
postgraduate degrees, working In all fields -- totally insufficient to counter-
balance and absorb Argentina's CNEA expertise and experience in the current
iAN-CNEA negotiations for a new reactor. Peru had to resort to Argentina's CNEA
to study the European proposals for it-s 10-MW plant and ended up baying Argen-
tinlan technology.

Fourth, from the above conclusions, it is evident that true technology
transfer -- by which the receiving country or R&D centre internalizes the know-
how -- is only possible when the personnel assigned to negotiate or absorb the
technology are sufficiently qualified to act as peers of the suppliers.
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Coal

Coal is a resource that is unequal iy distributed in Latin America.
Colombia has roughly 70% of the region's proven reserves, and they are of high
quality (5-10% ash, 1-2% sulphur in thermal coal; availability of coking coal).
In Southern Chile and Argentina (Magellan Straits region), there are also re-
serves but of lower energy content. Brazil also has low quality coal (40-50%
ash).

R&D efforts, focus, and priorities in the four countries are related to
these characteristics and to the availability of other options.

Coal In Colombia has until recently, been a rather neglected resource,
because the country had followed the world trend of petroleum-based develop-
ment. Becoming a petroleum importer in 1976, together with promising per-spec-
tives of increased international trade in thermal coal, led the country to
embark on ambitious coal-development schemes (1 and 9), that is not yet ade-
quately linked to local R&D or industrial-development schemes (47 and 48).

Eleven universities, a government geological and mining research centre,
and a technological research centre currently pursue R&D in various coal
topics. In 1982, however, this work involved only 62 professionals (half with
postgraduate degrees) devoting an average of 5 man-months each to research, with
52% of this time spent on coal characterization -- difficult to perceive as
actual "research" at all.

Nevertheless, serious efforts are now being made to establish a national
coal research program geared towards filling voids in government coal policy -
primarily in characterization of deposits for local use, work on combustion
technologies and environmental protection, and utilization of spent coal (in the
construction Industry), etc. Coal liquefaction and gasification on a laboratory
scale have been worked on and will continue, and current plans are shifting to
intensify the latter efforts toward the transfer of industrial-scale pilot
plants (1983-1986 Science and Technology Plan; 48).

Coal has also played an important role in Chile's previous development
process, and the changing energy panorama led a few years ago to proposals for
the intensification of R&D on all aspects of the mining, treatment, transport,
and utilization of coal reserves. Government priority has been to start produc-
tion of coal In new mines (a 250,0O0.t mine Is being set up), the goal being to
produce 1 millIon t/year from Magellanes, to substitute 7.5% national oil

consumption (49). Even more so than in Colombia, R&D is not viewed as a neces-
sary or useful investment in official government circles, though university
researchers feel work should be done on improved combustion and even coal con-
version into liquid or gaseous form to facIlitate transport.

Argentina's researchers are equally discouraged by government policy on
coal R&D, attributed to the buoyancy of its petroleqm, gas, and hydroelectric
resources. In fact, the government coal-research centre was dismantled after
years of work. In Argentina, no indication of current coal research was found
(for example, see 29 and 55).

Brazil, on the other hand, has a totally different resource situation.
Its lack of oil makes it look at all other alternatives. Coal reserves are
relatively large compared to domestic fossil-fuel reserves, therefore this
mineral too has received its share of attention. Since the country's coal is of
very poor quality (40-50% ash content), however, technologies developed abroad
for intensifying and diversifying its use are not readily applicable. Expanded
coal utilization, therefore, requires significant local R&D to adapt
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technological solutions to the characteristics of local resources (see 18, 29,
37, and 62 - 64).

Research in the past 6 years has concentrated on prospecting and mining
technologies, coat characterization (laboratory testing, equipment development,
and setting of norms), pilot-scale physical and chemical reduction, and washing
technology, in terms of mineral extraction and preparation. Work on combustion
Includes development of pulverized-coal burners, atmospheric and pressurized
fluidized-bed combustion, combustion of coal-oil mixtures (COW) using electro-
static precipitators to pick up ash, and cyclone burners.

In terms of carbonization, laboratory work has focused on transforming
noncoking coal into cokable coal, and development of fixed-bed and fluidized-bed
carbonization processes. Other studies focus on coal transport, handling,
storing, and environmental protection alternatives.

It is In coat gasification and liquefaction, however, that Brazil's R&D
efforts seem most optimistic despite the high ash content of its coal. Specif I-
catty, emphasis In terms of gasification includes development of coat-gas
burners, feasibility studies on underground or "on site" gasification, develop-
ment of gas purification processes, recovery of subproducts from gas utiliza-
tion, development of existing pilot-scale technologies toward establishment of
industrial-scale plants, and studies on the integration of gasification into
pyrolysis, direct combustion, liquefaction, and petrochemical processes.

The country has acquired German coal gasification technology and know-how
appropriate for Its types of coal, but is still to purchase industrial-scale
equipment due to financial constraints.17

Liquefaction of Brazilian coal is still at the laboratory or pilot stage,
test refining, hydropyrolysis, and catalytic or acetalytic hydrogenation.

BesIdes researchers at PETROBRAS (particularly active in COW and coal
gasification), 141 professionals conducted R&D in these coal technologies at
CIENTEC of Porto Alegre, FUEM of Parana, COPPE/UFRJ at Rio de Janeiro, lPT of
Sao Paulo, and UFRGS at Rio Grande do Sul (64).

Recalling Table 1, where Brazil's R&D on low-quality coal was classified
as research on new energy sources, this equals about 15% of the man-months and
27% of the budget detected by the IDB/INTAL study, which is roughly consistent
with the expected energy role of coal in that country by the year 2000 (above
20% of these sources, including alcohol).

Mexico, with proven coal reserves of only 643 million t of the subbitumi-
nous type and 37% ash content on average, does not have an active research
program in this area, neglecting even the full evaluation of its resource poten-
tial (69). This situation is repeated elsewhere throughout the continent.

Besides the substantial R&D efforts in Brazil and the very low level of
activity in Colombia, we can conclude that the region is generally not chan-
neling sufficient resources to this area of energy research, despite coal's
general ly recognized potential as a major fuel option for the coming decades on
a global scale. Although the commercial development of coal technologies (par-
ticularly gasification and liquefaction) will probably depend on the evolution
of international oil prices, it is clear that in relatively pertroleum-poor and

+lln the case of charcoal gasification, on the other hand, local technolo-
gIes have been developed using three systems (one plant is operational, another
under construction, and the third being designed).
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coal-abundani- countries such as Brazil, Colombia, and even Chile, much is to be
gained if R&D is not postponed until international developments force Interest
in coal options.

In the first place, as can be noticed from the Brazilian program, the
generally poor quality of Latin American coal poses difficulties for the auto-
ma-I-ic transfer of technologies developed elsewhere. In contrast, in Colombia,
the abundance of high-quality coal that is fairly well distributed throughout
its territory would indicate the strong possibility of nof only reaching energy
self-sufficiency based on this resource but also harnessing coal development
toward the satisfaction of other socIoeconomic development objectIves (employ-
ment, industrialization, foreign-exchange generation, etc.). In either case,
local R&D can contribute to identify and develop technologies for wide-scale
utilization of coal, with adequate environmental safeguards.

I ni-egrated Energy Resources RD

One of the lessons taught by the petroleum crisis is that the danger of
committing serious mistakes is greatly increased by a compartmentalized approach
to energy problems, planning, and technologies. On the other hand, it is

institutionally and professionally more comfortable, although certainly less
challenging, to approach energy, planning, and indeed technology as has been
done up to now by compartments. The consensus is that this is undesirable, but
in practice avoiding this has not been possible.

Some progress has been made in the demand" or "end-use" oriented areas of
energy conservation/substitution and energy planning. On the energy supply
side, however, little work has been done on combined energy delivery systems,
even in the relatively newer fields of NIRSE. Here again, there is a risk of
commiting the type of error made with conventional resources in the past --
researchers in solar energy and blogas are as removed from each other as those
in the electricity sector are from those working on coal. Integrated systems,
in which more than one energy resource or form is tapped, could not only
increase reliability of the overall energy supply, but also provide more
integral services to the consumers dependent on them.

There are, of course, instances of mixed systems, integrated agro-energy
communities, SHPs or aerogenerat-ors connected to electricity grids, etc. -- some
have already been mentioned. If we perceive energy in its broadest context,
however, new paths for R&D could be derived to bridge the gaps that have been
detected.

For example, in Chile in the area of biophysics, there is some interesting
research in which the use of solar and wind energy are complemented with the
cultivation of microorganisms for energy purposes, obtaining successful results
in the development of a technology to obtain biomass from rnicroalgae (see 49).

In the next two subsections, I discuss two R&D areas that, by their very
nature, cannot be properly compartmental ized Into any of the previous topics
reviewed.
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Energy conservatIon and substitutIon

It will by now be evident that much of the justification and orientation
of R&D In particular energy resources has to do with the possibility of reducing
dependence on oil, and taking advantage of available indigenous resources and,
to some extent, technologies. Another important line of Interest, sometimes
even action, is energy conservation.

In this section, efforts at energy conservation are discussed from the
point of view of policy commitment as well as R&D activity. Most Latin American
countries have some experience or acquaintance with 'I-his topic, as the manage-
ment of petroleum-demand growth rates has been dictated by balance of payments
and other economic considerations. Hero again, however, not many have compre-
hensive or coherent policies on energy conservation and substitution, or even
less on R&D to support those policies.

Argentina, for example, has an energy-conservation office at the State
Secretariat of Energy, whose functions up to now has been primarily to raiso
consciousness about the importance of this strategy through the organization of
elaborate national seminars. In 1980, one was held on electricity conservation
producing a five-volume, 1431-page collection of papers (97). A similarly large
symposium was held in 1982 on industrial energy conservation, and a third is

being planned on residential and tertiary sector conservation (5). These
activities are complemented with educational campaigns, but conservation and
substitution do not assume high priority in the country's energy policy, perhaps
due to the relative abundance of petroleum and other energy resources.

Chile's activities have not been very intensive in this area, but high-
lIght some of the major obstacles to progressive results in It. Researchers
general ly agree that, in spite of numerous energy audits, few Industries have in
fact adopted financially viable conservation practices, because energy expendi-
tures as a proportion of total costs and overall industrial problems (markets,
pay-rolls, etc.) are generally insignificant. This conclusion is based on
studies conducted by two unIversities and one energy-auditing firm, which have
revisited audited industries seeking updates on Implementation of recommenda-
tions.

In the context of economic recession, energy conservation and substitution
investments make no sense, particularly if anks or governments do not open
lines of credit to finance the modificatIons.1

Equador has had little activity in the area, although research centres
such as the National Energy Institute (INE) have recently focused attention to
it (113). The petroleum boom probably lies behind this neglect (39), but the
current petroleum recession is signaling a change in attitude. In particular, a
US$150,000 campaign to teach automobile drivers, households, and industries
energy-savings methods is under way, and studies on industrial and transport
conservation and substitution are being started.

10A recurring argument by government energy policymakers, both In Chile
and elsewhere in the region, is that pricing mechanisms and other policies have
in fact automatically spurred more efficient use of energy and the introduction
of substitutes. Critics in Brazil, Chile, Colombia and other countries attri-
bute drops in oil derivative consumption growth rates and even some energy
substitution to economic stagnation. In Santiago for example this winter many
households resorted to firewood for space heating but would return to gas under
more prosperous economic conditions.
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Colombia has had intensive, if uncoordinated, activities in energy
conservation/substitution research and policy over the past 5 - 6 years. A
recent review of these efforts is contained in a 15-page position paper (3), as
well as the 1983-85 Science and Technology Plan (48). The National Energy
Study, for example, conducted detailed energy conservation studies in five
industrial branches responsible for 80% of 19&s industrial energy consumption,
arriving at specific recommendations on energy savings and substitution options
for cement, steel, pulp and paper, foods and beverages, and petroleum refining
and petrochemicals.

Independent research centres have identIfied potential fuel-oil savings
opportunities of 37% in glass manufacturing, 40% in chemicals industries, and
18% in liquor distillation, compared to internal-tonal standards. Other centres
have discovered energy-savings opportunities at the specific industrial-plant
level, and some major industrial concerns have themselves begun conservation or
substitution programs.

Residential-sector energy conservation has not yet attracted much atten-
tion, but there is a major (US$600,000) study being conducted on transport
sector conservation/substitution options.

In recent months, research centres, energy planning organizations, science
and technology funding agencies, and industrial concerns have been discussing
the establishment of a more systematic and coordinated national program on
energy conservation and substitution. A feasibility study on the financial,
human, and legal resources and mechanisms required for such a program will
shortly be undertaken.

Information obtained on Mexico's energy conservation and substitution
efforts was, unfortunately, too fragmentary to adequately portray them. Never-
theless, the oral presentation of one major study by staff from lIE at a Sao
Paulo seminar is highly relevant to the conclusions of this review. According
to that study, if the efficiency levels of the country's 10 major thermoelectric
plants were raised from current levels of 30% to international standards of 36,
the country would save 9 - 10 million t of oil/year (250,000 barrels/day). With
20% industrial cogeneration, another 150,000 barrels/day could be saved. If

PEMEX, the State petroleum enterprise, took advantage of its steam, it could
install 8000 MW (33% of what the public electricity system now operates). With
industrial cogener-ation, this could easily be doubled. The financial and
administrative implications of harnessing this cogeneration potential for the
public electricity sector would be tremendous, but the country as a whole would
also benefit widely from doing so.

The I IE study demonstrated that, by reaching international efficiency
standards or- other viable measures, current petroleum consumption could drop by
15% in electricity generation and freight transport, 18% in the cement industry,
20% in passenger transport, 25% in chemical manufacturing and in the petroleum
industry itself, 30% in pulp and paper, 33% in steel, and 58% in the sugar
industry.

These staggering figures point out a major conclusion that will also sur-
face from the Brazilian experience: from the point of view of national energy
savings, It is often more relevant to concentrate conservation efforts on
improving efficiency even marginally in its energy-intensive sectors, than to
disperse Its efforts on a multitude of minor individual consumers. The small
number of industrial units involved, coupled with the engineering, financial,
and technological capability of these larger-scale fuel consumers, would indi-
cate the need to start with these rather than with minor industrial concerns,
residential or commercial consumers, or even the transport sector with its

thousands of individual "actors" (or vehicles).
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Brazil's experience in the area Is the most decided and significant in

Latin America, with government having created the mechanisms and financial

incentives towards the radical decrease of industrial fuel oil consumption

through CONSERVE, the official conservation program.

The second largest national energy program (after Proalcool), it entitles

industrial users of fuel oil to finance up to 80% of the invtments required to
enact conservation methods under very attractive conditions.

CONSERVE's funds are distributed into four categories, designed to allow
the program to have the major impact possible:

Low-cost credits channeled through financial agents (banks) under
government-established priority guidelines. These credits amount to the lion's
share (97%) of the budget.

Technical assistance to industries (1982 budget of 8CR 273.2 million),
carried out primarily by 10 R&D centers (62%), consulting engineering firms

(30.5%), indL.,try itself (6.5%), and universities (1%). Activities here include
roughly 250 energy audits and diagnoses per year leading to identification of
economical ly fealble conservation or substitution measures.

Experimental development (1982 budget of 8CR 273 millIon). R&D projects
on new industrial processes, products, technologies or energy resources are

carried out with this budget. In 1982, this involved 12 major projects techni-
cal ly described in reference 2 (B) including an industrial-scale fluidized-bed
gasifier for biomass.

information and diffusion (1982 budget of 8CR 149.4 million). This
involves preparation of energy conservation manuals for different industrial

sectors, publ ication of conservation/substitution equipment manufacturers'
directories (such as 75), and the establishment and diffusion of data banks on
"engineering data" for different industrial processes and energy technologies.

The latter three areas entail considerable R&D activities while the
program becomes more fully established. CONSERVE, in fact, officially only
started between October 1980 and January 1981, with the signing of sectoral
protocols by which the cement, steel, and paper and cellulose sectors committed
themselves to drastic voluntary decreases in fuel-oil consumption and government
set up the support mechanisms to make it viable. In 1982, fuel oil consumption
dropped by 34% in the cement sector (substitution with coal), 49% in the steel
Industry (primarily through substitution with charcoal), and 30% in the paper
and cellulose sector.

The role of R&D centres has been critical to the establishment and conso-
lidation of the program, although this has meant an initial deviation from
strictly research activities. The pioneering energy conservation program at
IPT, which currently involves 27 of the Thermal Engineering Group's staff of 44
professional researchers, must be highlighted (see 36 and 37).

As coiiiiented on in

classification of fue?-oi
proving that 65% of this
which 90 are in Sao Pau
dependence, IPT felt it
these major consumers.

the reviews, IPT first began with a quantification and
I consumption by industrial plants on a national scale,
consumption is concentrated in barely 200 plants (of

lo). Given the short-term objective of reducing oil
necessary to provide technical assistance to all of
For a second category of consumers (2500 plants

1'Up -to 8 years to repay the loans, with up to 3 years' grace period, at
inflation pIus 5% interest per annum.
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thsorbing another 30% of fuel oil consumption), IPT began working on industrial
branch studies and manuals. For the multitude of firms using the other 5% of
the fuel oil, TPT set up training and diffusion programs, for which it hal to
enter the unfamiliar terrain of providing technical assistance and setting up
training programs at the plant operator level. The IPT program was taken as the
model for setting up the R&D components of CONSERVE.

Considering the ultimate objectives of this review, IPr's balanced
approach to the role of research centres in support of conservation/substitution
priorities is another example of the maturity and depth reached in some fields
of energy R&D in Latin America.

Energy planning ad policy studies

Annotated reviews present the major energy problems, options, and strate-
gies of several countries in Latin America: Argentina (10), Brazil (7, 18, and
19), Chile (8), Colombia (1, 9, and 16), Costa Rica (40), Dominican Republic
(6), and Ecuador (39). Other reviews on regional options and strategies are
also included in the annotated bibliography. Many have been referred to in the
previous discussion (see 22 - 24, 2ü6 - 28, 32, 34, and 35) and, therefore, are
not referred to here individually.2

In this section, attention is drawn to three specific points of interest
for the objectives of this review. In the fitst place, there is the issue of
the degree to which official energy policy, as it now stands, explicitly or
implicitly assigns any role to R&D in support of energy strategies. On this
point, the conclusion is that with minor exception, energy policy takes little
account of R&D. This is indicative of the relatively weak support for R&D at
the policy/decision-making levels, and highlights the minor role R&D has played
in energy-development strategies in the past. Weak or missing reference to R&D
in national energy policies or plans is, of course, merely one reflection of the
classical disarticulation of the general science and technology triangle
(researcher-policymaker-user), and this weak link has been repeatedly stressed
in the literature and in interviews as a major bottleneck to more successful R&D
in Latin America's energy field.

A second major issue is the capability and experience in these countries
to conduct, finance, diffuse, and use energy-policy research, to paraphrase the
terms of reference of IDRC's Energy Research Group. On this count, it should be
noted that most countries have recently become active in energy planning and
policy research, if they did not already have well estthlished expertise in the
field. For example, 22 of OLADE's 25 members have completed their energy
balances for the past decade or more (23 and 82). Many have been subjected to a
battery of' energy assessments of the World Bank type, energy models imported
from Europe or the USA, technical assistance or cooperation programs with 1-week

LlJUnforunately, a full review of the energy-planning methodologies that
have been developed recently in Latin America could not be made here due to time
constraints. Nevertheless, it is worth enphasizing that there are several
strong research groups and centres throughout the region that have been actively
formulating and testing innovative methodologies in the fields of energy mode-
ling, NRSE policy, rural energy problems, technology transfer, transport plan-
ning, project evaluation techniques, etc. Some of this work is reviewed in 9,
11, 12, 29, 34, 38, 40, 43, 48, 60, and 63. References 66-72, 74, 77B, 79-82,
96, 98, and 111 al belong to the group of studies of methodological interest
for energy planning and policy research.

-
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to 2-year expatriate experts, etc. Some countries have even managed to generate
-their own methodologies, absorb and further develop imported techniques and
models, and consolidate (or begin to consolidate) a domestic planning and
policy-research capabi I Ity.

On a regional basis, furthermore, there is considerable capability and
expertise, much of it clearly oriented toward the newer integrated approaches to
energy and development planning (see 34, 35, 38 - 40, 62, 63, 66-72, 74, 77B,
79, 81, 96, and 98).

This brings us to the thrd major issue: just how should energy-planning
methods and practices be adjusted to changing energy realities?

Passing reference, in particular during the discussion of hydroelectric
power and electricity planning, has already been made to the shortcomings of
traditional energy planning and policymaking by energy resource or supply "corn-
partments." Increasingly, researchers and poiicymakers in the region are ques-
tioning not only the soundness or desirability of this approach, but also the
long-term sustainabitity of the actions and investment to which this has led.

The strategic nature of energy as an essential ingredient of overall
economic development s-tarted 1-o become quite clear with the lessons of the oil
crisis of the past decade, and is likely to become even more clear as hydro-
electric, coal, and other energy infrastructure projects face -the financial and
foreign exchange constraints in which most Latin Anerican countries are now
immersed.

Initially, the reaction was that countries must begin to approach the
energy problem from the demand side. This entails seeking a much better know-
ledge of end-use patterns than was previously felt necessary, if only because
the analysis of energy substitution r conservation options can only be made at
that level of detail.

More recently, however, this has grown into a more fundamental questioning
of the desirability and long-term sustainabilit of the energy-demand patterns
that have begun to emerge. For example, the Brazilian alcohol program is viewed
as a means of promoting the proliferation of the private automobile in an in-

creasingly metropolitan society, and thus as a deliberate choice of "development
style." The question is to what degree Brazil will be willing to drain its
resources to sustain the personal mobility of -the minority of the population.

As a corollary to this, it is evident that the choice of any particular
development style or model will have significant implications for future energy
production/consumption patterns. Energy constraints (or Implications) can and
should be taken into account In Identifying, evaluating, and choosIng alterna-
tive development paths, as much as the latter can and should he considered when
analyzing energy consumption/production patterns.

Energy policy, therefore, should not merely respond to given energy end-
use patterns, but should also take into account that one of the major options
available to developing countries is to try to shape the production/consumption
pattern that they wish to follow In their development process.

This obviously implies a certain degree of "normative planning," which Is
unavoidable in assessing and choosing development alternatives. A major
research Issue, however, is just how to do this, given the previously mentioned
disarticulatlon between researchers and policymakers, (who nevertheless are
separately reaching conclusions on the relevance of this type of approach.

On this ground, it must be clear that although the experience of the past
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decade of energy planning and policy research has been rich in the conceptuali-
zatlon of the energy problem within the context of developnent options, and has
even generated interesting methodoiogies, there is still a long way to go in
finding a commonality of interest and purpose between researchers and policy-
makers that would allow further methodological advances, the empirical demon-
stration of conceptual frameworks, and the utilization of research results for
policymaking.



SCIENCE AP() TECHNOLOGY P(LICY IN ENERGY RESOURCES

The S-I agencies of the various countries visited were an imporlant source
of information for 1-his review. Through them, much information can usually be
obtained on what research is being done, at least within their sphere of influ-
ence (universities and independent R&D centres, but not state enterprises).

Even more important, their own R&D policy (or lack of policy) in the
various energy fields Is indicative of the overall state of relevant activities
and priorities. in Argentina, for example, SUBCYT only has a nonconveritional-
enerjy program (55) and the richer National Council of Technical and Scientific
Research (CONICET) Is only beginning to formulate an energy policy, clearly
indicating previous gaps in the conceptualization and organization of R&D in

this area.

In Colombia, the latter observation Is also valid, although over the past
2 years evaluations of the current si-ate of R&D in all energy fields were
commissioned by COLCIENCIAS as the proper starting point for the design of a

comprehensive R&D policy (47, 51, 54, 56, and 106).

The ensuing draft of the first R&D plan for energy resources is already
circulal-ing for nation-wide discussion before final official adoption as govern-
ment policy. The shift in focus from planning by energy resource (felt to
perpetuate the inefficiency of the R&D system) to planning by objectives, needs,
and opportunities for energy development represents another step toward
approaching Latin America's energy problems within a broader context of socio-
economic development (see 48). -

Chile has also begun the formulation of an R&D policy explicitly inscribed
within the objectives of national energy and development policy, but has only
completed a preliminary diagnosis of R&D activities within the country (49 and
59). Nevertheless, even without an explicit R&D "plan," there is a very speci-
fic policy of fostering only market-competitive energy options (Including
research) and, to a lesser extent, R&D on some of the country's more abundant
energy resources (wood, primarily).

Brazil got an earlier start than the rest of the continent in formulating
energy R&D policies, given the more explicit role assigned to research in

support of also very explicit energy policies. Several of the resulting publi-
cations are reviewed in some detail in the annotated bibliography. They clearly
show a decision on the part of CFlPq and FINEP, for example, to set gutlelines
more actively for the types of R&D that the state is willing to finance, given
its energy-developmenl- stral-egies and priorities, rather than provide loose rein
to researchers to self-generate projects on the basis of personal interests (50,
53, 57, 58 and 60 - 64). In the process of formulating energy R&D policy, the
country has set up valuable and comprehensive data banks on the state of R&D in
all energy topics on a national basis (see, for example, 50, 53, 64, 91, and
114).

It is quite evident from all these S-T agencies that increasingly intense
efforl-s are being made to establish research priorities and organize the re-
source distribution procedure more clearly with national energy stral-egies in

mind.

This trend has both positive and negative, dangerous, connotations. On
the one hand, ii- is clear that applications of R&D results should be better
guaranteed if research is conceived from the beginning within the framework of
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national needs and possibilities. The dispersion of activities (and budgets)
acts against the efficiency of research and 1-he generation of results, as has
been amply stressed.

The more dangerous connotations have to do with the procedure for deter-
mining, evaluating, deciding, and periodically reassessing just what the options
and priorities should be. This is, in essence, an Internal political procedure,
but might very well be the critical element tht will determine the difference
between sustained progress and dismal failure.2'

The prospects, overall, are rather more positive than negative. In the
first place, countries today have a better grasp of their own resources, needs,
and options in the energy field than they did when he whole petroleum crisis
surfaced a decade ago. It has been an intensely active decade, and there are
likely to be no shocking surprises or brusque variai-ions in each coun-l-ry's

energy outlook from what has already been established. International petroleum-
price fluctuations should no longer catch exporters nor importers totally of f
guard nor drastically alter their R&D panoramas. Secondly, there is a per-
ceivable willingness on the part of many researchers, policyniakers, industria-
lists, international funding agencies, and other actors in the S-T to listen to
each other and attempt to work out common grounds for R&D activity. Thus, the
qualitative climate is becoming more appropriate for a shift from relative R&D
anarchy toward more cohesive S-T policy and action.

