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Selection rationale: For making major contributions in formulating and implementing many

policies associated with improvements on energy use and conservation, in devising a pioneering

concept of “technological leapfrogging” for the developing countries for their sustainable development and in exhibiting

strong leadership in preparation for the 1992 Rio Earth Summit.

Education and Academic and Professional Activities

1928 Born in Santo Angelo, Brazil

1950 Graduated University of São Paulo

1954 Earned PhD in Physical Sciences from University of São Paulo

1955-1967 Associate Professor University of São Paulo 

1967- Professor of Physics University of São Paulo

1970-1978 Director of the Institute of Physics University of São Paulo

1982-1986 President of the Energy Company of the State of São Paulo 

1986-1990 Rector of University of São Paulo

1990-1991 Secretary of State of Science and Technology, Brazil

1991-1992 Minister of State of Education, Brazil

1992 Acting Secretary of State of Environment, Brazil

1995-2000 Chairman of the Board, International Energy Initiative

2002-2006 Secretary of State for the Environment of the State of São Paulo

Major Awards Received

1991 Mitchell Prize for Sustainable Development

2000 Volvo Environmental Prize

Prof. Goldemberg was born in Brazil in 1928 and started his scientific activities in nuclear physics at the

University of São Paulo (USP) and obtained his PhD in 1954 at the USP. In the 60’s he spent two years in the High Energy

Physics Laboratory of Stanford University. There he studied the scattering of electrons by nuclear magnetism. He then

returned to Brazil and continued an active research in the field of nuclear research at USP.

The Brazilian government decided to introduce nuclear energy in the late 60’s. Prof. Goldemberg was fully

involved in the nuclear debate and this led him to a thorough study of energy problems, in order to better understand the

possible alternatives for Brazil and the world in general. And with his visit to the Center for Energy an Environmental

Studies at Princeton University in 1978, he completed his transition from a pure nuclear physicist to an energy analyst,

thus became to get involved in energy policies.

Prof. Goldemberg realized that while improvements in the efficiency of energy use would be essential in order

for the industrialized countries to reduce dependence on fossil fuel, for developing countries where energy demand itself
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was high, he proposed that the increased demand should preferably come from renewable energy sources such as biomass,

an approach substantially different from the paradigms existing at that time.

In the 80’s, together with R. H. Williams and others, Prof. Goldemberg wrote a remarkable book: “Energy for a

Sustainable World”, proposing a new vision on energy issues different from the past. Prof. Goldemberg et al, in this book,

described the importance of a normative approach to energy planning by incorporating from the start, broad societal goals

aimed at facilitating the achievement of, not merely a sustainable energy system, but what is more crucial, a sustainable

world. It defined that at the most fundamental level the level of goals of society should be equity, economic efficiency,

environmental harmony, long-term viability, self-reliance, and peace. With the book he showed an image of the future in

which it was possible to build an energy future for the year 2020 where renewables play an important role and the total

world energy consumption and emission of greenhouse gases would possibly be controlled. He expressed what was

essential for this future was the adoption by the developing countries, early in the process of their development, of efficient

end-use technologies like the ones used in the industrialized countries. As a consequence, he developed the “leapfrog

strategy”, by which a developing country could incorporate the available most efficient and modern technologies, but also

at the same time introducing innovative ones, leapfrogging over some of the historic steps toward industrialization. Such

vision exhibited by the book was incorporated in the UN Brundtland report, that led to the UNCED-92 Conference of Rio

de Janeiro, and his vision, innovative ideas and influence were recognized worldwide.

From 1986 to 1990, Prof. Goldemberg served as Rector of the University of São Paulo, the largest of Brazil and

perhaps the most respected of the southern hemisphere and directed his effort in raising the scientific level and

performance of the university. During his term, he established two academic units with great importance in issues such as

energy, environment, development and public policies. In the early 1990’s, Prof. Goldemberg was chosen by the President

as secretary of state for science and technology, and later as interim secretary of the environment. In that capacity he took a

very active role in its preparatory process and the Climate Convention adopted in Rio-92, showing leadership at the Earth

Summit.

In 1993 he established the International Energy Initiative (IEI), which has a mandate in the developing countries

to disseminate a perspective on energy in which the level of energy services is taken as the measure of development, and to

initiate and strengthen technological capability in energy analysis, planning, and implementation, influencing activities on

energy in developing countries.

Prof. Goldemberg has written numerous papers and articles, and he has been very productive in the publication

in the field of energy. Among them, especially important, is the book printed in 2000, edited by him as the Chair of the

meeting sponsored by the World Energy Council and the United Nations titled “World Energy Assessment – Energy and

the Challenge of Sustainability”.

