
can be reproducibly monitored with 
time. The methods are based upon three 
principle assumptions. (i) Rate-limiting 
processes are uniform and function at 
roughly constant rates throughout the 
periods for which they are rate-limiting; 
(ii) the identities of rate-limiting process- 
es do not change with a shift in temper- 
ature within the small test range; (iii) 
rate-limiting processes are affected in a 
roughly linear fashion by temperature 
shifts within the limited test range. Al- 
though no direct proof is presented that 
these assumptions are correct in every 
case, the data obtained by applying the 
method to Dictyostelium demonstrate 
that they are useful first approximations. 
However, the methodology is over- 
simplifying. Although we have treated a 
timer as a uniform process, it is quite 
possible and probable that in many cases 
timer "processes" are not uniform and 
may even represent sequences of events 
that exhibit different temperature sensi- 
tivities. It is possible to expand the meth- 
odology to test this possibility by per- 
forming temperature shifts at short inter- 
val times during the period preceding 
each stage when the timer for that stage 
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is progressing. Such an analysis would 
test whether all portions of a timer are 
affected in a uniform fashion by a tem- 
perature shift. 

Although I have used temperature as 
the environmental variable in this study, 
other environmental conditions can be 
substituted. However, conditions other 
than temperature may not be as per- 
vasive for all regions of a cell or for all 
regions of a multicellular system. Meth- 
ods other than environmental per- 
turbations can also be used to specifical- 
ly investigate timers. These include the 
use of both metabolic inhibitors and mu- 
tations that differentially affect the tim- 
ing of stages in a developing system. The 
conditional methods presented have so 
far been applied only to Dictyostelium. 
The results are interesting and provoca- 
tive, but it must be kept in mind that, be- 
cause of the assumptions and limitations 
of the methods, the scheme for timer 
relationships is tentative. In view of the 
lack of other methods, the ones I have 
developed should be valuable in ini- 
tial attempts at understanding the reg- 
ulation of timing in developing systems. 
Evaluation of the general usefulness of 
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the approach must await the application 
of the methods to a wide variety of de- 
veloping systems. 
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It seems appropriate to introduce a 
discussion of energy choices by two re- 
marks. These remarks are general, obvi- 
ous, and were made many times before; 
however, they seem to me so important 
that I will take some of the reader's time 
to stress them again. 

First, in dealing with energy planning, 
it is necessary to remember the long 
delays that in this field separate a deci- 
sion from its effects on everyday life-in 
other words, the inertia of energy. The 
delays in energy production may be on 
the order of 10 to 20 years between the 
start of research and the technical dem- 
onstration of a process, 10 to 30 years 
between technical and commercial dem- 
onstrations of a new system, 10 years be- 
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oil, coal, or uranium and operation of the 
mine or oil field. 
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in 1990, and 40 percent in 2000. A new 
automobile model may be introduced af- 
ter 5 years of study and design, sold for 5 
to 10 years, and used for 10 years. 

All this shows that an efficient energy 
policy should have continuity and per- 
sistence, should look far forward (20 to 
25 years), and should not fluctuate with 
economic changes such as oil prices. 
Today's energy choices will have little or 
no effect on the real energy situation 
from now up to 1985 and perhaps longer. 
The energy situation in the year 2000 
will, however, be almost fully defined by 
choices made in the next 15 years. 

The second remark is about the speci- 
ficity of each national situation and the 
simultaneous interdependence of local 
choices on each other and on the whole 
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there is also considerable inertia. For ex- 
ample, probably 60 percent of the build- 
ings in France in the year 2000 will have 
been constructed before 1975. Therefore 
the new thermal insulation standard in- 
troduced in 1974 will apply to only 20 
percent of buildings in 1985, 28 percent 
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and supply vary greatly from country to 
country and even from one region to an- 
other in a single country. Therefore each 
country and each economic region has to 
make its own choices on how to produce 
and how to organize the use of energy. It 
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is also clear that the national situation is 
strongly influenced by the world situa- 
tion. It depends, for example, on the 
availability and prices of raw materials 
(today oil and gas, tomorrow perhaps 
coal and uranium) and on the availability 
of new technologies and the experience 
of other countries with them. 