Here ag3in, it can be argued that most countries have the human resources
required to undertake successful R&D priority formulation and planning.
Certainly, the region as a whole has qualified expertise in this field, but
apart from the diffusion of each other's experiences and programs as points of
reference, it would not be advisable to "transfer" R&D policies or policy
designers. The specific national setting -- with all its physical, profession-
al, institutional, scientific, technological, financial, sociocultural, and
political factors at play -- must ultimately be the valid or legitimate backdrop
for R&D planning and policymaking.

Here again, "normative planning" is unavoidable, and those institutions
responsible for setting R&D policy and financing projects will ultrnately make
the final decisions on what to promote or what to discourage in terms of re-
search directions. The ddnger of setting "wrong" priorities can be lowered
through consultation of R&D policy proposals with energy policymakers, energy
resource-managecnent Drganizations, industry,and, naturally, the research cam-
rnunity as well.
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ONc1US!CNS FiM REcO,4.EPEATlONS

Throughout this paper arid the annotated bibliography I have attempted to
describe and critically assess R&D activities, achievements, and shortcomings in
each of the fields reviewed, within the context of explicit limitations. !n

most cases, conclusions and recommendations on R&D directions have been presen-
ted in earle- sections. in this section, some fInal considerations are made
and summary conclusions given.

Latin America as a whole has a solid R&D capability in the various energy
fields, distributed unevenly throughout the region, but with each country
technically capable of intensifying efforts and obtaining results at least In a
limited number of technologies. The human resource base as well as the physical
infrastructure (laboratories, equipment, etc.) for intensified activity are
either in place or readily within reach. Some countries, notably Argentina and
Chile, may even have idle human and physical capacity far the level of activity
they current'y undertake.

In general, the literature and interviews show that the potential contri-
bution of R&D to the process of self-sustained development of Latin American
society is large. Vet it is evident that the S-T systems of most countries have
not responded in the past to the demands that the challenges of economic deve-
lopment and improvement of the quality of life of these societies impose upon
them.

This situation might in part have been reached because of the insufficient
channeling of funds and human resources to create the critical mass necessary
for R&D to help sustain development. From Interviews and literature, however,
It is evident that the primary cause has been twofold: the lack of articulation
among the actors in the S-T system, and the dispersion of the few resources
available. The two may in fact be dimensions of the same problem.

Disarticulation is a multiway street. On the part of researchers, the
inclination to learn for the sake of knowledge, the aspiration to work on the
themes that colleagues are publishing in Northern Journals, the stress on the
means (technology) rather than the ends (needs), are all factors that lead to
"selfgenerated" research that is not always relevant to society. On the part of
energy policymakers and state enterprises, the overwhelming preoccupation with
the day-to-day tasks, the scorn for the ivory castles of academia, and the
conviction that it is only they who know what their sectors or countries need
makes them assign little or no priority to research, particularly the tedious
and long-term work that might lead to innovation.

otential users of locally developed technologies share many of the atti-
tudes of state policymakers and enirepreneurs, with the additional connotation
that they are addicted to imported technologies and products and feel no respon-
sibility toward "adventuring" with locally produced technologies -- regardless
of their intrinsic value.

R&D funding agencies, in the midst of this lack of commonality of
interests, have not contributed much to avoiding or overcoming the problem.
First of all, they are normally not very high within the hierarchy of decision-
making, and thus have rather restricted budgets, functions, and influence.
Secondly, they themselves do not normally have specific energy policies or
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priorities and distribute funds accordingly.22

Al! this tends to perpetuate the dispersion of resources which, if chan-
neled toward specific objectives, might otherwise be sufficient to achieve more
successful results. For example, in all countries, repetitive research on flat
solar collectors and water heaters has been widespread, adding little to exis-
tirig knowledge. Each individual project might be small, because many are only
meant to familiarize researchers with the gadgetry, but taken together they add
up to significant misspending of R&D time and money.

Cases such as Argentina's nuclear, Brazil's alcohol, Colombia's energy
modeling (9), Peru's SHP, and Mexico's geothermal programs show that, where
sufficiently clear objectives, priorities, and funding commitments have been
established, results have been obtained. These examples point to the fact that
technological advance need not be restricted to large countries or to "soft"
technologies, that progress will depend on the persistence of activities, and
that- the impact of research on the energy and development outlook of countries
wilt of course vary with the technology and the size of the Implementation
effort.

Another conclusion from the literature and the interviews is that research
resul are not widely disseminated even within countries and even less among
them.'--' With the exception of such channels as ARPEL, communications systems
are erratic and Informal, with the resultant obstacles to the transfer of know-
ledge and the possible acceleration of technological Innovation. This is not a
minor bottleneck, as in each country there are interesting developments that
could be reievant for other groups within their own countries, other countries
within the region, or to developing countries in general.

The transfer of technology, in fact, is another very important Issue to
discuss. Reference has already been made to conventional international coopera-
tion or technical assistance programs by which countries or research centres
receive "free" technologies or expert man-months, or hot-h. n the continent,
there is increasing impatience and mistrust of these programs which in a large
degree respond to the needs to export merchandise r unemployed professionals of
the more Industrialized countries. This misgiving is extensive in the smaller
countries toward the efforts of the larger countries of Latin America to export
their own technological expertise or innovations.

international cooperation and the transfer of technology must be based on
more solid grounds. The recipient institution or country cannot simply be a
passive receiver of equipment, techniques, or experts, but must have sufficient
technical expertise and seniority to absorb, internalize, and eventually further
develop the technologies involved. This has been key to the success of Argen-
tina's nuclear program, Brazil's shale-oil program and Colombia's and Peru's
work with SHPs. Where the recipient is technically or scientifically weaker, it
performs the passive role of research assistant, provides data to the sending
Institution, and eventual 1y merely purchases merchandise. (For another view on
the technology as merchandise, see 43).

22DespTf 10 years of intensified energy R&D, most national and inter-
national funding agencies are sti II groping to put together some sort of consis-
tent energy policy. In the meantime, funding decisions are made in traditional
fashion: on the internal consistency and methodological clarity of proposals --
wherever they might lead!

23For example, one group, which has been working on rural energy in
Northern Chile for 2 years, is unaware of the work being done on the same topic
in Santiago during a similar span, and vice versa.
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One final consideration must be made. Energy Is not the only problem of
development. This has two important implications. in the first place, energy
R&D will necessarily compete with other urgent priorities as well. This
strengthens i-he argument for the rationalization and priritization of the use
of those resources that are available or can be made available to it. Secondly,
It emphasizes the need to conduct energy research with a view on other develop-
mont problems, such as satisfaction of basic quality of life standards (clean
water, adequate lighting, etc.), the possibility of creaHng employment or

increasing industrial capabilities, the increased productivity of agriculture,
etc. Hence, although scientists might indulge in satisfying their thirst for
the truth in nore privileged societies, in Latin merica, researchers might have
to lower their sights a little toward 1-he development of financially and
socially feasible technologies.



APPENDIX A: BIBLIOGRAPHY

The hihi loraphy on which this study is based is presented in two sec-
t ions:

Annotated items - 64 of the most relevant items are briefly summarized
and commented upon; and

inannotafed items: -- 42 other items thai- serve to ilIustrha Flie types
of policies, activities, results, opportunities, funding, and related R&D issues
are Included with n further comment.

Each item is classified according to country, work area, topic covered,
and author or publishing institution. Each entry is coded to identify the first
three elements.

CODES

Country (first entry)

AR = ARGENTINA
BR = BRAZIL
CH = CHILE
CO = COLOMBIA
CR = COSTA RICA
DR = DOMINICAN REPUBLIC
EC = ECUADOR
LA LATIN AMERICA
MX = MEXICO
W = WORLD

Work area/Type of organization (second entry)

EP = Energy Planning/Policy
ID = Industrial Development/Organization
10 International Organization
BC Research Centre
SE = State Energy Resource Enterprise/Management
ST = Science and Technology

Energy topic (final entry)

CL = Coal
ECS Energy Conservation/Substitution
EE = Energy Economics
ES = Energy Strategies/Futures
ED = End Use
G = General
NRSE = New and renewable sources of energy
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1. cO-EP-ci.. C0LOIA
MINISTERIO DC MINAS V ENERGIA. DEPARTAMENTO NATIONAL DC PLANE-

ACION. (MINIsTRY OF MINES AD ENERGY. NATIONAL PLANNING DEPARTMENT)
Lineamientos de Politica en el Sector Carbon. (Policy Guidelines for the Coal
Sector)
Bogota: 1982. (16 pages)

Contents: This document includes a brief diagnosis of the resource as
well as general policy outlines tending to foster the development of the coal
sector. It was prepared by the Ministry of Mines and Energy, the National
Planning Department, and the state coal enterprise (CARBOCOL), and approved by
National Counci.I for Economic and Social Policy (CONPES). It thus constitutes
the official policy on coal development of the previous government.

First of all, it frames the coal sector in the 1978-82 National Develop-
ment Plan (PIN), with the following strategies:

Increase the participation of coal in the national energy balance;

Proaiote exploration and exploitation activities based upon specific
projects such as Cerrejon, a major development;

Foster coal exports based on adequate investment in infrastructure and
other mechanisms.

The document also describes the current situation of the sector in terms
of reserves, production, and consumption for the 1970-79 period. The sector's
perspectives are seen according to internal and external demand estimations made
by the National Energy Study (ENC), i.e., the progressive substitution of petro-
leum and its by-products u8ed in industry by coal and the growth of coal
exports. Estimations made by World Coal Study (WOCOL) (MIT 1980) are cited to
back a promising future for the exportation of this mineral resource.

Finally it states the main points of the policy for each of the following
headings:

The role of CARBOCOL as coordinating and executing agency for coal
development.

Assignment, exploration, and exploitation of areas.
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Remarks: Coal policy is overwhelmingly dominated by an eagerness to put
into gear ambitious exporting schemes (up to 50 x 10 t/yer toward the end of
the next decade, from current production levels of 5 x 100 t/year). Declara-
tions of intentions with little or no reference to mobilizing local efforts
(including R&D) toward the development an internal use of this vast resource
show the careless disregard for domestic markets and for the strategic impor-
tance of coal to overall economic development.

Market distribution and fostering of regional enterprises.

Coal substitution and technical aspects.

Coal exportation.

Infrastructure.

Support to small- and middle-scale mining.

Legal framework.



2. RR-EP.-f:CS BRAZIL
MINISTERIO DA INDUSTRIA E DO COMERCIO; SECRETARIA DC TECHNO-
LOGIA INDUSTRIAL. (MINISTRY DC INDUSTRY AM) COMItRCE/

SECRETARIAT OF INDUSTRIAL TECHNOLOGY.)
CONSERVE- Pr.rama de Conservacao de Energia No Setor Industrial (CONSERVE -
Industrial Sec or Enerqy Conservation Program)
Brasilia: March 1981. (42 page8)
Programa CONSERVE/Tecnologia - Relatoria de Atividades
("CONSERVE/Technology Program - Report of Activities")
Brasilia: March 1983. (32 pages)

These two reports present general information on perhaps Latin America's
most important energy-conservation program, CONSERVE.

The first document contains the background, objectives, financial mecha-
nisms, areas of action, expected results, and other characteristics of the
program, Brazil's second most important energy program after Proalcool (see
15). Through CONSERVE, up to 80% of the investments required by industries to
enact conservation methods are financed, with up to 8 years to repay loans
including up to 3 years' grace (depending on the type of firm and nature of the
substitution), at very low cost (inflation plus 5% per year). Although the
program only started officially between October 1980 and January 1981 (with the
signing of sectoral protocols), by March 1982 Brazil was producing exportthle
surpluses of' fuel oil, attributed to it. (Critics argue that industrial reces-
sion was also behind apparent reductions in fuel-oil consumption.)

The second report describes the main results obtained during 1982. In the
field of technical assistance, results were extremely illustrative for the 67
energy audits made during the year: for every cruzeiro invested in auditing, an
annual savings of BCR63 was identified as economically feasible.

Besides technical assistance, 22 diffusion projects were initiated and 9
concluded, including conservation manuals for the food industry. Twelve experi-
mental development projects were also executed, with five showing good prospects
for commericalization and industrial use:

Development of processes and equipment for the production of' materials
with high :ros.ion resistance;

Development of a biomass fluidized-bed gasif'ier;

Testing of an industrial-type coke furnace;

WIJSTITA production process;

Starting system for motors.

Project summaries and photographs of the equipment developed were inclu-
ded.

Finally, in the area of human resource training CONSERVE financed overseas
training for 13 Brazilian technicians, contracted foreign assistance (consultan-
cies), and acquired a mobile unit for energy auditing.
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X-EP-EcS OLOfr IA

MINISTERIO DE MINAS V ENERGIA. (MINISTRY OF MINES AND
ENERGY)
Programa de Conservacion y Ahorro de Energia en Colombia (Energy Savings and
Conservation Program for Colombia)
Bogota: May 1983. (15 pages)

This position paper was presented at a Latin American Seminar on Energy
Conservation sponsored by OLADE at Lima In July 1983. It contains information
on the various activities of different research centres and industrial concerns
in the field of energy auditing and conservation practices.

It proposes a national program to improve energy management, increase
efficiency of Installed equipment, introduce new processes and machines, recover
process energy and introduce alternative sources of energy. The ministry
proposes time schedules and government measures (ranging from voluntary to

coercive) and outlines the functioning of the program -- energy auditing, human
resource training, assimilation of methodologies and technologies via external
cooperation nd internal training, and the establishment of the long-term feasi-
bility of setting up a national energy-conservation centre.

Remarks: The merit of this proposal is that it would bring together the
R&D centres, S-T policymakers, E-P sector, and industries Involved in the field
to discuss and propose mechanisms for implementation of energy conservation/
substitution strategies. Although the ministry itself does not have the finan-
cial, human, or legal resources to set up a program of the nature proposed, it

is a political instance that can definitely aid in promoting the concept.

BR-EP-EcSIRA BRAZIL
COMISION NACIONAL DE ENERGIA (NATIONAL ENERGY cOPIMISS ION)

Programa de Mobilizaçao Energetica (Energy Mobilization Program)
Brasilia: 1982. (leaflet)

This succinct leaflet begins with a presentation of the two 1982 decrees
that form the legal basis for the Energy Mobilization Program (PME), which
constitutes the set of government actions aimed at energy conservation and the
substitution of petroleum derivatives. After announcing the 10 priority areas
of action, it regroups them under four major headings arid describes specific
objectives in each:

* Conservation priorities. Sectors covered are freight transport, urban
passenger transport, and industrial conservation -- primarily in energy-
intensive subsectors but extending to educational and training activities to
broaden the scope of coverage. Finally, programs to develop new transport,
civil works, and agricultural vehicles and equipment are described.

Substitution. Actions contemplate changing of refinery structures,
promoting Otto motors and research into diesel-oil motor substitutions, develop-
ing substitutes for fuel oil on the basis of a variety of resources, and promo-
ting electricity use in industry, transport and agriculture. Secondary priority
is assigned to gasogens, agroindustrial waste, biogas, and solar and wind
energy.

Production of petroleum substitutes. Actions here concentrate on the
alcohol program, coal development, use of wood for energy purposes, vegetable
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a

oils, and harnessing of local resources available in the different regions.

Research and development. The PME strongly emphasizes the role of R&D
in support of petroleum conservation and substitution, supplemented with
pricing, tax, and other mechanisms.

M-EP-EcS ARGENTINA
SECRETARIE DE ESTADO DE ENERGIA (STATE SECRETARIAT OF ENERGY)

Seminario Sobre Conservacion de Energla en los Sectores Domstico y Terciarlo
(Seminar on Energy Conservation in the Domestic and Tertiary Sectors)
Buenos Aires: Nov. 1982. (12 pages)

The paper is a detailed description of the Third National Seminar on
Energy Conservation to take place in November 1983. It includes: introduction,
program and topics of the seminar, speakers, national participants, organiza-
tion, advisory and evaluation commissions, exposition and work guidelines, and
final publication. Previously, two symposia were held, on electricity conserva-
tion (1980) and industrial energy conservation (1982).

Remarks: The secretariat's policy is to raise consciousness of energy
conservation through large-scale, highly attended symposia such as this. Enact-
ment of conservation measures do not seem to fall under the secretariat's field
of action.

DR-ER-ES ACOSTA, J.R.
Aspectos Criticos en ei Campo Energetico Enfrentados par Ia

Republica Dominicana. (Critical Aspects Faced by the Dominican Republic In the
Energy Field)
ECLA/OLADE Ad Hoc Consultative Meeting on "Energy and Development in Latin
America"
Santiago: April 1983. (14 pages)

This document stresses the necessity for reinforcing the cooperation
mechanisms among the countries of the region and expanding financing facilities
to accelerate the development of the available energy resources.

The Dominican Republic is not exempt from the critical situation of depen-
dency on oil and its derivatives. The imports of these products represented 58%
of the total export for 1982. Balance-of-payments problems are exacerbated
because human, technological, and administrative resources are scarce, research
and development budgets are limited, statistics are inccmplete,and coordination
among the state energy-policy agencies is unsatisfactory.

The country, aided by various international organizations and also by
other nations, has begun to update its information and planning bases concerning
the energy field:

National Energy Plan (PNE), National Energy Balance (BNE), and energy
information system;

OLADE -- biogas, geothermal, and price policies;

- 61 -



1DB -- solar;

World Bank, governments of Spain, Italy, Canada, andGermany - dverse
activities.

7. -EP-ES BRAZIL
MINISTERIO DE MINAS Y ENERGIA. (MINISTRY OF MINES AND

ENERGY)
Modelo Energetico Braslieiro. (Brazilian Energy Model.)
Brasilia: May 1981. (91 pages)

This Is the synthesis of the Brazilian Government's energy policy. All
government actions in the energy field seek fulfillment of the goals set forth
here.

Conton1: Extensive examination of the supply/demand of primary energy of
the country and its targeted composition for 1985; and expositIon of the concep-
tual aspects of the model with an adequate distinction between itS dIfferent
parts (for example, energy conservation and substitution).

The description of the situation faced by Brazil Includes:

Structure of primary energy onsumptlon (renewable and nonrenewable
sources) for 1969 and 1979;

Resources and reserves as of 31 December 1979;

Consumption and consumption structure of petroleum and derivatives and
of alternative sources for 1979; and

Weight of external dependence, made obvious when the balance of pay-
ments is taken Into consideration: from US$6,479.9 million paId for oil Imports
in 1979, to US$9,901.0 million in 1980, a 53% increase. Oil imports represented
43.1% of total imports and 49.2% of total exports in 1980.

The basic structure set forth by the MFB seeks three objectives:

Energy conservation;

Increase in production and reserves of national oil; and

Maximizing the use of national energy sources and substitution of
petroleum derivatives.

The year 1985 has been established as the first phase of MEB, when oil
consumption is expected to be 612 x 106 barrels/year (1.7 x 106 barrels-ce/day)
on the basis of the following data;

GOP annual growth rate = 6%
Population annual growth rate - 2.5%
Petroleum derivatives annual growth rate = 7%
consumption of petroleum derIvatIves and alternative sources in 1979 =

1.13 x 100 barrets-oe/day

ThIs vital document includes a detailed plan of ME8's action strategies
and targets for each of the following specific areas:
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Conservation of fuel oil (industry), diesel oil (transport), gasoline
(transport), industry (conrierce);

increase in national production and reserves of oil and natural gas;

Maximization in the use of national energy sources and substitution of
oil by-products. This includes: the ethanol program, wood and charcoal, coat,
oil shale, alternative sources, and hydro, nuclear and thermoelectricity.

Annexes: Graphs and charts on consumption, conservation and marketing
estimates, and statistics; and price-policy - (Comisi n Nacionai de Energia --
CNE -- resolution 004).

Remarks: The goals set by MEB are ambitious and require mobilization of
large financial, human, and technological resources. For example, petroeum
production is expected to rise to 0.5 x 106 barrels-ce/day from 0.22 x 10 In

1981; fuel oil consumption is expected to drop by 16%, diesel by 12%, and gaso-
tine by a further 20% from expected 1985 levels; coal production Is expected to
quadruple from 1979 levels; etc.

8. at 13' CS CHILE
COMISION NACIONAL DE ENERG1A. (NATIONAL ENERGY coP.lSSt0N)

Estrategia Energetica Chilena y sus Resultados mas importantes. (Chilean Energy
Strategy and its Main Results.)
ECLA/OLADE Ad Hoc Consultative Meeting on "Energy and Development In Latin
Amer i ca

Santiago: April 1983. (16 pages)

This document, prepared by the Chilean Energy Commission, refers to
certain outstanding aspects that establish the energy strategy adopted "accor-
ding to the general econcmi and social policy of the nation."

The main instruments applied are:

Realistic price policye This has been the basic tool of the Chilean
experience: free prices in a competitive market. Since 1978, there began a
total price liberalization, with no taxes nor special subsidies;

institutional and legal adjustments. The private sector competes under
the same conditions as the public sector. This is evident in the electric-
energy sector;

Coordination of investment decisions among enterprises and state agen-
cies;

Execution of long-term resource prospecting programs;

Results are included in charts and graphs and can be summarized:

Greater efficiency in resource allocation and conservation measures
adopted by producers and consumers. In fact, the consumption growth rate of
high-price energy products has diminished. In terms of conservation, the energy
consumptton/GDP relationship has dropped about 20% during 1970-81 (47% eff I-
ciency Improvement in transport is directly attributed to technological change
via vehicle import liberalization).

Decentralization of decision-making procedures both at individual and
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industrial levels.

Introduction of foreign capital In the main extraction activities
(coat, oil, and gas).

Annexes: Charts and graphs showing the principal consumption growth rates
and indexes for 1960-81.

Remarks: Little mention of the role of local R&D in the country's energy
future except for studies the commission would like to see in optimizing the use
of forestry wastes as an energy source. NRSE reduced to demonstration projects
until cost-competitive.

9.. CO-EP-ES COLOMBIA
MINISTERIO DE MINAS V ENERG1A: DEPARTAMENTO MACtONAL DE

PLANEACION. 1NISTRY OF MINES AND ENERGY: NATIONAL PLANNING DEPARTMENT)
Estudlo Nacion& de Energia

F 1982. (663Bogota: prepared by T4eJla,
pages)

This book summarizes a 2-year, 33-volume detailed study commissioned by
the national government on the country's energy situation, options, and perspec-
tives towards the year 2000. Involving 27 high-level local and 13 foreign
consultants directly, pIus 25 supervisory and coordinating government officers,
it constitutes a major effort to create and utilize modern energy-plaming
instruments in support of coherent energy policy decisions. ENE generate&the
1970-79 energy balances, (the most up-to-date estimates of proven and probable
energy resource reserves), econometric models for each demand sector, energy
conservation and substitution studies for several major energy-use sectors,
updated and interactive supply models for each energy resource, and a global
simulation model for analysis of energy and financial Implications of alterna-
tive policy options. In synthesis, it constitutes the first comprehensive
Colombian Energy Model -- or set of interacting mathematical submodels based on
Colombian realities and expertise.

Book contents: Three chapters define the international, national, and
planning methodology contexts of the energy problem. Six chapters define the
diverse scenarios for the year 2000 depending on alternative pricing and other
policy assumptions as well as economic and demographic growth aiternatives (one
each on: overall energy perspectives; demand by industrial, residential, trans-
port, and other sectors; ele-fricity expansion, coal supply, domestic markets,
export options, and conversion processes and costs; the hydrocarbon sector,
Including a probabilistic Delphi-constructed exploration model plus refinery,
International trade, and financial perspectives for the state oil enterprise
(ECOPETROL); the nuclear sector -- basically the uranium perspectives of the
country as nuclear-generated electricity is not contemplated as a feasible or
necessary option in this century). A set of three chapters evaluates overall
energy options (including the financial, investment, and energy-balance Impact
of the recommended package of options as well as each alternative independently)
and detailed options affecting demand (prices; natural gas development; resi-
dential, transport, and Industrial sector conservation/substitution possibil-
ities) and supply (additional exploration, ethanol, and synthetic fuels). The
fourth section contains chapters on NRSE for rural areas, environmental con-
siderations, foreign investment, and institutional aspects. The closing section
summarizes conclusions and recommendations; evaluation and prospects of the
energy sector; availability of resources; policy options; recommendations on
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exploration; exploitatIon of energy resources; recommendations on production of
secondary energy, uses of natural gas, and consumer prices; energy conservation
arid substitution options; rural energy consumption and use of NRSE;
institutional aspects; the information system; and prelnvestment studies.

Results: An important process of petroleum substitution was undergone by
the Colombian economy during the last decade, primarily through increased
natural gas and coal consumption inindus-fry. Nevertheless, due to rapid growth
of automobile fleets and transport demands, petroleum constituted roughly 40% of
total energy consumption throughout the decade despite petroleum production
dropping dramatically (to half) from 1970 to 1979 and oil self-sufficiency
ceasing in 1975. Prospects for more radical changes in conservation and substi-
tution are slim, unless effective policies and programs toward those ends are
adopted. Hydroelectricity and coal are expected to continue to grow propor-
tionally, fuel wood to decrease and natural gas to change to nonenergy uses as
coal substitutes for it in thermal plants, cement industries, etc. Since 1980,
petroleum has stabilized, indeed slightly Increased due to high levels of

exploration and pricing policies for "new" oil, so that relative self-
sufficiency may be maintained throughout the rest of the century. Exploration
efforts are closely tied to economic variables associated with the overall
energy picture, thus petroleum production wilt continue to depend closely on
international prices and other factors as much as on uncertainty of successful
drill ings.

Overall, the country's energy problem is not a question of natural resour-
ces. Geologists are optimistic about petroleum resources (enough for self-
sufficiency throughout the century), and coal reserves are so large that huge
export projects would not imperil local consumption. Hydro resources (sixth In
the world) allow rapid expanston of electricity capacity at costs lower than in
countries dependent on coal, petroleum or nuclear generation. Uranium prospects
would allow construction of fifty 1000-MW plants even without breeder reactors,
and biomass, solar, a- other NRSE possiblities are also abundant. The major
problems facing energy development are financial constraints and the foreign-
exchange requirements for hydro, coal, and petroleum production expansion.
These problems, due to tags in electricity tariffs and oil derivative prices
vis-a-vis real costs, are expected to ameliorate between 1987 and 1995, when
coal exports and expected new petroleum fields will compensate the energy
balance of payments. Beyond 1995, net deficits in energy trade are expected
again unless new coal-export projects, substantial reductions in foreseen petro-
leum consumption, or production of synthetic fuels take place.