From 2002 to 2006, he served as secretary of state for the Environment of the State of São Paulo and put into

practice many of his ideas on sustainability, preservation and wise use of the environment.

Prof. Goldemberg states that the biggest environmental threat the world faces today is global climate change and

meeting this challenge will require not only new energy strategies and policies but also the full involvement of major

developing countries and abundant North-South cooperation. He has recognized the importance of climate-friendly energy
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strategies and furthered securing cooperation of major developing countries such as Brazil and China, contributing in

forging the type of North-South partnerships, and his active contribution will continued to be seen in the future.
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What I will try to focus on in this lecture is the present “status” of the efforts leading toward a sustainable

energy future and my own efforts in that direction in a developing country such as Brazil. 

After many years as a professor and researcher in the energy area at the University of São Paulo, I was

appointed in 1982 CEO of the Energy Company of the State of São Paulo - the most industrialized State of Brazil

with a population of approximately 25 million people at that time. It was my first experience in large scale

management and it forced me not only to preach about new and more sustainable energy strategies but also to do

something about it.

One of the activities of the company was to build hydroelectric generating stations which brought me face to

face with some unavoidable environmental and social impacts. In one of our stations 20,000 hectares of virgin

forest had been lost to an artificial lake resulting from damming a river; we then decided to purchase another

20,000 hectares to compensate that loss and convert it into a state park.

I learned through this experience that generating electricity – which was essential to supply the needs of the

population of São Paulo – could have negative environmental and social impacts such as displacing people,

affecting the lives of others and leading to a biodiversity loss, while at the same time benefiting others, frequently

more numerous. Compromises had to be negotiated and reaching them could be quite expensive.

More generally speaking man’s impact on the environment in the past had been modest except in some

extreme circumstances where it was really destructive. The best example is probably what happened in Easter

Island. This isolated volcanic island in the Pacific was colonized by Polynesian people before 900 CE and gave rise

to a rather sophisticated civilization attested by the large number of immense and strange statues weighing up to

100 tons spread out all over the island. However when the western navigators reached the island in 1722 it was

completely denuded of the forest cover it had in the past and which had sustained the life of the estimated 30,000

people living there then: the few remaining islanders were found to be in a very precarious state. (Figure 1)

The consequences of large populations dependent on limited agricultural resources was studied in the past

and given a very special “status” by the work of Malthus in the 19th century. Malthus argued that population

growth reduces average “per capita” income, because he considered the globe, with its natural resources, a

constant, so population growth would reduce natural resources per head and increase mortality due to insufficient

food production. According to him “the carrying capacity” of the globe was finite and could not be exceeded.

The arguments of Malthus were given another version in the 20th century by the Club of Rome which

pointed out the “limits of growth” due to the eventual exhaustion of minerals and other inputs essential to our

civilization.

LECTURE

A sustainable energy future

Professor José Goldemberg
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The basic argument of such current of thought is that human activities today have impacts on the

environment comparable to the impacts of natural forces. In other words the action of human beings reached the

level of geological forces. The basic reason for that is the following: in our regular activities around the year each

person moves about 8 tons of materials; with 6.7 billion people on the earth today this corresponds to moving 54

billion tons/year, rather close to the amount of material moved by geological forces (wind, erosion, volcanic

eruptions, etc) of 50 billion tons/year. (Table I)

Figure 1

Easter Island

Table I
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The energy production is an important fraction of man’s action on nature due to the fact that approximately

80% of all energy used in the world is of fossil origin. Figure 2 shows the sources of the world energy supply.

Traditional renewables used in primitive form in many less developed countries account for 8.5% of the

consumption and “new”, i.e. modern renewables (wind, solar, etc) for 3.4%.

The 2004 average “per capita” energy consumption was 1.74 tons of petroleum equivalent per year or 20% of

all materials moved around. Such amount of energy corresponds to 50,000 kcal/day, 25 times the subsistence level

of prehistoric men of 2,000 kcal/day. 

The consequences of the large consumption of fossil fuels can be daunting giving rise to local, regional and

global pollution. 

Local pollution originates in impurities in coal and oil and is very visible in the air quality of São Paulo, Los

Angeles, Beijing and other large cities. The health consequences of such problems are well documented.

Regional pollution is less visible but is becoming an important issue in Southeast Asia, where a “brown

cloud” has been formed due mainly to emissions from coal burning in China and India.

