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Introduction 

The world has consumed rrore commercial energy since 1940 than in all its pre
vious history. Energy consumption will continue to rise, but energy sources 
will be diversified. 

The finite nature of petroleum resources, increasing demand, and soaring prices 
have combined to force nations to look for new and renewable energy sources 
that will safeguard their futures. Economic, social and industrial develop
ment, as well as national security, is at stake. For developing countries, the 
stakes are especially high. 

How nations are attempting to reduce their dependence on oil by developing 
alternate sources of energy is the subject of Future Energy Sources: 
National Development Strategies. This three-volume series is a compilation 
of reports detailing ongoing projects and development plans for renewable re
sources in 29 countries. The reports are edited and abridged versions of docu
ments prepared by national governments for the United Nations Conference on New 
and Renewable Sources of Energy, held August 10-21, 1981 in Nairobi, Kenya. 

Renewable energy sources discussed in these reports are: solar, geothermal, 
wind, hydro power, biomass, fuel wood and charcoal, oil shale and tar sands, 
ocean energy and peat. Most country reports focus on plans for developing the 
more universal energy sources -- solar, hydro power, biomass and geothermal 
energy. However for some areas, particularly Africa and the Mideast, great 
attention is paid to developing wood as the projected energy base. 

Although the reports vary in length and detail, most assess present energy 
supply and demand patterns, and outline the methods that will be used to shift 
to secure, indigenous and renewable sources. They describe each country's 
policy for the transition and pinpoint individual energy development projects 
underway or on the drawing board. 

In creating their national documents for the U.N. conference, governments were 
asked by U.N. officials to specify technologies of particular interest to their 
country; identify major constraints to their implementation; state means of 
overcoming the constraints; and outline the possible scope for international 
cooperation. 

At the conference, 89 national documents were presented. McGraw-Hill energy 
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editors carefully reviewed the documents, selecting for inclusion in the Fu
ture Energy Sources series the papers containing the most specific information 
about energy development plans. 

In editing and preparing the rna terials, the editors clarified language and 
condensed reports where it was felt these changes were appropriate. For 
example, strictly geographic country descriptions, and the report chapters 
calling for international cooperation, were deleted or condensed if they over
lapped other material or were already widely known. However, the substantive 
meaning of the papers was in no way altered. The information in the national 
papers was assumed to be accurate, and was not independently verified. 

It should be noted that, because the papers were prepared by the various gov
ernments, certain political tones may be apparent in some. These do not re
flect the opinions of either McGraw-Hill or the United Nations. 

McGraw-Hill has grouped the reports geographically into three volumes. (The 
U.N. document numbers of the original documents are listed at the back of this 
book. ) The volumes and countries covered in each are: 

Volume 1: Mideast and Africa 

Egypt, Israel, Jordan, Kenya, Liberia, Nigeria, Pakistan, 
Sierra Leone, Sudan and Turkey 

Volume 2: Far East and the Soviet Union 

Australia, Bangladesh, China, Indonesia, Japan, Sri Lanka, 
Thailand and the Soviet Union 

Volume 3: Western Europe and North America 

Austria, Canada, Denmark, France, Ireland, Italy, 
the Netherlands, Norway, Sweden, the United States 
and West Germany 

Within each volume, reports are arranged alphabetically by country. To facil
itate use, the volumes are indexed by energy source and a comprehensive Table 
of Contents appears for each country. 

The Editors 
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(Editor's note: In this report, the European system of using commas rather 
than decimal points in numbers is used.) 

INTRODUCTION 

Austria is a small, industrialized country with some fossil energy resources and 
long tradition in the use of hydro power, which still provides about 70 percent 
of Austria's electricity supply. In the past, however, the significance of 
Austria's indigenous resource endowment has been steadily eroded. Twenty-five 
years ago, indigenous sources supplied some 80 percent of Austria's energy re
quirement, but today the share of net primary energy imports is of the order of 
68 percent and is expected to increase by the end of this decade to about 75 
percent. 

These energy imports, mostly in the form of liquid hydrocarbons, impose a heavy 
burden on Austria's balance of payments and supply security. Thus, Austria's 
energy policy emphasizes the need for lessening the dependence on liquid hydro
carbons. To achieve this goal, a substantial effort in energy planning and re
search must be undertaken. This effort will have to focus on the: 

• Optimal exploration and exploitation of indigenous energy re
sources. 

• Efficient and rational use of energy. 

• Identification of adequate substitutes for liquid hydrocarbons. 

• Diversification of sources. 

• Assessment of the potential contribution of new and renewable 
sources of energy. 

• Development, testing and introduction of new, economically and 
environmentally sound energy technologies. 

ENERGY SITUATION IN AUSTRIA 

Table 1 contains figures on recent developments in the energy supply and con
sumption in Austria. From 1973 to 1980 the gross domestic energy supply rose 
by 5,5 percent, and the domestic primary energy supply decreased by 4 percent. 
However, imports of primary and secondary energy increased strongly (22,9 per
cent) • 
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Table 2 further specifies the last column of Table l. It outlines the changes 
in the patterns of final energy supply. The shares of gas, electricity, fuel 
wood and some other sources of energy increased, while those of liquid hydro
carbon-based fuels decreased. Also the heat supplied by district heating sys
tems, included in "other" energy sources, has increased its share in the past 
years, although it is still rather small. 

The conversion losses amounted to 106,8 PJ or 10,6 percent of the total energy 
supply in 1980. Deducing non-energetic uses and considering the changes in 
consumers' stocks, 761,0 PJ was consumed by final users for energy purposes 
(heating, process heat, mechanical energy, lighting and electro-mechanical 
processes) in 1980. 

Table 3 indicates the use of energy by areas of consumption. The transport 
sector's share remained almost constant during the last years. Industry lost 
some percentage points, while residential and other small-scale users increased 
their shares. 

Although the supplied quantities of domestic primary energy have remained more 
or less constant since 1973, their value has increased as the decrease in crude 
oil production has been more than offset by electricity generation from hydro 
power. 

Energy Imports 

In quantitative terms, net imports contributed to primary energy consumption at 
the rate of 20,5 percent in 1955 and 64,8 percent in 1973. Since 1973 this 
value has varied between 60,4 percent (1975) and 68,3 percent (1980). 

In 1979, 69 percent of domestic electricity generation was supplied by hydro 
power and 31 percent by thermal power. Of the fuel consumed by thermal power 
plants, 45 percent was of domestic origin. In 1979, 17 percent of domestic 
electricity generation was based on imported fuels (coal, petroleum and gas). 

Of Austria's total energy imports in 1979, 41,5 percent was supplied by OPEC 
countries (Iraq, Saudi Arabia, Libya, Algeria, Nigeria, Iran and Kuwait); 41,6 
percent by CMEA countries (the Soviet Union, Poland, C.S.S.R., Hungary, East 
Germany and Romania); 12.8 percent by OECD countries (West Germany, Italy, the 
United States, Switzerland and France); and 3,1 percent by other countries 
(such as Yugoslavia and Egypt) . 

The value of energy imports (fossil fuels and electricity) amounted to about 
25 billion Austrian Schillings AS (U.S. $1 equalled AS 17,20, as of June 1981) 
in 1978 and about AS 33 billion in 1979. ~he value of energy exports (mainly 
the balance of electricity exports and imports) amounted to AS 2,8 billion in 
1978 and AS 3 billion in 1979. Net imports of fossil fuels and energy caused 
an energy trade deficit of AS 30 billion in 1979 and about AS 45 billion in 
1980. 

The deficit is largely the effect of increasing energy prices. In 1979, for 
instance, energy imports, quantitatively, were 29,5 percent higher than in 1972. 
Their value, however, had risen by 289,9 percent. In the same period, the 
energy trade deficit rose by 347,7 percent, from AS 6,78 billion to AS 30,35 
billion. 
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Energy Consumption Forecasts 

According to the energy consumption forecast of the Austrian Institute for Eco
nomic Research (Institut fur Wirtschaftsforschung, WIFO) in April 1980, annual 
growth rates of 2,7 percent must be expected until 1985, and of 2,2 percent from 
1986 to 1990. 

The forecast does not project an increased fuel oil consumption after 1985. Pet
rol consumption will rise by 2,4 percent annually until 1985, and from then to 
1990 by 1,5 percent annually. The annual growth rates of electricity consumption 
are projected to be 4,6 percent until 1985, and 3,6 percent from 1985 to 1990 
(see Table 4) • 

Total energy consumption is forecast to reach about 1158 PJ in 1985 and 1294 PJ 
in 1990. The share of liquid hydrocarbons is projected to decrease by 3,6 per
cent, the share of hydro power to increase by 4,2 percent. Higher shares are 
expected for coal and gas (see Table 5) . 

Although efforts are being intensified to develop methods for the use of waste 
heat from thermal power plants (co-generation systems) and from industrial 
processes, significant progress is not expected until after 1990. District heat
ing systems will provide 2,3 percent of final demand in 1985 and 2,8 percent in 
1990 (from 1,7 percent in 1978). 

The use of new and renewable sources of energy is expected to increase in Austria, 
in particular with regard to hydro power, and to some extent with regard to bio
mass and solar energy. The constraints for the large-scale use of biomass, solar, 
wind and geothermal energy have not yet been examined enough in detail and tech
nologies not yet sufficiently tested to assess their potential. As a result of 
intensified research, development and demonstration activities, renewable sources 
of energy might, in the long run, be able to contribute on a broader scale to the 
Austrian energy supply. Until 1990, solar and heat pump systems as well as geo
thermal energy sources could, at the most, substitute hydrocarbons by 1 to 2percent • 

HYDRO POWER • 

Hydro power actually supplies 70 percent of the Austrian electricity consumption. 
The hydro power potential of 44 domestic river systems is compiled in the 
Austrian Hydro ~ower Register (Wasserkraftkataster) • The exploitable potential 
is assessed to be, as of 31 December 1978, 49.246 GWh per year for a standard 
year. By 1995, the plants already in operation as well as those still under 
construction or in design will use 85 percent of the exploitable hydro power 
potential. By that time, 96 percent of the potential applicable for basic load 
supply will have been developed. 