In this article I will present a brief 
summary of expected world trends up to 
the year 2000 (1) that is based on many 
recently published studies, one of the 
most significant being the WAES (Work- 
shop on Alternative Energy Strategies) 
study directed by C. L. Wilson (2). I will 
then describe the French situation and 
program for the next 20 years (3). As this 
program constitutes a relatively well- 
defined real (as opposed to speculative) 
set of choices, it may be of general in- 
terest. 

World Situation 

Energy demand. If we allow tradition- 
al trends to prevail, they will probably 
lead to an imbalance between demand 
and supply before the end of the century. 
For harmonious development of the 
economy, with progressively lower 
growth but without a brutal disruption of 
present trends, energy should be used 
more efficiently. A reasonable goal 
would be a saving of 20 percent by 2000 
compared to the value projected from 
present trends. This will permit energy 
growth at a rate 1 percent lower than the 
growth of the economy. If this is 
achieved, energy consumption will still 
be 2 to 2.5 times greater by 2000 than 
it is at present. The developing countries 
will have an increased share of this con- 

i.",-?? ;,\.^:% Fig. 1. Past, present, 
and expected future 
trends in French ener- 
gy resources. Practi- 
cally all the gas and 
oil and part of the coal 
used in France are im- 
ported. The dotted 

''. lines for gas and oil 
~~'~::( ;~ show new trends that 

take into account en- 
ergy conservation ef- 
forts. 
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sumption, about 25 percent by 2000. 
Oil and gas. World oil production will 

reach a maximum of about 5 billion tons 
per year, compared with 3 billion tons in 
1977. Based on present trends, this will 
be insufficient to meet the demand by 
1990-or even earlier if some countries 
decide, for political reasons, to put 
stricter than technical limits on their pro- 
duction. Oil should therefore be reserved 
by the end of the century for uses that 
can hardly be accommodated by other 
sources of energy. Reserves of natural 
gas are probably of the same magnitude 
as oil reserves-250 billion tons of oil 
equivalent (TOE). Natural gas produc- 
tion was much lower than oil production 
in 1977-1.2 billion TOE-and could be 
expanded to reach about 3 billion TOE 
by 2000 provided large investments are 
made for the transportation of gas, main- 
ly from the Middle East and the Soviet 
Union. Because of economic problems 
and the long delays involved in new tech- 
nology, oil from shale and sands will not 
play an important role between now and 
2000. 

Renewable resources. There are still 
large hydro resources, especially in de- 
veloping countries. Their use is expected 
to increase by a factor of 2 to 2.5 in the 
next 20 years, and they are expected to 
maintain their relative share of 5 percent 
of the energy supply. Other renewable 
energy resources, even if they become 
major contributors in the 21st century, 
will contribute only a few percent to the 
energy supply up to the year 2000; this is 
due to long development delays. 

Coal and nuclear. To complement oil 
and gas supplies, which will be able to 
satisfy only about 50 percent of demand 
by 2000, it is necessary to develop coal 

and nuclear energy. We can hope to ex- 
pand coal production by a factor of 2 to 
3, but probably not more. For the non- 
communist countries, most of this coal 
has to come from the United States, 
South Africa, and Australia. There will 
be great difficulties in achieving this in- 
crease, mainly related to consumption 
structures, which must be adapted; the 
difficulty of deep mining; the environ- 
mental problems of strip mining; and 
problems of transportation for the large 
fraction of this coal destined for Europe 
and Japan. 