Global problems were clearly identified only in the last 20 or 30 years particularly global warming. In this

case the main culprit is also the use of fossil fuels. The consequences of our dependence on fossil fuels are leading

to the point of reaching the limits of the “carrying capacity” of the atmosphere, not unlike Malthus’ concerns in the

19th century.

Figure 2

Renewables 13.61%

Traditional biomass 
8.48%

Modern biomass 
1.91%

Geothermal 
0.23%

Wind 
0.32%

Solar 
0.53%

Gas 
20.44%

Oil 
35.03%

Nuclear 
6.33%

Coal 
24.59%

Small hydro 
0.41% Hydro, other 

1.73%
New renewables 3.40%

World Primary Energy Supply (2004)
(shares of 11.4 billions tons of oil equivalent)



20

To aggravate our present concerns International Energy Agency (IEA)’s projections for energy consumption

are alarming: present energy consumption should almost double by 2030 added to an increasing contribution from

developing countries with a continuing dependence on fossil fuels. (Figure 3)

This is not only alarming but is also not a sustainable energy future since it cannot last for more than the

estimated life of present fossil fuel reserves of 50-100 years.

The solution to this problem – probably the most serious our civilization faces today – lies in the fact that, as

in the case of Malthus, the “carrying capacity” is not a constant because there can be substitution between different

resources. The type of possible substitution depends on the particular resource endowment and other conditions for

resource transfer or invention in the region under investigation.

A sustainable energy system as defined in the Brundtland Report in 1987 must comprise four components

characterized as:

¡ Physical, related to securing supplies adequate to meet future energy needs and extending their lives;

¡ Environmental, related to the use of present supply sources at local, regional and global levels including

averting global warming and catastrophic climate change;

¡ Geopolitical, related to security risks and conflicts that could arise from an escalating competition for

unevenly distributed energy resources and

¡ Equitable, not strictly an energy problem, but similar to the one of access to food and other amenities

provided by modern civilization.

Regarding equity Figure 4 indicates the progress made in different regions of the world in the period 1971-

2004.

Figure 3
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The average world primary energy consumption has approximately reached 1.74 toe/capita but there is a

serious problem of distribution. The OECD North America region has 6 toe/capita and Asia (non OECD), Africa

and India less than 1 toe/capita in primary energy consumption. The political consequences of such wide

differences in consumption cannot be discussed and the energy consumption growth is unavoidable in developing

countries particularly in China and India.

One could ask what energy would be necessary to offer the population of developing countries as an

acceptable level of living. A possible answer can be given by analyzing the relationship between the Human

Development Index (HDI) and the per capita consumption displayed in Figure 5.

As one can see in this figure the industrialized countries have an HDI above 0.9 reached when the “per

capita” energy consumption is above 3.5 toe/capita, approximately twice the present average world consumption of

1.74 toe/capita. To reach that level in 20 years a growth rate of 3%/year energy consumption would be needed –

which is rather modest compared to growth rates used in most projections of future energy consumption in

developing countries. Even so if such growth follows the patterns adopted in the past by the industrialized countries

in the 20th century when fossil fuels were cheap and abundant, environmental problems would be greatly amplified.

The contrast of today’s industrialized countries with a large “per capita” consumption and the majority of the

world’s population consuming less than needed can be tackled by a two pronged approach:

i. the reduction of consumption in the industrialized countries through energy efficiency measures

that can lead to supplying the energy needed for the desired end uses with less primary energy

inputs and 

ii. the introduction of renewable energy sources in large scale.

Figure 4

Evolution of the Energy Consumption “per capita”

(1971 – 2004)



Energy efficiency was clearly identified as the “low hanging fruit” of the energy system, after the first

(1973) oil crisis and it became an important element of energy policy in the mid 1970’s. The enormous increase in

oil prices and the resultant problem of oil shortages forced a reexamination of the way energy – and particularly

fossil fuels – was used. The result was that many opportunities were found to increase production efficiency and

energy use. On the supply side, it was found that the transformation of primary energy sources (coal, oil and gas)

into electricity could be greatly improved. On the demand side, innumerable opportunities were identified (in

lighting, building construction, transportation, domestic appliances) to perform the tasks and services needed with

less energy.

The success of energy savings in the OECD is clearly displayed in Figure 6.
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Figure 5

Relationship between HDI and per capita energy use, 1999/2000
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Energy efficiency however is not a solution “per se” but can buy time for the world to develop a “low energy

path”, which should be the foundation of the future global energy, as the Brundtland Report pointed out. 