The larger part of the hydro power potential not yet developed consists of 
smaller rivers. Compared with other alternatives ecological, hydrological and 
regional planning considerations usually support the building of small hydro 
power plants (with initial outputs of less than 5 MW) • 

The degree of exploitation of the small-scale hydro power potential also depends 
on such factors as the balance of energy supply and demand, the effectiveness 
of investments required, private initiative and the measures introduced for the 
protection of the environment. 

Summing up, Austria's exploitable small-scale hydro power is assessed at ~.000 
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to 4.000 GWh per year, corresponding to 8 to ll percent of its electricity con
sumption in 1979. 

At present, about 1.300 small hydro power plants are operated in Austria with a 
capacity of 370 MW. This corresponds to an annual energy production of about 
2000 GWh. 

Large-scale storage power plants often represent a particular challenge to 
construction engineering. Latest technological developments make the construc
tion of high dams technically as well as economically feasible. 

Owing to their broad environmental impact, large storage systems can serve var
ious purposes simultaneously. By their construction, the water discharge in 
winter will be offset in other seasons. The construction works themselves may 
advance the improvement of regional infrastructures which can stimulate other 
activities, such as tourism. 

Present research concentrates on three main areas: small-scale hydro energy 
potential assessment, improvement of existing plants and development of hydro 
power technology. 

BIOMASS 

An estimated 200 PJ per year could be produced from biomass (wood, straw, 
animal dung) in Austria. Research is being done on methods actually used and 
on new technologies. Energy might be derived from energy farming, in particu
lar on soils with marginal yields. 

To determine the use of biomass for energy production in Austria, studies were 
completed on the availability of areas for the production of biomass and on re
lated energy input/output balances. 

Energy from biomass is mostly supplied in a decentralized mode to meet local 
demand. Agriculture andeforestry are not only the main suppliers of biomass, 
they also manage its conversion into useful energy. 

Biomass usually is scattered over large areas. Its harvesting and 
are usually difficult and have not yet been sufficiently examined. 
tive and energy-saving transportation is essential. 

transport 
Cost-effec-

At present, biomass is used in individual stoves and industrial boiler plants. 
The use of biomass as a primary energy source may be considered for commercial 
or industrial plants in a co-generation mode. In many cases, the cost of trans
port is the main economic obstacle to using biomass in centralized energy sup
ply. Therefore, the conversion of wood into gaseous or liquid fuels (methanol, 
wood and gas) is being studied and tested in pilot plants. A number of such 
processes already have been developed (such as automatic burning systems, anaero
bic fermentation of starch and sugar into power alcohol that can be used as 
fuel, or wood gasification). 

The energy yield from a given quantity of biomass depends to a large extent on 
the energy input for its production, harvesting and transportation. Intensive 
exploitation, increase of the yield (by fertilization, irrigation etc.), mecha
nization of harvesting and transport can improve the ratio between energy input 
and output (conversion factor). In the case of combustion, the ratio can be 
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in the order of 4:1. In the case of methanol production from wood, without co
generation, the ratio is 1,28:1 at the present state of technology. 

Forest Biomass 

Wood has the largest potential of all types of biomass available in Austria. 
Fuel wood provides 4,0 percent of the final energy consumption in the country. 
It is used nearly exclusively for small-scale residential space heating. 

The theoretically exploitable forest biomass is estimated at 27.5 million cubic 
meters per year, of which 19 million cubic meters are hardwood, 2,8 million 
cubic meters are stump and root wood and about 5,7 million cubic meters are 
logging residues. However, only about 13,1 million cubic meters annually would 
be available for use as fuel wood, equivalent to a gross energy output of 70,6 
PJ (about 8,1 percent of Austria's energy supply). 

Only 65 percent of the tree mass is used at present. Of the tree components re
maining in the woods, 2,2 million cubic meters is residues (branches and brush 
wood), 0,7 million cubic meters is needles, 3,1 million cubic meters is stump 
and root wood and 0,5 million cubic meters is bark. 

If all reserves were exploited at maximum, forest biomass theoretically could 
countribute 148,7 PJ (gross energy) per year or 17,1 percent of Austria's energy 
consumption in 1975. 

Massive exploitation of forest biomass (wood, bark, branches, brush wood and 
needles) may require additional fertilization under certain conditions. More
over, the extraction of roots from slopes could cause dangerous soil erosion. 

There remains about 2,7 million cubic meters of chopped wood. Realistically, 
1 million cubic meters (about 8 PJ) could be used per annum. 

The larger part of wood used in Austria for industrial purposes is processed 
by milling, cellulose, paper and panel industries. The economic importance of 
wood-based industries limits the use of wood for energy production. However, 
by substituting waste paper for wood as raw material for the production of paper 
and cardboard, about 250.000 cubic meters of wood with an energy potential of 
2 PJ could be used for energy production. 

Other measures, such as optimal choice of trees, shortening crop rotation cycles 
and additional fertilization might contribute to a quantitative increase of up 
to 80 percent by 2000. The cultivation of additional energy forests could pro
vide 20 million cubic meters of firewood per year or 150 PJ per year. 

Straw 

Straw also should be considered a source of energy for heat and even electricity 
production. Only small amounts are used in the building and chemical industries. 
In Austria's grain-growing areas, straw is frequently considered a waste product, 
often burnt on the fields. Straw has a calorific value of about 15 MJ per kilo
gram, one-third of the calorific value of fuel oil. It requires 10 times the 
transportation volume of fuel oil. Its advantage, however, is a sulfur content 
of 0,05 percent, which is much lower than that of coal and oil. 

About 3,5 million tons of straw (about 53 PJ per year) are available in Austria 
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annually. 

In rural areas, if only short transportation is required, straw is the cheapest 
fuel. It is used for heating purposes in hundreds of small facilities. The 
burning of straw in larger heating furnaces presents technical problems (at 
higher temperatures silicate is formed in the furnaces) • 

Grape Marc 

Grape marc is another type of biomass suitable for energy production. More
over, its end product is also a substitute for chemical fertilizers. It is 
estimated that 80.000 tons of wet grape marc become available in Austria an
nually. In the process of anaerobic fermentation of 1 kilogram of press resi
dues (dry marc), 20.000 kJ is released. 

The use of grape marc for heat production is being tested in pilot plants. 

wastes 

Animal dung and the sludge of municipal sewage treatment plants contain an 
energy potential of 24 PJ per year. This potential could be used through bio
gas technology. Although this technology has been known for a long time, tech
nical problems arising have not yet been solved and limit its large-scale ap
plication. Studies are being undertaken to determine the use of residues for 
the production of high-quality fertilizers. 

Bio-Fuel (Power Alcohol) 

Recent energy developments have led to the discussion of an Austrian power 
alcohol program. The study of alternative fuels or additives to conventional 
fuels must focus on the: 

• Availability of raw materials and technologies. 

• Applicability in conventional engines and possible substitution 
of conventional fuels. 

• Economic efficiency of production and distribution. 

The implementation of a power alcohol program could enhance the economic poten
tial of certain regions in agriculture and related sectors. 

The economic production of bio-fuels requires the cultivation of suitable plants 
with high sugar contents and high yields. In Austria, sweet sorghum and sugar 
beet appear to be adequate for this purpose. Calculations have shown that the 
energy balance of ethanol production from biogenous feedstocks is positive, in 
particular if waste products are used as animal fodder and/or fertilizer. 

By adding ethanol to petrol, the carbon monoxide content of exhaust gases can be 
reduced by 20 to 25 percent. 

SOLAR ENERGY 

In Austria the insolation values vary as follows: March to May 450 KWh per 
square meter; June to August 520 KWh per square meter; September to November 
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250 KWh per square meter; December to February up to 160 KWh per square meter. 
The annual global radiation sum is of the order of 1400 KWh per square meter. 

The unfavorable ratio of maximum (June) and minimum (December) irradiation in 
Austria is obvious. Ratios of S:l are possible. In the case of certain appli
cations, such as space heating, energy demand is highest when supply is lowest. 

The daily sums of insolation on cloudless days in summer may be as high as S KWh 
per square meter. 

A large amount of heat is stored, although at temperatures below the level needed 
for practical use, in the environment (ambient heat). The soil temperature 2 
meters below surface is 4°C to 12°C; the temperature of surface water (rivers 
and lakes) may reach 20°C. Groundwater has a more or less constant temperature 
of S°C to 12°C throughout the year. The temperature of the air varies, of course, 
more strongly (mean daily temperatures at 200 meters altitude between -S0 c and 
+20°C) • 

Heat Production 

Solar energy can be used for the production of low-temperature heat (up to 50°C) 
by: 

• Direct conversion of solar energy into heat through collectors -
solar systems. 

• Utilization of the solar energy stored in the environment in the 
form of ambient heat by means of heat pumps -- heat pump systems. 

Under Austrian meteorological conditions the flat-plate collector is applicable 
because it also can absorb diffuse radiation. To improve the thermal efficiency 
by reducing heat losses due to thermal radiation and convection, transparent 
covers (glass or plastic) are placed on the collectors. 

Collectors with transparent covers can be used for residential water heating 
throughout the year. During the summer months, even plastic collectors can be 
used. 

In combination with heat pumps, non-covered collectors can use other sources of 
environmental energy, such as the latent heat contained in the condensation 
water of the air. Accordingly, those collectors perform the additional func
tion of heat exchangers for energy sources contained in the air, and they most 
likely can be successfully used in conjunction with heat pump systems. 

At present, solar systems in Austria are used mainly for residential water heat
ing as well as for swimming pool heating and the combination thereof. In the 
case of space heating by means of solar and/or heat pump systems, high demands 
are placed upon the heat insulation of the building and the heat distribution 
system (low-temperature heating system) . Several concepts are being tested, 
with special attention given to their cost-effectiveness. 

The thermal energy output of a solar system depends to a large extent on inso
lation, ambient air temperature and the working temperature of the collector 
system. The latter always will be kept as low as possible -- in the case of a 
swimming pool below 30°C and in the case of residential water heating below 50°C. 
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Under these conditions, about 25 to 30 percent of incident solar energy can be 
converted into useful energy. Thus about 300 to 350 KWh of the total incident 
radiation of 900 to 1.400 KWh per square meter of collector area a year can be 
used in the form of low-temperature heat (300 to 350 KWh per square meter an
nually). These figures are confirmed by measurements taken at Austrian solar 
energy test stations operated on behalf of the Austrian Federal Ministry for 
Science and Research. 