Taking all these factors into account, major policy options are:

I ncrease foreseen hydrocarbon-exploration acti vity;

Conservation policies particularly in transport;

A variety of substitution policies and programs primarily in residen-
tial and industrial sectors;

Liquid fuels from natural gas, coal, and biomass;

Undertake larger coal-export projects, develop uranium exports, or
export natural-gas derivatives;

Take advantage of temporary (25-year) natural-gas surpluses for several
of the previous alternatives in expectation of coal gasification when natural-
gas reserves dwindle; and

Satisfy rural energy needs at relatively low cost via NRSE and expan-
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slon of electricity coverage.

Due to the wide variety and relative abundance of energy resources, many
or all of these options can easily be followed.

Explicit recommendations: Of all the options examined, the most profit-
able is to expand oil-exploration efforts even beyond current intensified
levels; export all the coal that can be sold -- there is no risk of running out;
leave nuclear energy for next century; base electricity expansion on hydro-power
(with complementary thermal) but raise currently low tariffs in real terms for
the rest of the 1980s; oil derivative prices should Increase in real terms; gas
prices should rise only moderately to stimulate its use (currently 60% of the
annual potential goes unused); synthetic fuels can more economically be produced
from natural gas than coal or biomass for the next 20 years; methanol should be
produced from natural gas -- based on results of the New Zealand experience; and
a specific natural-gas development scheme was suggested.

Conservation and substitution options found attractive are:

Residential: Improve water-heater Insulation rather than develop
solar; and substitute coal briquettes for oil derivatives In low-Income urban
households;

Industrial: General pricing policy has reached the limit of change
inducement; further change requires specific actions within each Industrial
branch; and

Transport: Although specific measures can be suggested, the ENE recom-
mends a more detailed transport study (currently, under way with OAS funding).

Concluding remarks: Although this study was commissioned by the govern-
ment, Its recommendatIons did not automatically become government policy,
particularly In view of the change in administration only months after it was
completed. Currently, a second phase (EWE-Il) is being implemented directly by
government with external assistance, in which models and data bases are being
refined and efforts at institutionalIzing Integrated planning procedures are the
central locus. R&D Is not explicitly taken Into account: technology is simply
a merchandise available for purchase.

10. AR-ER-ES ARGENTINA
SERETARiA DE ESTADO DE ENERGIA. (STATE ENERGY SECRETARIAT)

Programa Energetico. (Energy Program.)
Buenos Aires: March 1981. (132 pages)

This work broadens and complements the program presented by the State
Secretariat of Energy for the 1977-85 period. Although It has recently (1983)
been reformulated in view of unreached economic expectations, R is the most
up-to-date comprehensive statement of Argentina's global energy outlook and
policy presently available.

Contents: Terms of reference; energy perspectives; apparent demand fore-
cast on -the basis of historical relations; production and consumption perspec-
tives; investment forecasts up to the year 2000; and conclusions and general
recommendations.

The general objectives adopted by the program are:
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Maximum satisfaction of demand with national energy resources;

Maximum exploitation of renewable resources, compatible with the
available technological, economic, and financial resources;

Priority In the use of the most abundant nonrenewable resources,
favouring the necessary measures for substitution; and

Introduction of a "rational energy use" factor to correct demand esti
matlons. Upon the relation observed between energy consumption and gross
national profit (GNP) growth rates (electricity 1.13:1), the program is based on
the application of measures that will stimulate the rational use of energy, thus
modifying the historical relation for two hypothetical cases of GNP growth rate
-- Energy consumption to GNP elasticity: 0.8:1 for GNP growth rate of 3.4% and
0.7:1 for GNP growth rate of 5.3%

In terms of supply, the document states that energy resources are reason-
ably abundant, therefore posing few obstacles to reaching the objective of
satisfying projected demand. The expected situation for the energy supply
subsector is:

Nuclear and hydroenergy should experience a 9-11% cumulative annual
growth upon realization of the PNEE (National Energy Equipment Plan);

Natural gas should show 5-6% cumulative annual growth; and

Oil should have a 3.8% cumulative annual growth until 1990 and a sub-
sequent 1% cumulative annual decrease during the last decade of the century.

According to this situation, the program's investment estimates reach
US$110-135 billion. (constant 1980 US$), distributed in the following way:

50% for the PNEE

for a reserve R&D program in natural gas and oil;

for transport, industrial, and fuel distribution programs.

The principal conclusions are:

In a 20-year period, the substitution of oil and derivatives by hydro
and nuclear energy, natural gas, and, to some extent, coal, in diverse app lica-
tions wilt lower their participation from 61% to 38%.

The conservation of energy is a subsequent and necessary objective to
sustain economic growth without affecting the balance of the supply sources.
The main effort should be oriented toward the control of demand in the transport
sector.

It is necessary to widen the reserve panorama for traditional fossil
fuels.

An important effort In technological developments and investments in

the current refinery structure and distribution systems Is essential.

Finally, the program includes general recommendations:

Apply effective measures oriented toward the diminution of the growth
rate of energy demands by means of a more rational use of resources;
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Concentrate initial efforts on transport and industry;

Favour the substitution among sources, guiding consumption toward the
most abundant forms of energy;

Broaden and continue the exploration programs; and

Intensify the participation of the private sector, limiting public
activity.

Remarks: Satisfaction of expectations depends on the ability of the
government to mobilize required investment funds (both public and private) and
the overall economic situation of the country, Inadequately taken Into account
in projections. Both energy resources and scientific/technological capabi I ities
should pose few restrictions in satisfying these goals. Nevertheless, decrea-
sing conventional hydrocarbon dependence from 61% to 38% over the 20-year period
requires a serious commitment of R&D toward the incorporation of synthetic or
alternative fuels into the country's energy mix.

11. i-EP-G BRAZIL
MINISTRY OF MINES AND ENERGY.

National Energy Balance
Brasilia: 1982. (108 pages)

Contents: Energy balance 1976-81 (9 primary energy sources; 16 secondary
energy sources; 3 transformation centres; breakdown of final consumption of 23
sources by sector; final consumption by 7 sectors plus 4 transport and 11 indus-
trial subsectors); external trade for 1976-81; 15 rates of growth or energy
indicators; energy resources and reserves as of 31 December 1981; appendices
including consolidated energy balances per year for 1976-81.

The National Energy Balance (NEB) was Instituted as of 1976, and since
1980 has been charged 1-0 a committee for coordination of the NEB (COBEN).

Remarks: It is one of the most detailed energy balances in Latin America,
both due to sect-oral breakdown of energy consumption and to its incorporation of
energy resources and reserves -- a step OLADE is now promoting for other coun-
tries.

This publication constitues a compulsory point of reference when analyzing
Brazil's energy outlook and seeking to understand its energy policy, together
with the strategy for the country's energy transition contained in the Brazilian
Energy Model.

(See 7)



12. SR-EP/RC-f*SE BRAZIL
COMPANHIA ENERGETICA DE SÃO PAOLO: INSTITUTO DES PESQUI-

SAS TECHNOLOGICAS. (ENERGY COMPANY OF SAO PAULO: INSTITUTE OF TECHNOLOGICAL
RESEARCH)
Potencial de Biornass Vegetals para Fins Energeticos no Estado de Sao Paulo.
(Potential of Vegetable Biomasses for Energy Purposes in the State of Sao Paulo)
April 1981. (700 pages)

This important project was fostered by CESP with the purpose of receiving
guidelines for Its research and development policies In the field of alternative
energy sources, and was carried out within the energy program of IPT.

The execution of this study required the participation of a multidiscipli-
nary team, with about 90 people at one time. Between April 1979 and December
1980, the period of development, about 800 man-months were employed.

The result of this effort is summarized in this extensive document, with
67 reports corresponding to various basic studies, separately annexed.

In the study we find, in the first place, some consideration on the
Brazilian energy dilemma, its economic context and the possiblity of an alterna-
tive system. In particular, It should be noted that the study explicitly
excluded changes in energy-demand patterns, major shifts in the biornass-for-
energy policy, or In the elasticity of petroleum consumption versus economic
growth -- which all reinforce the legitimacy of the vegetable biomass (VB)
option.

Next, the technical viability of substituting petroleum derivatives by
fuels obtained from VB, in steam boilers, industrial ovens, and in diesel and
Otto-cycle engines, is studied.

An analysis of the possible production of VB for energy purposes from
sugarcane, cassava, firewood, sorghum, and oilseed, as well as a study on the
perspectives of some technological processes such as fermentation (to obtain
ethanol), hydrolysis, high- and tow-temperature pyrolysts, and direct conver-
sion, is also presented.

Finally, there is a study of possible production of VB by the agricultural
sector of the State of Sao Paulo, including the political, technological,
economic, ecologic, and social incidence of the introduction of VB as an energy
source.

Remarks: The nature of this study prevents highlighting specific conclu-
sions on technologies, as they are many and for a multitude of topics (motors,
boilers, agriculture, soils, methanol, ethanol, wood and by-products, etc.).
Suffice Is to say that results were definitely obtained and are Illustrated In
the document.

As a conclusion, it should be noted that the importance of this document
lies not only in the detailed research presented but also, and primarily, in the
framework in which it has been developed: the economic, technical, agricul-
tural, and social situation of the State of Sao Paulo, this being a pragmatic
contribution of the IPT program to the area of energy-resource evaluation, and
an excellent example of energy research in Latin America.

Nonetheless, the methodology developed and the depth of analysis reached
Is unlikely to be replIcated in full elsewhere due to cost and staff factors,
and efforts should be made in the direction of scaling-down or simplifying the
approach while retaining its rnultidimensionality.
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13. -EP..*SE EMPRESA BRASILEIRA GE PESQUISA AGROPECUARIA (BRAZILIAN
ENTERPRISE OF AGRICULTURAL RESEARCH)

Energia -- Prograna Nacional de Pesquisa (Energy-National Research Program)
Brasilia: 1983. (195 pages)

The object of this document is to describe the "National Research Progrmi
in Energy" set up by EMBRAPA and the Cooperative System of gricultural
Research, seeking to develop technologies in the production of biamass and to
foster its use as an energy input. A secondary objective is to supply energy in
rural areas for productive purposes, thus fostering the growth of the food
supply.

Following a general analysis of the energy situation faced by Brazil,
focusing on the agricultural sector, an evaluation of the state of agricultural-
sector research in energy is male. The country's energy dilemma poses the need
to diversify the sources of energy by means of an increase of the production of'
national oil, development of alternative and renewable sources, and energy
Curiae rvat ion.

The conclusions of this document indicate the need to continue and inten-
sify research to attain the goals set by the IEB (Brazilian Energy Model; 7).
Priority research projects proposed are grouped into three areas:

Production of biomass -- specific projects with sugar cane cassava,
sorghum, beetroot, and babassu, among others;

Trans fotm at ion, utilization, and conserv at ion of' energy -- ape ci fic
projects cover biodigestors, wind and solar energy, rural bioenergy systems,
food technology, arid use of industrial and agricultural residues; and

Economic research and system modelling.

Remarks: The main conclusion derived from reviewing this document is that
in practice the goals of the National Research Progran in Energy almost exclu-
sively lean toward supplying agricultural goods to satisfy the needs of the
alcohol progran. Research on possible improvements in agricultural productivity
or rUral quality of life by increasing the use of energy are placed on a much
lower priority level, despite reference to this objective in the introductory
pages.

14. LA-EP-MSE BRAZIL
MINISTERIO GE AGRICULTURA: EMBRATER -- Empresa Brasileira

do Assistencia Tecnica e Extensao Rural. (MINISTRY IT AGRICULTURE/BRAZILIAN
TECHNICAL ASSISTANCE AND RURAL EXTENSION ENTERPRISE)
Latin American Technical Cooperation Network in Biogas
Brasilia: 1982. (Leaflet format)

During June 1981, FAD and EMBRATER fostered a regional meeting attended by
representatives of State institutions working on biogas technology and diffusion
in 10 countries:

Argentina -- National Institute of Agricultural Technology (INTA);

Bolivia -- National Institute of Rural Electrification;
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Brazil -- EMBRATER;

Colombia -- Regional Autonomous Corporation of Cauca Vat ley (CVC);

Costa Rica -- Executive Planning Secretariat for the Agricultural
Sector (SEPSA);

Chile-- Agricultural Development institute (1NDAP);

Guatemala -- Central America's Agricultural Technology Study Centre;

Honduras -- Natural Resource Secretariat;

Panama -- Institute of Renewable Natural Resources (RENARE);

Paraguay -- Renewable Energy Resource Commission, Ministry of Indus-

try and Commerce.

These institutions created a technical cooperation network aimed at
avoiding duplications and reducing the expenses needed for the development of
biogas in the zone. Under the coordination of EMBRATER, they formulate a
bi-annual work plans and exchange experiences, information and knowledge by
means of the network's mechanisms, programmes and Initiatives, supported by
FAQ. They also receive aid from and coordinate activities with OLADE, IICA,
EcLA, OAS, and UNDP, among others that also foster development programs oriented
towards the use of NRSE.

Their activities include joint formulation of national and regional
projects, visits and technical meetings, and exchange of research results,
practical experiences, technical publications, and technicians.

Remark: This Is one of the two Latin American Biogas Networks, the other
being coordinated by OLADE through different institutions and countries.

15. flR-EP-t*SE BRAZIL
MINISTRY OF INDUSTRY AND COMMERCE: SECRETARIAT OF INDUSTRIAL

TECHNOLOGY
Assessment of Brazil's National Alcohol Program.
Brasilia: 1981. (31 pages)

This is an official report on the economic and technological achievements
and limitations of Brazil's full-fledged effort to massively substitute petro-
leum derivatives with biomass-based liquid fuels. Its main merit is that it
very succintly reviews most of the major facets of alcohol, including the evolu-
tion of government policy of agricultural, distillation, and motor technologies;
and of socioeconomic perspectives including reference to issues of growth,
equity, arid national economic stability. Reference to these latter issues, very
much the political Justification for the alcohol option within the context of
Brazilian realities, adds an interesting backdrop to the basically technological
assessment that Interests us here.

Brazil's alcohol program has developed in two phases, the first of which
(1975-79) included a period of intense R&D in agricultural and industrial
production technology, utilization technology (motors and alcohol chemistry),
and socioeconomic studies. During this period, production of anhydrous alcohol
for mixture with gasoline increased from 625 ML litres in 1974 to 3,000 ML in
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1980; alcohol was produced exclusively from sugarcane; the basic technology for
adapting the Otto-cycle engine was developed and disseminated to auto industries
and engine rebuliders; and industrial investment loans were enacted. The second
phase, after the 1979 oil price hike, has goals of producing 11,700 ML by 1985
and 14,000 ML by 1987; hydrous ethanol is to increase greatly, whereas anhydrous
ethanol for admixture with gasoline is to increase only minimally; independent
distilleries rather than those tied to existing sugar estates will be promoted;
900,000 all-alcohol vehicles were to be produced over the 1980-82 period, and
270,000 gasoline engines were to be converted to alcohol; sugarcane is to remain
the basic raw material.

Sugarcane is the overwhelmingly predominant raw material despite its low

agricultural productivity (50-60 t/ha/year). Agricultural research efforts
concentrate on Increasing the fermentable sugar content from 13-14% to 17% of
the weight, and extending the crop season from 150-180 to 200 days/year.
Standard Mel le-Boinot fermentatIon and distillation techniques employed in the
industrial process yield a transformation efficiency of 70%, though R&D efforts
here seek 85% efficiency as a target, through a combination of higher extraction
of fermentable sugars, higher efficiency of the fermentation process, redesign-
ing of distillation columns, and reduction of other Industrial process losses.
The report o.es not mention the problem of si-illage management, but other
sources Indicate technologies for its use as a fertilizer have been developed
and are being diffused, and that R&D efforts seek stillage from 13 to 1-2 L/L
of alcohol. Current technology indicates 120,000 kL/day plants are the optimal
size, and R&D targets are to increase those plants' daily output to 180 kL/day
for 300 instead of 150 days/year, a 200% increase from today's standards, over
the coming 10 - 20 years.

Cassava technology (see 92) is also sketched out in this report, although
at the time only one largely experimental distillery was in operation to study
the development and engineering of the industrial process. Serious problems
stand in the way of widespread implementation of cassava-based alcohol produc-
tion, particularly due to the unlikely development of plantation-scale agricul-
tural technologies and cassava-price instability. Lesser importance was
attached to the high cost of Imported enzymes necessary for the industrial
process, which could be produced locally at lower cost only when higher demand
were to justify it. S-I challenges, according to this report, lie primarily
with basic research and transfer of technology in agricultural production.

Sweet sorghum, whose short production cycle permits multiple crops
throughout the year, could be a significant option for alcohol production
because it could use basically the same industrial processing equipment as
sugarcane. R&D priorities here all have to do with overcoming serious agricul-
tural production problems, as current varieties are low yielding.

Industrial technology must be developed for small 2-5 kL/day distilleries,
which would make more economic sense than standard size (150 kL/day) distil-
I er i es.

Wood-alcohol perspectives are also discussed given the advantages of low

costs of eucalyptus production, the poor quality soil forests can use, the high
productivity of Brazil's forestry technology, and the valuable by-products
industrial hydrolysis might produce. The major obstacles to wood alcohol are
the capital-intensity of acid hydrolysis technology, the large scale of economic
production, and a range of other cost considerations. Priority research for
this area concentrates on processes using enzymatic hydrolysis rather than acid
hydrolysis.
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16. -EP-l*SE COLO IA

MINISTERIO DE MINAS Y ENERGIA. (MINISTRY OF MINES AND
ENERGY)
El Papel de las Fuentes Alternas de Energia en Colombia. (The Role of Alterna-
tive Energy Sources in Colombia).
Bogota: June 1983. (10 pages)

Contents: This brief document presents the possible contributions of the
new and alternative energy sources (AES) to different sectors -- transport,
Industry, domestic (urban), rural, communications, and agroindustry -- in terms
of conservation and substitution of liquid fuels, firewood, gas, electricity,
human, and animal energy.

The general objectives are the improvement of the standard of living,
rational use of the natural resources, and employment of local technology in the
development of solar, wind, biomass,and coal-briquette substitution programs in
cooking, water heating, etc.

Strategies:

Inventory of the main natural resources;

Study of the energy requirements of the country that may satisfied by
AES;

Economic and technical description of the technology both available and
under study;

Determination of interest areas; and

Evaluation of the political, economic, and social consequences for each
one.

These steps precede the classification of AES, the establishment of an
Institutional framework, and the mobilization of the financial resources needed
in the energy sector to conduct research, development, and implementation of
AES. Finally, the conclusions and recommendations state the importance of
developing AES in rural areas.

Remarks: This is a more realistic statement of the possible role of NRSE
in the country than the original position presented at the Nairobi conference.
Although stIll seeking to foster the Introduction of NRSE into the country's
energy balance, it takes into account the constraints still faced to diffuse
these technologies on a massive scale.

17. HR-EP-RA BRAZIL
MINISTERIO DA INDUSTRIA E DO MERCIO; SECRETARIA DE TECNOLO-

CIA INDUSTRIAL. (MINISTRY OF INDUSTRY AND COMMERCE; SECRETARIAT OF INDUSTRIAL
TECHNOLOGY)
Relatorio de Actividades da Secretaria de Tecnologia Industrial 1979-80.
(Summary of Activities of the STI 1979-1980)
BrasilIa: 1981. (126 pages)

Since the creation by MIC in 1972, ST1 has been in charge of th estab-
lishment of the basis for the development of industrIal technology, and
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promoting the adjusting of the organizational structure, instruments, and
mechanisms needed by the nation. It is directly in charge of several R&D areas
(through its two Research Centres: INT and Fit) within which biomass, chemis-
try, materials, and pollution control/prevention receive priority.

ST1 also supports industrial technology development by funding research in
biomass, energy conservation/substitution, and industrial sector and industrial
pollution control technologies, primarily through the use of the technology
support fund (FUNAT), which it manages.

Remarks: STI is responsible for formulating and coordinating MIC's R&D
policy, an Fmportant role in Brazil since the MIC (not the Ministry of Mines and
Energy nor of Agriculture) is in charge of the alcohol program, and the indus-
triai energy conservation/substitution program CONSERVE, and other major energy
policies.

R&D priorities at Sit might be concluded from an analysis of the 1980
FUNAT appropriations (BRC 165.8 million). Although data are available in more
detail (subprogram-level), suffice it to say that biomass programs absorbed
57.4% of the funds, the development of industrial sector technologies 38.4%,
conservation only 4%, and pollution control and equipment development scarcely
0.2%.

18. flR-EP-RA BRAZ IL

MINISTERiO DAS MINAS E ENERGiA: SECRETAR1A GERM. V SECRETARIA
DE TECNOLOG1A. (MINiSTRY OF MINES AND ENERGY: GENERAL. SECRETARIAT OF TECHNO-
LOGY)
Fontes Alternatives de Energia -- Programa en Desenvolviment. (Alternative
Sources of Energy -- Development Program)
Brasilia: 1982. (113 pages)

The objective of this document is to show the current state of actions
taken by Ministry of Mines and Energy (MME) in terms of new and alternative
energy sources, within the framework of the Brazilian Energy Model (MEB).

This program of activities includes support given to research, develop-
ment, and demonstration programs for the economic use of new and alternative
sources, and the financial incentives for their introduction and extended appli-
cation as soon as they become commercially feasible.

The projects for states and federal territories are revised by the corres-
ponding state secretariat and then submitted to SETEC where they are analysed to
see if they are compatible with the financial resources and priorities estab-
lished by TIE.

The document is divided into four chapters, introducing R&D objectives and
accomplishments of the diverse conversion technologies for biomass, coal, solar
energy, wind energy, peat, geothermal energy, minihydroelectric, and wave
energy.

Examples
particular oil
to substitute:

Support
(solar, wind,

of substitution technologies are grouped
by-product that the use of alternative energy
LPG, gasoline, diesel fuel, and fuel oil.

programs contemplating the evaluation of
and biomass), technologies (Markal project),
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and feasiblity studies are also described in the document, as well as four final
special programs that group together a range of technologies:

"Energy Island" at Caruaru;

Fernando de Noronha Island Project;

Hydrogen program;

National program for controlled thermonuclear fusion.

Remarks: State energy resource enterprises (electricity, petroleum, etc.)
are hierarchically dependent on the 14, so this is a good source of reference
to establish their own R&D activity related to the penetration of alternative
sources. The wide range of research, development, and demonstration projects
shows the awareness of conventional energy state enterprises in Brazil that
current and future energy trends in the country require making room for other
sources. Taken to its ultimate consequences, this means they must either become
overall "energy" companies (such as CESP) or relinquish some control over energy
investment budgets.

19. BR-EP-RA BRAZIL
MINISTERIO DAS MINAS E ENERGIA: SECRETARIA GERAL. (MINISTRY

OF MINES AND ENERGY: GENERAL SECRETARIAT)
Programa de Mobil izaçao Energtica -- Relatorio de Atividades 1982 (Energy
Mobilization Program-- Annual Report 1982.)
Brasilia: 1982. (31 pages)

The Energy Mobilization Program (PME), one of the main action guidelines
of the Ministry of Mines and Energy, is an essential part of the combined
measures of the federal government seeking solutions to reduce the consumption
of petroleum derivatives.

A total of about US$162 million PME funds will be assigned to the Ministry
of Mines and Energy in 1982. This document reports the way in which these
resources have been assigned, as well as the degree of development of the pro-
jects supported by the PME. These funds have been shared by six sectors: coal
exploration and mining, coal gasification, natural gas, oil shales, substitution
of petroleum derivatives, by hydroelectric energy, and other alternative
sources.

The analysis of the evolution of projects in each area is extremely brief,
except in the case of coal, in which the current state of construction and
financing is explained in detail, taking into account the following areas: coal
reduction project;mining projects (11 mines detailed); electricity infrastruc-
ture; and gasification.

Next, the main administrative procedures accomplished by PME to carry out
this project are reported and, finally, the evolution of the Ministry of Mines
and Energy during the last 3 years is described.

Remarks: This program was created in 1979 to function basically as a fund
to finance studies in alternative sources of energy. The figures given here
correspond only to those channeled through the Ministry of Mines and Energy, but
PME also funds energy conservation, biomass, and other applied studies seeking
minimum dependence on petroleum.
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(See also: National Energy Commission, "Energy Mobilization Program --
Guidelines" 1982.)

ARO-to-NEY:E INDUSTR1AS frETALURGICAS PESCARMONA - IMDSA.
(PESCARMONA METALLURGI CAL I NDUSTR I ES)

Buenos Aires: 1981 (40 pages)

This is a diffusion bulletin designed to provide information about the
work done by It'PSA, an industry created in Mendoza (Argentina) In 1907. it

describesits organization, technology and know-how, industrial plants and main
works and achievements.

Remarks: This is an established capital-goods industry specializing in
large hydroenergy projects and nuclear components. Its entry into nuclear tech-
nology forced It to improve its engineering and materials know-how and quality
control among other things, which was then transferred to its other operations.
It is now a recognized member of the small group of world nuclear-components
manufacturers, having absorbed West German, Austrian, and Spanish technology.
IPSA devotes 10% of its facilities to R&D, negotiates developed-country patents
and licenses with a view of total absorption in technologies, and extends its
range of action throughout Latin America.

IA-tO-ES COMISION ECONOMICA PARA AMERICA LATINA. (ENERGY COI+IISSION
FOR LATIN AMERICA)

Ref lexiones Sobre el Primer Borrador del Projecto de la Fase de Consolidacion
del Programa Energetico Centroamericano. (Considerations on the First Draft of
the Consolidation Phase Project of the Energy Program for Central America).
Santiago: 1981.

This concise paper summarizes the comments and considerations formulated
as a result of the analysis of the document on the Project of the Consolidation
Phase of the Energy Plan f or Central America (RLA/76/102).

In the first instance, a list of general considerations of the contents of
the document, as well as on the interest and resource capacity of ECLA's office
in Mexico to take part in the project, are included. Immediately after, there
is a summary of the activities that, according to ECLA, would be convenient for
the attainment of a better coordination and a greater degree of regionalization
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1980 1981 1982

Coal exploration and mining 10.847 31 .057 86.272
Coal gasifIcation 2.377 4.049 12.170
Natural gas 0.830 6.500 19.000
Oil shale plant - 1.250 26.000
Rural electrification - 5.475 18.500
Other alternative sources 9.400 1.500 0.350
Hydroelectric advantages 21.560 6.670 -



in the Central America Isthmus. Among these activities, we can mention energy
planning, regional evaluations of hydrocarbon and geothermal developments,
energy trade between countries, and evaluation of conventional and nonconven-
tional sources of energy. Technical and financial support from the Electric
Council of Central America for regional and subregional Interconnection is also
introduced as a possible action. PEIC (currently, PEICA) must be considered as
the most laudable and solid effort in the energy field in Central America, an
example for the region.

LA-tO-ES OLADE
Declaraci n de San Jose y (Declaration of San Jose)

San Jose: July 1979. (9 pages)

This document contains the Joint declaration of the Extradordinary Meeting
of OLADE Ministers, which took place in San Jose, Costa Rica, on 6-7 July 1979.

