
MEMORANDUM 

SOLAR ENERGY AND THE UNITED NATIONS 

A. The Problem 

The flux of solar energy that comes to the Earth is of 

unimaginable magnitude; 170 billion kilowatts (European, not 

American billions, i.e. 170 million million kilowatts). This 

corresponds to 40000 kilowatts per head of the world population, 

to be compared .to a present-day consumption of only about 

10 kilowatts per head in USA, and very much less in most other 

countries. Solar energy is inexhaustible and non-polluting? and 

not capable of military applications. 

(Solar energy is also high-quality energy. While for instance 

the enormous .heat energy content of the oceans is practically 

useless, because the temperature is low, solar radiation must by 

the laws of thermodynamics be ascribed the temperature of its 

source, the outer parts of the Sun, with a temperature of about 

6000 degrees. It follows, again by the laws of thermodynamics, that 

in principle electricity-producing heat engines driven by solar 

radiation could work with almost 100 ~ efficiency.) 

Thus solar energy could make a very large contribution to 

human energy consumption for all times to come. The reason why so 

far this potential has not been realised is partly lack of 

scientific-technical know-how. This lack, in turn, is due to the 

parsimony with which solar energy research has so far been 

financed. For instance, in the USA in 1973 only 4 million dollars 

were spent from federal funds, in 1974 only 13 million. In the 

Federal Republic of Germany the present level is of the order of 

20 million marks (8 million dollars) per year. These figures are 

to be compared with, e.g., about 500 million dollars for the fast 

(nuclear) breeder alone in USA. It is true that a change for the 

better has taken part recently. Thus the ERDA (Energy Research and 

Development Agency) of the USA, the successor to the USAEC (US 

Atomic Commission), which is also in charge of nonconventional 
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energy sources, is spending now at the rate of at least 70 million 

dollars annually, and this rate is to be further increased rapidly. 

It has been decided to build a National Solar Energy Research 

Center in the USA; the site is being chosen just now. 

Yet it appears most important that an international effort~ 

preferably in the form of an International Solar Power Institute 

(I8PI), is undertaken. It would be most regrettable if a hundred 

or more sovereign States all embarked on separate programmes and 

in this way finance and skilIed manpower were squandered. 1t must 

be strongly emphasized that the effort would not require too much 

money. We canndt foresee that very expensive equipment would be 

needed certainly nothing to be compared with CERN where most 

complicated machinery extends over hundreds and hundreds of meters 

with aprecision of fractions of a millimetre. What would be needed 

is laboratories of moderate size with standard instrumentation and, 

most importantly, highly qualified and strongly motivated scientific 

and technical manpower. 1t is, of course 1 absolutely crucial that 

I8P1 does real advanced experimental research and development work, 

and is not a place that merely produces printed paper. 

An important political factor is that 18P1 need not all be 

under one roof. While central leadership for finance and the 

organisation of the division of labour is required, the actual 

working departments could and should be widely distributed 

geographically. One could imagine some of them in countries with 

strong sunshine (subtropical or tropical desert countries), and 

other departments in countries with advanced scientific and 

technical infrastructure, i.e., in the developed countries. Finally 

it may be emphasized that 1SP1 would surely serve the cause of 

lasting world peace. Through 1SP1, the nations would collaborate 

in one more field, fortunately a field lacking military interest. 
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B. Technical considerations 

1. Basic difficulties 

Before the various possibilities are outlined, s~me of the 

general difficulties of solar energy must be pointed out. They are 

serious and must be studied in depth. While it is, as has been said, 

high-grade energy, it is dilute energy, and so relatively large 

areas are required to capture enough of it. Secondly, solar energy 

is intermittent, and so means for storage must be provided. 

Thirdly, the geographical distribution is uneven. While, e.g., 

in the Sahara sunshine is strang and cloud cover unimportant, this 

is not so in most of Europe. Nevertheless solar energy is important 

not only for hot countries, but also for countries with temperate 

climates. 

2. Production of heat 

a) Direcl heat production 

Solar energy can be used, and is already being used on a 

relatively small scale, for low-temperature heat production, namely, 

for warm water production and space heating. In realistic conditions~ 

even in Central Europe about one half of the annual heat requirement 

of a detached house can be covered in this way. As heating of 

buildings accounts for a very large part of total national energy 

consumption (say, 30 or 40 % of all energy), the savings are of the 

greatest importance. The economics require closer study, but already 

with the technical improvements to be fore seen for the next few 

years and with introduction of mass production methods, solar space 

heating may be self-supporting economically. Of course, the economics 

depend very much on the oil price assumed. Also, introduction into 

new housing is most favourable. Remarkable efforts in respect to 

space heating and warm water production in a temperate climate have 

been made by the Swiss Society for Solar Energy (SSES). 