The conventional energy savings resulting from the use of solar heating systems 
can be determined by the so-called energy analysis where all energy inputs and 
outputs are calculated. Energy input comprises the energy needed for the manu
facture of the equipment and the plant itself, as well as the energy required 
for transport. Energy output (low-temperature heat) depends on the thermal ef
ficiency of a collector, which, in turn, can be determined by using the con
version factor and the heat loss factor of a collector. The energetic amorti
zation period for a solar collector manufactured and used in Austria is calcu
lated at two to four years. 

The heat pump makes use of the heat stored in the environment (groundwater, air 
and soil) and of various waste waters. Its use reduces the primary energy re
quirements for heat production and lessens the dependence on liquid hydrocarbons. 

High-quality energy (electricity, diesel fuel and natural gas) is required for 
the operation of heat pumps. The conservation of primary energy by using heat 
pumps for heat production depends on: 

• COnversion losses in the process of the production of energy re
quired for the operation of the heat pump (electricity, diesel 
fuel and natural gas). 

• The coefficient of performance (COP) of the heat pump. 

The COP (which has to be higher than 1) will determine the energy saved by an 
electrically operated heat pump compared to electric heating (direct heating or 
boiler heating) • If compared to an oil- and gas-fired central heating system, 
the COP would have to be at least 2. The average COP of heat pumps is of the 
order of 2,3 to 3,3. The fact that in Austria part of the electricity is gener
ated by hydro power plants even during the winter months facilitates the saving 
of primary energy by using electrically operated heat pumps. 

Gas- or diesel oil-operated heat pumps can save even more primary energy than 
electrically operated heat pumps because they can utilize the energy contained 
in the cooling water of the engine and in the exhaust heat. 

The application of heat pumps for space heating is being examined both in demon
strations and practice. Only in particularly favorable cases will it be possible 
to use groundwater as a source of heat, especially because possible negative 
effects on the recovery of drinking water have to be taken into account. In 
Austria, the use of ground or surface water requires official authorization. 

For heat pumps the loamy, hydrous soil is a good heat-extraction medium. It can 
be heated up, if necessary (in layers more than 2 meters below the surface), by 
solar collectors or waste heat from space and residential water heating. 

The use of solar and heat pump systems is increasing in Austria. Until the end 
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of 1980, about 64.000 square meters of collector area were installed, 62 per
cent for residential water heating, 18 percent for swimming pool heating and 
18 percent in combined systems _(residential water and swimming pool heating). 
At present, only about 2 percent of the solar systems are used for space heating. 

By the end of 1980, 5.800 electrically operated heat pump systems were in oper
ation, 73 percent of which with a thermal power capacity of up to 15 KW. Gas 
or diesel-operated heat pumps with capacities of more than 50 KW are only used 
in pilot systems. 

Some figures may illustrate the increasing manufacturing capacity of the 
Austrian solar industry. At present, about 56.900 square meters of collector 
area is produced in Austria annually, 64 percent of which is exported. In 1980, 
8.100 heat pumps were manufactured. 

Solar systems for the production of low-temperature heat use solar energy di
rectly -- solar energy is converted into heat in the collector and from there 
supplied to the consumer. Heat pumps, in contrast, use solar heat stored in 
the environment which is re-heated by solar energy. Thus, the use of solar 
energy and ambient heat can reduce the demand for commercial energy, in par
ticular in the area of space heating. Furthermore, solar energy can be used 
by the introduction of passive solar systems. 

It is estimated that 3 to 5 percent of total primary energy demand in Austria 
can be saved up to the year 2000, if the application of solar and heat pump 
technologies further increases. Statistically, the reduced consumption of 
commercial energy is indicative of the contribution of solar energy (including 
passive solar energy systems and the use of ambient heat) to the energy supply. 

Electricity Generation 

In view of the particular geographical and meteorological conditions prevailing 
in the Alpine regions, studies have been undertaken to examine the feasibility 
of installing combined solar-hydraulic systems for electricity generation in 
Austria. The areas required for the large-scale utilization of solar thermal 
power plants are available in Austria, mostly outside agricultural production 
areas. However, adequate high altitude locations with good meteorological con
ditions, particularly in winter, are limited in number. There are about 16 
locations with a potential of BOO MW. 

In Austria, solar thermal power plants could operate only 1.100 hours per year 
(conventional power plants: 4.000 to 6.000 hours per year). 

For thermal and economic reasons, solar thermal power plants designed for cen
tralized energy supply need to be in the megawatt range. Capital requirements 
are high; it is, therefore, essential to carry out comprehensive studies re
garding the entire system as well as the sub-systems and the components in re
lation to specific sites. 

A heliostat for the Central Receiver System (CRS) has been developed with 
special attention to the meteorological conditions in the Alpine regions, and 
it is now being tested. 

Research is also being undertaken in Austria on the development and testing of 
photovoltaic systems, using silicon, cadmium sulfide or cadmium telluride solar 
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cells. Technologies for the manufacture of thin layers are considered to be of 
particular importance. 

Economic electricity generation by solar thermal or solar electric power plants 
is not expected before the year 2000 in Austria. 

WIND ENERGY 

Wind energy has already been sporadically used for electricity generation, 
especially in remote areas not connected to the national grid. 

The technical wind energy potential in Austria is estimated at about 40 TWh per 
year. Only areas with wind velocities above 5 meters per second occurring with 
the required frequency are considered for exploitation. 

The development of wind energy systems in Austria concentrates on nominal capa
city ranges less than 150 KW which can be subdivided as follows: 

• Minimum-capacity units (less than 10 KW). 
• Low-capacity units (up to 30 KW). 
• Medium-capacity units (up to 150 KW). 

Two types of systems are being developed -- the high-capacity propeller system 
(with two blades) and the Darrieux system (with two blades). 

The systems have the following characteristics: 

• Simple systems for local construction in countries with weak 
capability in energy technology. 

• Optimized high capacity units of high technology requiring 
little maintenance, suited for countries with sufficient ser
vice structure. These devices are designed in particular for 
use in areas connected to the national grid. They can be 
used for heating and for pumps as well as for frequency
stabilized electricity generation. 

Combinations of wind energy systems with solar, heat pump and conventional 
energy supply systems appear to be of particular interest. 

Measurements have shown that the correct choice of tower height is of particular 
importance. Choosing the wrong height may cause efficiency losses. For rapid 
determination of the gradient at the planned site, a transportable measurement 
tower is being developed. 

Equipment and devices ready for commercialization will cost in the range of 
AS 12.000 per installed kilowatt. Such facilities can be amortized in areas 
with a wind velocity of 7 to 8 meters per second within two to six years, in 
areas with an average of 9 to 11 meters per second even sooner. 

Already today, wind energy units installed in remote areas are operating econo
mically. 

GEOTHERMAL ENERGY 

In Austria, geological conditions for geothermal anomalies exist in very limited 
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areas only, such as in the basin of South Styria, in Burgenland, in the molasse 
areas of Upper Austria, Salzburg and the Rhine valley in vorarlberg. Their 
utilization is being examined in pilot facilities. 

According to the present state of geological knowledge, no steam from geother
mal sources can be expected in Austria. Also hot and dry rock can be located 
in Austria in great depths only. Prohibitive costs hamper their utilization. 

As it stands today, no major contribution is expected from this source to the 
Austrian energy supply. 

ENERGY POLICY AND RESEARCH 

The Institutional System 

Austria is a federal state. The federal government (Bund) and the federal 
provinces (Lander), within their respective fields of competence, are respon
sible for energy matters including research and development. 

At the federal level, federal ministries are responsible for energy matters, in
cluding research and development, with respect to their specific areas of activ
ity. 

Matters of energy policy are handled by the Federal Ministry for Trade, Commerce 
and Industry. 

The responsibility for the coordination of energy research and development at 
the federal level rests with the Federal Ministry for Science and Research. 

By a federal law enacted by Parliament in 1979 the federal government is obliged 
to submit to the Austrian National Assembly (Nationalrat) a comprehensive an
nual report on energy policy (Energiebericht der Bundesregierung) as well as a 
report on the state-of-the-art and on the objectives of research and development 
in Austria (Osterreichischer Forschungsbericht) • 

Goals and Principles of Energy Policy 

To secure Austria's energy supply and to minimize negative impacts on the 
economy and on the environment, the energy policy and research in Austria are 
aimed at: 

• Optimizing the exploration for and the use of domestic re
sources of energy, in particular by further exploitation of 
hydro power, and new sources of energy or those rarely used 
up to now, such as biomass, solar and geothermal energy. 

• Substituting hydrocarbons as far as possible. 

• Reducing energy consumption through more efficient energy use. 

• Securing the necessary energy imports by diversifying sup
plier countries and energy sources. 

The energy policy of the federal government emphasizes the exploration for oil, 
natural gas and coal deposits, and in particular the expansion of both large-
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and small-scale hydro power. The power plant expansion program provides for 
the continuous expansion of hydro power. Besides the construction of large
and medium-size plants, particular attention is given to the expansion of small 
hydro power plants. As such small plants have considerable potential for future 
energy supply, a number of measures have been taken for their promotion, such as 
tax reductions, loans and interest allowances. 

These and other actions are part of the package of measures approved by the 
federal government in July 1979 and supplemented by a timetable. Later a com
prehensive and further improved catalogue of measures was published in the 
1980 federal government report on energy policy and adopted by the Austrian 
National Assembly. 

Goals and Principles of Energy Research 

The objective of the Austrian Concept of Energy Research is to ensure that work 
sponsored from public funds is in conformity with the goals of Austria's energy 
policy and takes into consideration concerns of the economic and research policy, 
including environmental factors. Austria's Concept of Energy Research was first 
established in 1974 and is being updated periodically. 

As founding member of the International Energy Agency (IEA) , Austria has ac
cepted responsibility for promoting energy policy and research in accordance 
with other IEA member countries. Austria's Concept of Energy Research was re
viewed in 1980 in the light of the energy research, development and demonstra
tion strategies presented by the IEA in early 1980. 

The federal ministries have continuously increased their expenditures for 
energy research; in 1975, these amounted to AS 10,0 million, in 1980 to AS 74,4 
million. 