The declaration deals with the following Issues: current world energy
problems; regional and national scope; increase in supply and rationalization of
the demand for energy; transference of financial resources and technology; and
transport, storage, distribution, and commercialization of energy.

Remarks: The declaration of San Jose represents a firm political frame-
work for the cooperative actions among the Latin American countries with respect
to the energy field, as it was endorsed by 20 member countries and 3 nonmem-
bers. Furthermore, it gives the political backing to the formulation of OLADE's
Latin American Program for Energy Cooperation (PLACE) (see 23).

LA-b-ES OLADE
Latin American Program for Energy Cooperation -- PLACE

Quito: November 1981. (187 pages)

The Latin American Energy Organization (OLADE) was created in November
1973. It is an international organization oriented toward the "Integration,
protection, conservation, rational utilization, commercialization and defense of
Latin American Energy Resources." Today it consists of 25 states: Barbados,
Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba, Dominican Republic, Ecuador,
El Salvador, Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico,
Nicaragua, Panama, Paragua, Peru, Surinam, Trinidad and Tobago, Uruguay, and

Venezuela.

The creation of the Latin American Program f or Energy Cooperation (PLACE)
seeks the establishment of a political and operational instrument to strengthen
the organization. Its basic objectives are:

To achieve integration of the production and use of energy with socio-
economic development;

To expand and diversify the energy supply and scientific-technological
capacity of the region; and

To rationalize energy production and consumption.
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For these purposes, various programs has been ldentTf led and grouped under
nine headings:

Energy balances: OLADE has completed the first phase of the processing
and elaboration of Latin America energy balances for 1970-79. The 3-year pro-
ject (1982-84) has an estimated cost of US$650,000 1981 (USS). its second phase
involves the consolidation of the national groups that annually revise the
energy balances, the periodical revision of OLADE methodology, the use of energy
balances as fundamental Instruments for energy planning, and the execution of
industrial and rural surveys.

National energy plans: OLADE methodologies for the elaboration of NEPs
are to be developed and adapted by the member states. Duration -- 1982-84;
Estimated cost -- US$480,000 (1981 US$).

Inventory of resources: This third group is subdivided into four
sectors: hydroenergy, hydrocarbons, coal, and geothermal. Each project has the
same duration (1982-84), with estimated costs (1981 US$) of 120,000,420,000,
420,000, and 420,000, respectively. it is convenient to note that the project
for hydroener' deals with the elaboration of OLADE methodology for "The Syste-
matic Inventory of Hydro Resources."

Energy information: With an estimated cost of US$ 1,020,000 (1981 USS)
and a 3-year duration (191Q-84) this two-phase project is directed toward the
creation of an OLADE-coordinated energy information system and the establishment
of a research centre, including the purchase of an computer for data processing.

Technology inventory: This project is to identify the existing Latin
American engineering capacity with regards to the majority of the technological
aspects of the energy field. It is also to investigate, both on a Latin Ameri-
can and World level, the advancements made in the development and use of energy
sources and technologies. (Estimated cost -- US$290,000; Duration: 3 years,
1982-84.)

Energy conservation: The energy conservation project is subdivided
into three sectors: transport, industrial,and domestic. Basically, the project
is designed to provide for cooperation among the member countries in the
elaboration of studies for the rationalization of energy utilization and in the
stimulation of substitution programs for commercial energy. The duration for
the three sector projects is the same: 1982-84. Estimated costs are:
US$300,000, US$340,000, US$270,000, respectively.

Training and courses: The dissemination of knowledge and technological
capacity, the dlstrTbutton of publications, the training and education of
specialized groups, and the investment in human resources generally form this
program. Duration - 1982-84; Estimated cost - US$910,000.)

Capital goods: This project for the exchange, adoption,and related
aspects to the cap1tai-goods sector is based on the studies recently carried out
by OLADE, ECLA, and United Nations Industrial Development Organization (UNIDO)
(Duration -- 1982-84; Estimated cost -- US$380,000)

Energy for rural area: With a duration of 3 years (1982-84) and
an estimated cost ot USb4OO,OOO, the energy for rural areas project has three
main objectives:

To continue the studies on conventional and nonconventional energy
sources directed toward the satisfaction of the rural population needs;

To conduct surveys In rural areas to identify and recommend the
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development of the most suitable energy sources; and

To promote the utilization of new and renewable sources of energy.

The document also analyzes the Latin American and World macroeconomic
context, and makes projections of energy demand and options for Latin America
(according to a sub-regional division). The financIal mechanIsm for the deve-
lopment of PLACE Is also described.

Remarks: This 1982-84 program presents OLADE's technical obJectives and
scope ot action as planned in late 1981. Funding for the specific projects did
not become available Immediateiy,and not all have been equally pursued. Simi-
larly, new projects or funding sources have been added to the program. Hence,
although indicative of the OLADE's current phi tosophy in terms of the issues and
methodologies to be studied on a regional basis, it is not the most adequate
reference for what is actually being done through the organization.

LA-lO-G OLADE
Informe de Actividades 1979-1981 (Report of Activities

1979-1981.)
Quito: 1981. (51 pages)

The purpose of this document is to show some important aspects of OLADE as
an international organization, as well as Its achievements during the period
reviewed and the new goats that have been fixed.

information about OLADE as an institution, about its financing system,
project results, financial situation, and a list of its publications is given.
Although the document can be considered as a brochure for the diffusion of
OLADE's image, it does provide sufficient descriptive detail to become a useful
guide to the types of activities OLADE undertakes in the various energy techno-
logy and planning fields.

LA-to-tO-HE OLADE
Hydro Power: Energy Alternatives and industrial and Finan-

cial Challenge for Latin America.
Quito: OLADE document series, No. 18, 1981. (40 pages)

The objective of this document is to give Latin American countries an
overview of the hydroelectric potential and the industrial and financial impact
of its development. Hydro-energy experts fran the various state enterprises
that manage the electricity sectors of several Latin American countries were
called on to participate in the document's preparation.

The study poses the concept that developing hydro resources at the
historical growth rate of their development in the countries of the region must
continue, which implies investments of almost US$260 billion -- the challenge
referred to in the title. Given such a magnitude of costs, the study surpri-
singly does not make very specific proposals on the opportunities for economic
development that such an investment could generate. indeed, the bulb of the
document refers to sets of data on electricity production, evolution of costs,
demand projections, hydroelectricity-generation potential, financial and
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technical aspects, training, civil engineering, international cooperation,
regional grid systems, and other such descriptive information.

The emphasis Is on the need for electricity expansion to satisfy projected
demand growth rates - not surprising given the traditional planning practice in
the electricity sector. Nevertheless, It does refer to the fact that "the
planning process and intensive stimulus to hydro power can be associated with a
parallel stimulus to the development of economic activities that require
electricity" and that the "development of hydroenergy will create favourable
conditions for the development of productive activities oriented to the supply
of materials and equipment" (emphasis/added).

Perhaps because of the political constraints involved in an international
document of this sort, no clear indications are given on the measures that might
allow taking advantage of the "parallel stimulus" and "favourable conditions."
Reference to regional technical expertise in traditional hydropower engineering
was made, but not to R&D for a sector considered explicitly as technologically
mature.

26. 1h-IO-MSE EXICO
ECONOMIC COMMISSION FOR LATIN AMERICA -- ECONOMIC AND SOCIAL

COUNCIL (EcLA--ECOSOC)
Regional Plan of Action on New and Renewable Sources of Energy
Mexico City: Regional Preparatory Meeting for the United Nations Conference on
New and Renewable Sources of Energy, 16-18 March 1981. (29 pages)

The purpose of this document is to Illustrate the Regional Plan of Action
on NRSE. This constitutes the preparatory work on the position to be adopted by
the Latin American government representatives in the United Nations Conference
at Nairobi.

It contains a brief analysis of the energy and development context In

Latin America, of the potential for the development and use of NRSE, and region-
al action plans.

Remarks: The main inconvenience found in the document lies In Its lack of
specificity; the diagnosis as well as the plans and strategies introduced are
set in an extremely general fashion without particular reference to concentra-
ted, real facts.

Nonetheless, the document clearly states the possibility of developing
renewable and alternative sources of energy. Besides this Initial step, there
is no further detailed analysis of needs, problems, possibilities of implementa-
tion and diffusion, etc.

The issue of NRSE is faced as something worth studying and debating, but
currently out of reach: "The financial problems constitute an important
restriction to the goal of effective development of new and renewable sources.
The magnitude of the financial requirements is such that developing countries
face a veto in their effort to obtain funds for this purpose."
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27. LA-IO-ftSE NICARAGUA
FOOD AND AGRICULTURAL ORGANIZATION OF THE UNITED NATIONS

(FAO)

17th FAO Regional Conference for Latin America -- New and Renewable Sources of
Energy in Agriculture and Rural Development
Managua: 30 August - 10 September 1982. (10 pages)

This paper is intended for discussion at the Regional Conference for Latin
America (Ministers of Agriculture), following the recommendations made by the
21st FAO Conference (Rome, 7-26 Nov. 1981). The main issues forwarded by the
latter can be summarized as follows:

The energy needs for agriculture in developing countries must be
assured;

The increased use of commercial energy -- basic inputs required to meet
food demand -- emphasizes the need to ensure greater efficiency In their use;

Priority should be given to the development of locally available sour-
ces; and

In view of the sItuation, FAO recommends general support to the Nairobi
Programme of Action in New and Renewable Sources of Energy. FAO will assist
member countries in the Implementation of this program.

According to these guidelines, the document Introduces the various objec-
tives for the regional conference discussions:

Efficient use of commercial inputs in agriculture (mineral fertilizers)
and energy conservation in agricultural mechanization and industries;

Proposals for the development of new and renewable sources: bioferti-
lization, biogas, draught animals, solar and wind energy, liquid fuel from
agriculture, and producer gas; and

Wood for energy in Latin America: this last objective includes policy
and planning measures; efficient use and Improved production of wood f or energy;
creation of additional fuelwood resources; substitution of other sources; and
research information, training, and regional cooperation.

Remarks: This document covers a very wide range of energy needs and
options for rural and agricultural development in Latin America, very closely
following the recommendations of the 21st World FAO Conference which stressed
the need to follow up the Nairobi Conference with specific actions.

The document reflects perhaps an exaggerated emphasis on NRSE at some
points, but the section on wood is consistent with rural reality.

FAO is currently preparing an "Action Plan for the Development of Rural
Energy in Latin America" based on this document. The action plan will incor-
porate some Issues and opportunities (minihydro) that were overlooked and it

will be presented as a joint FAO/OLADE/ECLA Action Program to the lath Regional
Conference (1984).
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W-IO-NRSE BRAZIL
GRIJPO DE 77 (GROUP OF 77)
Plan de Acci6n para la Cooperación entre Paises en Vias de

Desarrollo en el Campo de las Fuentes Nuevas y Renovables de Energia (Action
Plan for the Cooperation between Developing Countries in the Field of New and
Renewable Sources)
Rio de ianeiro: 1982. (19 pages)

This is a conference paper whose chief value lies in the presentation of
the Action Plan, approved by its assistants as the Rio de Janeiro Plan for NRSE.

Forwarded as a natural follow-up to the 1981 Nairobi Action Program for
the Development and Utilization of New and Renewable Sources of Energy, this is
yet another example of the declarations of principles and intentions that abound
in this field, but which fall short of committing governments or international
organizations to finance and implement actual actions. The document is densely
populated with qualifying phrases that highlight the remote possibility of
implementation (measures "such as", specific programs "which could contemplate,"
cooperation in such areas "could include," governments "willing to do so could
offer their i ntribution," ....)

The proposed program itself establishes that priority areas for horizontal
cooperation in NRSE development include: energy planning; resource evaluation;
research, development, and demonstration; selection, transfer, adaptation, and
application of technologies; information, education, and training; and mobiliza-
tion of financial resources. For each case, ideas of the types of actions and
subprograms that might be promoted are sketched out.

The document then turns to the types of actions governments should commit
themselves to in order to facilitate effective implementation of suggested
programs, stressing designation of local coordination points within each parti-
cipating country and the preparation of a series of documents to present to
cooperative meetings in which each country outlines what it proposes to do.
Funding for activities would come from voluntary contributions of countries,
budgets of the United Nations system, and budgets of regional or interregional
financial institutions.

An appendix provides suggested line8 of cooperation for each of the
following NRSE: hydroenergy, solar energy, wood and charcoal, geothermal,
biomass conversion, wind energy, oil shales and tar sands, wave energy, peat,
and draught animals.

LA-IO-NRSE ARGENTINA
BANCO INTERAMERICAFSJO DE DESARROLLO/INSTITUTO PARA LA INTE-

GRACION DE AMERCIA LATINA. (INTER-AMERICAN DEVELOPMENT BANK/LATIN AMERICAN
INTEGRATION INSTITUTE)
Fuentes Nuevas de Energia: Situación y Perspectivas de Desarrollo y Cooperacion
(New Sources of Energy: Situation and Perspectives of Development and Coopera-
tion)
Buenos Aires: BID/INTAL Project No. 252, Dec. 1982 (in press)

This is the most exhaustive evaluation to date of the current 8tate and
potential of NRSE technology development and perspectives in Latin America. It
is based on a 16-month study of R&D at 93 centres in six representative coun-
tries (Argentina, Brazil, Colombia, Costa Rica, Mexico, and Uruguay) conducted
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by expert consultants for the Latin American Integration Institute (INTAL) of
the Inter-American Development Bank (1DB).

The methodology employed is commented on in 30, and specific R&D activity
levels found are more exhaustively dealt with in the text (page 13). It is

important to note, however, that although this study established a relative
inefficiency and lack of concrete achievements of much of Latin America's R&D
activities in the various NRSE fields, it also firmly establishes that human
resources and physical infrastructure are generally adequate to permit their
intensification and success. What is lacking is,basically, the establishment of
adequate priorities, policie8, and funding commitments.

30. LA-I0-NRSE BANCO INTERAMERICANO DE DESARROLLO/INSTITUTO PARA LA
INTEGRACION DE AMERICA LATINA. (INTER-AMERICAN DEVELOP-

MENT BANK/INSTITUTE FOR THE INTEGRATION OF LATIN AMERICA)
Fuentes Nuevas de Energia Situación y Perspectives de Desarrolo y Cooperación --
Encuesta Regional (New Sources of Energy --Situation and Perspectives of Deve-
lopment and Cooperation --Regional Survey)
Buenos Aires: June1981. (65 pages)

This document contains the methodology followed in the survey of new
sources of energy in the region. It establishes the conceptual framework and
the criteria for the definition of the survey's universe in each country.

Sample questionnaires are included, together with the instructions for
processing them and evaluating the results.

The two questionnaires are oriented toward the overall evaluation of R&D
activities on NRSE in Latin America as a means of finding answers to the prob-
lem8 posed by the energy sector. It also seeks to identify common areas of
possible joint action in research and development in NRSE, looking forward to
horizontal cooperation, both among research centres within a country as well as
on the wider scope of Latin America.

The information requested for each R&D centre visited includes: general
identification and characteristics; types and regularity of research; specific
projects; types of primary and secondary fuels or nonenergy aubproducts (biofer-
tilizers) studied; institutional ties; international cooperation (types,
benefits, and possible fields for further action); joint tivities with other
centres; human resources involved; information networks; financial resources
mobilized (budgets, sources, and financial assistance requested/obtained). A

second questionnaire gathers detailed information on projects or activities:
area of work, final user, objectives, results (energy and population effects),
resources committed (human, technological, and financial), time tables, coopera-
tion, and diffusion.

Even though the difficulty of obtaining all the information requested is
considerable, the importance of this methodology lies primarily in the estab-
lishment of a basis for the systematic comparative evaluation of the state of
activities, resources, results, and interests in the different areas of R&D in
the energy field. In considering further surveys on energy-related R&D, this
methodology is a useful starting point and check list of relevant factors to be
considered.
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LA-IO--NRSE ARGENTINA
BANCO INTERAMERICANO DE DESARROLLO/INSTITUTO PARA LA INTE-

GRACION DE AMERICA LATINA. (INTER-AMERICAN DEVELOPMENT BANK/INSTITUTE FOR THE
INTEGRATION OF LATIN AMERICA)
Colaboraciân Internacional en là Investigación y el Desarrollo de Pequelias

Centrales Hidroeléctricas (International Cooperation in the Research and Deve-
lopment of Small-Size Hydroelectric Plants)
Buenos Aires: October 1982. (20 pages)

The article reports the results of the meeting held at Misiones (Argen-
tina), on the initiative of INTAL, between representatives from ITINTEC and the
National University at Misiones, to discuss the possibility of conducting an
experiment in international cooperation on the development of microturbines
(0-500 MW, according to OLADE terminology) for hydroelectric generation.

It contains information on the meeting itself, on the scope of coopera-
tion, joint development8, institutional aspects,and other characteristics of the
p rogr am.

Remarks: The intraregional nature of the effort of technical cooperation
in minihydro planLs is of major importance because these have a high potential
as a renewable source of energy, involve technologies that these countries can
dominate; and what is more important, they can be developed within the reach of
the rural population and can easily accommodate to the topography (small water-
falls), thus becoming a most favourable alternative for small communities that
remain isolated from the main energy-generation centres.

This document constitutes an example of the capacity possessed by Latin
America for the development of appropriate, tran8ferable technologies, elimina-
ting the need for buying technology from developed countries. It constitutes an
example, often cited during discussions in Argentina, of a potentially success-
ful technology-development project because of the hi and similar level of
competence of the two groups involved, highlighting the idea that the competence
to develop technology within the region is by no means limited to Brazil,
although that country is undoubtedly the leader in NRSE developments.

LA-I0-NRSE OLADE
Programa Regional de Bioenerqla -- Plan Operativo del Pro-

grama 1983-1984 (Regional Program of Biaenergy -- Operating Plan 1983-1984)
Quito: 1982. (50 pages)

The study of the series of energy balances prepared by OLADE for 22 Latin
American countries showed the importance of biomass in the region's total energy
consumption, and its growing importance during the 1970s with the possibility of
continuing this growth. The importance of biomass moved OLADE to formulate a
regional bioenergy program, whose operational plan is presented in this docu-
ment.

It contains the description of objectives, strategies, goals, and time-
table for 1983-84, and the requirements of human resources for the regional
bioenergy program, covering agroindustrial energy efficiency, biogas, energy
forests, agroindu8trial and urban waste use, liquid fuel8 from biomass, etc.

Particular objectives and recommendations stand out:
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Integration of biomass to energy policy and planning;

Consolidation of information systems on consumption and production of
biomass; and

Evaluation of the environmental impact of bioeriergy policies.

Remarks: Although this is a rather detailed list of all the elements
mentioned in the summary, it lacks conceptual and empirical evidence on the
desirability and applicability of the technologies it seeks to foster. It
assumes that the technological options are relevant by definition and proceeds
from there to plan their implementation.

LA-IO-NRSE OLADE
Estrategia y Tecnologl as Disponibles para Ia Irnplementación

de Prograrnas Rurales de Riogas en America Latina. (Available Technology and
Strategies for the Implementation of Rural Biogas Programs in Latin America)
Quito: 1982. (33 pages)

This report consists of two parts. In the first, an analysis of the
ecological, economic, social, technical, and state context for bioenergy in
Latin America is attempted. Unfortunately, no depth in the study is achieved
and remoteness from rural Latin American reality is evident.

Different types of technologies, like the biogas plant of OLADE in
Guatemala, the Chinese-type biodigestor, and the Xochiealli-Mexico-type diges-
tar, are presented. Their basic design, materials and construction techniques,
as well as the raw materials and inputs employed by the digestors are consi-
dered.

The second part is dedicated to technological aspects (plans, diagrams,
and technical specifications).

Remarks: Despite the document's technical display, and the inclusion of
"strategies for implementation" in its title, a major fault is its omission of
the realities of the Latin American rural context. Like much of the literature
fostering the introduction of NRSE, it focuses more on the technologies (instru-
ments) themselves than the identification of actual needs (ends) that they might
help satisfy.

IA-IU-NRSE ECUADOR
UNITED NATIONS ENVIRONMENT PROGRAMME/UNITED NATIONS DEVELOP-

MENT PROGRAM/LATIN AMERCIAN ENERGY ORGANIZATION
Energy Alternatives in Latin America -- Study of Capabilities of the Use of
Non-Conventional Energy Sources
Quito: 1979. (approx. 475 pages)

This is an early and useful contribution to the study of national poten-
tials within the region for development and efficient use of nonconventional
sources of energy.

The study makes special emphasis on the predominant development style in
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Latin America, based on the presupposition of an abundant and low-priced form of
energy: petcaletin. This situation has caused serious difficulties in the
balance of payments and in the financing of the external debt of the countries
of the region. Besides, this development style has not accomplished a signifi-
cant participation of the majorities in the results of economic growth, streng-
thening the differences between social groups instead. Therefore, it is
inevitable that forms and means of development other than the "petroleum-
intensive" way must be considered. Argentina, Brazil, Chile, Colombia, Costa
Rica, Guatemala, Mexico, Peru, and Trinidad and Tobago were included as repre-
sentative of the effort being made in the region on the topic.

Among the conclusions of the study, the following deserve special
consideration:

The region possesses enough and adequate human resources (quantitative-
ly and qualitatively) to face and solve problems related to the technologies
required for the use of nonconventional sources of energy.

All of the countries of the region have installed industrial capacity
to produce technology with a mediun degree of sophistication, and none (except
for Brazil's xperience in alcohol) are currently capable of autonomous produc-
tion of equipment with a higher technical complexity.

The conditions for the commercialization of local technology exist;

With the exception of the Brazilian case, no relevant efforts at the
institutional level for the fostering of research development and use of
nonconventional energy sources were detected.

Solar energy and wind energy technologies have the highest possibility
of penetrating the region.

The limits to research on nonconventional energy sources are: lack of
economic resources, instruments, equipment, laboratories, specific bibliography
and technical publications, and scarcity of regional exchange of experiences,
technology, and personnel.

Hydroelectric energy presents a high potential in the region, both on a
large and small scale.

The most relevant recommendations proceeding from the study are:

Ensure giving higher priority to the 8tudy and use of nonconventional
energy sources by the competent regional organizations;

Promote special credit lines by the international financing organiza-
tions;

Design and implement regional and national energy policies that expli-
citly stipulate the role that non-conventional energy sources must play in the
normal development of the Latin American nations;

Create scientific and technological research centres both at national
and regional levels, for the training of human resources, thus avoiding increa-
sing technological dependence on developed nations; and

Develop, at a national level, 8pecific financial mechanisms for
producers, distributors, and consumers of equipment required for the exploita-
tion of nonconventional energy sources;

- 86 -



Remarks: The recommendations are
nature -- a listing of desirable goals
response from government and regional
tions. Follow_up actions (see reviews)
-_ not actions.

of a general, perhaps excessively vague,
that, in practice, have received little
or international and regional organiza-
have basically produced other diagnoses

Technically, the arguments set forth in the document may not be enough to
support the possibility of employing all the technologies discussed, because the
document is limited to the availability or supply of resources in Latin
America. A deeper insight of the characteristics of the specific needs of each
nation is required in pursuing the possible implementation of these technolo-
gies.

35. LA-IO--NRSE !JNDP/OLADE

Latin American Strategic Plan for the Development of Non-Conventional
Energy Policies.
November 1979. (16 pages)

Propuesta de Plan de Acción Latinoamericano para el Desarrollo de la
EnergIa No Convencional (Proposal for a Latin American Action Plan for
the Development of Non-Conventional Energy)
(uito: IJNDP/OLADE Project RLA/74/O30, October 1979. (80 pages)

Fundamentacion y Apendices (Background and Appendices)
tuito: 1979. (70 pages)

This set of documents constitutes initial UNDP/OLADE thoughts on an action
plan for widescale implementation of what were then called nonconventional
energy sources. The first is the outcome of a Rio de Janeiro meeting at which
the second was discussed, and the Appendices help substantiate the former on the
basis of reference 34.

The Rio de Janeiro meeting was attended by 149 energy experts, interna-
tional observers, and Latin American governments, and resulted in the adoption
of the basic guidelines of the substantive documents presented to it. Accor-
dingly, the "Regional Strategy" was to consist of the execution of 25 well
defined regional programs over the following 5 years and covering five areas:
basic studies (methodologies), nonconventional technologies (develop, adapt,
disseminate technologies via multinational projects), scientific and technical
information, public awareness, and financial resources.

Formidably well written, as are the substantive papers, it pinpoints
several important dimensions for the massive development of NRSE technologies,
including the need to foster regional joint projects, local participation, basic
studies, etc. Its major fault is that it is basically a declaration of good
will, of good intentions -- but with little consideration for how all the
proposed actions would be implemented and with what financial resources.

This is even more evident in the 80-page proposal, an extremely creative,
comprehensive, and complete formulation of policy priorities and fields of
action. It includes such considerations as how to integrate NRSE policy with
all types of energy policies (pricing, credit, incentives, industrialization,
etc.), a proposal for funding the whole scheme via a "tax" on national petroleum
consumption, on how to integrate industrial units, and on a whole series of
detailed "basic" studies that would have to be fulfilled to feed into the
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execution of the strategy at various points in time -- all over a tight 5-year
schedule with the hope of creating a sufficient critical mass of activities.

The appendix is of high value as it summarizes the major highlights of the
UNDP/OLADE/UNEP studies on NRSE needs and capacities (see reference 34).

36. BR-RC-ECS BRAZIL
INST ITUTO DE PESQUISAS TECNOLOGICAS DO ESTADO DE SAO PAULO --

ret (INSTITUTE OF TECHNOLOGICAL RESEARCH OF SAG PAULO STATE)
Progrmna de Aasisténcia A Indcistria em Coneervaçao de Energia
(Progran of Assistance to Industry in Energy Conservation.)
Sao Paulo: 1982. (Leaflet)

The purpose of this leaflet is to illustrate the program for the conserva-
tion of energy in the industrial sector of Sao Paulo State. Four subprograms
are:

Givt assistance to the 90 major consumers in Sao Paulo;

Facilitate technological aid to those State industries with consumption
Ievel8 of more than 500 t/year of fuel oil;

Prepare sectoral manuals for sector conservation of energy; arid

Assist in the preparation and training of personnel in charge of opera-
ting machinery that uses petroleun derivatives.

Remarks: IPT's pioneering energy conservation program is an excellent
example of Brazil's S-I commitment to solving the country's energy dilemma.
Starting with the quantification and classification of fuel oil consumption in
industrial plants, IPT concluded that 200 nation-wide plant8 consume 65%, the
next 2500 consume 30%, and is consumed by the rest. Emphasizing short-term
changes in petroleum demand, IPT's strategy was to assist the largest consumers
(90 in Sao Paulo), work by industrial branch at the second level, and enact
training and diffusion programs aimed at the third level. Although strictly a
research institution, it promoted and currently provides technical assistance to
training programs for 6000 plant operators, over a 3-year period. IPT's conser-
vation program is being replicated at a national level with national government
backing.

