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other organisations), markets, infrastructure and institutions, at multiple levels (Geels et al. 2017; 1 
Kramer 2018). Consequently, interdisciplinary perspectives are needed (Turnheim et al. 2015; Geels et 2 
al. 2016; Hof et al. 2020). Beyond aggregated economic perspectives on dynamics (1.7.1.2), these 3 
emphasise the multiple actors and processes involved.  4 

 5 

 6 
Figure 1.6: Transition dynamics: levels, policies and processes 7 

Note: The lower panel illustrates growth of innovative technologies or practices, which if successful 8 
emerge from niches into an S-shape dynamic of exponential growth. The diffusion stage often involves 9 

new infrastructure and reconfiguration of existing market and regulatory structures (known in the 10 
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off to linear, then slows as the industry and market matures. The processes displace incumbent 12 
technologies/practices which decline, initially slowly but then at an accelerating pace. Many related 13 
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years it declined again. When measuring MI in terms of real GDP (at
constant prices of 2011) instead of purchasing power parities (Fig. S5),
we even observe a considerable increase in MI (0.4%/yr) in the last 13
years.

3.2. Material use

In Fig. 2b we show global material extraction by main use types. On
a very principal level we can distinguish two main types of material use:
Firstly, materials that are used in a dissipative way, that is, they are
consumed typically within a year after extraction. This use type com-
prises materials that are used as food for humans or feed for livestock,
as technical energy carriers for thermal conversion (fossil and biomass
materials) and other dissipative use (e.g. salt or fertilizer materials,
lubricants). Secondly, materials which accumulate in in-use stocks of
manufactured capital, such as in infrastructures, buildings, machinery
or other durable goods. These materials typically remain within the
system for more than a year up to several decades or more. We denote
these materials as stock-building materials which are used either for
building up or renewal of stocks of manufactured capital. Fig. 2b shows

that in the early 20th century the largest share of all extracted materials
has been used in a dissipative way. In 1900 these were 6 Gt/yr or 72%
of DE. Feed for livestock, mainly grazed biomass, accounted for the
largest share, followed by energy carriers, food and other dissipative
use. The share of materials used in a dissipative way continuously de-
clined and since 1993 stock-building materials dominate the global
socioeconomic metabolism. Until 2015 their share in global DE rose to
59% or 52 Gt/yr; however, roughly 9% of these stock building materials
(4.8 Gt/yr) are discarded shortly after extraction as tailings from ore
processing (Fig.2b). In 2015 the fraction of dissipative use had dimin-
ished to 41% of global DE: A material flow of 15.1 Gt/yr was used to
provide technical energy, 11.1 Gt/yr were used to feed animals and
4.3 Gt/yr to produce plant based food for humans; other dissipative use
amounted to 6.1 Gt/yr, the largest part being utilized in agriculture,
e.g., crop residues used as bedding material, seeds and mineral mate-
rials used as fertilizers. Per capita of population on average 0.6 t of
primary raw materials were used to provide food, 1.5 tons to feed li-
vestock, 2 tons to provide energy, 0.9 t for other dissipative use and
7.1 tons as primary inputs to stocks in 2015 (Table 5). In 1900 the
corresponding per capita flows were 0.4 t of food, 2 tons of feed,

Fig. 2. Global material flows in Gt/yr and stocks in Gt from 1900 to 2015. A: material extraction by main material group; B: share of major use types in total
extraction; C: yearly net additions to stock (NAS); D: stocks of humans, livestock and manufactured capital in Gt; E: the fraction of domestic processed output that
actually originates from DE (DPO*) separate from balancing oxygen and water F: DPO by main type including balancing oxygen and water.

Table 4
Average yearly growth rates of material extraction (DE) of main material groups, metabolic rate (DE/cap), material intensity (DE/GDP) and domestic processed
output (DPO*) for the periods 1900–1945, 1945–1973, 1973–2002, 2002-2015. GDP in international $ at constant prices of 1990, sourced from Maddison (2013) and
the World Bank (2017).