The federal funding (federal ministries, universities, research institutes and 
research promotion funds) for energy research projects came to AS 374,5 million 
in 1980. 

The Industrial Research Promotion Fund has increased its allocations for energy 
research in industry from AS 38,35 million in 1977 to AS 114,10 million in 1980. 
In addition, industry used AS 222,17 million of its research budget for energy 
in 1980. 

In addition to financial support, appropriate legislative measures often are 
required to accomplish the objectives of research programs. 

The exploration and use of new and renewable sources of energy may create some 
new legal problems as well. From the point of view of civil and public law, a 
recently conducted study examined controversial situations arising in connection 
with the application of commercialized solar and wind energy devices. Possible 
solutions were elaborated and proposals for new regulations made. 

Special Measures for the Promotion of Solar and Heat Pump Technologies 

If their application meets specific energy policy requirements, solar and heat 
pump systems qualify for tax advantages as energy saving investments. 

Even under the meteorological conditions of Austria, appropriately designed 
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solar and heat pump systems can reduce the demand for conventional energy (in
cluding oil, gas, coal and electricity). This has been demonstrated by examina
tion of selected plants and by the experience gained since 1974 with solar and 
heat pump systems operated within the framework of the Austrian Measuring Network 
for the Practical Use of Solar Energy. 

Standards for solar collectors and heat pumps already are available in Austria. 
Guidelines and recommendations for planning, design and operation of solar and 
heat pump systems have been elaborated by the Austrian Solar and Space Agency 
(ASSA) based on results gained with existing facilities. 

Reliability, cost-effectiveness, serial production of parts and components, and 
better information on technologies are preconditions of using new and renewable 
sources of energy. Appropriate documentation, teaching and demonstration ma
terials have been elaborated in Austria, in order to provide information to all 
interested and to promote the use of solar systems, heat pumps and similar sys
tems. 

The introduction of new technologies requires good training of technical man
power. For this purpose, seminars are held at regular intervals, dealing with 
the planning, design and operation of solar and heat pump systems. Between 1977 
and 1980, more than 130 seminars were held in Austria on this subject. 
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TABLE 1. ENERGY SUPPLY AND CONSUMPTION 1973-1980 

Supply I Consumption 

I in PJ (1 PJ =" 10" J) 

Imports Conversion Supply Domestic of primary 
to Year primary and Total') 

I 
end energy secondary Input Output users 2) energy 

1973 357,536 587,127 903,658 735,085 591.289 703,039 
1974 356,050 573,868 891,378 713,908 575,714 696,014 
1975 354,69\ 533,500 867,269 689,740 548,208 668,911 
1976 325,180 631,378 905,112 7j6,351 591.526 711.210 
1977 347,271 605,843 872,681 706,fil0 594,071 695,057 
1978 352,535 665,713 906,501 751,455 639.973 718,271 
1979 361,426 711,375 947,81'/ 799,480 689,766 765,748 
1980 343,383 721,510 943,398 790,609 683,848 761,075 

') Domestic gross energy supply after deduction of energy exports and con
sumptiOn as well as losses and changes in the stocks of energy producers. 
2) After deduction of non-energetic consumption and taking into consideration 
the recorded changes in the stocks of energy consumers. 

TABLE 2. ENERGY SUPPLIED TO FINAL USERS BY ENERGY SOURCES 1973-1980 
(in %) 

Liquid 
Solid petro-

Gaseous Electrical 
Other 

Year mineral leum- fuels Firewood energy 
fuels based 

energy sources 
fuels 

1973 13,58 54,49 13,27 13.25 3,68 1,73 
1974 14,10 51,86 14,96 13,95 3,56 1,57 
1975 13,19 52,43 14,56 14.31 3,69 1.82 
1976 12,54 51,00 16,48 14,59 3,52 1.87 
1977 11,64 52,18 15,19 15,44 3,66 1.89 
1978 11,12 50,89 16,09 15,58 4,15 2,17 
1979 12,36 50,57 15.32 15,03 3,68 3,04 
1980 11.86 49,26 16,17 15,70 3,90 3,11 

TABLE 3. ENERGY CONSUMPTION BY ECONOMIC SECTORS 
(in %) 

Area of consumption 1977 1978 1979 

Transport 24,4 23,5 24,0 
Residential uses 24,9 26,0 

41,7 Other small-scale uses 12,9 13,0 
Industry 37,8 37,5 34,3 

Consumption by final users 100,0 100,0 100,0 
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TABLE 4 o GRCWTH RATES OF ENERGY CONSUMPTION 

1978/1985 I 1985/1990 
Area of consumption 

Annuall·hangc~ in "'u 

Total energy consumption + 2,7 + 2.2 
Energy consumed by final users + 2,9 + 2.2 

Conversion + 2.R +1.7 
Indu,try + 2.3 +1.5 
Tran~port + 2.4 +1.5 
Small consumers 

(residential and other small-scale uses) + 3,5 + 3.0 

Con~umption 
Fuel 01! (mcluding gas oil for heating purpose~) + 3,0 0.0 
Petrol + 2.4 + 1.5 
Electricity + 4.6 + 3.6 

(Austrian ln~tltute for Economic Rc.,earch, April 1980) 

TABLE 5o PATTERNS OF PRIMARY ENERGY CONSUMPTION* 

1976 I 1978 I 1985 I 1990 
Sources 
of energy 

Actual I Foreca't 

I In PJ 

Coal 163,160 139,567 195,151 204.054 
Oil 476.364 500,341 597.233 618.162 
Ga~ 172.483 11'!2.617 190,413 2ol.818 
Other energy sources 30.246 32,050 34.564 36.870 
Hydropower 85.121 102,839 140,799 172,929 

TOTAL I 927,375 I 957,414 I 1.158,160 I I 293.833 

I Share~ in % 

Coal 17.6 14.6 16.8 15.R 
Oil 51,4 52,3 51,7 47.8 
Gas 1R,6 19.1 16.4 20.2 
Other energy source~ 3.2 3.3 3.0 2.8 
Hydropower 9,2 10,7 12.1 13.4 

TOTAL I 100,0 I 100.0 I 100,0 I 100.0 

(Austnan ln~tltute for Economic Re\earch, Apnl 1980) 

0
) lndigenou~ productiOn plus Import mmu~ ~lock change~ (producer,· and con

sumers'- if a vall able) mmu\ export. 
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TABLE 6. ANNUAL PRODUCTION OF FOREST BIOMASS, QUANTITIES THEORETICALLY 
AVAILABLE FOR ENERGY PRODUCTION AND SHARE IN AUSTRIA'S 

ENERGY CONSUMPTION OF 1975 (ESTIMATES) 

Quant1tie~ 
Potent1al 

Form '>hare in 
of Annual the01 etically Gross Au~tna's 

available for b10- production energy energy 
n1a"'"'"' 

energy con.,umption production of 1975 

I in million cubic meter~ I in PJ I in% 

I 13,3 1,4 7,56 0.87 
2 1.3 1,0 5,40 O.ll2 
3 3, I 3.1 Jll.56 1.91 
4 5,7 4.0 2 I .tlO 2.49 
5 2.8 2,0 10.80 1,24 
6 2,6 l,tl 8.M 1,00 

I 3,1 70,56 8,13 

•) I hardwood Jogged per year, 2 = portion ~f hark of the wood Jogged per 
} ear, 3 = port1on of branche~. brushwood and necJJc~ of the wood logged per 
} ear. 4 = '>oft wood re~erve (bark), 5 stump- and root wood utilized per year, 
6 = portwn of branches, bru~hwood and needles of the softwood re~erve. 
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TABLE 7. SOLAR AND HEAT PUMP SYSTEMS IN AUSTRIA 

SOLAR SYSTEMS 

COLLECTOR PRODUCTION 56.900 m 2 (19RO) 
EXPORT 36.400 m' (1980) 
IMPORT 2.600 m2 (1980) 

INSTALLED SOLAR SYSTEMS 1980 AUSTRIA EXPORT 
DOI\IEST1C WATER HEATING (DH) 850 1.970 
SWII\fi\IING POOL HEATING (SH) 240 530 
COI\IBINATION SH + DH 250 530 
SPACE HEATING 30 -

TOTAL 1.370 3.030 

11'\ST:\LLED COLLECTOR AREA IN AUSTRIA 
YFAR 1975 1976 1977 1978 1979 1980 
m'/year 100 2 200 3 500 7.000 27.800 23.100 
TOrALm 2 100 2 300 5.800 12 800 40.600 63.700 

t\ PPLIC A TIONS 1975-1979 1980 
DOI\IFSTIC WATER HEATING (DH) 43% 62°/o 
SWII\11\fJNG-POOL HEATING (SH) 36"/o 18% 
COMBINATION SH + DH 18°/o 18°/o 
SP,\CE HEATING )O/o 2% 

DIS'I RIBUTION OF SYSTEMS BY COLLECTOR AREA 
1975-1979 1980 

< 10m2 24"/o 48°/o 
10 to 30m 2 57°/o 32% 
30 to 70m2 13% 13"/o 

:'>70m 2 6"/o 7°/o 

HEAT PUMP SYSTEMS 

HEAT PUMP PRODUCTION (1980) 8 100 
EXPORT 3.500 (43"/o) 

INSTALLED HEAT PUMP-SYSTEMS 
1975 1976 1977 1978 1979 1980 

'I r -\R 10 30 60 300 800 4.600 
TOT·\L 10 40 100 400 1.200 5.800 

APPLICATIONS: DOMFSTIC WATER HEATING 55°.'o 
SWII\IMING-POOL HEATING 5°/o 
SPACE HEATING 30"/o 
COMBINATION 10° 'o 

DIS I RIRUTION OF SYSTEMS BY HEAT SOURCES 
AIR 80"/o 
WATER 19".'o 
GROUND 1° 'o 

DIS rRIBUTION OF SYSTEMS BY THERMAL POWER OUTPUT 
<, 3 J..W 3-7kW 7-15 kW 15-30J..W > 30 kW 

42 11 'o 13".'u 21° II 17"/o 7°.'o 
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FIGURE 1· ENERGY SITUATION IN AUSTRIA: 
ENERGY SUPPLY AND ENERGY SOURCES 
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INTRODUCTION 

Cana~a, compare~ to most countries, is well endowed with energy resources. It 
is, in fact, a net exporter of energy. However, it is in no sense insulated 
from the energy concerns which affect the rest of the world because, like most 
countries, Canada imports oil. About 43 percent of Canada's primary energy 
consumption is oil, of which one-quarter (qross) is imported. Net imports of 
oil currently are about 140,000 barrels per nay. 