37. BR-RC-ECS BRAZIL
INST ITUTO DE PESQUISAS TECNOLOGICAS DO ESTADO DE SAO PAULO

(INSTITUTE OF TECHNOLOGICAL RESEARCH OF SAG PAULO STATE)
Agrupamento de Enghenharia Térmica -- AET (Thermal Engineering Group)
Sao Paulo: IPT, 1982. (5 pages)

The thermal engineering group (AET) is part of the mechanical engineering
division of IPT. Forty-four technicians with university degrees, 16 with middle
level, 6 administrators, and 15 student-trainees make part of this team.

AET's objective has always been the development of technology (in the
thermal field) that will lead to adequate solutions according to Brazilian
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conditions. This work is done in four main areas:

Enerqy conservation: (27 graduate technicians)
Energy diagnoses in industry, energy conservation manuals for industrial sec-
tors, mobile unit for small and middle-sized industries, studies in technical
and economic viability for industrial energy alternatives, support government
agencies in the definition of energy policies;

Combustion/qasification: (7 graduates)
Development, construction, installation, and experimentation with pilot and
prototype gasifiers for charcoal, firewood, vegetable residues, and peat; analy-
sis of' the normal functioning of industrial gasifiers; and simulation and
experimental validation of fixed-bed gasifiers.

Solar energy: (3 graduates)
Technical-economic viability studies on the installation of a system of solar
collectors; and development of local standards for the analysis of the perfor-
mance of solar collectors.

Laboratory/other areas: (7 graduates)
General technical services, simulation and experimentation of a model for the
study of therinic comfort.

AET's financial balance during 1982 (in Cr. $106) was: Receipts -- 248
and Expenses -- 311 (R/E ratio -- 0.80).

The main project currently developed corresponds to the energy conserva-
tion progran, this being AET's priority. Projects for the immediate future are,
as a whole, oriented towards conservation/substitution.

38. ARC-RC-EE ARGENTINA

INSTITUTO DE ECONOMIA ENERGETICA (INSTITUTE OF ENERGY ECONOMICS)
Principales Lineas de Investigaci6n y Formación en Economla y Planifi-
caci6n Energética. (Principal Guidelines on Investigation and Forma-
tion in Energy and Economics Planning)
Buenos Aires: April 1982. (12 pages)

SUAREZ, Carlos
Experiencia de Fundacion Bariloche en el Campo de la Asistencia
Técnica en Politica y Planificacion Energética en America Latina.
(Experience of the Bariloche Foundation in the Field of Technical
Assistance in Policy and Energy Planning in Latin America)
Santiago: April 1983. bEE. (11 pages)

These two documents describe the main work carried out by IDEE since its
funds in 1967 as part of the Bariloche Foundation.

From an initial focus on energy economics and planning research at the
national level where it was highly productive in terms of methodological deve-
lopments, it grew into a training facility and, since 1971, has widened its
scope to training and research at a Latin American regional scale. The docu-

ments describe the evolution, specific projects, and experiences throughout the
region, recent cooperative ventures, and a critical view of traditional techni-
cal assistance (viewed as the parachuting in and subsequent disappearance of
foreign experts leaving no installed local capacity to continue developments).
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The second document goes on to formulate essential elements to be considered for
techncial assistance to be of service to the continent: insistence on the exis-
tence, training, and consolidation of local work groups and institutions, a
global view of the energy problem, coordination of international agencies, among
others. Above all, however, it emphasizes that technical assistance must be
viewed as an instrument to mobilize and strengthen local and regional expertise
-- which is scattered and, due to current practices, restricted throughout the
continent.

Thus primary responsibility of technical assistance is to consolidate
local capabilities.

39. EC-RC-ES 1tJEVED0, C.E.
Contribuciones de Ia Cooperación Técnica-Financiera a Ia

Politica Energética, en el Contexto del Desarrollo Econâmico de los Raises de
America Latina: Un Punto de Vista Ecuatoriano. (Contributions of Technical and
Financial Cooperation to Energy Policy: an Ecuadorian Point of View)
ECLA/OLADE A Hoc Consultative Meeting on "Energy and Development in Latin
America".
Santiago: April 1983. (25 pages)

In the first place, the paper presents Ecuador's economy as a framework of
the fundamental energy problems faced by the nation. During 1972-80, Ecuador
registered an average annual GNP growth of 9.3%, with high industrial dynamism.
The principal cause of this growth resided in the development of the oil-
exporting industry, favoured by the international price increases after 1973.

The nature of the situation established a direct dependence of the economy
with regard to oil and to the external sector. This was followed by a process
of rising indebtment.

The critical problems encountered by the energy 8ector in Ecuador can be
summarized as:

Fluctuations of international oil prices: Ecuador's lack of influence
in the evolution of oil prices presents difficulties such as hampering the
practice of planning, imperiling entire programs based on old price relations
and production quotas, and lowering Ecuador's income.

Scarce exploration activities: Proven reserves have dropped at an
average annual rate of 4.9%.

Squandering of associated natural gas: the lack of infrastructure has
been the cause of the waste of this valuable product.

Inadequate articulation between the scale and nature of certain energy
infrastructure projects and the socioeconomic system.

Uneven access to the energy system by the rural and urban dwellers
because of restricted distribution systems.

Suboptimal operation of the hydrocarbon and electricity companies.

Disparity of final consumption: In view of the economic stratification
of the population as well as the uneven access to the energy system, energy
consumption per person extends over a broad range of values with an average
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value of 622 kg-oe/inhabitant/year (1981 value).

Subsided energy prices: The internal price level and structure has
historically created distortions in consumption.

The doct,nent then proposes various types of technical cooperation and
research topics. These would support the policy formulation process and promote
activities that might solve global and regional problems. They emphasize the
need to reorient development bank policies, to develop schemes to allow inter-
country sharing of overinstailed energy infrastructure and so decrease invest-
ment financing pressures), and to stabilize international oil prices.

Finally, it contains a bibliography (as an annex) and mentions some
activities of technical cooperation that are being developed in Ecuador by the
various energy-policy agencies, including a brief description of the latter:

National Institute of Energy (INE): In charge of energy planning and
of development of new sources. Created in 1979, it has completed projects with
cooperation from the EEL, UNDP, United States Agency for International Develop-
ment (USAID), government of France, etc.;

Ecuadorean Electrification Institute (INECEL): designs the master plan
for electric supply, with the cooperation of GTZ (West Germany).

State Oil Corporation of Ecuador (CEPE).

40. CII-RC-ES UMANA, A.
Brief Analysis of Costa Rica's Energy System

ECLA/OLADE Ad Hoc Consultative Meeting on "Energy and Development in Latin
America"
Santiago: April 1983. (18 pages)

Contents: Exposition of the essential characteristics and trends of the
country's energy system, resources, and perspectives and of its energy-planning
insitutions. The national energy balance for 1981, based on the OLADE methodo-
logy, is annexed.

Costa Rica is strongly dependent on imported energy (oil imports represen-
ted 15% of the exports in 1981; 70% of the commercial energy consumed is
imported). This situation is reinforced by the critical economic developments
of the last 3 years (1980-82).

Most of the energy planning institutions are of recent creation: National
Energy Commission (CNE) in 1979; Ministry of Industry, Energy and Mines (MIEM)
in 1982. The information on resources is incomplete, with estimates of about
650 million t-oe of hydroenergy and 50 million t-oe of geothermal.

During 1982, the Direccion Sectorial de Energia (DSE) put together a
National Program for Energy Planning and Development (NPEPD) in an attempt to
coordinate foreign assistance activities in the sector. With USAID support, the
OSE in also establishing information and documentation centres in a computerized
energy-information system, expected to begin operation by the second half of
1983.

Problems and Perspectives: Although DSE has a highly competent profes-
sional staff, the new institution may be somewhat overburdened with both short-
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term pressures and the need to coordinate and promote long-term energy develop-
ment.

41. BR-RC-G BRAZIL
INST ITUTO DE PESQIJISAS TECNOLOGICAS DO ESTADO DE SAO PAULO --

IPT (INSTITUTE OF TECHNOLOGICAL RESEARCH OF SAD PAULO STATE)
0 Programa de Energia do IPT. (IPT's Energy Program)
Sao Paulo: 1982. (24 pages)

The objective of this document is to report on the nature of the program,
its fields of action, its goals, and some work already completed.

The projects that make part of IPT's energy program can be grouped in
three areas:

Energy conservation: pulp and paper, cement, metallurgy, ceramics, and
textiles;

Energy generation: biomass, sugar cane, wood, vegetable oils, babassu,
biogas, minihydro, solar, wind, geothermal, wave, and peat;

Development of adequate processes and equipment related to the use of
alternative sources of energy -- basically, motor re8earch.

Within the area of energy generation, there is an explicit reference to
biomass, with a complete list of about 70 documents that make part of the study
on "Biomass Potential and Energy Objectives in Sao Paulo State" (see Summary).

Examples of research undertaken demonstrate IPT's vocation for the produc-
tion and development of prototypes, demonstration plants and a range of techno-
logical solutions to state and national energy problems.

42. BR-SE/ftC-HE BRAZ IL

CENTRO DE PESQUISAS DE ENERGIA ELECTRICA -- CEPEL (ELECTRIC
ENERGY RESEARCH CENTRE)
CEPEL e Electrotermia. (CEPEL and Electrothermy)
Rio de Janeiro: ELECTROBRAS Group, 1983. (4 pages)

Excess hydroelectric capacity in Brazil is on the increase with the coming
on line of huge projects designed to satisfy traditional electricity growth
rates. Electrothermy is viewed as an attractive alternative for increasing the
use of available resources.

Since electrothermic techniques frequently exist only as industrial demon-
stration units, the possibility of CEPEL'S action in the field of technological
development is fairly wide. CEPEL began its work in electrothermy during 1982
through an agreement made with the National Petroleum Council. The result of
this work is a document known as "Preliminary Analysis of the Possibilities of
Intensifying the Use of Electrothermy in Brazil." The following issues were
treated in this paper:

Limitations, technical and economic interest, and description of
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various electrotherm techniques (visits to Canada and France);

Analysis of the tariff aspects in Canada, France, and Brazil; and

Possibility of the use of electrothermy in the glass and steel indus-
tries.

CEPEL's perspectives in the medium term include:

Intensive use of laboratories and installed research capacity -- this
may result in the enlargement and adaptation of the existing laboratories;

Support the dissemination of technical capacity and know-how for the
construction of equipment in the national industry; and

Assistance in the practice of cost studies.

Electricité de France (EDF), the, major electricity company in France,
is currently interested in the establishment of cooperation plans with Brazil.
This would be done in a two-phase mission:

Phase one includes visits to commercial organizations and to industries
that have adopted the techniques under observation and evaluation of EDF's
activities in the promotion of the new uses of electricity: Duration: 1 month.

Phase two would take place in the laboratories with the specific objec-
tive of training CEPEL's personnel. This would have a duration of 3-6 months.

Remarks: This short document is summarized to highlight two aspects of
Brazilian R&D efforts:

A capacity to tackle advanced technological research with a view to
commercialization or dissemination of its use in economic sectors, in this case
using electricity as a source of heat, which is not currently widely available
on an industrial scale; and

A degree of dependence on technology to provide answers or responses to
the unforeseen consequences of policy or planning mistakes.

In this case, it is the search for uses for excess electricity-generating
capacity; in the alcohol program, S-T was called for to solve a wide range of
agricultural, environmental, processing, and use problems that arose as ethanol
came to maturity.

43. BR-SE-NE CECCHI, 3.C., FERREIRA, R. and PINGIJELLI, L.
A Transfereicia de Tecnologia No Programa Nuclear. (The

Transfer of Technology in the Nuclear Program) (Preliminary Version).
Rio de .]aneiro, COPPE/(JFRJ, May 1983. (100 pages)

Contents: The problem; the methodology; the report of the investigating
committee on the nuclear agreement (technology transfer strategy; and critiques
to the report); technology and inrormation (formulation of the technology
problem/S-T formation/support infrastructure for technology development); basic
technological characteristics of national enterprises (R&D; technology and the
market); technology contracting (analysis of investments made by private enter-
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prisea, technology transfer); analysis of the transfer of technology in the
nuclear agreement (political strategies, brazilian industrial structure,
national participation, brazilian nuclear program suppliers); participation of
basic engineering in the design of nuclear plants; human resources training.
Appendices: questionnaires employed.

Summary: This is a discussion paper presented at a seminar on nuclear
technology transfer organized by COPPE/UFR.] with the participation of private
entreprise, the public nuclear sector, and university researchers. Rather than
centering on the "nuclear debate", the seminar focused on the technological
development that the nuclear program offers the country.

The study presented here was based on interviews and a basic bibliography
review, and constitutes one of a series of COPPE studies on the process of tech-
nology transfer in the Brazilian nuclear program. Defining "technology" as a
merchandise, the paper rejects the notion of "transfer" itself for a notion of
"commerical transaction." After presenting the initial critiques of the

Brazilian/W. German nuclear agreement -- which were based on the lack to

preparation within the country to negotiate nuclear technology due, at the time,
to its lack of experience in the field -- it bases its own critique on the
relatively small participation of national scientific and industrial capabili-
ties in its plementation. The fact that, by the last, ninth, nuclear power
plant of the agreement, local production of components and civil works will only
reach 70% is felt that too little is given the human and institutional capacity
of the country.

The whole agreement has negated a true technology transfer, by which the
country would internalize the capacity to fully implement nuclear development.
Absorption of technology can only be reached when trainees sent abroad have
sufficient preparation beforehand to fully take advantage of the experience and
learn how to design and develop technologies. Yet this state cannot be reached
because Brazilian universities were never mobilized to prepare personnel for

when the moment came to undertake a nuclear program.

44. BR-SE/ID-PG BRAZIL
PETROBRAS (BRAZILIAN PETROLEUM COMPANY)

Industrializaçao do Xisto (Oil Shale Industrialization)
Rio de Janeiro: 1982. (25 pages)

The PETROSIX process for the industrialization of shale oil, a technology
entirely developed in Brazil, con8titutes an example of what can be done with
local R&D resources in Latin America. This process permits recovery of the
energy potential contained in oil shales, in the form of oil and gas. PETROSIX
covers all the steps in the industrialization of oil shale: extraction and
handling of the mineral; pyrolsia of oil shale and recovery of heavy oil; hand-
ling of spent oil shale; recovery of light oil; desuiphurization of gases and
sulphur recovery; distillation of shale oil sulphur handling. PETROBRAS claims
to have mastered today the technique of retorting oil shale by the PETROSIX
process, with great operational simplicity.

The pilot plant at Irati (the biggest oil shale deposit in Brazil) began
operations in 192 and, until 1982, it had had 51,300 hours of operation, using
more than 2 x 10 tof oil shale to produce 135,000 tons of shale oil.

With the technological basis of PETROSIX, PETROBRAS has designed an indus-
tral oil shale processing plant in Sao Mateus do Sul, with reserves of 650 x
10 barrels of shale oil. Although this is a very ambitious project, with 20
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retorting towers, the first phase has been cut back to one tower, for which
financial support is likely. The total investment estimated for an industrial-
type plant borders US$2.9 billion (or $57,650/barrel of installed capacity) with
an operation cost of Us$290 million/year. At an internal rate of return (IRR)
of 10% before taxes, the cost reaches US$ 32/bbl compared to US$34/barrel at
Rotterdan at the time costs were estimated (January 1982). All information con-
cerning the pilot plant, the industrial plant, the ecological aspects of oil-
shale exploitation, and data on the characteristics of oil-shale deposits and on
the production process are briefly described in this document.

45. SK-SE--RA BRAZIL
COMPANHIA ENERGETICA DE SAD PAULO (SAD PAULO ENERGY COMPANY --

CESP, VICE PRESIDENCY OF STUDIES AND DEVELOPMENTS IN ENERGY)
Situaçao dos Projetos. (State of Projects as of 30/08/81)
Sao Paolo: 1981. (9 pages)

This report includes the state of 41 projects under execution for CESP by
diverse entities. Viability and recovery studies, inventories, system evalua-
tion, preliminary, general and specific studies are classified with the follow-
ing information: code number; name of project; objective and/or current state;
and Entity in charge of its execution.

CESP's activities (41 projects) during 1981 can be grouped under the
following areas:

Viability studies (primarily, small hydra plants) -- 12 projects;

Studies on transmission and transformation systems - 14 projects;

Hydrological studies (inventories and viability of hydroelectric pro-
jects) -- 9 projects; and

Other (systems, planning, etc.) -- 6 projects.

These projects are primarily carried out by Brazilian research centres and
engineering consulting firms, but roughly 10 are executed directly by CESP's
internal staff.

46. UR-SE-RA BRAZIL
COMPANHIA ENERGETICA DE SAO PAULO -- CESP (SAOPAULO ENERGY

COMPANY)
Summary Data on Contracts and Agreements
Sao Paulo: April 1982. (10 pages)

Data for 23 contracts and 7 agreements is presented, with the following
information:

Name and code number of the institution involved in the contract or
agreement;

Brief description of the contractual object;
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Service orders (if required); and

Time period (for the conclusion of the contract as well as for the
service order, when needed).

A general survey of the 30 programs functioning during the first quarter
of 1982 reveals the importance given to the methanol project. The 30 programs
can be grouped:

Hydrological studies and forestry -- 7 projects;

Research and studies in energy -- 4 projects;

Engineering consultancies for energy projects -- 7 projects;

Engineering consultancies in other areas -- 6 projects;

Other -- 6 projects.

Six of the seven engineering consultancie8 are related to the methanol
program and to applications of methanol in motors, thermoelectric plants, etc.,
thus representing 20% of the total number of projects beinq developed.

41. CO-ST-CL RODRIGUEZ, H.
Estado Actual de Ia Investigación y el Desarrollo del Carbon

coino Combustible. (Current State of Research and Development of Coal as a Fuel)
Bogota: COICIENCIAS, 1983. (153 pages)

This paper begins with chapters highlighting the objectives, methodolo-
gies, results, and perspectives of coal and coal conversion processes in

Colombia and the World.

R&D activities at university and research centres throughout the country
currently focus on coal characterization, reduction, infrastructure research,
carbonization, gasification, liquefaction, and uses of waste from the combustion
processes.

In view of the vast coal reserves and scarce petroleum research, the State
Petroleum Enterprise (ECOPETROL) has carried out 8everal studies related to
substitution, including the possibility of adapting their own refinery boilers
to using coal and the production of coal briquettes as a substitute for domestic
kerosene for the poor. There are also studies on the use of various gases from
coal as an industrial fuel, a domestic fuel, and a mixing fuel with fuel oil.

Research activities are carried out by very small groups, reduced almost
to the individual level, and researcher8 devote little time to research in this
field. In fact, these centres are more interested in supplying services (geolo-
gical surveys, physical/chemical analyses, etc.), than in conducting R&D. For
example, none of the research groups carried out demonstration projects to
introduce any specific coal technology.

Human resources devoted to the area can be summarized as follows: 72
professionals, of whom half work permanently for a single institution (INGEO-
MINAS), devoted an average of 5 months/year each, with coal characterization
receiving 52% of the time spent.
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International technical cooperation in the area of coal is only present at
one of the research centres, to which the French government provides teaching
personnel, scholarships, equipment, and reference material. Institutional
relations among groups conducting research are solely at the informal level.

Remarks: Because of the importance of coal to the country's future
development, the National Research and Development Program for Energy Resources,
which is currently being formulated by COLCIENCIAS, is assigning top priority to
R&D activities in coal technology. Efforts will concentrate not only on support
of government policy to develop the resource primarily for export, but also to
utilize coal in a more exten8ive manner throughout the economy.

48. CO-ST--ES/RA COLOMBIA
COLCIENCIAS -- FONDO COLOMBIANO DE INVESTIGACIONES CIENTI-

FICAS V PROJECTOS ESPECIALES "FRANCISCO JQS DE CALDAS (COLOMBIAN SCIENTIFIC
RESEARCH AND SPECIAL PRO3ECTS FUND "FRANCISCO 3OS DE CALDAS)
Lineamientos Generales para el Programa Nacional de Investigación y Desarrollo
en Recursos Energéticos 1983-1986". (General Guidelines for the National
Research and Development Program for Energy Resources 1983-1986)
Bogota: September 1983. (134 pages)

This is the first comprehensive National Science and Technology Program
for the energy sector, an outgrowth of several years of COLCIENCIAS's funding of
scattered R&D activities in the area, including several diagnoses on the current
state of R&D in all energy-related fields, and of negotiating sufficient funds
to channel into an active energy-research program.

The first chapter presents the background and general objectives of the
program. Next, it analyses the country's energy situation and perspectives from
the point of view of the role that R&D can play in enhancing the development of
the energy sector and, indeed, the overall economic and social development of
the country.

The third chapter presents a conceptual framework for S-I development.
Although recognizing the important contribution that R&D can make to self-
sustained development, it nevertheless demonstrates that, in the past, the S-I
system has not responded adequately to the challenge that economic development
and the improvement of society's quality of life presents. Blaming this situa-
tion not merely on an insufficiency of human and financial resources available
for R&D but on the dispersion of objectives and poor management of those resour-
ces available, the program is geared to overcome it within the framework of the
1983-86 "National Science and Technology Plan for Development." The framework
presents a critical evaluation of the major bottlenecks and responsibilities of
S&T and proposes mechanisms for fostering its role in the country's development.

A fourth chapter presents a diagnosis of the current state of R&D for each
of the energy resources and several cross-resource problems (e.g., conservation
and energy planning), based on the studies commissioned by the organization (see
references 47, 51, 54, and 56). For each entry, information is given on what is
being done by whom, and concludes on the current strengths, weaknesses, capabi-
lities, and orientation the future R&D activities in the country might take.

The fifth chapter proposes five subprograms: coal development; energy
conservation and substitution; development, adaptation, and diffusion of techno-
logies (mainly fot' end-use/demand side); technology disaggregation, capital
goods,and industrial development (mainly for energy resource extractior,, trans-
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port, and transformation/supply side); and support programs to back the activity
and capacity to conduct research (energy planning and policy studies; national
energy information system, and human resource training).

49. cH-ST-ES/RA CHILE
COMISION NACIONAL DE INVESTIGACION CIENTIFICA Y TECNOLOGICA

SECTOR ENERGIA -- CONICYT (NATIONAL COMMISSION FOR SCIENTIFIC AM) TECHNOLOGICAL
RESEARCH)
fliagnostico Preliminar de is Investigacion. (Energy Sector -- Preliminary Diag-
nosis of Research)
Santiago: Dec. 1982. (35 pages)

This paper contains a preliminary evaluation of research conducted in the
energy field by the universities and private institutions of Chile. It

describes the basic characteristic8 of the energy sector, projects a global
vision of the situation of conventional resources and finally examines the

perspectives of nonconventional source8.

The document represents the first phase of a broader evaluation, and does
not include analytical results but merely shows the orientation followed by
research.

Remarks: It is convenient to note that the majority of projects and
researchers are concentrated in three institutions: the University of Chile,
the State Technical University of Santiago, and the Chilean Nuclear Energy
Commission. This most probably reflects the scarce dynamics of research in a
market-oriented economy without state intervention, like that prevailing in
Chile.

In this case, the state has conceded absolute liberty to the private
sector's participation in energy resource exploration, exploitation, and re-
search under competitive conditions. Government will only finance or conduct
research when "national interests" are involved and when the project is "of
little importance to the private sector."

As a direct consequence of this policy, universities and research centres
are compelled to reduce R&D activities, primarily toward those areas determined
strictly by market forces with rio concise framework or clear guidelines on
objectives or priorities by state agencies such as CONICYT.

For each program, general, short-term (1983-86), medium-range and long-
term objectives are given, priority lines of action are established and institu-
tional mechanisms are proposed.

A closing chapter covers institutional and financial arrangements to
guarantee the implementation of the program.

Remarks: This document is being circulated for internal revision and
final comments within COLCIENCIAS as well as to dozens of R&D centres, energy
policymakers, industrial associations, etc. The proposals it contains were
widely discussed with all the institutions involved during the process of the
program's formulation. A final version of the program 8hould be available by
November 1983, when the institutional negotiations have ended and compromises
reached.

The strategy to overcome traditional obstacles to successful mobilization
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of R&D toward development is based on the participation of all those involved
(researchers, users, and policymakers) and the commitment of roughly US$5 mil-
lion to fund research in the energy field over the next 3 years. This figure
represents a many fold increase in S-I funding for the area, and is complemented
by similar budgets available for university R&D activities as well as the comp-
lementary resources of the benefiting institutions.

As can be noticed, except for coal, which is specifically justified on the
basis of its potential development, the various subprograms are not resource
oriented. A conscious attempt was made to program R&D activities on the basis
of felt needs and opportunities -- both in terms of energy and of overall socio-
economic development.

HR-ST-ES/RA BRAZIL
SECRETARIA DA INDUSTRIA, COMERCID, SCIENCIA E TECNOLOGIA

(SECRETARIAT OF INDUSTRY, COMMERCE, SCIENCE AMJ TECHNOLOGY)
Energia no Estado de Sao Paulo. (Energy in the State of Sao Paulo)
Sao Paulo: October 1982. (134 pages)

The report presented by the SICST undertakes various issues, including:
evolution of research programs, sector and intersector measures for conserva-
tion, substitution programs for oil and derivatives, technical and economic
aspects of conservation, and substitution. There is a detailed description of
the current situation, technical considerations, and economic circumstances that
are relevant for every energy sector. The document updates the programs and
research developed in the state within the framework set by the National Energy
Policy. Four of these programs, among others, were: CONSERVE (Energy Conserva-
tion); PRO-XISTO (Oil Shales); PRO-ALCOOL (Alcohol);PRO-VINHOTO (Stillage).

CO-ST-C GOMEZ, A., MELEG, A., NAVAS, F., and TORRES, J.E.

Investigacic5n y Desarrollo en las Fuentes Convencionales de Energia en Colombia
-- Inventario y Diagnóstico. (Research and Development in Conventional Energy
Sources in Colombia --Inventory and Diagnosis)
Bogota: University of Los Andes/COLCIENCIAS, June 1983. (101 pages)

This is one of the five studies on the current state of R&D in energy
matters, commissioned by the National Science Council (COLCIENCIAS), as an input
to the formulation of the National Science and Technology Program for Energy
Resources (1983-86). It covers R&D efforts in petroleum and gas; hydropower and
the electricity sector; energy conservation and substitution; and basic energy
studies (transcending one particular source; primarily economic and planning
studies).

