Summary 17:   A NEW ENERGY SOURCE IS               NEEDED FOR HUMANITY-       Why?   (5 pg)

Think-tank studies of impact of energy supply and demand on economic progress of the world


Energy consumption correlated to development.


Steady annual growth of 3% in energy consumption on world-wide basis; 16-fold increase in annual energy consumption over past 100 years; another 16-fold increase over next 100 years?


Supply cannot meet exponential growth in demand. There will not be enough coal, gas, oil, lignite, even uranium; nor hydro-, wind-, wave-power (see 3% scenario). 


Yet no nation can tolerate the idea of zero growth.


Will limit to growth of energy supply eventually, by middle of next century, limit the material progress of modern civilization?


New technology will be found either to harness the diffuse energy of the sun using new photosynthesis technology, or through fusion energy. 


Plasma Fusion energy is on the threshold of feasibility in implementation; but implementation requires concerted economic and political commitment.

PLASMA CONDITIONS REQUIRED FOR ENERGY APPLICATIONS

Fusion reactions:

D + D ( He3 + n + 3.27 MeV

D + T ( He4 + n + 17.6MeV

Deuterium is present in water (including sea water) 1D:6500H. 1litre sea water=300 litre of petrol; if D completely undergoes fusion.

One-millionth of D in the waters of the world will provide 10,000 years of world energy consumption at 1970 US rate.

Three minimum  conditions for applications of energy production have been identified:

a) Thermalization of plasma

b) Ideal Ignition Temperation (IIT)

c)  n criterion (containment time)

Thermalization

Beam (monoenergetic) compared to thermalized plasma of equivalent average energy per particle.

In the laboratory we are operating (several million to several hundreds of million K) on the rapidly rising slope of the fusion x-section vs temperature (energy) graph. v~Tn ; n>4.

In the thermalized plasma the relatively few particles at the high energy tail have such large x-sections that these few particles produce more fusion reactions than all the many particles in the monoenergetic beam.

Thermalisation enhances fusion reactions.

IDEAL IGNITION TEMPERATURE

Because we are operating on the rapidly rising slope of the fusion x-section vs temperature curve, fusion power increases rapidly with temperature (faster than T4). The fusion power has to compete with Bremsstrahlung radiation  which increases much more slowly with T; as T1/2 . The fusion power curve rises to intercept the Bremstrahlung curve when T is high enough, at the ITT (Ideal Ignition Temperature).

The ITT is the lowest temperature at which the plasma, once heated to that temperature, can sustain itself at that temperature without any further external input power. 

D-T:        IIT=4 keV
D-D:       IIT=40 keV

MINIMUM n
To heat up n fuel particles to temperature T requires an amount of energy (3/2)nkT independent of heating time.

However the fusion energy produced (and the Bremsstrahlung energy radiated) is a function of containment time .

So in comparing the energy produced by fusion to that required for heating, and then requiring these to be equal so as to obtain the BREAKEVEN condition; the resultant requirement is not only dependent on number density and temperature but also dependent on containment time.

The containment condition turns out to be a condition for minimum n at any given temperature T.

e.g. D-T: at 20keV, around 200 million K, breakeven n occurs at n=1020  sm-3.