The total balance and possible contri- 
bution of coal suggest that it is also nec- 
essary to develop nuclear energy, which 
is now competitive with other sources of 
energy for electricity production. Today 
nuclear energy represents less than 2 
percent of world energy consumption, 
and nuclear programs have slowed down 
in many countries because of the eco- 
nomic recession and the attitude of a vo- 
cal fraction of the public. As it is already 
too late to decide to build plants for oper- 
ation in 1984, or in some countries even 
for 1990, we cannot expect that nuclear 
energy will contribute more than 20 per- 
cent of the total energy supply by 2000, 
and it is more likely to contribute 10 to 15 
percent. This indicates that to avoid a 
painful crisis we have little time left to 
take appropriate decisions, and more im- 
portantly, to implement them. We must 
play all the cards we have. 

French Situation and Program 

The French energy situation is charac- 
terized by an extremely high level of de- 
pendence on imports. This, in turn, 
pushes us to develop more efficient ways 
to use energy. I think we are using less 
energy per unit of gross national product 
than any other industrial nation. This al- 
so induces us to make great efforts to de- 
velop technologies related to energy pro- 
duction. Our energy situation and pro- 
grams are illustrated in Fig. 1, which 
shows the energy needs for France be- 
tween 1970 and 1990. The three main di- 
rections of our energy program are (i) to 
use energy more efficiently, (ii) to devel- 
op technology for new resources, renew- 
able and nonrenewable, and (iii) to use 
nuclear energy. 

The first part of the program has as its 
goal a saving of 95 million tons of oil 
equivalent or 14 percent of total con- 
sumption by 1985. The saving already 
achieved in 1977 is 13 million TOE. 
These savings are or will be obtained by 
fiscal disposition (taxes, bonuses, and 
price policy), regulations (thermal in- 
sulation, speed limit, maximum temper- 



atures, and support for public transpor- 
tation), and technical improvements. 

The second part has many aspects. 
For example, research and development 
to improve the status of conventional 
fuels includes gasification of coal (nu- 
clear high-temperature reactors), tech- 
nology for deep-sea oil prospecting and 
production ($300 million over 5 years is 
projected), and technology for enhancing 
the production from existing oil fields 
($300 million over 5 years is projected). 

Regarding renewable resources, the 
situation is as follows. Almost all practi- 
cal hydro sites have been developed. 
The largest if not the only tidal plant in 
the world has been successfully operated 
for more than 10 years in La Rance. (Un- 
fortunately, this energy is not very com- 
petitive at the moment.) The limited 
French geothermal resources are being 
developed, mainly for urban heating. Di- 
rect solar energy is also being actively 
developed. Solar furnaces have been op- 
erated for more than 10 years. A solar 
plant of 0.1 megawatt has been operated 
for 2 years, and another of 2 MW is un- 
der construction. Solar heating of water 
and homes is almost competitive in some 
southeast and south-central regions of 
France. Small solar units for remote lo- 
cations have been manufactured and are 
being operated in Mexico and in coun- 
tries in Asia and Africa. Increased atten- 
tion is being paid to photovoltaic con- 
version, and an independent agency for 
solar research and development coordi- 
nation was recently created. The solar 
R & D budget for 1977 was 5 percent of 
the total energy R & D budget, and in 
1978 it rose to 7 percent. 

Considerable efforts are being devoted 
to the development of energy from con- 
trolled fusion. France has one of the 
most powerful tokamaks in operation in 
Fontenay-aux-Roses and participates in 
the European project for one of the larg- 
est tokamaks now under construction, 
the Joint European Torus. 

Nuclear Program 

France has a large, aggressive and, I 
believe, comprehensive nuclear pro- 
gram. Nuclear energy is now com- 
petitive with other available sources for 
electricity production. The projected 
breakdown of electricity production 
costs for 1985, based on actual costs in 
1977 and expressed in 1977 dollars, is: 
nuclear, 1300 megawatts electric, 19 
mills per kilowatt-hour; oil, 700 MWe, 27 
mill/kWh; and coal, 600 MWe, 26.0 
mill/kWh. The largest factor in the cost 
for oil and coal is fuel; for nuclear, it is 
investment. Nuclear energy is almost 
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