A nation-wide survey of industrial and consulting firms, and engineering,
agricultural, and industrial associations, forms the basis for the analysis. At
each centre, information was sought on levels of activities, types of projects,
personnel and budget committed, results obtained or expected, major obstacles
and opportunities, diffusion efforts, etc. Several classifications are presen-
ted (thematic coverage, types of centre, intensity of work, R&D stages, energy
sources, etc.). Activities are described for each centre surveyed, permitting
analysis of the current state of R&D at each (roughly 50 centres).

-
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The study then summarizes current work and gaps in terms of basic re-
search, development, technology transfer and adaptation, and diffusion for each
of the following areas: hydroelectric and electrical systems; electric indus-
tries; planning (electrical, global energy planning - no work was discovered in
petroleum or gas sector planning); petroleum and gas R&D; energy demand and use;
and interaction of' the energy sector with other sectors or "systems" (economy/
energy; energy/industry; energy/agriculture; energy/society; and energy/environ-
ment interactions).

Conclusion: For each of the fields studied, the document presents those
aspects that were poorly covered and the types of organizations or institutions
that might cover them, those aspects that could be modified or reinforced, as
well as the connection between research in conventional energy resources, and
the application of state energy development policy.

The conclusions show an inadequate incorporation of technology development
and transfer activities into the huge investments of the energy sector, a total
absence of basic research and university projects in a number of fields, and
serious planning gaps in coal R&D, rural-energy planning, sector-level conserva-
tion and substitution planning, etc.

For eath of these gaps, however, the document ends with optimistic obser-
vations of the possibility of mobilizing local R&D capability to solve it. This
is reflected in the connection of research to the application of state develop-
ment policies. By way of example, the opportunities in microturbines, hydro-
electric development, and the electricity industry were highlighted. In each of
these areas, the country has a large potential due to both previous experience
in research and the capability of industry to participate in the development of
the energy sector.

52. AR-ST-C ARGENTINA
MINISTERIO DE EDtJCACION (ARGENTINA -- MINISTRY OF EDUCATION,

NATIONAL COUNCIL OF TECHNICAL AND SCIENTIFIC RESEARCH, CONICET)
Institutos, Programas, Servicios: Temas de Investigacion en Desarrollo.
(Institutes, Programs, Services: Research Themes being Developed)
Buenos Aires: 1982. (566 pages)

This publication contains the research topics executed in 1981 by the
institutes and programs either dependent on or related to CONICET, which
theoretically depends on the SUBCYT (Subsecretariat of Science and Technology),
but is a richer and more powerful organization in the science, technology and
research system functioning in Argentina.

About 4200 projects are registered with the following information: name
and classification of the scientific discipline; initials of the institution or
program; and topic of the research project and name of the project director or
name of the scholarship holder (in case of scholarships).

Remarks: Research in the energy field or related fields is not found
under a single homogenous heading, although different works can be discovered
under physics, chemistry, engineering, etc. This shows the gap in S-T
programing of energy affairs until 1982, although CONICET is currently
formulating its first energy S-T policy.

Annex: Index of the research centres (address, phone number, etc.)
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BR-ST-C BRAZIL
SEPLAN - CNPq (PLANNING SECRETARIAT -- NATIONAL COUNCIL FOR

SCIENTIFIC A1D TECHNOLOGICAL DEVELOPMENT)
SELAP -- Cadastro Geral de Pesquisas: 76/8O Projetos/Atividades". (SELAP --
General Register of Research: Projects/Activities 76/80)
Brasilia: 1982. (503 pages)

To coordinate the activities and projects of research and development in
the country, the National Council for Scientific and Technological Development
(CNPq) in 1976 created SELAP, a linear system that registers and follows the
normal functioning of all programs, projects and activities in the most diverse
fields.

This report includes the results forwarded by 461 institutions and 14,580
researchers working during the 1976-80 period. A total of 8561 projects or
activities are classified according to the sector divisions of the third Basic
Plan for Scientific and Technological Development (PBDCT) in Part 1, and accor-
ding to the corresponding field of knowledge in Part 2.

Remarks: Although this publication only enumerates the research centre,
project title, starting and ending Dates, and current status (in process conclu-
ded), it is complemented by computer printouts available for consultation at
CNPq headquarters in Brasilia. These printouts have the following information
for each entry: full institutional identification, names and degrees of person-
nel involved, description of the project (objectives, summary, results, and
publications produced), form of dissemination, other participating or interac-
ting institutions, and financial resources (foreseen and applied by year and
source). Although financial information is not very reliable, the printouts are
an excellent source for analysis of Brazil's R&D activities in all fields.
Energy-related R&D is classified under approximately 300 subheadings or entries.

CO-ST-PIRSE BELTRAN, R.G.
Caracterizacion Fisico-Quomica de Madera y Residuos Agro-

industriales como Combusibles -- Inventario de Actividades de Investigacion y
Desacrollo en Colombia. (Physical/Chemical Characterization of Wood and Agro-
industrial Residues Used as Fuels -- Inventory of Research and Development
Activities in Colombia)
University of Los Andes/COLCIENCIAS: 1983. (102 pages)

This is one of a series of studies commissioned by COLCIENCIAS as a basis
for the establishment of a National Research and Development Program for Energy
Resources. Slightly overlapping but updating the NRSE Study (see Review), this
study presents detailed information on R&D activities at 10 of 27 nation-wide
institutions that, in principle, should be active in the field.

The fact that 17 are not active is indicative of the negligence with which
the important field of biomass energy is treated in the country (75% of' rural
households use firewood as the principal source of cooking fuel and agroindus-
trial residues are widely used in several industrial sectors).

Most of the work in the area is devoted to direct combustion of residues
and wood. Topics being studied include:

Feasibility studies for use of sawmill residues, fluidized- bed demon-
stration plant for various types of solid fuels, fixed-bed burner p"ototype,
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development of improved stoves for briquettes, of industrial equipment for

combustion of residues, and a bagasse-self-8ufficient sugar mill oven.

Direct combustion involves the largest number of institutions and has
reached important technological solutions, even a commercial scale. Although
financial resources devoted to the topic are small, there is a consolidated
experience of several years that could pos8ibly allow for major technological
development in this area and in other areas that might be connected (coal

combustion).

Wood and waste gasification has been totally abandoned after poor
results from minor efforts in the past. Other topics (pyrolysis and carboniza-
tion) also receive scant attention.

Remark: R&D activities in this area mobilize few resources, scarcely go
beyond the level of prototypes, involved only one person-month of professional
expertise each (half the projects), and constitute basically university tinker-
ing. These activities are not aimed at any specific economic sector.

While research activities are promising in terms of the types of results
that have been obtained and the potential impact to the economy and society,
they have not been given sufficient attention in the past.

This is an example of the lack of interest on the part of goverment,
researchers, and most industry to tackle areas of great opportunity for change
and improvements. This lack of interest and articulation of effort might be due
to the rural nature of wood and agroindustrial-waste production and use, in a
country that perceives the energy problem only in its urban and international
trade dimension.

55. NI-ST-NRSE ARGENTINA
SECRETARIA DE PLANEAMIENTO -- SUBSECRETARIA CIENCIA V

IECNOLOGIAOE (PLANNING SECRETARIAT, SCIENCE AD TECHNOLOGY SUBSECRETARIAT)
Programs Nacional de Investigación de Energia No Convencional
(National Nonconventional Energy Research Program)
Buenos Aires: May, 1983. (28 pages)

This document begins with an account of the program's background since its
creation, in 1979, to unify the function8 and goals of' R&D carried by state and
private organizations in Argentina.

The test of the document i8 devoted to information on past and present
activities, some results and the general objectives of the program's five
research areas:

Solar energy (priorities: resource evaluation, solar architecture,
solar ponds, and concentrators);

Wind energy (resource evaluation, development of wind generators, and
interconnected systems);

Bioenergy (biogas, gasification by thermal processes, ethanol, liquid
fuels, and self-sufficient farms);

Energy storage (new physical, chemical, or mixed processes); and
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Other sources (traditional sources that may be harnessed with noncon-
ventional methods, such as hydraulic microturbines, coal, and its gasification,
chemistry, and mixture with other fuels, tertiary oil recovery and use of shales
and tar sands; and synthetic fuels).

In all areas mentioned, the objective8 are to undertake basic and applied
research, make feasibility studies, develop human resources, and establish a
reliable information system.

Remarks: This is the only energy R&D program found at the S-I level in
Argentina, although CONICET is currently formulating one for a wider spectrum of
energy topics. Nevertheless, it shows the strong progress of the country's R&D
particularly in solar-energy applications and wind energy.

56. CD-ST-NRSE RODRIGUEZ, H.
Estado Actual de la Investigaci6n y el Desarrollo de las

Fuentes de Energia Nuevas y Renovables en Colombia. (Current State of Research
and Development of New and Renewable Sources of Energy in Colombia)
Bogota: COLCIENCIAS, 1982. (269 pages)

This is the first of a series of documents commissioned by COLCIENCIAS to
evaluate the state of research and development in the various energy fields in
the country. The introductory chapters present the objectives, methodology,
conclusions, and recommendations of the study as well as general aspects of
energy and the evolution of world energy-consumption patterns on the basis of
several global studies.

The third chapter gives a detailed account of exactly what is meant by
NRSE, and some of the criteria by which they might be analyzed. For each NRSE,
costs and perspectives on the basis of the Nairobi conference technical papers
are given. The document then highlights the current state of technological
development of each of these resources internationally. For solar energy, this
includes water heating, solar destillation, solar drying, refrigeration, water
pumping, and electricity generation via photovoltaic cells, the international
state of wind energy technology, geothermal energy, minihydro, and biomass
(biogas and ethanol) were also discussed.

Twenty centres with R&D activities in NRSE throughout the country were
interviewed, and the report on their activities forms the basis of the fourth
chapter. A fifth chapter reorganizes the information from these different
centres under the following headings: types of centers, types of R&D areas, R&D
projects, training programs, publications and diffusion, demonstration activi-
ties, human resources, involved material resources mobilized, financial resour-
ces devoted to R&D, international cooperation, and interaction with other
institutions.

Conclusions of the chapter show that although some of the activity is
recent, there are consolidated centres like Gaviotas, which have begun implemen-
tation of results on a significant scale in all areas of solar energy and wind
energy. Although the country lacks a policy on NRSE, it has committed state
resources to the area and created such institutional mechanisms as the National
Alcohol Committee.

The document ends with a critique of progress made in NRSE. This can be
summed up as:
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Absence of specific policies, plans, and strategies for the development
of these resources (most activity being motivated strictly by personal initia-
tive of researchers);

The weakness of R&D projects -- lack of contact between local industry
and reserchers, lack of information on the part of final users of the possibili-
tie8 of NRSE, lack of sufficient funds and personnel for fundamental and applied
research, lack of confidence in local scientific work on the part of the
community at large as well as state entities and even the university community
itself; and

Problems related to technology transfer -- the technological gap

between developing countries such as Colombia and the developed countries in
NRSE is not so large, because in general these are simple technologies. Yet
international pressures foster the importation of exhorbitantly priced and not
yet mature equipment and technology rather than the consolidation of local R&D
capability and the development of local industries.

This document ends with recommendations on how a national NRSE R&D program
might be established.

Remarks: n analysis of the research shows that only in terms of solar
water heaters has the country undergone all stages of what might be deemed the
technology chain (system analysis, R&D, demonstration, normalization and quality
control, commercialization, information, and education). There is incipient
activity, particularly of the R&D type, in the rest of solar-energy applications
(distillation, grain drying, refrigeration, water pumping, and photovoltaic
cells). Ethanol R&D system analysis and demonstration have also received quite
a bit of attention. Biogas presents mixed results, with few efforts at large-
scale implementation of programs. Wind-energy activity is focused strictly on
water pumping, in which good results have been obtained in the country. Another
area with promising results is minihydro development, in which there are several
centres working throughout the country. Geothermal research has been concentra-
ted on the evaluation of potential.

57. BR-ST.-RA BRAZIL
CWSELHO NACIONAL DE PESQUISA/COORDENACAO DO PROGRAMA DE

ENERGIA -- CNPq/SDI (NATIONAL RESEARCH COUNCIL -- ENERGY PROGRAM COORDINATING
OFFICE)
Orcamento Comentado de Cincia e Tecnologla 1983. (Science and Technology
Budget for 1983)
Brasilia: CNPq, 1982. (18 pages)

The (3 PBDCT) Third Brazilian Science and Technology Plan is the source of
this document, where the entry budget for 1983 is commented upon.

It introduces the criteria followed in the elaboration of the budget (in
US$'OOO), and also a detailed break down of it in terms of institutions:
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and in terms of subsectors:

From this it can be concluded that the financial resources from the
nation's budget assigned to the scientific and technological development of the
energy sector total US$205.45 million, distributed basically in the biomass
(38%) and nuclear energy (36%) subsectors, with electric energy (13%) as the
third leading priority.

58. 13RSTRA BRAZIL
FINEP

FINEP's Objectives and Priorities in the Energy Sector
Rio de Janeiro: May 27, 1983. (10 pages)

FINEP is an institution that forms part of the National System of Scienti-
fic and Technological Development. It has four basic objectives:

To promote research and development of alternative domestic sources of
energy;

To improve and adapt technological processes of energy production,
transportation and final use;

To strengthen an autonomous national technological capacity in the
energy field; and

To make use of effective instruments and mechanisms to stimulate the
transfer of technology to the production sector;

The National Energy Strategy is based on the reduction of the degree of
external dependence of the Brazilian economy through the development of new
energy sources. These elements serve as guidelines to FINEP's action. In fact,
Its activities in the different energy fields are related to the promotion and
support of projects (on a commercial scale) of the application of solar energy,
hydrogen and wind energy, coal and biomass, and to energy conservation.

FINEP's expenditures In the energy sector during 1982 include the alloca-
tion of its own funds, of FNDCT resources, and part of the FME fund generated by
the P Energy Mobilization Program, in the following areas: coal, biomass,
energy conservation, and others.

FINEP promoted 72 projects (30 loans and 42 grants) with a total cost of
US$23,774,000 of which FINEP contributed US$ 12,157,000 (51%).

Seventeen more projects were coordinated with PIVE funding during the same
period for a total of 89 projects promoted, adding up to US$45,707,000 where
US$32,718,000 (71.5%) represented the total amount allocated by FINEP/PME.
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FINEP has these specific prior:ities for the various areas of the energy
field:

Energy conservation: a) Industrial sector adaptation of installed
equipment and research aimed at the use of recyclable materials; b) Residential
sector -- changes in construction technology; and c) Transport sector -- possi-
bilities of fuel economy studies on transportation methods.

Biomass: Develop new conversion techniques destined to a more effi-
cient utilization of biomass; promote processes to make viable the use of vege-
table oils and pollutant wastes and to increase the use of the energy potential
of firewood.

Coal: a) Support of projects in the following priorities -- prospec-
tion, consolidation of existing research, development of physical and technical
upgrading processes, study optimization in combustion, viability study of
in-situ gasification and liquefaction, studies on alternatives for transport,
handling, and storage of coal, environment; b) Solar energy -- concentrate
efforts on the following lines of R&D (heating, steam generation, solar grain
dr>ing, refrigeration/air conditioning, photovoltaics, solar potential, and
storage; Winl 'nergy -- important priorities in this area are assessment of wind
potential and development of wind generation equipment and special components;
c) Hydrogen -- evaluation and optimization in generation, storage devices,
transport (pilot system for distribution), and utilization; d) energy planning
-- FINEP's priorities are i) studies aimed at a detailed analysis of demand
composition and possible evolution, ii) research on the relationship between
energy and food problems; and iii) execution of state and regional energy matri-
ces and balances.

59. CH-ST-RA CHILE
COMISION NACIONAL DE INVESTIGACION CIENTIFICA V TECNOLOGICA --

CONICYT (NATIONAL COMMISSION FOR TECHNOLOGICAL AM) SCIENTIFIC RESEARCH)
Inforrne de Actividades -- 1982 (Annual Report -- 1982)
Santiago, 1983. (58 pages)

The document contains the report of the activities for 1982, including
research activities, advisory services to government, information services,
international cooperation, technical committees, training of human resources,
promotion activities, creation of the "National Fund for Development of Science
and Technology," and other activities. An index of CONICYT's publications,
information concerning internal management, and a review of cooperative con-
tracts for research at a national level are included.

With regard to energy R&D, a list of research units belonging to the
university sector was produced, and CONICYT participated in three local confer-
ence cycles on energy topics. The only other reference to energy found in the
document is mention of two international cooperation projects in the coal field
and one biogas project developed with German aid. Agreements with other coun-
tries do not deal with energy.

Financial information: About 43% of the US$1,625,000 annual budget is
destined to operational expenses and 20% goes to scholarships (in fact, CONICYT
plays a large role in education). The recently created Science and Technology
Development Fund (1982) received about 37% of the budget.

- 106 -



60. BR-ST-RA BRAZIL
CONSELHO NACIONAL DE DESENVOLVIMENTO CIENTIFICO E TECNOLOGICO

(NATIONAL COUNCIL FOR SCIENTIFIC AM TECHNOLOGICAL DEVELOPMENT)
Açao Programada em Ciencia e Technologia Para o Setor Energia Propoata de
Metodologia e Documentos Preliminares
(Programed Action in Science and Technology for the Energy Sector: Proposed
Methodology and Preliminary Documents)
Brasilia, Oct./Nov. 1980. (86 pages)

The three documents that accompany this proposal were prepared by the CEN/
Energy Coordination of CNPq, with the participation of the Energy Advisory Group
and constitute the framework for the discussion and definition of programed
action.

The purpose is for circulation to raise critiques and suggestions from
technicians and scientists belonging to all areas that somehow took part in its
development.

Contents: The following are the documents that make part of this publica-
tion. A brief review or their contents is included:

"Proposal of a Methodology for Programmed Action", (Nov. 1980) --
Introduction, Energy planning, Energy conservation, Scientific and technological
development, Priorities and criteria for scientific and technological develop-
ment, Annex Al - (Economic/strate9ic criteria - Technological criteria, and
Environmental criteria), Annex AII(Nomenclature employed in the document, and
Areas for scientific and technological development), and Annex Aill Science and
technology areas).

"Preliminary Work Document
in the Energy Sub-Commission" (Oct.
and natural gas, Electric energy,
Solar energy,Wind energy, Hydrogen,

to Guide the Discussion on Programmed Action
1980) -- Energy planning, Conservation, Oil
Nuclear energy, Coal, Oil shale, Biomass,
and Other sources of energy.

"Example of an Application to the Coal Sub-sector" (Nov. 1980).

Remarks: Although this is purported to be a "methodological proposal," it
is packed with R&D policy guidelines and priority definitions, forcing one to
conclude:

The national energy context must orient actions in S-T; R&D is viewed
as a means to solve national energy dilemmas, not as an end in itself.

S-T policy in the energy field cannot be circumscribed to the supply of
energy sources but must also pay attention to energy planning and management
(conservation).

S-T policy must contain priorities, identify target dates for obtaining
results, consider technology marketing aspects, etc. The papers propose tenta-
tive priorities, objectives, targets for each area, on the basis of economic/
strategic, technological, social, and environmental criteria.

Follow-up work in S-T policy formulation further develops these criteria,
making CNPq prone to criticism by the scientific community on the basis that
"science cannot be planned" or that it requires absolute individual freedom.
Nevertheless, it is evident in this document that for R&D to make sense in deve-
loping countries, it must make contributions to the development of their

societies.
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61. BR-ST-C BRAZIL
PRESIDENCIA DA REPIJBLICA DO BRASIL SECRETARIA DE PLANEJAMENTO

(PRESIDENCY OF THE REPUBLIC OF BRAZIL -- SECRETARIAT OF PLANNING)
III Piano Básico de Desenvolvimento Cientifica e Tecnológico 1980/1985. (III

Basic Scientific and Technological Development Plan, 1980/1985)
Brasilia: 1980. (75 pages)

The objective of this document is to provide information about the Third
Basic Scientific and Technological Development Plan, which explains the official
policy of the Brazilian Government in the area for 1980-85.

In this review, we are interested in the policy guidelines for the energy
sector, in which three areas are outlined:

Energy planning, which should be done according to the development of
the country, studying methodologies for data collection, organization, and

analysis of parameters on the socioeconomic reality of the country;

Energy conservation, with the objective of obtaining a greater effi-
ciency in pduction and use of energy resources, based on an active policy of
energy savings, particularly in the industrial and transport areas; and

Production, transport, and use of energy, in which autonomous techno-
logy is sought through the development in the country of knowledge, processes,
and necessary equipment for the whole cycle of use of' each one of the sources of
energy -- oil and its derivatives, mineral coal and shale, ethanol and other
biomass sources, solar energy, wind, hydrogen, and others.

Perhaps the clearest lesson from the analysis of this policy of S-T deve-
lopment in the area of energy is the orientation that is given to the solution
of the energy problem in accordance to the goals set by the "Brazilian Energy
Model" (see 7). S-I is viewed as an instrument for development of the country
and solution of it8 major economic problems.

62. BR-ST-RA CNPq
(NATIONAL RESEARCH COUNCIL)

III PBDCT -- Açao Programada em Ciencia e Tecnologia -- Setor de Energia
(Minuta) (III PBDCT -- Programed Action in Science and Technology -- Energy
Sector)
(70 pages)

This is a comprehensive and perceptive review of the priority topics and
lines of action for research, developmen,and demonstration of programed action
in science and technology in the energy field.

The following are the subsectors of programed action the general objec-
tives and priorities of each sub--sector are included, considering the perfect
adjustment of these with the goals and priorities of each sector:

Planning: The main lines of action are energy economics, energy models
and scenarios, and energy accounting;

Energy conservation: Objectives are to lower the consumption of petro-
leun derivatives in the diverse sectors, and foster efficient use of energy
inputs.Priorities: Elimination of wastes, attainment of higher rationality in

- 108 -



the use of' energy in production processes, and changes and adaptations in these
processes;

Petrolei,tn and natural gas: This subsector is financed by state enter-
prises and not by the science and technology community -- its development is
incomplete;

Oil shales and bituminous sands: This subsector is financed by state
enterprises. Objectives: Permit the incorporation of oil shales into the
Brazilian energy matrix, and prepare national industry for the possible use of
such products in some of its sectors. Priorities: Lines of action are based on
the localization and exploitation of oil shale deposits and on the study of
technologies for their industrialization.

Electric energy: Financed by State enterprises. Objectives: Search
for sources different frcm oil for the generation of electricity, and substitute
oil for electric energy in industrial processes. Lines of action: On the
demand side, study the area of transport based on electricity and the area of
electrothermy to identify real needs; On the supply side, study and implement
small-size hydro and thermoelectric plans;

Nuclear energy: Financed by state enterprises, report under elabora-
t ion.

Coal: The objectives and lines of action are divided into various
fields -- exploration, characterization, mining, reduction, transport and con-
version making use of recent studies and methods;

Ethanol: Objectives: Attain the highest efficiency in the production
and processing of the raw materials required for the ethanol industry. Lines of
action: Develop and disseminate new agricultural techniques and recent develop-
ments in the area of ethanol;

Methanol: Objectives: Partial substitution of petroleum by methanol in
industrial uses, incorporate methanol production in the energy matrix. Priori-
ties: Develop and disseminate new techniques and processes in the production
and use of methanol;

Methane: The goals set for methane are basically the same as for
methanol -- the main lines of action include production and processing of raw
materials, and utilization of products and subproducts;

Vegetable oils: Objectives: Evaluate the convenience of vegetable
oil-based energy production. Priorities: Production and utilization of raw
materials.

Firewood and charcoal: Objectives: Inventory of the regional forestry
potential, extend the use of firewood and charcoal as energy inputs substituting
for oil derivatives, and give technical aid to the industrial sector as to the
use of firewood and charcoal as energy inputs. Priorities: Treating and pro-
cessing raw materials;

Solar energy: Objectives: Develop and diffuse solar energy technolo-
gies (thermal and photovoltaic conversion), condition existing technologies for
the use of this source, and extend the market for solar energy. Lines of
action: Heat for industrial processes, refrigeration, solar drying, generation
of mechanic and electric energy by thermal energy, solar distilling, solar
architecture, and solar cells;

Wind energy: Objectives: Promote the industrialization of snil1 size
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turbines for mechanic and electric energy generation, and open new markets for
wind energy. Lines of action: Evaluation of the resource, and development of
medium and small size turbines.

Hydrogen: Objectives: Develop and consolidate the basic scientific
knowledge on hydrogen technology, and evaluate the potential of hydrogen within
the Brazilian energy system. Priorities: Research in basic science, develop-
ment of technology, prospective evaluation.

Other sources of energy: Objectives: Formation and training of
research groups in the entire nation to evaluate and develop techniques for new
sources of energy. Line8 of action: Energy storage and wave energy.

Agroenergy: Objectives: Open the market for the technologies of NRSE
and extend and nationalize the supply of energy to the rural sectors. Priori-
ties: Evaluation of adequate technologies for their utilization in rural energy
systems and establishment of the means for a systematic focus on rural energy.

The objectives and priority lines of action for each of the subsectors
mentioned are carefully detailed. Specific processes and equipment are identi-
fied. it i' evident that the formulation of the program has followed a strict
and serious decision pattern. Besides, the technological processes and equip-
ment are not merely pilot or laboratory experiments, but have perspectives of
production on an industrial scale, and commercialization in the near future.
Some of them present an unu8ual level of sophistication with regards to the
historical behaviour of Latin America.

63. Bfl-ST-RA BRAZIL
FINANCIADORA DE ESTUDOS E PROJETOS -- FINEP, DEPARTAMENTO DE

ENERGIA (FINANCER OF STWIES AF PROJECTS, DEPARTMENT OF ENERGY)
Programa de Açao Setorial. (Program for Sector Action)
June, 1982. (82 pages)

FINEP's action is directed toward the evaluation of Brazil's energy possi-
bilities through R&D of new forms and sources of energy. To adopt and adapt
known processes in view of current and future needs, and simultaneously foster
the development of local, autonomous technology, guaranteeing its transfer to
the productive sectors, FINEP's activities suppose an articulate relationship
with those of competent, decision-making entities.

This document not merely summarizes FINEP's projects and activities in the
various fields. It also portrays the Brazilian attitude to the energy sector:
any action in this area demands a hierarchization of priorities that will permit
a rational employment of human and financial resources available, fostering the
rapid attainment of best results.

Although FINEP develops its work in diverse fields, three of them receive
intense treatment: coal, biomass, and energy conservation.

General and specific prioritie8 and programs for the various areas are
described and tabulated with the following information:

Area (Energy conservation, solar energy, biamas8, etc.)
Sector (Transport, industry, etc.)
Subsector
Beneficiary (Name of institution)
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Location
Type of institution (Enterprise, University, Institute)
Contract reference number
Type of program
Project objective arid final result
Current situation (A8 of June 1982)

Also, the information corresponding to those projects actually under
execution is tabulated independently with the following data:

Code number and name of enterprise
Objective and coordinator of the project
Type of program
Value (in Cr.$)
Contract reference number
Date of initiation

The same information is shown separately for projects under analysis and
for approved projects.