DE Biomass DE Fossils DE Ores DE Minerals DE Total DE/cap DE/GDP DPO*

1900-1945 0.9% 1.7% 2.1% 2.1% 1.2% 0.3% −0.9% 1.2%
1945-1973 1.6% 4.5% 5.5% 6.7% 3.7% 2.0% −0.5% 2.7%
1973-2002 1.2% 1.4% 2.1% 2.4% 1.8% 0.1% −1.3% 1.7%
2002-2015 2.1% 2.6% 5.7% 4.0% 3.3% 2.1% −0.5% 3.0%

F. Krausmann et al. Global Environmental Change 52 (2018) 131–140
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Anthony Wrigley Energy and the Industrial Revolution 
(based on the data collected by Paul Warde)

Energy and transport 95

beginning to be a signi!cant source of heat energy in England though 
its contribution was still dwarfed by that of !rewood.

Suf!cient is already known about other European countries to leave 
little room for doubt that with only minor modi!cations the level 
and pattern of energy use found in England and Italy would be rep-
licated elsewhere in Europe before the nineteenth century. There are 
occasional exceptions to this generalisation. In the Netherlands, for 
example, the abundant and accessible reserves of peat played a role 
similar to coal in England. As a result, the Netherlands in the seven-
teenth century was an ‘energy-rich’ economy when compared to her 
neighbours, favouring the growth of energy-intensive industries such 
as brewing, brickmaking, sugar re!ning, bleaching and dyeing, and 
the production of salt. Similarities, however, were much more con-
spicuous than differences. The odd man out, of course, was England, 
which during the seventeenth and eighteenth centuries drifted slowly 
but steadily away from the European norm, as will be clear from 
considering table 4.2. The scale of the change taking place in England 
and the extent of the contrast between England and Italy which was 
brought about by this change is visible in !gure 4.1, which depicts 
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Figure 4.1 Annual energy consumption per head (megajoules) in England 
and Wales 1561–70 to 1850–9 and in Italy 1861–70. 
Source. Tables 4.1 and 4.2.
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Figure 3. Déchargement de bois de mine à West Hartlepool, au sud 
de Newcastle. T.W. Birch, «  The Afforestation of  Britain  », 
Economic Geography , 1936, Vol. 12, n°1, p. 1-26
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Figure 1. Consommation de bois de mines en milliers de mètres-cubes. 
Sources : FAO, European Timber Statistics, 1913-1950, Genève 1953 ; FAO, Forest Products Statistics, Part II Apparent Consumption, 1950-1975, Rome, 1975 ; 
J.J. MacGregor, « Timber Statistics », Journal of the Royal Statistical Society, vol. 116, n°3, 1953, p. 298-322 ; Forest Service, US Department of Agriculture, 
Timber Resources for America’s Future, 1958 ; Robert Stone, « Wood products used by coal mines », Forest Products Journal, vol. 35, n°6, p. 45-52 ; Richardson, 
Forestry in Communist China, Baltimore, Johns Hopkins, 1966 p. 164.










Matériaux u*lisés par 
l’industrie  

Automobile

% du total de la 
consomma*on 
aux USA

U*lisa*on 
maximale de 
ressources 
na*onales

Période 
1921-1939

Fer et Acier 15.86% 25.35% en 1935
Aluminium 22.35% 46.5% en 1925
Cuivre 14% 20,28% en 1935
Etain 14.5% 24,8% en 1928
Plomb 24.57% 38.8% en 1934

Hardwood 13.7% 32.6% en 1938
Caoutchouc 80.5% 

Période 
1955-1962

84.7% en 1926 

Fer et Acier (1955-1962) 19.5% 21% en 1960
Cuivre (1956-1962) 5.9% 7% en 1956
Plomb (1956-1962) 46% 49.2% en 1962
Caoutchouc (1956-1962)  61.7% 62.4% en 1960 

Autres ressources 

Wagons de marchandises 

Essence 

13.59% 

90%

15.4% en 1935 

96% en 1924 
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Figure 9. Indigenous production of renewable energy in the EU and share of wood-based energy (source: Eurostat nrg_cb_rw) 

 