The strategy of promoting energy efficiency, i.e. performing the same task with less energy and successful in

OECD countries since 1973, is necessary but not sufficient for developing countries. As they build modern

economies with attendant industrial infrastructure, transportation systems, and urban development, growth in

commercial energy consumption is inevitable.

However, developing countries have an alternative: they can either mimic the industrialized nations and go

through an economic development phase that is dirty, wasteful, thus creating an enormous environmental pollution

legacy, or they can leapfrog over some of the steps originally followed by industrialized countries and early in the

process of development, incorporate modern and efficient technologies into their development process. LDCs are

important theaters for innovation and leapfrogging, especially in energy-intensive, basic material industries such as

steel, chemicals, and cement.

Such process is occurring to some extent since the 19th century as can be seen in Figure 7 which displays the

energy intensity in the UK, USA, Germany, France and Japan over the years. The energy intensity is an indicator

that measures the energy needed to produce one unit of the gross national product in monetary units.

In the UK – the first country to industrialize – the energy intensity grew rapidly from 1850 to 1880 because

the large infrastructure built in that period (railways, steel mills, etc) required large amounts of energy. After 1880

the energy intensity declined as the economic activity switched to less intensive energy activities. Germany and the

USA – which industrialized later – benefited from the UK’s experience and were less energy intensive. France and

Japan benefited from the two above ones and were even less energy intensive. One could see here the advantages of

latecomers in the industrialization process.
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Figure 7

Long-term trends in energy intensity of industrialized countries*.
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The potential for leapfrogging is inherent in both process and products. Often, there is synergy between the

two, as between the use of renewable energy sources and energy efficiency. Take, for example, lighting in isolated

villages, typically supplied by kerosene lantern batteries, or candles. Switching to a compact fluorescent light bulb

(CFL), four times as efficient as a conventional incandescent bulb, it makes it more economical to supply power

from a solar photovoltaic (PV) panel. Connecting to an electric grid – probably a requirement if inefficient

conventional bulbs are used – is unnecessary, thus generating vast savings in capital equipment.

Another major dividend from leapfrog technologies derives from the avoided costs of long-term

environmental clean-up. Most current environmental expenditures (approximately $100 billion per year in the

USA) go to mopping up old toxic sites, scrubbing coal power plants, and so on. A significant fraction of health care

costs are linked to environmental pollution and degradation. Using leapfrog energy technologies minimizes these

future costs.

Technological leapfrogging requires information knowledge and insights on the technologies in use around

the world. This is why it is so important for developing countries to have an elite of scientists in all areas capable of

making choices - thus the role of leading universities. My own efforts as Rector of the University of São Paulo in

the late 80’s were entirely dedicated to that.

It is however in the realm of renewable energy that great opportunities exist. They were described in the

Brundtland Report in 1987 as the “untapped potential” and the report pinned great hopes on them since they “offer

the world potentially huge primary energy sources, sustainable in perpetuity and available in one way or another to

every nation of the world”.

They are indeed the fastest growing source of energy (an average of 11% per year in the period 2002-2006)

while total energy production grew only 1.6% per year in the same period. (Figure 8)
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Figure 8

Average Annual Growth Rates of Renewable Energy capacity, 2002-2006

Solar PV,grid-connected
Biodiesel(annual production)

Wind power
Geothermal heating

Solar PV,off-grid
Solar hot water/heating

Ethanol(annual production)
Small hydropower
Large hydropower

Biomass power
Geothermal power

Biomass heating

0          10          20         30         40         50         60         70
Percent



If such growth was to persist over two decades, new renewables could represent 20% of the world’s energy

consumption in 2030. (Figure 9)

One of the most impressive examples of technological leapfrogging in the area of renewables is given by the

alcohol program in Brazil through which approximately 50% of the gasoline used in the country was replaced by

sugarcane derived ethanol.

Ethanol is superior to gasoline in some respects and being produced from an agricultural product is

renewable on a life cycle basis except for the small inputs of fossil fuels (less than 10%) used in its preparation in

the form of fertilizers. My own work in 1978 on the energy balance of ethanol production from sugarcane, maize

and other crops clearly established the sugarcane advantages over other crops. The sugarcane bagasse is used as

fuel to produce steam and electricity needed in the ethanol preparation. The ethanol cost in Brazil became

competitive to gasoline when petroleum reached the cost of 40 dollars per barrel. (Figure 10) 

Ethanol was used originally in two ways in Otto cycle automobiles:

i. as an additive replacing petroleum derived additives at a few percentages up, without any

changes in current motors or

ii. as pure ethanol in adapted motors 
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Figure 9

Modern renewables (including small hydro, excluding large Projections for 2010 

and 2020 based on growth 2001-2005 (REN21 and WEA 2004 Update)



Presently, with flex-fuel motors and electronic injection, any mixture of ethanol with gasoline is used and the

mix is determined on the basis of the fuel price which since 2004 is fully competitive to gasoline, even after all

subsidies – which had been  required when the ethanol program started in the late 70’s – had been removed.