Prior to the international oil price increases and avnilability problems of 
1979-1980, this import dependence was expected to grow as domestic production 
from conventional oil reserves fell, with net imports reaching some 600,000 
barrels a day by the mid-1980s. This would he counterbalanced by increasing 
exports of natural gas, electricity and coal. 

Canadian energy nolicy now centers on the reduction of this import dependence 
through the development of indigenous resources (natural qas, coal, nuclear 
fuels, unconventional oil and renewable energy), substitution of other energy 
forms, inclu<iing renewahles and wastes, for oil consumption wherever possible, 
ann reduction of demand through improved efficiency and conservation. The 
overall aim is to eliminate oil imports by 1990, reducing oil consumption to 
only 10 percent of enerqv demand in each of the econcrnic sectors, with the 
exception of transportation. Oil will then represent 27 percent of total 
consumption, rather than the present 43 percent. Many nf'M programs of incen
tives and regulation are beinq put in place to achieve these objectives by 
both federal and provincial governments, including a number concerning new and 
renewable energy. Conventional hydroelectric generation currently supplies 
more than 60 percent of Canada's electricity (about 24 percent of its total 
primary energy). With this exception, renewable energy is not expected to 
make contribution in the next decade. However, it is seen as the key to a 
stable long-term energY future. Government programs are encouraging this 
long-term development of renewahle and alternative energy with research and 
development assistance, demonstrations, industrial support and market stimula
tion. Zl.s the prices of other forms are allowed to rise, the economic competi
tiveness of various renewable applications will continue to improve. 

In terms of its energy consumption, Canada is also in many ways a unique 
country. It is one of the highest users of energy per capita in the world due 
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in part to its climate, long tr~qsportation distances and dispersed popula
tion, and its energy-intensive industrial structure based on its indiqeneaus 
natural resources. Canadian patterns of energy use are changing to incorpo
rate conservation and substitution, and expertise is being developed in areas 
of special concern to Canad~, such as consenra tion in the forest-based indus
tries and new sources of fluid fuels. In the near term, and probably to the 
end of this century, conservation is li"'<ely to play a bigger role than most 
renewable energy sources in contributing to energy self-sufficiency in Canada. 

The diversified resource base and the geographic and social structure of the 
country have ensured the development of special Canadian expertise in many 
specialized aspects of new and renewable resource production and use. Trans
fer of this experience constitutes the main contribution Canada can make to 
the developing countries. For example, Canada has experience and expertise in 
such areas as energy planning and systems development, engineering and design 
for unique applications, transmission and transportation techniques, remote 
community applications, development of hydro resources, forest management and 
use of biomass in forest innustries. 

In Canana, the energy scene is complicated by the bala~ce of powers between 
federal and provincial governments. The provinces have ownership and control 
of resources within their borders, and also have jurisdiction over many of the 
activities involving energy demand. They make a substantial contribution to 
the funding of research and development associated with energy projects. The 
ubiqui taus and non-depletable nature of most renewable energy sources rreans 
that both levels of government can be, and are, involved in the encouragement 
of their promotion and exploitation, often with overlapping or joint activi
ties. Many provinces, such as British Columbia, are just now establishing the 
details of a renewable energy strategy which will cover the elements of re
source assessment, nevelopment and demonstration, followed by eventual com
mercialization of appropriate technolo~es. Others, such as Quebec (as early 
as 1978), have established a renewable energy strategy and are implementing 
policies promoting the development and the use of new and renewable energy 
sources. 

However, in cases where resources are localized in specific areas of the 
country, policies may differ in perspective among provincial governments and 
between federal and provincial governments. At the present time, for example, 
niscussions and negotiations are continuing between the federal and western 
provincial governments on revenue distribution and other issues related to tar 
sands development, and the final outcomes in terms of resource availability 
and pricing are still unclear. 

NFW AND RENEWABLE ENBRGY IN CANADA 

Canadian government interest in renewable energy was demonstrated in 1974 with 
tl-)e establishment of a program of renewable energy research ann development. 
A further major initiative in 1978 launched several new programs oriented 
toward industrial development in the area. More recently, the 1980 National 
Energy Program emphasized the future role of renewable energy sources in 
providing for a stable and independent future. The following passage from the 
National Energy Program illustrates this perspective: 

"Canada is well endoweo with nonrenewable resources that 
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can provide a bridge into a future where Canadians use 
less enerqy in their daily lives, and renewable energy 
plays a much larger role. Renewable energy in the form 
of hydroelectricity already contributed 24 percent of 
Canada's energy. Other renewables contribute a share 
approximatelv equal to that of nuclear power... The 
realities of the energy future indicate the wisdom of 
accelerated efforts to develop new and renewable energy 
forms, to stand beside hydroelectricity as the basis for 
a sustained, clean, and economically viable energy 
structure. 

The National Energy Program envisages a much greater 
role for renewable energy. The government of Canada 
believes that economic realities now favor a range of 
renewable energy options. The National Energy Program 
will provide further incentives to the commercial use of 
these resources, both within the comprehensive off-oil 
effort already described, and in the form of special new 
or enriched programs. It will also provide increased 
funds for research, development and demonstrA-tion of 
renewable energy." 

This encouragement of renewable energy options, and conservation is echoed 
also in the policies of most of the provincial governments of Canada, and 
jointly funded demonstration projects exist across the country. 

Currently, aside from the supply of conventional (large-scale) hydroelectric
ity, renewahle energy supplies about 3 to 3.5 percent of Canada's total energy 
needs -- almost entirely from biomass. Under the National Energy Program, 
this contribution should double by the year 1990 to about 6 percent, and 
triple by the end of the century, with a large proportion from biomass. (The 
true size of the renewable energy contribution is difficult to assess because 
a great deal does not enter conventional markets and thus is excluded from 
enerqy statistics.) 

The most important provision of the National Energy Program specific to renew
able energy is the establishment of Canertech, a new Cananian alternative 
energy corporation, restricted to renewable energy and conservation technol
ogy. This crown corporation, with initial funding of $20 million, will focus 
on supporting commercial production of these technologies, and reinforcing the 
work of Canadian businesses in this field by joint ventures, equity invest
ments and other assistance. It also may carry out research, development and 
demonstration. 

In addition, the off-oil incentives of the energy program (the Canadian Oil 
Substitution Program) are neutral as to the substituted energy form, and 
conversion to renewable energy will qualify. Under the substitution oroqram, 
a grant is available to consumers (businesses and homeowners) for conversion 
from oil to gas, electricity (in some cases), and renewable or other resources, 
of 50 percent of the cost to a maximum grant of $800. This grant can be used 
for the installation of wood-burninq appliances or for solar heating, ~.mere 

they substitute for oil. Financial support also is promised for the expansion 
of distribution systems (gas and electricity in some cases) to facilitate 
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conversion, and this will be applicable to special off-oil projects in remote 
communities and possibly some elements of wood supply infrastructure. 

Anot~er general, and very successful, program available across the country for 
the encouragement of renewable energy development is the joint feneral provin
cial program of agreements to demonstrate, on a cost-shared basis, a wide 
range of new technologies for renewable energy and conservation. Total ex
penditures are expected to be $300 million over the 1978-1983 period ($113 
million is the federal share). It is hoped that these demonstrations will 
accelerate the introduction, on a commercial basis, of technoloqies close to 
economic readiness. A number of these demonstrations are described in the 
following sections on specific renewable energy sources. 

Oil Sands and Heavy Oils 

The oil sands and heavy oils of the Canadian provinces of Alberta and 
Saskatchewan are among the world's largest known deposits of petroleum 
hydrocarbons. ~e oil sands cover a total area of more than 53,000 square 
ldlometers in the north of Alberta, with the four JTain deposits containing 
about 150 billion cubic meters of crude hi tumen. It has been estimated that, 
with favorable developments of technology, the whole area may yield 13 billion 
to 31 billion cubic meters of synthetic crude oil, but development so far has 
shown that its extraction will be slow, difficult and costly. Too fast a 
growth rate in oil sands extrr:~.ction could put consitierable pressure on t~e 
technical, financial anti labor resources of the country. Exploitation of the 
heavy oils of western Saskatchewan and eastern Alberta, where there is as much 
as 5 billion cubic meters in sandstone deposits 300 to 600 meters below the 
sur""'r:~.ce, will riepend on developments in enhancecl recovery techniques ann. 
agreements on pricing palicies. 

Increasing worlcl ann. domestic prices for conventional petroleum are making the 
larqe-scale production and upgrr:t<iing of these resou:r-ces more likely, and with 
rieclining producibility from conventional wells, Canada will rely on its heavy 
oils ann. oil sands to contribute to the goal of self -sufficiency in oil by 
1990. The National Energy Proqram recognizes the need for incentives for the 
exploration of frontier and offshore regions and the exploitation of high cost 
oil, which may not be economical at current nomestic prices, and pricing 
schemes and other incentive mechanisms are under discussion with the pro
vinces. 

Two oil sands plants are in operation in Canada (with capacities of 50,000 and 
125,000 barrels of synthetic crude per day), and several more are planned. 
T~e two companies use surface mining methons of different types, and the hot 
water extraction process. High environmental standards will he met, including 
re-lanriscar>ing anrl treatment of the water before returning it to the Athabasca 
River. 

Because of the vast potential of its own resources, Canada has made a contri
bution to world technology development in this area and is gaining valuable 
practical experience from its operating plants. Research and development are 
continuinq in all areas of recovery and UPgrading, inclur'linq in situ mining 
processes, improved flotation processes, improved and more efficient refining, 
and the reduction of coke and sulfur production. Consi1erable basic exPeri
ence is available on resource chr:~.racterization, including exploration and 
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sampling, research on the physical properties of oil sands and crude hi tumen, 
and the classification and dissemination of information. 