Looking at the growth21 in per capita supply and consumption22 of primary wood relative to the 
general economic development (GDP), it appears that removals and consumption of fuelwood 
(FW) has outgrown industrial roundwood (IRW) removals and consumption as well as GDP since 
2007 (Figure 10). However, the growth in FW removals and consumption has seemingly slowed 
down since 2013 according to this data source23. It should be noted, though, that a detailed 
analysis indicates that FW removals are underestimated at the EU level. The EU is more or less 
self-sufficient when it comes to FW, with very limited trade. IRW removals as well as 
consumption has still to reach pre-crisis levels. The EU has traditionally been a net-importer of 
industrial roundwood. Before the financial crisis imports ranged from 20 to 26 million m3. Since 
then they have never exceeded 16.5 million m3. In 2019 even net-exports, of some 320 thousand 
m3, were recorded. These were mostly spruce logs from salvage logging due to bark beetle 
infestations. 

                                           
21 The graph illustrates growth rates, not absolute values. Comparisons can only be made as to growth rates. 

Hence, the EU was actually a net-importer (consumption larger than removals) of IRW for all the years except 
2019. 

22 Apparent consumption, i.e., production + imports - exports 
23 Eurostat Table nrg_cb_rw: https://ec.europa.eu/eurostat/databrowser/view/nrg_cb_rw/default/table?lang=en 
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Fig. I .  Energy sources in the United Stale~ 

It was pointed out that all the energy that was being consumed in the United States 
at the time could be collected from the sun with a single satellite only 21.5 miles in 
diameter. 

This graph has been widely used during the last six y e a r s -  in textbooks, in several 
technical articles, and in the popular press. It has been used not only by those con- 
cerned with solar energy but also by those concerned with energy in general and by 
proponents of  synthetic liquid and gaseous fuels which are also dated and quantified 
in this graph. 

CHRONOI.OGICAL DEVELOPMENT OF ENERGY SOIJRCES 

I, too, have used this graph in lecture tours which I have made for the American 
Chemical Society,  for RESA,  and for the American Institute of Chemical Engineers. 
For this purpose I have found it convenient and informative to use a modification of  
this same g r a p h - o n e  where the various segments are replotted, still to scale and in 
proportion with each other, but in a horizontal position as shown in Fig. 2 [% 

In Fig. 2 the various sources of  energy are arranged in the order in which they were 
developed chronologically and this graph shows very clearly that this country has 
developed a new source of  energy every 30 or 40 yr. 

First, after wood,  wind, and waterwheels,  it was coal. Although coal started being 
used in 1780 or so, it was not until 1870 after the development of several of  the more 
modern energy consuming machines such as steam engines, locomotives,  cotton gins. 
lathes, etc., that coal became important. 

Gas came next, in 1816, but this too did not become important until many years 
later when in 1930, natural gas began being piped long distances to market. 

Oil was discovered in 1859, but it did not become an important item of commerce 
until 1919 when the self-starter was invented and the mass production of  internal 
combustion engines began. 

Leon P. Gaucher, « Energy Requirements of the future », Solar Energy, 1972, vol. 14, p. 5-10.



 Figure 2. Artist's conception of an agro-industrial complex of the future, in which the energy of the atom is used to transform an arid
 desert region into productive farms and cities by supplying water, fertilizer, industrial chemicals, metals, etc. The usable portion of the
 earth's surface could be more than doubled in this way.

 which contain 12 ppm of thorium plus
 3 ppm of uranium. At the energy bud
 get contemplated here, these granites
 would last for millions of years.

 What about dissipation of heat? Here
 the ultimate limit is set by the net
 energy the earth receives from the
 sun?that is, the total heat loss of the
 atmosphere to space. This heat loss is
 120 X 1012 kw. At present, man pro
 duces 4.5 X 109 kw, or 4 X 10~5 of
 the sun's contribution. With a budget
 of 20 kwt/person, and 20 X 109 people,
 the total man-made energy of .4 X
 1012 kw would still be only 3 X 10~3
 of the earth's natural rate of heat loss.
 This would increase the earth's aver
 age temperature by about J?C, which
 hardly seems intolerable since spon
 taneous swings in temperature of as

 much as 2?G have been recorded in
 the geologic past. Thus the total
 heat balance hardly would be affected
 until we reach a population level of
 several times 20 X 109.