The following table summarizes the distribution of theprojects among

64. BR-ST-rH BRAZIL
CNPq (NATIONAL RESEARCH COUNCIL)

Crupos de Pesquisa Vols. I, II. (Research Groups (Energy))
Brasilia: 1982. (346 pages)

This two-volume document contains a complete listing of R&D activities,
human resources, and research infrastructure at 44 universities and research
centres through 1981, in all energy-related fields except for most petroleum
(includes state), conventional hydro (includes minihydro) and research by state
enterprises. CNPq officers estimate that it covers roughly half of R&D energy-
related activities in Brazil.

This document can best he summarized in two tables:

different institutions:

Sector Universities Institutes Enterpri8es Total

Biomass 26 17 47 90
Coal 6 7 12 25
Solar 27 11 8 46
Wind 7 3 11 21

Hydrogen 8 0 3 11

Nuclear 3 2 1 6

Energy Conservation 2 10 16 28
Electricity 0 1 5 6

Others 3 5 6 14

TOTAL 82 56 109 247



Tthle 1. R&D personnel at 44 Brazilien centres (by working
area end education level)
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Work area BS MS PN Total

ENERGY PLANNING 51 11 10 72

Energy economics 12 4 5 21

Energy models 14 2 1 17

Energy policy 25 5 4 34

ENERGY CONSERVATION 18 10 7 35

Industrial 12 7 6 25
Energy supply 4 1 0 5

Transport 1 1 0 2

Residential, commercial,
services 1 1 1 3

ELECTRIC ENERGY 11 17 11 39

General 11 17 11 39

NUCLEAR ENERGY 19 17 20 56

Plasma physics 6 0 7 13

Fission fuel technology 2 5 6 13
Applied nuclear physics 4 4 6 14

Fission reactor technology 6 0 0 6

Other nuclear 1 8 1 10

COAL, PEAT, LIGNITE 91 36 14 141

Characterization and geology 2 0 0 2

Mining 5 1 1 7

Reduction 10 5 2 17

Transportation 3 2 0 5

Other Processing of energy
and/or raw materials from
coal 71 28 11 110

WIND ENERGY 27 28 11 110
Generation of mechanical or
electric power with small
and mediun size machines 26 13 4 43

Resource evaluation 1 2 1 4

HYDROGEN 9 3 5 17
Production 4 3 3 10
Use 5 0 2 7

OTHER FORMS AM SOURCES
OF ENERGY 13 17 15 45
Storage 12 12 10 34
Geothermal 1 0 1 2

Wave energy 0 5 4 9

BIOMASS 163 69 49 281

Ethanol 55 23 17 95
Methanol 5 2 7 14
Vegetable Oils 24 10 3 37
Firewood and Charcoal 34 12 11 57
Residues 45 22 11 78



Work area BS MS PO Total

SOLAR ENERGY 101 68 44 213
Thermal conversion and
combustion 56 47 18 121

Thermomechanical and the rmo-
electric conversion 4 2 4 10

Photovoltaic conversion 33 15 20 68
Resource evaluation 3 3 2 8
Solar architecture 5 1 0 6

TOTAL 503 263 180 946
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CM-SE-NE COMISION NACIONAL DE ENERGIA ATOMICA -- CNEA (CHILEAN NUCLEAR
ENERGY COMMISSION)

Memoria Anual 1982. (Annual Report 1982)
Santiago: 1982. (21 pages)

AR-SE-NE COMISION NACIONAL DE ENERGIA ATOMICA -- CNEA (CHILEAN NUCLEAR
ENERGY COMMISSION)

Memoria Anual 1981. (Annual Report 1981)
Buenos Aires: 1981. (51 pages)

CO-ST-NE RODRIGUEZ, H.
RadioquCmica Y Aepectos Complementarios de Is Investigaci4Sn

Nuclear. (Radiochesnistry and Complementary Aspects of Nuclear Research)
Bogota: COICIENCIAS April 1983. (128 pages)

RR-SE-NRSE PETROLEO BRASILEIRO S/A -- PETROBRAS (BRAZILIAN PETROLEUM
COMPANY)

Alternative Sources of Energy: Alcohol
Rio de Janeiro: October 1980. (28 page8)

BR-SE/RC-PC CENTRO NACIONAL DE PESQUISAS -- CENPES (RESEARCH AND
DEVELOPMENT CENTRE, LEOPOLDO P4IGUEZ DE MELO)

Research and Development Centre
Rio de Janeiro: PETROBRAS 1982. (Brochure)
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BR-ST-CL CONSELHO NACIONAL DE DESENVOLVIMENTO CIENTIFICO E TECNOLOGICO
-- CNPq (NATIONAL COUNCIL OF SCIENTIFIC AND TECHNOLOGICAL

DEVELOPMENT)
Proposal for the Organization of a Science and Technology System for the Coal,
Peat and Lignite Subsector
Brasilia: Coordination, November 1981. (15 pages)

BR-ST-C CONSELHO NACIONAL DE DESENVOLVIMENTO CIENTIFICO E TECNOLOGICO
-- CNPq (NATIONAL COUNCIL OF SCIENTIFIC AND TECHNOLOGICAL

DEVELOPMENT)
Institutos de Pesquisa. (Research Institutes)
Brasilia: 1981. (127 pages)

BR-ST-NRSE CUPPE/UFRJ
Avaliacao do Potencial Tecnologico para Pontes Mao Conven-

cionais de Energia "no Brasil". (Evaluation of the Technological Potential for
Non-Conventional Energy Sources in Brazil)
Rio de Janeiro: COPPE, March 1982. (117 pages)

112. BR-ST-NRSE MINISTERID DA INDUSTRIA E DO
LOGIA INDUSTRIAL -- MIS/STI

COMMERCE/SECRETARIAT (IF INDUSTRIAL TECHNOLOGY)
Pesquisa e Desenvolvimento Tecnológico - Biomassa
Development - Biomass (1979-81)
Brasilia: 1981. (260 pages)

COMERCID/SECRETARIA DA TECNO-
(MINIStRY OF INDUSTRY AND

(Research and Technological

aJ-ST-NRSE TORRES, J.E. and RODRIGUEZ, H.
Informe Nacional de Colombia - Area de Energia. (National

Report of Colombia -- Energy Are8)
Programa Iberoamericano de Ciencia y Tecnologia "V Centenario". (National
Coordinators' Meeting, Ibero-American "V Centennial".)
Santiago: July 1983. (53 pages)

BR-ST-RA MINISTERIO DA INDUSTRIA E DO COMERCIO/SECRETARIAT DE TECNOLO-
GIA INDUSTRIAL -- MIC/STI (MINISTRY OF INDUSTRIES AND

COMMERCE/SECRETARIAT OF INDUSTRIAL TECHNOLOGY)
Studies and Projects in Industrial Technology Financed by STI.
Brasilia: 1981. (257 pages)

cR-ST-RA OFICINA DE PLANIFACION NACIONAL Y POLITICA EC0NOMICA/CONSEJO
MACTONAL DE INVESTIGACIONES CIENTIFICAS Y TECNOLOGICAS --

OF I PLAN/CONICI I
Areas Prioritarias en Ciencia y Teenologla y su Relación con el Desarrollo.
(Priority Areas in Science and Technology and their Relationship with Develop-
ment)
San José: January 1981. (64 pages)

116. cu-ST-ui

RESEARCH)
Investigadores
Santiago: 1983

COMISION NACIONAL DE INVESTIGACION CIENTIFICA V TECNOLOGICA --
CONICYT (NATIONAL COMISSION FOR SCIENTIFIC AND TECHNICAL

en el Sector Energia. (Researchers in the Energy Sector)
(4 pages)
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APPEM)IX B: DIRECTORY

The majority of the people in this directory of energy personnel were
interviewed specifically for this paper; two or three who attended conferences
in Chile and Brazil during the period and whose work or views were considered in
this paper are also listed. The personnel are listed alphabetically by country.

AREEP4TINA

CINTIA GRACIELA AMOR
Ingeniera Civil
Subsecretaria de Ciencia y TecnologIa (SUBCYT)
Programa Energf a No Convencional
Doblas 117 60. "B"
1424 Buenos Aires, Argentina
Tel.: 90-1208

AREA: Energy S-T Planning and Policy

RAUL AM.DRES BOIX AMAT
Gerente Proyectos Nucleares
TECHINT S.A.C.I.
Maipi 1300 (Esq. Juncal)
1006 Buenos Aires, Argentina
Tel.: 312-3456/9485/9486/9715
Telex: TENCO AR 9132

TENCO AR 18932
Cables; TECHINT

AREA: President of Argentina's Nuclear Technology Association / Nuclear Heavy
Equipment Manufacturer

MARTIN B. A. CRESPI
Comisión Nacional de Energfa Atómica (CNEA)
Departamento Prospectiva y Estudios Especiales
Avenida del Libertador 8250
1429 Buenos Aires, Argentina
Tel.: 70-7711/4182/4176/0020
Telex: 21388 PREAT-AR

AREA: Nuclear Energy / Solar Energy / Fusion

ROBERTO E. CUNNINGHAM
Secretario General
Asociacidn Petroqulmica Latino Americana (APLA)
Peru 103 - 19o. PAso
1067 Buenos Aires, Argentina
Tel.: 34-8138
Telex: 2850 PEMOS AR

AREA: Petrochemicals / Biomass (Alcohol)
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MIGUEL DE SANTIAGO
Centro de Investigación y Desarrollo en Procesos Catalfticos
47 No. 257
(1900) La Plata - Argentina
Tel.: 21353-20711

AREA: Energy Sector Coordinator far National Council for Science and Techno-
logy (CONICET) / Petroleum Cathalysis Researcher

JUAN LEGISA
GIJILLERMO CAPPADORO
BEATRIZ GARCIA
Intituto de Economla Energtica / F. Bariloche
Piedras 482 - 2o.H
1070 - Buenos Aires, Argentina
Tel.: 304717
Telex: 17045 ELSI AR para Juan Legisa

AREA: Energy Planning and Policy / Training and Research

ISIDRO ANGEL LOPEZ
Gerente Coordinación YPF/ARPEL
Yacirnientos Petroilferos Fiscales
Sarmiento 778, 2o. Piso
Telex: 012-1792/1199
Buenos Aires, Argentina

AREA: Petroleum R&D

ALEJANDRO E. PLACER
Director de Planificacit5n, Coordinación y Control
Comisi6n Nacional de Energia Atómica (CNEA)
Avenida Libertador 8250
(1429) Buenos Aires, Argentina
Tel.: 701-2437
Telex: 21388 PREAT AR

AREA: Nuclear Energy Planning

RENATO RADICELLA
Director Prayectos Internacionales
Comisión Nacional de EnergIa Atótnica (CNEA)
Avenida del Libertador 8250
(1429) Buenos Aires, Argentina
Tel.: 70-4182/84 Tnt. 410
Telex: 21388 PREAT - AR

AREA: Nuclear Energy / International Cooperation

EDUARDO SOTELINO
Subdi rector
Dirección Nacional de Conservacián de Energia
Secretaria de Estado de Energia
Ave. Julio A. Roca, 651, 7o. Piso
Buenos Aires 1322, Argentina

AREA: Energy Conservation Coordinator / National Energy Secretariat
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CARLOS E. SIJAREZ
P residente
Instituto de Economia Energética
24 de Septiembre 178
8400 S. C. de Bariloche, Argentina
Tel.: 25755
Telex: 80702 CPSC BAR para 25755

AREA: Energy Planning and Policy / Training and Research

EUGENIO OSCAR VALENCIANO
Jefe Division Asistericia Técnica
Banco Interainericano de Desarrollo
Instituto para la IntegracicSn de America Latina (Brn/INTAL)
Esmeralda 130, 17o. Piso
(1035) Buenos Aires, Argentina
Tel.: 394-2265/2096/2287/2280
Telex: 21520 BIDBA

AREA: IDB,INTAL Technical Assistance

ALBERTO VILADRICH
Consultor
Ingeniero Civil liniversidad Buenos Aires
Ingeniero Hidralico Universidad blouse
Centenera 590
1424 Buenos Aires, Argentina
Tel.: 432-9913

AREA: Energy Economics Consultant / Coordinator IDB/INTAL NRSE Study

MIGUEL ZAVALA-ORT IL
Director Comercial
Industrias Metalirgica8 Pescarrnona SAICF
Vinonte 1526 - Piso 50.
1055 Buenos Aires, Argentina
(01) 45 - 3326/3527/3602
Telex: (33) 22432

AREA: Hydromechanic and Nuclear Heavy Equipment Manufacturer

RICARDO C. ZUCAL
Coordinador de Area Nuevas Fuentea
DirecciOn Nacional de ConservaciOn y Nuevas Fuentes de EnergIa
Secretaria de Estado de EnergIa
Ave. Julio A. Roca, 651, 7o. Pigs, Sector 6
Buenos Aires 1322, Argentina

AREA: New Energy Sources Coordinator / National Energy Secretariat
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BRAZIL

JOSE MANUEL CABRAL S. DIAS
Transformacao de Energla -- Conservacao de EnergIa
Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA)
Edificio Venancio 2000, Of. 916
Caixa Postal 11-1316
2o. Subsolo
70333 - Brasilia, 0. F., Brash
Tel.: 225-3870/223-6744

AREA: Energy Conservation -- Transformation / State Agricultural Research
Enterprise

JOSE CEZARTO CECCHI
COPPE/UFRJ
Cidade Universitaria
Rio de Janeiro, R.J., Brash
Te1.: (021) 280-9322 Ramal 232

AREA: Energy Planning

JOAQUIN FRANCISCO DE CARVALHO
Centro Brasileiro de Pesquisa8 Fisicas (CBPF/CNPq)
Av. Wencealau Rraz, 71
22290 Rio de Janeiro, R.J., Brash
Tel.: (021) 295-9998

AREA: Nuclear Energy

ADILSON DE OLIVEIRA
Programa de Engenharia de Sistemas e Computacao (COPPE)
Universidade Federal do Rio de Janeiro
Caixa Postal 1191
Rio de Janeiro, R.J., Brasil
Tel.: (021) 280-9322 Ramal : 232
Telex: (021) 33817

AREA: Energy Planning / NRSE

RAUL WAGNER DOS REIS VELLOSO
Coordenador do Setor de Minas e Energia
Instituto de Planejamiento (IPLAN)
S.B.S. Ed. BNDE - 110. Andar - Sala 12
Brasilia, 0. Federal, Brasil
Tel.: (061) 225-6861, 225-4350 Ramal : 291

Telex: 061-1023

AREA: Energy Planning and Policy
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SERGID ENNES
Coordenador do Prograina de Energia
CNPg -- Conseiho Maclanai de Oesenvolvimenta Cientifica e

Tecnoi ógico
W3 Norte - Q.511 - BL.A - LII - 70750
Brasilia, D.F., Brash
Tel.: 273-2936
Telex: 061-1089

AREA: Energy S-I Planning and Policy

REINALDO FERNANDES DANNA
Assessor
Ministério da Industria e do Comercio
Secretarla de TecnologIa Industrial (NrC/Sir)
SAS - Quadra 2 - Late 2
Brasilia, D.F., Brasil
Tel.: 225-7556 Basal 167

AREA: Ethanol Program -- Motors

GEORGE LEO GROZMANN
Directoria Executiva
Programs de Fontes Aiternativas de Energia
Instituto de Pesquisas Tecnológicas do Estado de Sao Paulo (IPT)
Cidade Universitario 05508
Sao Paulo, S.P., Brasil
Caixa Postal 7141
Tel.: (011) 268-2211 Ramal 109
Telex: (011) 22831 INPT BR.

AREA: NRSE -- RSO Policy

EDER XRAIJSZ
Economist a
Depart amento de Estudos Especiais -- CESP
Al. Mm. Rocha Azevedo, 25 - So. Andar
Sao Paulo, S.P., Brasil
Tel.: 285-4522 Ratnal 207
Telex: 1130496

AREA: Electricity and Energy Planning

EMIL 10 LEBRE LA ROVERE
Engeneiro
Financiadora de Estudos e Projetas (FINEP)
Departamento de EnergSa
Avenida Rio Branco, 124 - 7o. Andar
Rio de Janeiro, R.J., F3rasil
Tel.: (021) 2913933 Ratnal : 174/386
CEP: 20042

AREA: Energy S-I Planning and Policy
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CARLOS ALBERTO LIMA NERY
Programa Agricola PROALCOOL
Ministerlo da Industria e do Comercio (MIC)
SAS - quadra 2
Brasilia, D.F., Brash
Tel.: 223-3441

AREA: Proalcool Agriculture and Raw Materials Officer I Ministry of Industry
and Commerce

FREDERICO B. MACALHAES COMES
Centro de Pesquisas de Energia Eletrica
CEPEL (Crupo Eletrobras)
Cidade Universitaria
Ilha do Fundao
C.P. 2754
Rio de Janeiro, R.J., Brasil

AREA: Electrical Systems / Electrothermy

NICIA MARIA MOURAD HENRIQLJE
Assessora Tecnica STI/MIC
Programa Conserve - Tecnologia
Ministeria da Industria e do Comercio Secretaria de Tecnologia Industrial
(MIdST!)
SAS Quadra 2
Brasilia, D.F., Brasil

AREA: Energy Conservation Program Officer, Ministry of Industry and Commerce

MIJRILLO CESAR PECEGO DE CAMPOS
Assistente do Superintendente
Centro de Pesquisas e Desenvolvimento "Leopoldo A. Miguez de Mello" (CENPES)
Cidade Universitaria - Ilha do Fundao - Quadra 7
Rio de Janeiro - Brasil
Tel.: 270-2122 Ramal : 207

AREA: Petroleum R&D

FRANCISCO PEREIRA
Instituto de Planejamiento (IPLAN)
S.B.S. Ed. BNDE Brasilia, 0. Federal, Brasil
Telex: 061-1023

AREA: Energy Planning

LIJIZ PINGUELLI ROSA
CUPPE/UFRJ (Centro de TecnologIa)
Bloco C - S/C - 203
Cidade liniversitaria, liha do Fundao
Rio de Janeiro, R.J. Brasil
Tel.: (021) 280-9322 Ramal 232
Telex: (021) 33817

AREA: Energy Planning I Nuclear Energy
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EDUARDO REYIES MUD
Departamento de Estudos Eapeciais - CESP
Al. Mm. Rocha Azevedo, 25-la. Andar
Sao Paulo, S.P., Brasil
Tel.: 259-2211 Ramal 115
Telex: 1130496

AREA: Electricity and Energy Planning

ALTAIR RODRICUEZ DIJRSKI BATISTA
Chefe do Setor de Xisto
Divisao de Fontes Energéticas Alternativas
Departamento Industrial
PET ROB RAS

Av. Rep. do Chile, 65-S / 2157
Rio de Janeiro, R.J., Brasil
Tel.: 212-4477 Ramal 3508
Telex: 212-2573

AREA: Oil Shale Industrialization / NRSE

CLOVIS WALTER ROORIGUES
Coordenadoria de Planejamiento Tecnológico
Ministerio da Induatria e do Comercia Secretaria de TecnoloqIa Industrial

(MI C/ST I)

SAS Quadra 2 - Lotes 1/3
Brasilia, D.F., Brash
Tel.: (061) 225-7556, Ramal 138

AREA: Energy Planning Coordinator, Ministry of Industry and Commerce

JUAREZ TAVORA VEADO
Diretor-Geral
Fundagao de TecnologIa Industrial
Av. Venezuela 82, 80. Andar
20081 - Rio de Janeiro, R.J., Brasil
Tel.: 253-4043 / 283-6784
Telex: 21300056 Fint.-BR.

AREA: Industrial Technology

JOSE CARLOS TEIXEIRA DA SILVA
Assessor Teenico STI/MIC
Programa PROALCOOL
Producao de Etanol e Aproveitamento de Residuos
Ministerio da Industria e do Comercio Secretarla de Tecnologfa Industrial
(MIC/STI)
SAS Quadra 2
Brasilia, D.F., Brash
Tel.: (061) 225-1617

AREA: PROALCOOL Program Officer, Ministry of Industry and Commerce
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CHILE

OSCAR AGUERO WOOD
Director de Asistencia Têcnica Internacional
Consejo Nacional de Ciencia y Tecnologf a (CONICYT)
Calle Bernarda Mann 551
Santiago, Chile
Tel.: 744537 Anexo : 33

AREA: S-T Policy / International Cooperation

SERGIO ALVARADO
Presidente Comisic5n de Energia
Facultad de Cienci.as Fisicas y Matemátjcas
Universidad de Chile
Beaucheff 850 - 50. Piso
Santiago, Chile
Tel.: 723380, 82071 Anexo : 532
Telex: 240523 CENET CL

AREA: University Energy Area Coordinator

JULIO CASTELLANOS
FAO - Oficina Regional para America Latina
Providencia 871
Santiago, Chile
Telex: 340279 FAD CHI CI<

AREA: Rural Energy / Forestry

BEAFRIZ CASTRO
Consejo Nacional de Ciencia y TecnologIa (CONICYT)
Calle Bernardo MarIn 551
Santiago, Chile

AREA: International Cooperation

ALVARO COVARRUBIAS OLIVARES
Diretor Tecnico División de Investigación y Desarrollo
Comisión Chilena de EnergIa Nuclear
Salvador 1170
Casilla 188-D
Santiago, Chile
Tel.: 2225021
Telex: 340468 COCHEN
Cables: NUCLEAR CHILE

AREA: Nuclear R&D
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ALFREDO DEL VALLE V.
Director, Proyecto "Metolodogias de Planif'icación Energética"
Facultad de Ciencias Fisicas y Mateméticas
Universidad de Chile
Repáblica 701
Casilla 2777
Santiago, Chile
Tel.: 93683 / 96495
Telex: 40523 CENEI CL

AREA: Energy Planning

FERNAN DIAS
Investigador
Centro de Investigacion y Planif'icacion del Medio Ambiente (CIPMA) Ladislao
Err6zuriz 2060
Casilla 16362
Santiago 9, Chile
Tel.: 492058

AREA: Rural Energy

CLAUDIONOR EVANGELISTA
Director
Centro Latino Americano de Documentación Económica y Social CLADES
CEPAL/CLADES
Casilla 175-D
Santiago, Chile
Tel.: 485051/61 Anexo 472

AREA: Documentation

GABRIEL FIERRO
Departamento de Inqenierla Industrial
Facultad de Ciencias Flaicas y Matemáticas
Universidad de Chile
Repiblica 701, 4o. Piso
Santiago, Chile
Tel.: 96495

AREA: Energy Economics and Technology

JUAN ANTONIO GUZMAN N.
Departasento de Ingenierla Qulmica
Pontificia Universidad Católica de Chile
Casilla 114-0
Avenida V. Mackenna 4860
Santiago, Chile
Tel.: 510676

AREA: Forest Residues I Science and Technology Advisor
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SALVADOR LLUCH
Coordinador del Proyecto CEPAL/ONUDI de Bienes de Capital
Divisi6n Conjunta CEPAL/ONIJDI de Desarrollo Industrial
Comisión Económica para la America Latina (CEPAL)
Casilia M9-D
Santigo, Chile

AREA: In charge of ECLA's Capital Goods Program

JOSEPH W. MULLEN
División de Recursos Naturales y EnergIa
Comisión Económica para America Latina (CEPAL)
Casilla 179-0
Santiago, Chile

AREA: Energy Economics / ECLA

MICHAEL NELSON
Director
Division de Recursos Naturales y Energia
ComisiOn Econc5mica para America Latina (CEPAL)
Casilla 179-D
Santiago, Chile

AREA: Energy and Natural Resources Planning / ECLA

BRUNO PHIL IPPI YRARRAZAVAL
Secretario Ejecutivo
Comisióa Nacional de Energla
Teatinos 120, 70. Piso
Santiago, Chile

AREA: Energy Planning and Policy

OSVALDO SUNKEL
CEPAL - Edificio Naciones Unidas
Av. 0mg Hammarskjold
Casilla 179-0
Santiago, Chile
Tel.: 485051
Cable: UNATIONS - SANTIAGO

AREA: Styles of Development / Environment

KAZtJKI TAKAMIYA
Oficial Regional en Desarrollo de Tiercas y Aquas
FAO - Of icina Regional para America Latina
Providencia 871
Santiago, Chile
Tel.: 462061 Anexo 232/234
Telex: 340279 FAO CMI CK

AREA: Rural Energy
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MARIA CECILIA LJRBINA PAREDES
Jefe Oficina de Difusión y Relaciones
Comisión Chilena de Energia Nuclear
Salvador 1170
Casilla 188-0
Santiago, Chile
Tel.: 222-5021
Telex: 340468 COCHEN
Cables: NIJCLEARCHILE

AREA: Information I Nuclear Energy

COLO*31A

EUTIMIO BECERRA
Jefe Division Fuentes Alternas de EnergIa
Instituto Coiombiano de EnergIa Eléctrica (ICEL)
Cra. 7 No. 24-89, Plea 39
Bogot, D.E., Colombia
Tels.: 283-1400 / 283-1599
Telex: 43319 ICEL CO

AREA: In charge of NRSE at Major Electricity Board

CAMPO ELIAS BERNAL
ALVARO ARAIJJO
División de Desarrollo Tecriológico
COLCIENC lAS
Transversal 9 No. 133-28
Bogota, D.E., Colombia
Tel.: 274-1557
Telex: 44305 FOCOL CO

AREA: Industrial and Energy Science and Technology Planning and Policy

FELIX BETANCOURT
Estudio Nacional de Energla (ENE)
Departainento Nacional de Planeación
Cra. 10 No. 27-51, Interior 312
Bogot, D.E., Colombia
Tel.: 296-8658

AREA: Energy Planning and Policy / Energy Modelling I Rural Energy

CUSTAVO FLECHAS R.
Subdirector de Consultorla
Instituto de Investigaciones Tecnol6gicas (lIT)
Avda. 30 No. 52A-77
Bogota, D.E., Colombia
Tel.: 235-0066

AREA: Biomass and Energy Conservation Programs at Technology Research
Institute
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ANA ISABEL DEE LEYVA
Jefe, Fuentes Alternas de Energia
Ministerio de Miriam y EnergIa
Avonida El Dorado - CAN
Bogota, 0.E., Colombia
Tel.: 244-5304

AREA: In charge of NRSE at Ministry of Mines and Energy

JOSE FERNANDO ISAZA
Centro La Gaviotas
Paseo Bollvar 20-90
Bogota, D.E., Colombia
Tels.: 281-1509 I 281-1705