With the two plants no\'1 in operation, and rrore proposeci, Canadian firms are 
showing an increased ability to supply equipment and engineering requirements. 
However, most of the large anci rrore sophisticated equipment, some of which 
requires exotic alloys that are unavailable domestically, is still imported. 
In many cases, only a handful of foreign companies service the global market. 
Canadian engineering services will likely assume particular importance in 
servicing overseas requirements, but the countries to which such expertise 
might be supplieci are limited. Major accumulations of oil sancis and extra 
heavy oils are limited to nine countries of the world: Canada, the United 
States, Venezuela, Trinidad, Colombia, Madaqascar, A.lhania, Romania ann the 
Soviet Union, with more than 95 percent in the first three mentioned. Re
search and test-scale developments are in progress in the United States, the 
Soviet Union, Albania anci Venezuela. 

Much of Canada's production of heavy oils (currently production runs at about 
15 percent of total crucie oil, or about 220,000 barrels per day) has been 
exported to the United States. 'The major domestic market traditionally has 
been the asphalt industry. However, research and development now are concen
trating on future production and upqrading for domestic use. Tertiary methods 
of recovery, which it is hoped will eventually allow yields well above the 10 
percent that is ohtainen by waterflooding, ann new upqrading methods are under 
intensive investigation (incluning experimental pilot projects). A consider
able amount of government assistance is available for this purpose, through 
federal-provincial agreements, and through the national oil company, Petro
Canada. A. deciicated heavy oil upqradinq plant is likely to be constructed 
soon in Saskatchewan, and possibly in Alberta. 

In addition to the heavy oils, it is hoped that enhanced recovery techniques 
now under development will allow greater yields to be obtained from the con
ventional oil fields of western Canada. 

In 1975, the government of Alberta set up the Alberta Oil Sands Technology and 
Research Authority which has represented a center for research and development 
funning, technology assessment and information transfer in the areas of oil 
sands and heavy oils. The main objectives of the Authority's program are to 
work with petroleum companies to field-test advanced technologies, and to 
harness the various research capabilities of Canada in the search for new 
concepts for the recovery and upgrading of bitumen and heavy oils. 

The Authority is actively pursuing opportunities for international cooperative 
programs of technology development including the exchange and training of 
personnel, technology transfer, and the provision of assitance for resource 
evaluation. With the United States and Venezuela, Alberta is a founding 
member of a worlci information center on oil sand and heavy oil technology. 

Oil Shales 

Although Canada does possess substantial oil shale deposits, these resources 
are of low quality, anci interest has centered on the more promising anci eco
nomic opportunities for liquid fuels in heavy oil upgrading, oil sands, and 
coal liquefaction. Oil shale development is unlikely in Canada in the fore-
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seeable future, alt~ough there is some significant activity in t~e resource 
eva.luation area. This expertise, together with Canadian mining and oil up
grading expertise, would be transferable to oil shale development in other 
countries. 

~lternative Liquid Fuels 

Liquid fuels are of particular importance to Canada, because this is the one 
fuel Canada does not produce in sufficient quantity to meet domestic needs 
(other fuels are in surplus supply), and because of convenience for transpor
tation, which for a country the size of Canada is a large element in energy 
demand. 

Opportunities for new fuel products and new sources of liquid fuels, such as 
gas, coal, wood and qarbage, are therefore being pursued aggressively. 

Canada has a large resource base of coal and is actively developing liquefac
tion options. In addition, propane is produced in Canada, mainly in the west 
(105, 000 barrels per day). While transportation facilities eastward re;:ruire 
expansion, demonstration and financial incentive programs by federal and some 
provincial governments are beginning, to increase consumer acceptance of this 
fuel particularly for fleet motor vehicles. 

Conventional Hydroelectricity 

Canada is one of the foremost countries in the world in hydro development: 
hydroelectricity supplies about 24 percent of present total primary energy and 
constitutes more than 60 percent of total electrical production. The pro
vinces of British Columbia, Manitoba and ~lebec rely almost entirely on hydro 
power, while hydro supplies more than half of the electricity in Ontario and 
the ~tlantic provinces. Only the two prairie provinces of Alberta and Sas
katchewan rely primarily on other sources of electricity (mainly coal). 
Electrical consumption is expected to rise by some 20 percent over the next 10 
years as oil substitution programs take effect. A number of conventional 
hydro sites remain unexploited in British Columbia, Manitoba, ~ebec and 
Newfoundland, and could contribute to this growth. The Government of Canada 
is encouraging such developments and, through the formation of the Lower 
Churchill Development Corporation is actively participating with the govern
ment of Newfoundland in the future development of some 2,300 MW of capacity in 
Labrador. 

Generation facilities in Canada ranqe in size up to the 5,000 MW Churchill 
Falls project in Labrador, and the 10,200 MW James Bay development in ~ebec. 
Many projects are in isolated locations, rlistant from population centers, so 
that ~anadian expertise has developed in remote control techniques and sophis
ticated load forecasting, grid integration and transmission technology, as 
well as in the development and manufacture of distribution systems designed to 
serve a wide variety of customers. Canadian firms and utilities (mainly 
provincially owned) have participated in hydro power development schemes in 
more than 30 countries, supplying generation and contt"ol equipment of their 
own design and manufacture, providing power planning and market analysis 
assistance, hydrological surveys and site feasibility studies, and offering 
support and training services for local personnel. Canada (Manitoba and 
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Quebec) is recoqnized as a le~der in transmission li~e technology, particular
ly very high voltage transmission. 

Small-Scale Hydro 

There are relatively few smaller hydro sites (under 10 MW) operating in Canada 
today, and still fewer in the mini- and micro-hydro ranges (under 1 MW). 
~owever, rising fuel prices have spawned a number of studies of the power 
potential of small rivers in Canada, and preliminary estimates suggest that 
the potential may be more than 67,000 MW installed capacity. The most promis
ing locations are in remote, off-grid areas where small hydro can substitute 
for local diesel generation (flying in the diesel fue 1 greatly increases its 
costs). A survey of British Columbia indicates that more than 50 percent of 
diesel-fired generation could he displaced in that province, saving (directly) 
about 250,000 barrels of fuel per year. 

Some provincial utilities already are planning or installing small schemes, 
industrial firms are undertaking research and development to reduce equipment 
costs, and qovernment-funded demonstration projects are being built to prove 
concepts and confirm performance: for example, a joint federal-provincial 425 
KW demonstration is currently operating in Newfoundland, and a 150 KW unit in 
Ontario, and four federal-provincial high-head demonstrations ranqing from 30 
KW to 100 KW are underway in British Columbia. Most components are available 
from domestic manufacturers, and several Canadian firms report invol verrent in 
designing or installing small hydro facilities overseas. One firm has devel
oped a prefabricated mini-hydro package which can be easily transported, and 

installed at a remote site with minimal preparation and skilled lahar, and 
others are involved in the development and demonstration of micro-hydro units 
in the 5 to 50 KW range. 

For domestic sites, perhaps half would be technically and economically feas
ible for development at current diesel prices (based on a survey of British 
Columbia), and consideration is being given to government incentives under the 
oil substitution program. Equipment for sites of less than 15 MW capacity 
already is classified in a category allowing a fast (two-year) tax write-
off. In addition, a national inventory of sites is being prepared, and a 
Guidance Hanual on survey procedures for feasibility studies of small hydro in 
remote communities has been produced by Canadian consulting firms with federal 
ann provincial funcling. 

Geothermal Energy 

Canada has considerable geothermal potential in two main areas: t~e sedi
mentary rocks of the prairies containing water at about 60°C to 80°C, and the 
Rocky Mountains, where volcanic action brings rock temperatures into the l00°C 
to 300°C range, within accessible drilling depths. Surveys are underway to 
locate and assess the potential of these localities, but there is no operating 
site in Canada and therefore no bank of private sector expertise. 

Two demonstration projects have begun, with federal and provincial government 
assistance. The first, at the University of Regina, will supply 3 to 5 MW of 
60°C water for space heating. A second, heinq developed by B.C. Hydro, is a 
proposal to build a 55 MW electrical generation site at Meager Mountain in 
British Columbia. However, this project is still in the exploration stage and 
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no reservoir is yet confirmed. There is little private industry involvement 
in either project. Geothermal energy is regarded only as a long-term prospect 
for Can<lda. 

The main Canadian capahility that might be of interest to other countries in 
this area is in exploration and prospecting, where the considerable expertise 
and manufacturing abilities built up in the provision of services to the huge 
mining industry of Canada is readily anaptable to preliminary geothermal 
exploration (for example, airborne remote sensing, geophysical pr~specting and 
drilling equipment). 

A few smaller Canadian consulting firms have direct experience in geothermal 
resource <lssessment, gained both in Canada an<i in countries of South America 
and Africa. 

Ocean Energy 

The most important of the various types of ocean energy which may be tapped is 
from the tides of the eastern seaboard. The Bay of Fundy, Nova Scotia, is one 
of the most technically promising tidal sites in North America. :a. feasibility 
study carried out in 1977, hased on a barraqe and turhine concept, in<iicated 
that supply costs of elActricity from one possible site would be 3 cents to 4 
cents per l<ilowatt-ho1Ir, about douhle those for conventionrtl nuclear or coal
electri_c supply -- suqqesting that future trends in prices ann technology 
might renner exploitation economically competitive. The Nova Scotia Tidal 
Power Corporation, ~.n. th federal government support, recently began construc
tion of an 18 MW demonstration facility, which should be operational by 1983. 
'L'he system to he user1 is a scaled up version of systems in use in European 
river hydroelectric developments. 

It is unlikely that other areas of ocean energy will be exploited in Canada 
for many years. However, Canada is cooperating in a number of the Inter
national Enerqy Agency projects on lrtrge-scale wave-generating system design. 
A Cananian firm, which is expert in underwater pipeline technology, is devel
oping a small, dispersed wave system with units linked by underwater cables. 
Another firm is experimenting with a novel system for harnessing currents. 
Canada has little present interest in thermal or salinity gradients. Federal 
research and development support and incentive programs are concentrated on 
other areas of renewables which show more short- anr1 medium-term promise 
domestically. 

Canar1ian skills in the area of ocean energy are thus based primarily on our 
expertise in the area of hydrrtulics and of very larqe engineering projects. 