 Much more serious, of course, will be
 local heating in the vicinity of the

 large catalytic nuclear burners. It
 seems likely that in most cases these
 will eventually be clustered in what
 are called "nuclear parks," producing
 perhaps 40 X 106 kwe each, and
 located on the seashore. The world

 would require about 4,000 such parks
 to produce the energy needed for 20
 X 109 people. If the parks are located
 offshore, they could dissipate their
 heat to the ocean and thence even
 tually to the atmosphere. (It has been
 pointed out to us by S. R. Hanna, of
 ess a, that local perturbations of the
 heat balance could indeed have a
 larger effect than is implied in these
 speculations, and great care will be
 needed in dispersing the heat.)

 The knottiest problem, though one
 that is solvable, will be the disposal
 of radioactive wastes. With an energy
 budget of 400 X 109 kwt, the amount
 of radioactivity in wastes is very large.
 Each year 700,000 megacuries of long
 lived activity would be generated;
 this activity would be distributed
 among the nuclides as shown in Table
 3. Formidable though the numbers

 may seem, they do not present an
 insuperable difficulty. The general
 strategy is to immobilize the non
 volatile species, Sr, Cs, I, Te, Pu,
 Am, and Cm, in ceramics and store
 them permanently in salt mines, and
 to hold up the noble Kr85 as a gas and
 T3 as tritiated water until they decay.

 At present all high-level radioactive
 wastes from reactors are stored as
 liquids in underground tanks. How
 ever, this is admittedly a relatively
 temporary expedient, and in every
 nation plans are underway to convert
 these radioactive liquids to solids, and
 to sequester them permanently, prob
 ably in salt mines. Disposal of wastes
 in salt was suggested in 1955 by a
 committee of the National Academy
 of Sciences and the National Research
 Council. The main advantage of salt
 is that it is never in contact with
 ground water (though it may con
 tain one-half percent of somewhat

 mobile water occluded within the salt
 crystals). Experimental tests of dis
 posal in salt in Lyons, Kansas, have
 already been carried out. Plans are

 416 American Scientist, Volume 58
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Marion K. Hubbert, « Nuclear Energy 
and the Fossil Fuels », Shell 
Development Company, n°95, 1956.
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Figure B-Historical and projected shifts in U.S. energy consumption 
patterns 

HISTORICAL & PROJECTED SHIFTS 
IN U.S. ENERGY CONSUMPTION PAllERNS 

Oh of Total 

- - 
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While some criticize electricity for the seeming waste 
involved in its production, they ignore its high end use 
efficiency, and the low end use efficiency of direct burning 
of oil and gas. The overall system efficiencies must be 
compared to give a true picture. Figure C provides a 
graphic illustration of the decidedly different picture one 
obtains by considering total system efficiency. In space heat- 
ing, a gas furnace requires 2.2 units of energy out of the 
processing station for each unit of space heating provided. 
In contrast, the electric heat pump requires 1.6 units of 
nuclear fuel for the same unit of space heat provided. Note 
that this occurs even though two-thirds of the input energy 
,tonthe electric utility plant is lost as waste heat. With direct 
burning of fuel, approximately one-half the energy is lost at 
the point of use. This example points out that criticism of 
electric heat being excessively wasteful is simply wrong. 

Overriding the importance of system efficiency, 
though, is the much higher consideration of resource avail- 
ability. The dwindling resources of oil and gas make it 
mandatory that we shift away from those fuels regardless of 
theoretical efficiency comparisons among systems. The 
Energy Policy Project's scenarios clearly illustrate the drastic 

For non-commercial use only.

Ford Foundation, A time to choose, 1974

Amory Lovins, 1976

Westinghouse 1976
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During 1947-1972, total U.S. energy production increased at an annual 
rate of 2.4 percent to a peak of 62.8 quadrillion Btu. From 1973 to 1975, 
production declined 1.4 percent per year, then leveled off during 1976 
and 1977. 