Only in passing we mention the specialized application of solar 

radiation to obtain high temperatures by means of focussing mirrors. 

There is a solar furnace for scientific investigations in the French 
o Pyrenees where 4000 are reached. 
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b) Heat from energy plantations 

It has als. been suggested to cultivate "biomass" in the form 

of rapidly-growing plants (sugar cane, poplar trees, etc.) as organic 

fuel. An objection is that land would be needed that is otherwise 

useful for the production of food or fibres. This objection would not 

apply with equal force to the cultivation of microscopic plants, 

unicellular algae, in tanks. The biomass could be burned as such or 

converted to liquid fuel by ordinary chemical or by fermentative 

processes. In the latter case, protein feedstuff could be gained 

as a by-product. 

c) Heat from photochemical hydrogen 

This approach will be mentioned in paragraph 3d). 

3) Production of electric power 

a) Direct use. of heat 

Electricity can be made with generators driven by steam that 

is obtained from water by solar heat, concentrated by means of 

arrays of mirrors. The water container may be situated on a tower. 

This tower concept is being studied in various places including 

IIA8~ in Laxenburg near Vienna. 

b) Combustion of biomass 

Of course, it is also possible to use the combustion of biomass 

from energy plant at ions for the raising of steam. Here the same 

reservations apply as in 2b). 

c) Photovoltaic electricity 

Solar cells on the basis of semiconductors have proved their high 

efficiency. About 15 % of the solar energy captured by the cells are 

recovered in spaceships. For the time being, such "photovoltaic" cells 

are extremly expensive per kilowatt. However, there is no physical 

reason why methods for the very much cheaper production of solar cells 

should not be found. It is just a matter for research and development, 
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d) Power through photochemical hydrogen 

By means of the energy of the solar rays water can be decomposed 

"photochemically·. to gi ve hydrogen and oxygen. The hydrogen may be 

introduced into a "hydrogen economy", already widely studied in 

connection with nuclear power. In a hydrogen economy the hydrogen can 

be stored and conducted economically in pipelines. 

The hydrogen may be used as a fuel in industry, for domestic 

purposes or in automotive transport. It could power farming machinery, 

and in this way an important contribution could be made to the solution 

of the world food problem. Further, the hydrogen could be applied as a 

metallurgical reductant or as a chemical reactant, for instance, to 

make hydrocarbcns (liquid fuel). Hydrogen can also be fed to biomass

producing microorganisms. Finally, and most interestingly, the hydrogen 

could be used to make electricity through combustion engines, or, 

better, in electrochemical fuel cells, of which economical versions are 

still to be developed. In the fuel cells the yield of electricity would 

theoretically approach 100% of the energy contained in the hydrogen. 

The principle of hydrogen generation by the "photolysis" of water 

has been demonstrated for 3000 million years by the plants. Recent 

research work has shown that the central achievement of the plant is 

production of hydrogen, and this is, without externally appearing as 

such, used immediately for the assimilation of atmospheric carbon 

dioxide and the production of biomass. Thus it is our task to study 

the processes developed by the plants, and to learn from them. Without 

further explanation it may be stated here that in the view of the author 

the application of membranes would make the large-scale photolysis of 

water feasible. 

c. Final remarks 

It is seen that some applications of solar power have an easy 

technology, and are a matter for the present or immediate future, 

The methods for the large-scale production of electricity, however, 

cannot mature before the end of the century, even if determined 

efforts are begun now. May it be recalled that some 30 years also 

elapsed between the discovery of nuclear fission and the start of 

the first economic nuclear power stations. Investments into R and D 

were thus needed for decades. In nuclear science, it was relatively 

easy to find the finance because the military was interested. But 
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in view of its tremendous importance for the welfare of mankind 

it should be at least equally easy to bridge the gap in respect 

to solar power. May it be underlined that far more money has 

indeed been found, and is being found, for CERN in Geneva, which 

is of purely scientific-academic interest and cannot promise 

much valuable practical "spin-offll. The United Nations, the 

countries of the First, Second and Third World, ought to 

shoulder their responsibility in respect to solar energy. 

Energetic steps towards the founding of the International 

Solar Power Institute should be taken right now. 

Prof. E. Broda 
Institute of 
Physical Chemistry 
Vienna University 

January, 1976 