Wind Energy 

Wind energy system applications are many an<i varied, an<i several technologies 
appear promising for Canada. The main opportunities in the short- and me<iium
term appear to he in remote power systems for unmanne<i instruments and weather 
stations; remote communities, isolated from the grid, to back up diesel gen
eration; an<i large wind turhines for qrin-connecte<i qeneration. 'L'here is 
considerable activity in the latter area, inclu<iing research and development 
and demonstration projects (both stand-alone ann grid-coupler'!). :a. major wind. 
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resource assessment program is being carried out by the federal Atmospheric 
Environment Service. 

The feneral government is spending $26 million in energy research ann develop
mf!nt funds nuring the next five years for wind technology development by 
supporting, for example, special small applications (1 to 3 ~w) in telecommu
nications; grid-coupled field trials in collaboration with utilities (50 KW); 
development of a wind-diesel hybrid system; a 230 KW vertical axis turbine 
integrated with a small niesel-fired grin in the Magdalen Island of Quebec 
(first operational in 1977); ann a large grid-cruplen Eolus 4 MW vertical axis 
prototype wind turbine to be built on the St. Lawrence River in Quebec, sched
ulen to be operational in 1983. The latter two projects are funned by the 
~ational Research Council and Hydro-Quebec, in cooperation with the aerospace 
innustry. 

Canana is particularly involved in the nevelopment of vertical axis winti 
turbines. Many such turbines are in field trials and are on test in other 
countries. In anm tion, other feneral-provincial nemonstrations are unnerway 
across the country, ann an Atlantic Wind Test Site is being establishen in 
Prince Edwarn Islanti. 

In the area of incentives, wind generators are exempt from the 12 percent 
federal sales tax, and under the oil substitution program neroc>nstrations of 
wind energy (among other renewable applications) will he funded in remote 
northern communities. In addition, studies by government are continuing on 
the potential for wind, industrial <levelopment strategy and remote area 
deployment. 

In developing areas, wind turbines have other important applications such as 
water pumping. There is little direct Canadian experience of developing 
country applications, although the Brace Research Institute has designed and 
operate<l wind turbines appropriate for rural tasks. However, industrial 
capability for component production is good and could expand to meet the needs 
of foreign markets. Considerable expertise is available in wind monitoring, 
in planning ann site selection and in maintenance. 

Solar Heating Applications 

Despite its latitude and its harsh climate, there is considerable technical 
potential for solar thermal applications in Canada. Some applications, al
though technically feasible, are not cost-effective at this time and will 
require a continuation of technological improvement and also higher prices of 
competitive fuels or technologies to make their implementation economically 
attractive. 

Space heating provi<les the largest single requirement for energy in Canada: 
approxi!'lately 30 percent of the total annual energy requirement is for heating 
homes, commercial buildings, factories and similar structures. The use of 
passive solar energy -- solar gain through windows -- is difficult to docu
ment, but it is virtually the only present contribution of solar energv to the 
national energy budget. Solar energy contributes perhaps 1.5 percent of 
annual household heating requirements. Passive solar heating is beginning to 
be an important aspect of buil<ling design. This is, of course, closely linked 
with energy conservation strategies for ooildings. Because of its climate, 
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Canada has concentrated on the design and construction of extremely energy
efficient buildings, some using as little as 10 percent of the average con
sumption in existing conventional building. 

Active solar heating is the most commonly recognized solar thermal applica
tion, including space and service water heating and industrial process heat. 
Active solar heating employs specific collectors (flat plate, e~cuated tube, 
concentrators) incorporating a heat transfer medium (air, water or other 
fluid) and possibly a storage system. Most of Canada's effort has been in the 
area of flat plate collectors using a liqui<1 trans fer medi urn, although there 
are a few manufacturers of other components. Several firms pro<iuce complete 
packaged svstems. 

Solar heating systems are not qenerally econanical anywhere in Canada at 
present. Space heating has the great disad~ntage of peaking during the 
period of lowest insolation, and this, plus canpeting conservation measures, 
may severely limit future markets for solar space heating. For the provision 
of <1omestic hot water, solar systems may be cost-effective in ar"!aS where 
electricity is oil-qenerate<1 (hence more costly) if they are owner-installed. 

It is difficult to assess the total future contribution of active solar heat
ing in Canada, because of technical and economic uncertainties. Discussions 
are continuing concerning the advisability of establishing solar contribution 
goals and associated cost goals for the next 20 years, toward which policy and 
proqrams may be directed. 

Federal programs in this area began with the renewables research and develop
ment program in 1974, ann in 1978 several new initiatives were designed to 
launch active solar heating technologies and support a developing solar indus
try in Canada. Further initiatives were ad<ied in the 1980 National Energy 
Proqrrtm. 

Current federal programs in this area include research and development sup
port, industrial assistance, demonstrations (in conjunction with provincial 
governments) and consumer incentives. ~or example: 

• Federal research and development expenditures are $11 
million per year, covering protfuct and systems develop
ment oriented mainly to provision of service hot water. 

• Proqram of 1\ssistance to Solar Equipment Manufacturers 
($4.1 million over two years) provided grants to solar 
industries to assist in designing and developing solar 
equipment. 

• The Purchase and Use of Solar Beating program calls for 
the procurement of $125 million of solar systems by the 
government for its own facilities. 

• Renewable and conservation demonstration agreements with 
the provinces have resulted in expen<iitures of about 
$800,000 to date on solar heating, including a 100-uni t 
demonstration of solar domestic hot water in British 
Columbia. 
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• A 1,000-unit demonstration across the country of domes
tic hot water systems cost $5 million and included 
evalua tinq ani monitoring reliability and performance, 
and developing preliminary infrastructure. 

• A fast (two-year) tax write-off for commercial and 
industrial solar heating installations. 

• The applicability of the $800 off-oil grant to solar 
heating. 

The Province of Ontario, under its new five-year Solar Energy Strategy has 
recently announced a program to demonstrate and stimulate the market for solar 
systems, principally for hot water, by providing up to 90 percent of purchas
ing and installation costs in the commercial, industrial or institutional 
sectors. 

There is a small group of solar industries in Canada, which is rna turinq with 
the experience gained under the above programs. The technical challenqe is to 
achieve hiqh performance, reliability and durability and minimal production 
costs. Canadian production capabilities for water heatinq far exceed domestic 
markets at the present time, and will likely continue to do so even with the 
consumer incentives under the National Energy Program. Consequently several 
firms are actively exploring foreign markets, and adapting their equipment for 
tropical use and eventual local fabrication (with local partners). Canadian 
equipment successfully competes with that from other industrializec:l countries. 
Considerable scope exists for joint ventures with developinq countries. As 
with other sources, expertise also exists in the areas of resource assessment, 
system design and program evaluation which could be transferred to other 
governments or local industries. 

Some other special applications of solar energy exist, such as crop drying, 
where Canadian expertise and research could contribute to deVeloping country 
uses, although fabrication woulc:l likely be local. Federally and provincially 
sponsored research encompassing different scales of application for different 
crops is goinq on, particularly in Saskatchewan and Ontario. The Brace Re
search Institute has compiled information on solar crop drying activities, 
with an emphasis on the needs of the developinq world. 

Photovoltaics 

Electric generation usinq solar cells in Canada is limited, as in most coun
tries, to very specialized applications in remote areas where reliability and 
maintenance-free operation is important, and the electrical load is small 
for navigational aids, environmental monitoring devices, rail signaLs and 
communications installations. Nevertheless, the speed with which technoloqi
cal developments are occurring in this area, and with which costs are falling, 
due to aqqressive proqrams of research and development in several coontries, 
means that photovoltaics can no lonqer be regarded as important only in the 
dim and distant future. Canada is following world developments closely, with 
a view to introducing programs at the appropriate time to prove and demon
strate this technology in broader applications, and to help develop markets 
(both domestic and overseas) for a fledging Canadian industry. 
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Research and development, funded both privately and federally, is occurring on 
a limited scale in Canada, on specific aspects of materials technology, cell 
and m::>dule fabrication and system development. Proof of concept and demon
stration experiments are beginning, in one case with considerable electrical 
utility involvement and funding. 

Three Canadian firms are capable of producing cells (single crystal silicon) 
and m::>dules on a relatively small scale, and both these firms and others are 
capable of designing an<i fabricating the remainder of the system. Many 
Canadian firms are intereste<i in developing applications technology, and some 
already have become active in developing countries with, for example, a unique 
water pump design. Canada also has acknowledged expertise in micro-elec
tronics and communications technology, making it uniquely sui ted to developing 
that particular photovoltaic application, which will be of special use in the 
developing world. In addition, there is considerable experience in engineer
ing design and systems development in Cana<iian industry, which will he the 
most important aspect of photovoltaic applications once the present concentra
tion on cell technology has reduce<i unit costs to an economically attractive 
level. 

Biomass 

Because of Canada's immense forest resources, wood-based in<iustries (including 
pulp and paper) are am::>ng the most important in the country, generating about 
8 percent of its gross domestic product. This, plus its vast primary agricul
tural interests, has pnt Canada in the forefront of much of the research, 
<ievelopment and application activity that is concerned with the use of forest 
biomass and wood and agricultural wastes, to produce energy and synthetic 
fuels. 

Biomass now contributes perhaps 3.5 percent to total primary energy use in 
Canada. This comprises mainly the use of wastes in the forest and pulp and 
paper inctustries (for example, about 50 percent of the total mill wastes 
generated are used as fuel). There is also some use of fuel wood in the 
residential and other sectors. With rising energy prices and the present 
government programs available to encouraqe the use of wood and wood wastes, 
the total contribution of biomass is expected to increase to 6 percent of 
total energy by 1990. 

Federal programs to encourage the use of biomass in Canada include research 
and development support, industrial assistance, dem::>nstrations and consumer 
incentives. For example: 

• Fe<ieral research and development expenditures are cur
rently $7 million per year, with increases expected to 
cover expansion of effort in the production of liquid 
fuels. The major component is the Energy from the 
Forest (ENFOR) program, which finances innovative 
research and development on biomass energy issues such 
as improved forest productivity, soil fertility, har
vesting technologies, improved comb1stion technologies 
including the use of fluidized bed systems, and assoc
iated environmental issues. In-house research at the 
Department of Energy, toiines and Resources includes 
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combustion technology and performance testing of wood
burning appliances. 

• The Forest Industry Renewable Energy program provides 
direct financial incentives to any industry or commer
cial establishment to use wood wastes or other biomass 
resources instead of fossil fuels. 