Petroleum production peaked at 20.4 quadrillion Btu in 1970, growing at 
an annual rate of 2.8 percent from 1947 through 1970. Between 1971 and 
1976, petroleum production declined annually by 2.9 percent. This trend 
reversed again in 1977 when production increased 0.8 percent, primarily 
due to the startup of Alaskan North Slope oil production. Natural gas 
production increased from 5.0 quadrillion Btu in 1947 to the 1971-1973 

Total 
Energy Production 

1962 1967 1972 

period when it reached 24.8 quadrillion Btu. Production has declined 
since at a rate of 3 .1 percent per year. 

U.S. coal production declined from 18.0 quadrillion Btu in 1947 to 10.8 
quadrillion Btu in 1961, or an average drop of 3.6 percent per year. From 
1962 through 1977, coal production increased at a 2.5 percent annual 
rate. 

Although the combined production of energy form hydropower, nuclear 
power, and geothermal increased more than 300 percent between 1947 
and 1977, it accounted for only 8.4 percent of total production in 1977. 

1977 

Energy Information Administration report to the Congress, 1978 
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rule "first in- first out".

Marchetti, IIASA, 1975



« Don’t forget the system, the system will not forget you! » 
Cesare Marchetti 1975

Cesare Marchetti, critique des scénarios 
du IIASA

 20 / The Energy Journal
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 Figure 1. IIASA's set of energy models: a simplified representation. (From
 Energy in a Finite World , © 1981, International Institute for Applied Systems
 Analysis. Reprinted with permission from Ballinger Publishing Company.)

 this set and to the manual manipulations of data required for its op-
 eration as MMI.

 It is important to realize that the models are not coupled in any
 direct fashion; outputs from one model are scrutinized by several an-
 alysts before they are used as inputs to the next. If outputs seem
 "unreasonable," the model coefficients are changed and the model is
 run again. If the printouts do seem plausible, they are manually
 adapted and combined with many other exogenous assumptions for use
 as inputs to the next model in the chain. In Basile's words, "The ap-
 proach ... is a highly iterative one. The initiation of assumptions
 and judgments leads to calculations and results that feed back and
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Cesare Marchetti, 1975

« The whole destiny of an energy source seems to be 

completely predetermined in the first childhood

These trends go unscathed through wars, 

wild oscillations in energy prices and depressions »
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examples by  the date at  which the subst i tut ion was 10 percent  complete,  then  the set 
can be said to cover a span of t ime of abou t  n ine ty  years. I n  spite of the large var ia t ion  in  
takeover times between examples in the set, there seems to be little correlat ion between 
the takeover t ime and  the date at which the subst i tut ion started. O n  the other hand ,  it is 

Table II 
Takeover T imes  (At) and Substitution Midpoints, to, for a Number of Substitution Cases 

At to Reference 
Substitution Units Years Year source 

Synthetic/Natural Rubber 
Synthetic/Natural Fibers 
Plastic/Natural Leather 
Margarine/Natural Butter 
Electric-Arc/Open-Hearth Speciality Steels 
Water-Based/Oil-Based House Paint 
Open-Hearth/Bessemer Steel 
Sulfate/Tree-tapped Turpentine 
TiOs/PbO-ZnO Paint Pigments 
Plastic/Hardwood Residence Floors 
Plastic/Other Pleasure-Boat Hulls 
Organic/Inorganic Insecticides 
Synthetic/Natural Tire Fibers 
Plastics/Metal Cars 
BOF/Open-Hearth Steels 
Detergent/Natural Soap (U.S.) 
Detergent/Natural Soap (Japan) 

Pounds 58 1956 I 
Pounds 58 1969 1 
Equiv. Hides 57 1957 1 
Pounds 56 1957 1 
Tons= 47 1947 2 
Gallons 43 1967 3 
Tons 42 1907 2 
Pounds 42 1959 3 
Pounds 26 1949 3 
Square Feet 25 1966 1 
Hulls 20 1966 4 
Pounds 19 1946 3 
Pounds 17.5 1948 1 
Pounds= 16 1981 4 
Tons 10.5 1968 2 
Pounds= 8.75 1951 5 
Pounds s 8.25 1962 5 

aSee text for qualifying comments. 
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AND SCIENTIFIC RESOURCES REQUIRED TO CONTEND WITH THE PROBLEM-