Greenhouse gas emission in Brazil from the urban sector (excluding the deforestation contribution of

Amazonia) has been reduced by 15%.

This leapfrogging strategy was developed entirely in Brazil but does not have to be restricted to this country;

it could be replicated in many other tropical ones. Actually countries where sugarcane do not grow – which is the

case of Japan – could import ethanol and use it in its gasoline consumption and thus reduce its greenhouse gas

emissions.

One should be aware of course of the several problems that a large expansion of ethanol production from

sugarcane could generate if proper measures and policies are not adopted.

These problems are being widely discussed today since ethanol production in the world has already reached

the level of 1 million barrels of oil equivalent per day (approximately 1% of the world’s oil production) and it is

bound to increase substantially in the next few years.

The first of these problems is the amount of land used for ethanol production which could replace other

crops and thus generate a conflict between fuel “versus” food. Just looking at the numbers will dispel such

concerns. Ethanol production today uses 10 million hectares of land (half in Brazil, half in the United States) but

the total agricultural area in use in the world is approximately 140 times larger (1,400 billion hectares) and there are
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Figure 10
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still 800 million hectares of land suited for agriculture where many types of crops could expand.

Another concern that deals particularly with Brazil is that the expansion of sugarcane could reach the

Amazonia region and lead to further deforestation. This is not taking place because sugarcane does not grow well in

the very rainy conditions of Amazonia and also because the sugarcane expansion is taking place in degraded

pastureland 10 million hectares of which only in São Paulo and 200 million hectares in overall Brazil .

One could wonder why it has taken so many years to materialize the expansion in the use of renewables. One

of the reasons for that was the misconception that “new renewables” were significant only for small scale

decentralized applications and that developing countries were used by industrialized countries as testing grounds

(or “guinea pigs”) for new technologies such as solar, wind and photovoltaics, primarily in isolated remote villages

far from the electricity grid. Thus the false dichotomy was created i.e. that centralized application was for

industrialized countries and decentralized solutions for developing countries.

For wind and photovoltaics, the solution to this problem came from Germany, Denmark, Japan and the

United States which supported the wind and PV development by creating a large market for these products which

the developing countries could not do with a small number of decentralized installations. In these countries, the

wind and PV were linked to the grid solving thus the intermittency problem inherent in these sources. As

production increased, costs decreased opening the way for the introduction of theses technologies in a large scale in

developing countries mainly in China and India which have installed manufacturing industries in their countries.

Other renewable energy sources using mature technologies such as minihydros to generate electricity as well as

geothermal energy (for heat and electricity) are spreading fast in many Asian, Latin American countries, the

Philippines and Indonesia and generally speaking they are economically competitive. Solar heating is a technology

that really caught on in decentralized application, particularly in China.

A real understanding of the role of renewable energies in reducing poverty and contributing to the reduction

of greenhouse gas emission was reached in the United Nations Johannesburg Conference in 2002 (World Summit

and Sustainable Development) which marked the 10th anniversary of the adoption of the Climate Convention in

Rio de Janeiro in 1992.

At the conference, the Government of Brazil presented a proposal – originated in my office of Secretary for

the Environment of the State of São Paulo – to adopt a 10% target of renewables in the world’s energy mix by the

year 2010; in 2002 renewables represented only 3% of the world’s energy matrix which meant that the contribution

of renewables would have to contribute approximately an additional 1% per year in the 7 years between 2002 and

2010 which didn’t seem unrealistic. The proposal was strongly supported by the European Union and many other

countries but was not adopted due to the opposition of a few countries heavily committed to the use of fossil fuels.

Nevertheless it strengthened the adoption of such targets by the European Union and many other countries in the

world as well as some states of the United States of America.
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Table II lists some of the policies adopted and their status in 2005 and estimates for 2007.

In terms of investments, renewables in 2007 represented approximately 150 billion dollars more than 10% of

all investments in energy.

In conclusion, what I would like to convey is that the growth and development which are sought by three

quarters of the world population outside of the OECD can be reconciled with the protection of the environment and

that a sustainable development course is possible if the proper approach is adopted and benefited by the adoption of

modern and non-polluting technologies.

I do not believe the energy future of mankind is set and immutable and that it is in our hands to shape this

future.
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