AREA: Energy Research Group Board Member

DIANA MOLINA
División de Energia
Departamento Nacional de Planeación
Calle 26 No. 13-19, Piso 8
Bogota, D.E., Colombia
Tel.: 282-4055

AREA: Energy and Electricity Planning

ALFREDO NAVARRO SERRANO
Jefe Division de Desarrollo Tecnol6gico
Empresa Colombiana de Petráleos (ECOPETROL)
Apartado Aéreo 5938
Bogota, D.E., Colombia
Tel.: 285-6400, Ext. 365
Tel.: 44787

AREA: Alternative Energy Sources / Technological Development (State Petroleum
Enterprise)

ALBERTO RODRIGUEZ
.Jefe División de Energia
Departamento Nacional de PlaneaciOn
Calle 26 No. 13-19, PIso 8
Bogoté, D.E. Colombia
Tel.: 284-7107

AREA: Energy and Electricity Planning and Policy

JOSE EDDY TORRES
Director
PlaneaciOn del Desarrollo
Apart ado Aéreo 58361
Bogoté, D.E., Colombia
Tel.: 255-5952
Telex: 45562 TECNI CO

AREA: Energy Economics and Planning / Energy Advisor to COLCIENCIAS
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COSTA RICA

ROSENDO PUJOL
Instituto de Investigaciones en Ingenierla
Universidad de Costa Rica
San José, Costa Rica
Tel.: 242619

AREA: Transportation Planning

ALVARO UMANA QIJESADA
Escuela de Ingenierfa Civil
Universidad de Costa Rica
San José, Costa Rica
Tel.: 24-24-08

AREA: Energy and Environmental Engineering / Energy Planning

DE*IINICAN REPtLIC

JOSE RAMON ACOSTA
Sec retario Ejecutivo
Comisión Nacional de PolItica Energética
Av. 3. F. Kennedy, Ed. Plaza Compostela
Santo Domingo, Repóblica Dominicana

AREA: Energy Planning and Policy

EtiJADOR

ROBERTO CACERES
Head, Bioenergy Project -- OLADE

RAMON FLORES
Head, Economic Studies Program -- OLADE

CORWELIO MARCHAN
Director, Economic Studies and Energy Planning -- OLADE

Organización Latinoamericana de Energia (OLADE)
Casilla 6413
Quito, Ecuador
Tel.: 459-644
Telex: 27-28 OLADE - ED

AREA: Latin American Energy Organization Officers

CARL OS QUEVEDO
Director Ejecutivo
Instituto Nacional de EnergIa
Italia 438
Quito, Ecuador

AREA: Energy Planning and Policy
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,*xico

MARCO ANTONIO MARTINEZ
Insurgentes Sur 4411
Edificio 9-404
14430 Mexico 22 D.F., Mexico
Tel.: 573-4206

AREA: Physics / Rural Energy / End-Use

FERNANDO SCHUlZ
Instituto de Investigaciones Eléctricas
Shakespeare 6
Ciudad do Mexico, Mexico
Tel.: 511-3474

AREA: Electricity Planning I Conservation

PERU

RICARDO E. GIESECKE
Energy Planning Adviser
154 J.A. Roca
Santa Beat riz
Lima 1, Pert
Tel.: 247424

AREA: Energy Planning / Advisor to Minister of Energy and Mines

URUGUAY

PEDRO N. MONDINO
Sub-Secretario General
Asistencia Rec.proca Petrolera Estatal Latinoainericana (ARPEL)
Casilla de Correo 1006
Montevideo, Uruguay
Telex: ARPEL IJY 6430

AREA: State Petroleum Enterprises (Regional Organization)

GIOVANNI ZORZI
Unesco
Boulevard Artigas 1320 - 24
P.O. Box 859
Montevideo, Uruguay
Tel.: 411-807 / 405-734
Telex: 6147
Cable: UNESCO MONTEVIDEO

AREA: Energy Area Officer / UNESCO -- Latin America
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APPEPIflX Cz 8flREVIATIUNS NIJ ACJNYMS

AES Alternative Energy Sources

AET Agrupamento de Enghenharia Térmica, IPT, Brash (Thermal
Engineering Group, Institute of Technological Research, Sao
Paulo, Brazil)

APLA Asocisoión Petroqulmica Latino Americana, Argentina (Latin
American Petrochemical Association, Argentina)

ARPEL Asistencia Reciproca Petrolera Estatal Latinoamericana
(Latin American State Petroleum Reciprocal Assistance
Association)

BID Banco Interamericano de Desarrollo (Inter-American Develop-
ment Bank, 1DB)

BNE Balance Nacional. Enerqetico (National Energy Balance)

BR Basic Research

CARBOCOL Empresa Carbones de Colombia (Colombian State Coal Enter-
prise)

CBPF Centro Brasileiro de Pesquisam Fisicas (Brazilian Physics
Research Centre)

CEDE Centro tie Estudios Sobre Desarrollo Económico, Colombia
(Economic Development Studies Centre, Colombia)

CELPE Ccispanhia Eléctrica de Pernainbuco, F3rasil (Pernambuco Elec-
tricity Company, Brazil)

CEN Cordinaçao Energetica, Brasil (CF'JPq Energy Coordination,
Brazil)

CENPES Centro Nacional tie Pesquisas, Petrobras, Brasil (Research
and Development Centre, Petrobras, Brazil)

CEPAL Cauisión EconOmics para America Latina (Economic Commission
for Latin America, ECLA)

CEPE Compania Estatal tie Petroleos de Ecuador (State Oil Corpo-
ration of Ecuador)

CEPED Centro de Pesquisas e Desenvolvimento, Bahia, Brasil
(Research and Development Centre, Bahia, Brazil)

CEPEL Centro de Pequisas tie Energia Eléctrica, Electrobras,
Brasil (Electric Energy Research Centre, Brazil)

CESP Canpanhia Energética tie Sao Paulo, Brasil (Sao Paulo Energy
Company, Brazil)
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CETEC Fundaçao Centro Tecnologico de Miriam Gerais, Minas Gerais,
Brasil (Mines Gerais Technological Centre Foundation,
Brazil)

CIBRAZEM Centro Nacional de Treinamento de Armazenogem, Universidade
Federal de Viçosa, Brash (National Training Centre of
Armazenagem, Federal University of Viçosa)

CIENTEC Fundaçao de Ciencia e Tecnologica, Porto Alegre, E3rasil
(Science and Technology Foundation, Porto Alegre, Brazil)

CIPMA Centro de Investigacion y Planificación del Media Ambiente,
Chile (Environuiental Research nd Plariniog Centre, Chile)

CLADES Centro Latinoaniericano de Documentaión Economics y Social
(Latin American Centre for Economic and Social Document-
ation)

CNE Co,nissao Nacional de Energia, Brasil (National Energy Can-
mission, Brazil)

CNEA Ccrnisión Nacional de Energia AtOmica, Argentina (National
Atomic Energy Commission Argentina)

CNPq Conselho Nacional de Desenvolvimento Cientifico e Tecno-
logico, Brasil (National Research Council, Brazil)

CNRS Centre Nacional de la Recherche Scientifique, France
(National Scientific Research Centre, France)

COBEN Coordinaçao do Balanço Energético Nacional, Brasil (Nation-
al Energy Balance Committee, Brazil)

CODETEC Companhia de Desenvolvimento Tecnologico, Brasil (Techno-
logical Development Company, Brazil)

COLCIENCIAS Fondo Colanbiano de Investigaciones Cientificas y Proyectos
Especiales "Francisco José de Caldas" (Colombian Scientific
Research and Special Projects Fund)

COM Coal-oil mixtures

CON ICE T

CONICIT

CONICYT

Consejo Nacional de Investigaciones Cientificas y Técnicas,
Argentina (National Council of Scientific and Technical
Research, Argentina)

Consejo Nacional de Investiqaciones Cientificas y Tecno-
lOgicas, Costa Rica (National Scientific and Technological
Research Council, Costa Rica)

Comisión Nacional de InvestigaciOn Cientifica y Tecno-
lOgica, Chile (National Scientific and Technological
Research Commission, Chile)

Consejo Nacional de Politica Economica y Social, Colombia
(National Council for Economic and Social Policy, Colombia)

Prograrna de Conservaçar de Energia No Setor Industrial,
Brasil (Industrial Sector Energy Conservation Program of
the National Energy Commission, Brazil)
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CONP ES

CONSERVE



COPPE Coordinaçao dos Programas de Pos-Graivaçao de Engenharia,
Universidade Federal do Rio de 3aneiro, Brasil (Federal
University of Rio de Janeiro Graluate Engineering Program,
Brazil)

CIA Centro Tecnologico Aeronautico (Aeronautical Tect,ology
Centre, Brazil)

CVC Corporacion AutOnoma Regional del Cauca, Colombia (Regional
Autonomous Corporation of Cauca Valley, Colombia)

DSE Dirección Sectorial de Energia, Costa Rica (Energy Sector
Direction, Costa Rica)

ECLA Economic Commission for Latin America (ComisiOn Econémica
para America Latina, CEPAL)

ECOPETROL Emprosa Colombiana de PetrOleos (Colombian Petroleum Enter-
pr isa)

ECOSOC Economic and Social Council, tI (Consejo EconOmico y
Social)

EDF Electricité de France (Electricity Company, France)

EEC European Economic Commission

EEUFMG Escola de Enqenharia da Universidade Federal de Minas
Gerais, Brasil (School of Engineering, Federal University
of Minas Gerais, Brazil)

ELECTROBRAS Centrais Eléct:ri.cas Brasileiras S.A. (Brazilian Electric
Power Plants, Inc.)

EPIBRAPA Empress Brasileira de Pesquisa Aqropecuéria (Brazilian
Agricultural Research Enterprise)

EMBRATER Empresa Brasileira de Assistencia Tecnia e Extansao Rural
(Brazilian Technical Assistance and Rural Extension Enter-
prise)

ENE Estudia Nacional de Energia, Colombia (National Energy
Study, Colombia)

E-P Energy Planning/Policy

ERG Energy Research Group, IDRC and UNU

FAO Food and Agriculture Organization of the United Nations

FAIMA Fundaçao de Amparo b Tecnologia e ao Meio Ambiente, Brasil
(Foundation for the Protection of Tecliiology and the
Environment, Brazil)

FDTE Fundaçao pars a Desenvolvimento TecnolOgico de Engenharia,
Brasil (Foundation for the TecIiiological Development of
Engineering, Brazil)

FINEP Financialora de Estudos e Projetos, Brasil (Financier of
Studies and Projects, Brazil)
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FME

FNDCT

FTI

FUA

FUEL

FUEM

FUNAT

GDP

GP

GTZ

IADIZA

IAN

ICAITI

ICEL

1DB

IDRC

IDEE

IF IR

IFQSC

IICA

lIE

Fundo para Mobilizaçao de Energia, Brasil
ation Program Fund, Brazil)

Fundo Nacional de Ciencia e Tecnologia,
Fund for Science and Technology, Brazil)

Fundaçao de Tecnologia Industrial, Brasil
nology Foundation, Brazil)

Fundaçao Universidade do Amazonas (Amazon
ation)

Fundaçao Universidade Estaival de Londrinas, PR (Londrinss
State University Foundation)

Fundaçao Universidade Estadual de Marinqé, Panama (Maringa
State University Foundation)

Fundo Nacional para o Ampuro de Tecnologia, Brasil (Tech-
nology Support Fund, Brazil)

Gross Domestic Product

Gross National Product

Deutsche Gesellschaft Für Technische Zusuminenarbeit (German
Technical Cooperation Society)

Instituto Argentino de Investigaciones de Zonas Aridas
(Argentine Arid Zone Research Institute)

Instituto de Asuntos Nucleares, Colombia (Institute of
Nuclear Affairs, Colombia)

Instituto Centroamericano de Investigacion y Tecnoloqia
Industrial (Central American Research Institute for
Industry)

Instituto Colrinbiano de Energia Eléctrica (Colombian Insti-
tute of Electrical Energy)

Inter-American Development Bank (Banco Interanericano de
Desarrollo, IBID)

International Development Research Centre

Instituto de Economla Energética de is Fundación Bariloche,
Argentina (Institute of Energy Economics of the Bariloche
Foundation, Argentina)

Instituto de Fisica, Rosario, Argentina (Institute of
Physics, Rosario, Argentina)

Instituto de Fisica e Qulmica de Sao Carlos, lJniversidad de
Sao Paulo, Brasil (Institute of Physics and Chemistry of
Sao Carlos, University of Sao Paulo, Brazil)

Instituto Interamericano de Cooperacion para la Agricultura
(Interamerican Agricultural Cooperation Institute, DA S)

Instituto de Investigaciones Eléctricas, Mexico (Tnstitute
of Electrical Research, Mexico)

(Energy Mobiliz-

Brasil (National

(Industrial Tech-

University Friund
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III Instituto de Investiqaciones Tecnoloqicas, Colanbia (Insti-
tute of Technological Research, Colombia)

ItE Instituto Militar de Engenharia, Brasil (Military Enqineer-
ing Institute, Brazil)

IMPSA Industrias Metalurgicas Pescarmona, Argentina (Pescarmona
Metallurgical Industries, Argentina)

HIT Instituto Mauá de Tecnologia, Brash (Technical Institute
of Maua)

INDAP Instituto para el Desarrollo Agricola y Pecuario, Chile
(Agricultural Development Institute, Chile)

INE Instituto Nacional de Energia, Ecuador (National Energy
Institute, Equador)

INECEL Instituto Ecuatoriano de ElectrificaciOn, Ecuador (Electri-
fication Institute, Ecuador)

INCEI]MINAS Instituto Nacional de Investigaciones Geologicanineras,
Colcxnbia (National Institute for Geological and Mineral
Research, Colombia)

INPA Instituto Nacional de Pesquisas da Pmazonia, Manaus, Brasil
(National Amazon Research Institute, Manas, Brazil)

IPE Instituto de Pesquisas Espaciais, Brasil (Space Re8earch
Centre, Brazil)

INT Instituto Nacional de Tecnologla, Brasil (National Tech-
nology Centre, Brazil)

INTA Instituto Nacional de Tecnoloqla ropecuaria, Argentina
(National Institute of Agricultural Technology, Argentina)

INTAL Instituto para Ia Integración de America Latina de BID
(Institute for Latin American Integration of 1DB)

IPEN Instituto de Pesquisas Energeticas Nucleares, Sao Paulo
(Nuclear and Energy Research Institute, Brazil)

IPLAN Instituto de Planejaniento, Brasil (Planning Institute,
Brazil)

IPT Instituto de Posquisas Tecnológicas do Estalo de Sao Paulo,
Brash (Institute of Technological Re8earch of Sao Paulo,
Brazil)

IRR Internal rate of return

ISA Interconexión Eléctrica S.A. (Colanbian State Electrical
Enterprise)

hAL Instituto de Tecnologia do Alimentos (Institute of Food
Technology, Brazil)

[TEP Fundaçao Instituto Tecnológico do Estalo do Pernanburo,
Recife, PE
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ITINTEC Instituto de Investigacion Tecnolôgica Industrial y de
Normas Técnicas, Peru (Institute of Industrial Tectwiology
Research and Technical Standards, Peru)

KTOE Kilotonnes oil equivalent

LDC Less Developed Cou,tries

LPG Liquefied Petroleum Gas

MD Mass Development

MEB Modelo Energético Brasileiro (Brazilian Energy Model)

MIC Ministerio da Industria e do Ccxnercio, Brasil (Ministry of
Industry and Commerce, Brazil)

MIEM Miniaterio de Industria, Energia y Minas, Chile (Ministry
of Industry, Energy and Mines, Chile)

MME Ministerio das Minas e Energia, Brasil (Ministry of Mines
and Energy, Brazil)

NEB National Energy Balance, Brazil

NPEPt) National Program for Energy Planning and Development, Costa
Ric a

NRSE New and Renewable Sources of Energy

NUTEC Fundaçao Nucleo de Tecnologia Industrial, Brasil (Indust-
rial Technology Nucleus Foundation, Brazil)

OAS Organization of American States (Organizacion de los
Estaioa Aznericanos)

OFIPLAN Oficina de Planifación Nacional y Politica Económica, Costa
Rica (Office for National Planning and Economic Policy,
Costa Rica)

OLADE Organizacion Latinoamericana de Energia (Latin American
Energy Organization)

ONUDI Organizacion de las Naciones Unidas para el Desarrollo
Industrial (United Nations Industrial Development Organi-
zation, UNIDO)

PBDCT Plano Básico de Desenvolvimento Cientifico e Tecnológico,
Brasil (Basic Plan for Scientific and Technological
Development, Brazil)

PEIC Prograia Energetico Centroamericano (Central American
Energy Program)

PEICA Programa de Energia del Istmo Centro-Americano (Central
American Isthmu8 Energy Program)

PEI.[X PetrOleos Mexicanos (Mexican State Petroleum Enterprise)

PETROBRAS Petroleo Brasileiro S.A. (Brazilian Petroleum Company)
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PETROSIX Patented process of PETROBRAS

PIN Plan de IntegraiOn Nacional, Colombia (1979-1982 National
Development Plan, Colombia)

PLACE Programa Latinoamericano de Cooperación Energetica (Latin
Merican Proqriin for Energy Cooperation of OLADE)

PME Programa de Mobilizaçao Energetica, Brasil (Energy Mobili-
zation Program, Brazil)

PNE Plan Nacional de Energia (National Energy Plan, Dominican
Republic)

PNEE Plan Nacional de Equipos Energéticos, Argentina (National
Energy Equipment Plan, Argentina)

PRO-ALCOOL Prograna de Alcool (Brazil's National Alcohol Program)

PRO-VINHOTO Prograna de Vinhoto (Brazil's National Stillaqe Program)

PRO-XISTO Programa de Xisto (Brazil's National Oil Shales Program)

PUC Poritificia Universidade Católica (Catholic University of
Rio Crande do Sol)

PV Photovoltaic

R&D Research and Development

RENARE Instituto de Recursos Naturales Renovables (Institute of
Renewable Natural Resources, Panama)

RS Rio Grande do Sol (State of Rio Grande do Sol, Brazil)

SENID Servicio Naval de Investigacion y Desarrollo (Navy Research
and Development Service, Argentina)

SELAP Sistema en linha pars Acompanhamento de Projetos (A linear
systmn to register and follow projects in CNPq, Brazil)

SEPLAN Secretaria de Planejamento (Planning Secretariat of CNPq,
Brazil)

SEPSA Secretaria Ejecutiva de Planificación Sectorial Agro-
pecuaria y de Recursos Naturales Renovables, Costa Rica
(Executive Planning Secretariat for the Agricultural Sector
and Renewable Resources, Costa Rica)

SETEC Secretaria de Tecnologia, Brasil (Technology Secretariat,
Brazil)

SlIP Small Hydroelectric Plants

SICST Secretaria da Industria, Cojnercio, Ciencia e Tecnologia,
Brash (Secretariat for Industry, Commerce, Science and
Technology, Brazil)

S-I Science and technology
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UFMG

Secretaria de Tecnologia Industrial, Brasil (Secretariat
for Industrial Technology, Brazil)

Subsecretarla de Ciencia y Tecnologla, Argentina (Secre-
tariat for Science and Technology, Argentina)

Empresa Nacional de Teleca,nnicaciones (Colcaibian State
Telecmmunications Enterprise)

LJniversidade Católica de Paraná (Catholic University of
Paranâ, Brazil)

Universidade Federal de Alagoas (Federal University of
Alagoas, Brazil)

Universidade Federal da Bahia, Brasil (Federal University
of Bahia, Brazil)

Universidade Federal do Ceara, Brasil (Federal University
of Ceara, Brazil)

Universidade Federal do Espirito Santo, Brasil (Federal
University of Espirito Santo, Brazil)

Universidade
University of

Federal de Minas Cerais, Brasil (Federal
Minas Cerais, Brazil)
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UFMT Univers idade Federal de Mato Grosso, Brasil (Federal
University of Mato Grosso, Brazil)

UF Pa Universidade Federal do Pars, Brasil (Federal University of
Par, Brazil)

UFPb Univeraidade Federal da Paraiba, Brasil (Federal University
of Paraiba, Brazil)

UFPe or UFPE Universidade Federal de Pernambuco, Brasil (Federal
University of Pernambuco, Brazil)

UFPe1 Universidade Federal de Pelotas, Brasil (Federal University
of Pelotas, Brazil)

UFPi Universidade Federal do Piaul, Brasil (Federal University
of Piaui, Brazil)

UFRGS Universidade Federal do Rio Grande do Sul, Brasil (Federal
University of Rio Grande do Sul, Brazil)

UFR3 Universidade Federal do Rio do Janeiro, Brasil (Federal
Univer8ity of Rio do Janeiro, Brazil)

Universidade Federal do Rio Grande do Norte, Brasil
UFRNJ (Federal University of Rio Grande do Notre, Brazil)

UFRPE Universidade Federal Rural de Pernambuco, Brasil (Federal
Rural University of Pernambuco, Brazil)

UFS Universidade Federal de Sergipe, Brasil (Federal University
of Sergipe, Brazil)

UFSC Universidade Federal da Santa Catarina, Brasil (Federal
University of Santa Catarina, Brazil)

ST I

SUBCYT

TELECOM

UCP

UFAL

UFBA or UFBa

UFC

UFES



UFV Universidade Federal de Viçosa, M.C., Brasil (Federal Uni-
versity of Viçosa, M.G., Brazil)

UNAM tiniversidade Nacional Autónoma de Mexico (National Autono-
mous University, Mexico)

UNDP United Nations Development Programme

UNEP United Nations Environment Programme

Unesco United Nations Educational, Scientific and Cultural Organi-
zation (Organización de las Naciones Unidas para Ia Edu-
cación, Ia Ciencia ya la Cultura)

UNICAMP Universidade Estadual de Campinas, Brasil (State University
of Campinas, Brazil)

UNIDO United Nations Industrial Development Organization (Orqani-
zación de las Naciones Unidas para el Desarrollo Indus-
trial, ONUDI)

UNU United Nations tJniversity

USAID United States Agency for International Development

USP Universidade de Sao Paulo, Brasil (University of Sao Paulo,
Brazil)

VB Vegetable biomass

WOCOI World Coal Study

YPF Yacimientos Petroliferos Fiscales, Argentina (State Petro-
leum Fields, Argentina)



ABOUT THE AUTHOR

José Eddy Tortes
Director

ESTRATEGIAS ENERGETICAS
Carrera 12 84 - 41 Piso 2

A. Aéreo 92982
Bogota, Colombia

José Eddy Torres is a consultant on energy policy to several Colombian and
Latin American agencies, including the Department of National Planning in
Colombia, the Organization of American States and the Economic Conission for
Latin America. He is an authority on the development and international re-
lations of Latin America, particularly with respect to their energy economies.

Mr. Torres has studied economics and political science at the University of
Illinois and the Graduate School of Public and International Affairs at the lini-
versity of Pittsburgh. He was responsible for directing the economic research
of the Energy Studies Program at the liniveraidad de Los Andes. He has directed
or contributed to numerous energy studies in Colombia and Latin America.


	6629136845.pdf
	6629136846.pdf
	6629136847.pdf
	6629136848.pdf
	6629136849.pdf
	6629136850.pdf
	6629136851.pdf
	6629136852.pdf
	6629136853.pdf
	6629136854.pdf
	6629136855.pdf
	6629136856.pdf
	6629136857.pdf
	6629136858.pdf
	6629136859.pdf
	6629136860.pdf
	6629136861.pdf
	6629136862.pdf
	6629136863.pdf
	6629136864.pdf
	6629136865.pdf
	6629136866.pdf
	6629136867.pdf
	6629136868.pdf
	6629136869.pdf
	6629136870.pdf
	6629136871.pdf
	6629136872.pdf
	6629136873.pdf
	6629136874.pdf
	6629136875.pdf
	6629136876.pdf
	6629136877.pdf
	6629136878.pdf
	6629136879.pdf
	6629136880.pdf
	6629136881.pdf
	6629136882.pdf
	6629136883.pdf
	6629136884.pdf
	6629136885.pdf
	6629136886.pdf
	6629136887.pdf
	6629136888.pdf
	6629136889.pdf
	6629136890.pdf
	6629136891.pdf
	6629136892.pdf
	6629136893.pdf
	6629136894.pdf
	6629136895.pdf
	6629136896.pdf
	6629136897.pdf
	6629136898.pdf
	6629136899.pdf
	6629136900.pdf
	6629136901.pdf
	6629136902.pdf
	6629136903.pdf
	6629136904.pdf
	6629136905.pdf
	6629136906.pdf
	6629136907.pdf
	6629136908.pdf
	6629136909.pdf
	6629136910.pdf
	6629136911.pdf
	6629136912.pdf
	6629136913.pdf
	6629136914.pdf
	6629136915.pdf
	6629136916.pdf
	6629136917.pdf
	6629136918.pdf
	6629136919.pdf
	6629136920.pdf
	6629136921.pdf
	6629136922.pdf
	6629136923.pdf
	6629136924.pdf
	6629136925.pdf
	6629136926.pdf
	6629136927.pdf
	6629136928.pdf
	6629136929.pdf
	6629136930.pdf
	6629136931.pdf
	6629136932.pdf
	6629136933.pdf
	6629136934.pdf
	6629136935.pdf
	6629136936.pdf
	6629136937.pdf
	6629136938.pdf
	6629136939.pdf
	6629136940.pdf
	6629136941.pdf
	6629136942.pdf
	6629136943.pdf
	6629136944.pdf
	6629136945.pdf
	6629136946.pdf
	6629136947.pdf
	6629136948.pdf
	6629136949.pdf
	6629136950.pdf
	6629136951.pdf
	6629136952.pdf
	6629136953.pdf
	6629136954.pdf
	6629136955.pdf
	6629136956.pdf
	6629136957.pdf
	6629136958.pdf
	6629136959.pdf
	6629136960.pdf
	6629136961.pdf
	6629136962.pdf
	6629136963.pdf
	6629136964.pdf
	6629136965.pdf
	6629136966.pdf
	6629136967.pdf
	6629136968.pdf
	6629136969.pdf
	6629136970.pdf
	6629136971.pdf
	6629136972.pdf
	6629136973.pdf
	6629136974.pdf
	6629136975.pdf
	6629136976.pdf
	6629136977.pdf
	6629136978.pdf
	6629136979.pdf
	6629136980.pdf
	6629136981.pdf
	6629136982.pdf
	6629136983.pdf
	6629136984.pdf
	6629136985.pdf
	6629136986.pdf
	6629136987.pdf
	6629136988.pdf
	6629136989.pdf
	6629136990.pdf
	6629136991.pdf
	6629136992.pdf
	6629136993.pdf
	6629136994.pdf
	6629136995.pdf
	6629136996.pdf
	6629136997.pdf
	6629136998.pdf
	6629136999.pdf