THE SAME POINT IS EMPHASIZED IN THE ENERGY STUDY 

PUBLISHED LAST YEAR BY THE INTERNATIONAL INSTITUTE FOR APPLIED 

SYSTEMS ANALYSIS, OR 11 ASA - THE STUDY INVOLVED SOME 150 TOP 

SCIENTISTS AT ONE TIME OR ANOTHER AND REPRESENTS ONE OF THE MOST 

COMPREHENSIVE ASSESSMENTS OF THE OUTLOOK FOR THE NEXT 50 CRITICAL 

YEARS OF WHAT MAY WELL BE IN ABSOLUTE TERMS THE WORLD'S PERIOD OF 

GREATEST POPULATION GROWTH-

THE IIASA STUDY CONCLUDES THAT TO MAKE A SUCCESSFUL 

TRANSITION FROM FOSSIL FUELS TO AN ENERGY SYSTEM BASED ON 

RENEWABLE RESOURCES. THE WORLD ECONOMY MUST EXPAND ITS PRODUCTIVE 

POWERS- IT MUST EXPAND IN ALL DIMENSIONS. BUT. MOST IMPORTANTLY. 

IN THE NEW KNOWLEDGE AND HUMAN SKILL THAT ENLARGE THE 

TECHNOLOGICAL BASE- FoR SUCH KNOWLEDGE AND SKILL. MORE THAN 

BRUTE CAPITAL. IS WHAT ENABLES SOCIETIES IN THIS AGE TO USE THE 

SAME OR EVEN FEWER RESOURCES TO PRODUCE MORE-

THE IIASA STRATEGY FOR INVENTING THAT FUTURE RESEMBLES 

THE ONE I HAVE SUGGESTED: A STRATEGY FIRST. OF GRADUAL 

TRANSITION FROM CLEAN. HIGH QUALITY RESOURCES"NATURAL GAS AND 

OIL--TO DIRTIER UNCONVENTIONAL FOSSIL RESOURCES- THE STUDY ALSO 

TAKES NOTE OF THE C0 2 ISSUE. RECOMMENDING THAT SOCIETY 

INCORPORATE SUFFICIENT NON-FOSSIL OPTIONS IN THE ENERGY SUPPLY 

SYSTEM SO AS TO ALLOW EXPANSION OF THAT BASE. IF NECESSARY. AS 

THE EFFECTS OF CARBON DIOXIDE BECOME BETTER QUANTIFIABLE THROUGH 

FURTHER RESEARCH. 

Source: https://www.industrydocuments.ucsf.edu/docs/zxfl0228
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WHY WE AND OTHERS IN THE PETROLEUM INDUSTRY HAVE TAKEN A STRONG 

INTEREST IN THE ISSUE OF THE GREENHOUSE EFFECT AND YOUR WORK- IT 

IS WHY WE HAVE PARTICIPATED IN SEVERAL INITIATIVES TO PROMOTE 

YOUR RESEARCH; IT IS WHY WE ARE PLEASED TO CONTRIBUTE TO THE 

HOLDING OF THIS SYMPOSIUM AND TO PARTICIPATE IN IT- AND IT IS 

WHY WE HAVE BEGUN OUR OWN MODEST RESEARCH EFFORT IN THE FIELD. 

MOTIVATED ALSO BY THE BELIEF THAT PERHAPS THE ONLY WAY TO 

UNDERSTAND A FIELD IS TO DO RESEARCH IN IT. YOU HAVE SEEN SOME 

OF THE RESULTS IN A PAPER DELIVERED YESTERDAY AFTERNOON- WE ARE 

ALSO IN THE PROCESS OF EVALUATING THE DATA ON C02 CONCENTRATIONS 

COLLECTED OVER TWO YEARS BY AN EXXON TANKER PLYING BETWEEN THE 

GULF OF MEXICO AND THE GULF OF ARABIA-

ORGANIZATION 

FEW PEOPLE DOUBT THAT THE WORLD HAS ENTERED AN ENERGY 

TRANSITION AWAY FROM DEPENDENCE UPON FOSSIL FUELS AND TOWARD SOME 

MIX OF RENEWABLE RESOURCES THAT WILL NOT POSE PROBLEMS OF C02 

ACCUMULATION- THE QUESTION IS HOW DO WE GET FROM HERE TO THERE 

WHILE PRESERVING THE HEALTH OF OUR POLITICAL. ECONOMIC. AND 

ENVIRONMENTAL SUPPORT SYSTEMS. WHAT I WILL DO IN THE REMAINDER 

OF THIS TALK IS INDICATE HOW THE WORLD MAY INVENT A SUCCESSFUL 

ENERGY FUTURE. USING THE SORT OF CORRECTIVE FEEDBACK SYSTEM I 

HAVE DESCRIBED. MY PERSPECTIVE IS OF COURSE AN EXXON 

PERSPECTIVE. REFLECTING OUR OWN ASSUMPTIONS ABOUT THE ECONOMIC 

AND SOCIAL PATHS SOCIETIES WILL PREFER- AND SINCE FOSSIL FUELS. 

AND LIQUID CHEMICAL FUELS. ARE REALLY THE HEART OF THE ENERGY AND 

THE C0 2 PROBLEM. I WILL FOCUS ON THOSE. 

Source: https://www.industrydocuments.ucsf.edu/docs/zxfl0228
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SUMMARY AND CONCLUSION 

TO SUM UP. THE WORLD'S BEST HOPE FOR INVENTING AN 

ACCEPTABLE ENERGY TRANSITION IS ONE THAT FAVORS MULTIPLE 

TECHNICAL APPROACHES SUBJECT TO CORRECT I ON"F£EDBACK FROM 

MARKETS. SOCIETIES. AND POLITICS. AND SCIENTIFIC FEEDBACK ABOUT 

EXTERNAL COSTS TO HEALTH AND THE ENVIRONMENT- THIS APPROACH IS 

NOT EASY. OR COMFORTING TO THE UNINITIATED. BECAUSE THERE IS NO 

OVERALL NEAT AND UNDERSTANDABLE PLAN- BUT PROPHECIES LEADING TO 

MASTERMINDED SOLUTIONS THAT COMMIT A SOCIETY UNALTERABLY TO A 

SINGLE COURSE ARE LIKELY TO BE DANGEROUS AND FUTILE- A GOOD SIGN 

IS THAT. WITHOUT ANY CENTRAL PLAN. THE WORLD ECONOMY HAS ALREADY 

ADOPTED CONSERVATION TECHNOLOGIES THAT ARE REDUCING THE RATE OF 

C02 BUILDUP. 

IN SHAPING STRATEGIES FOR ENERGY RESEARCH AND 

DEVELOPMENT. WE MUST RECOGNIZE THAT. GENERALLY. SOCIETIES WILL 

GIVE PRIMACY TO ECONOMIC GROWTH. TO LEAST'COST ENERGY 

ALTERNATIVES. AND. IN MOST TRANSPORTATION USES. TO LIQUID 

FUELS- FORTUNATELY, THESE CONDITIONS GIVE SCIENCE AND 

ENGINEERING A LOT OF ROOM TO MANEUVER- IT APPEARS WE STILL HAVE 

TIME TO GENERATE THE WEALTH AND KNOWLEDGE WE WILL NEED TO INVENT 

THE TRANSITION TO A STABLE ENERGY SYSTEM. 

I HOPE I DO NOT APPEAR TOO SANGUINE ABOUT THE 

COLLECTIVE WISDOM OF OUR SPECIES- HISTORY BEARS AMPLE TESTIMONY 

TO THE HUMAN CAPACITY FOR GRIEVOUS FOLLY. AS WELL AS ACHIEVEMENT 

AND EXCELLENCE- CLEARLY. THERE IS VAST OPPORTUNITY FOR 

CONFLICT. FOR EXAMPLE. IT IS MORE THAN A LITTLE DISCONCERTING 

Source: https://www.industrydocuments.ucsf.edu/docs/zxfl0228

Edward David 
« Inventing the future, 
Energy and the CO2 problem »  
Exxon, 1982.





Changement de date d’un réchauffement de +2°C. Stephen Siedel et Dale Kayes, « Can De Delay A Greenhouse Warming? », Environmental Protection 
Agency, 1983, p. vi. 