• The Development and Demonstration of Resource ann Energy 
Conservation Technology program funds the development of 
new technologies to produce energy from industrial and 
municipal wastes. 

• The federal-provincial cost-shared demonstration agree
ments include biomass projects, with about 25 percent to 
30 percent of the total funding going to demonstrations 
of technologies for biomass such as wood qasifiers and 
municipal waste-burning equipment. 

• The off-oil incentive grant under the Canadian Oil 
Substitution Program will be available for conversion 
from oil to wood. 

• The distribution system expansion f\mding under the 
CanaQian Oil Substitution Program may be applicable for 
the development of wood supply infrastructure and re
lated issues. 

As well as the direct combustion of biomass to produce heat and/or electricity, 
Canada is active in conversion technologies, including gasification and the 
production of fluid fuels such as ethanol and methanol. Canada has, however, 
many other options (oil sands and other non-conventional oil, propane, corn
pressed natural gas and liquid fuels from coal) that may be more competitive 
economically. Biomass and wastes do have three important advantages: they 
are renewable (if properly managed); they are more evenly distributed across 
the country, thus helping to moderate problems of regional resource distribu
tion; and they call for labor-intensive operations and may therefore confer 
socio-economic benefits on remote or rural regions. 

The following are some of the key areas in which Canada has expertise: 

• Forest management: Many private firms in Canada are 
capable of providing the full range of forest management 
services. Some have been active internationally, par
ticularly in the area of forest inventory studies (CIDI\ 
has -Financed such sturiies in more than 20 countries). 
Many forestry students from other countries have gained 
their technical training in Canada. Forestry research 
is a very active area for governments and private insti
tutions, particularly forest regeneration. The Inter
national Development ResearCh Center has supported 
research into the special problems and opportunities of 
tropical forests. Considerable practical expertise is 
available in the forest products industry, and a number 
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of Canadian compani~s manufacture and distribute machi
nery for cutting, preparing, loading and transporting 
wood, including a very advanced mechanical tree har
vester. 

• Rapid sil viculturaljbiomass production techniques: The 
Ontario Ministry of Natural Resources in cooperation 
with the federal government has developed a strong 
capability in the area of hybrid poplar. Five thousand 
acres of plantations are already under development and a 
major expansion of the program is planned. This will 
coincide with the selection of Canada to lead the Inter
national Energy Agency group on research in rapid silvi
cultural techniques and the establishment of a Biomass 
Technology Institute in Ontario. 

• Wood-burning stoves for heating and cocking: Most 
Canadian equipment concentrates on heating rather than 
cocking. However the Brace Research Institute has 
rteveloped a series of very inexpensive, efficient cook
ing stoves that burn sawdust, wood or dung, suitable for 
many developing country conditions. 

• Combustion boilers: Canada is a worlrt leader in the 
engineering, design and construction of energy recovery 
facilities using woort waste, anrt this expertise is 
increasingly being put to use in conversion of other 
biomass fuels. There are three maior manufacturers 
already very active internationally. 

• Gasification: Canada has developed an advanced fluirt
ized bed gasifier which is unrtergoing its first full
scale commercial trial at a PlT..rood mill in Ontario, 
where it will burn mill waste. This technoloqy produces 
qas for heat, and can be artapted to produce synthesis 
qas which can be used to produce liquid fuel (methanol). 
There are several other Canadicm organizations involved 
in wood gasification, including the B.C. Research 
Council. 

• Anaerobic digestion: Considerable research is unrterway 
in this area in Manitoba, Ontario and Quebec for diges
tion of farm wastes and sewage. Canada's principal 
contribution would be in the development of this tech
nology for operation under cold weather conditions. 

• Alcohol fuels: Canada has enormous supply potential for 
methanol from coal, natural gas or residual oil as well 
as biomass sources. The economics of large-scale pro
duction favor coal or natural gas, hut the advantages of 
renewa~ility and wide distribution have sustained inter
est in biomass as a feedstoCk. The regional economic 
benefits have attracted some provinces to this option. 
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In some locations, cheaper, more competitive biomass 
feedstoCks are available. 

Considerable research has been done in Canada on biomass-based production of 
methanol, particularly from synthesis gas produced by the fluidized ben gasi
fication technique. The market in Canada, '"J.owever, currently is limit~rl by 
constraints on the use of methanol in engines designed for hydrocarbons, 
particularly in Canada's harsh climate. Further technological developments 
may resolve these problems. Because of its enormous supply potential, Canada 
coul.-1 become a leader in methanol technology and coul.-1 expand export markets 
for the fuel, and for technological expertise. 

Less research has been done on ethanol or butanol from biomass, but the poten
tial for major technical arivances makes this a very attractive option for 
Canaria. Of the two main methods of hydrolysis, the basic process for produc
ing ethanol or butanol, the enzymatic route shows greatest promise and is 
arlvanci ng rapidly toward cost-effectiveness. Canadian firms have pioneererl 
the development of an inexpensive pretreatment process for lignocellulosic 
materials. Several private firms are active in this area, and government 
support of research and development is to be expanded. Cellulosics (wood) and 
wastes are the most likely candidates for feedstock: in Canada, agricultural 
crops tend to have a higher value as food or feed, although dedicated crops 
are grown for ethanol production in other countries. Canada now produces 
industrial grade ethanol from waste pulp liquor and has the potential for 
higher outputs from this source and from food processing wastes. With the 
rapidly advancing technologies of cellulose hydrolysis however, there is the 
potential for Canada to produce very large quantities of fuel grade ethanol 
from wood and other lignocellulosic feedstocks. 

The province of Saskatchewan recently annoonced the building of a 3 million 
gallon per year ethanol plant, using barley as a feedstock, as well as a 
feasibility study for a pilot plant to produce ethanol from lignocellulosics. 
The Province of ~lebec, through its alternative energy corporation ~ouveler, 
is financing the development of a methanol plant using gasified wood as feed
stock. 

Canadian expertise in beverage alcohol production including design of distill
eries is considerable, and some of these companies are beginning to explore 
foreign markets for design and construction of fue 1 alcohol plants. 

In Manitoba, a beverage distillery is being converted to produce ethanol from 
barley for gasoline blending. Manitoba has removed the provincial road tax on 
gasohol. 

Peat 

The resource base in Canada for peat is one of the largest in the world, but 
the development of this resource has not been pursued to any extent. There 
have been some studies on the feasibility of using peat for power generation 
in eastern Canada (New Brunswick), and Hydro-Quebec Research Institute has 
carried out feasibility studies on using gasified peat to produce electricity 
in remote areas where peat is abundant, and two thermal plants using gasified 
peat are at the final planning stage. 
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Harvesting peat is a particular problem in Canada because of the climate and 
environmental concerns, and some research is going on to find methods of 
harvesting throughout the year. In addition, some gasification research and 
development is beinq applied to peat, including fluidized bed combustion. In 
Newfoundland, which has no coal, the pulp and paper industry, with funding 
from the federal and provincial governments, is experimenting with the use of 
peat mixed with mill residues to fire steam boilers. 

Conservation and Efficiency 

Alonq with the development of oil suppli~s in Canada and the substitution of 
domestic resources (including renewable energy) for oil demand, conservation 
and increased efficiency are key features of the National Energy Proqram and 
of the enerqy strateqies of all provincial qovernments. Emphasis is on oil 
conservation, particularly in the eastern provinces, but programs are general
ly not commorli ty~peci fie and improved efficiency in the use of all types of 
enerqy is encouraged. 

Energy demand patterns in Canada are changing, as industries and individuals 
respond to the steadily increasing prices. There are shifts to more efficient 
automobiles for example, and industrial efficiency in terms of energy use per 
dollar of product has increased significantly during the past few years. 
Government programs can facilitate this response and help to overccme some of 
the barriers to increased energy efficiency which exist in the marketplace. 
Many of these programs overlap to some extent with those encouraging the use 
of renewable energy. For example, increased use of wastes as an energy source 
is a cons~rvation measure and, because biomass usually is involved, it is also 
a renewable resource. More efficient building design normally will incorpo
rate the use of passive solar heating or cooling. 

All provincial governmentR in Canada have conservation programs, as does the 
federal government. Proqrams encompass information dissemination to promote 
increased awareness, direct qrants or other incentives to remove capital 
barriers or to increase rates of return, taxation measures, regulation, re
moval of disincentives to efficiency, research and development, technology 
demonstration and in-house example. 

The principal conservation programs (other than research and development 
support) of the federal qovernment in Canada are: 

Buildinq 

• The Canadian Home Insulation Proqram, which provides 
qrants to householders to upgrade the efficiency of 
their homes by the addition of insulation and other 
measures. 

• A "super-retrofit" program, whereby the off-oil grant 
may be used in certain areas of the country for addi
tional conservation measures. 

• A demonstration of new· super-efficient housing design 
and construction, comprising 1,000 units to be built 
across the country. 
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• The development of new efficiency standards for arctic 
housing. 

• A program to assist municipalities in undertaking energy 
conservation initiatives in their areas of responsibil
ity. 

• Demonstration of enhanced conservation and renewable 
energy systems in a selected remote arctic community. 

• Programs of improved operating efficiency and retrofit
ting of federal builclings. 

• A program of mandatory energy use labelling of appli
ances. 

Industry 

• Working with industry on a task force basis to develop 
efficiency targets and ways of meeting them, and moni
toring performance. 

• The very effective "Energy Bus" program, whereby com
puter-equipped vehicles with a program developed to 
perform a detailed analysis of energy consumption, and 
staffed by energy analysis experts, visit establishments 
across the country to assess energy demand and recommend 
methods of improving efficiency of energy use. 

• Provision of funds (cost-shared) to assist industrial 
and commercial establishments in auditing their energy 
consumption anrl implementing measures to improve effici
ency. 

• Grants to firms in the Atlantic provinces to help 
finance energy conserving investments. 

• A fast (two-vear) write-off tax provision for firms 
investing in qualifying energy conserving or renewable 
energy equipment. 

Transportation 

• Introduction of legislation to enforce fuel consumption 
standards for new motor vehicles (currently voluntary 
targets exist). 

• Establishment of ride-sharing centers, support for 
driver education programs and fuel economy programs in 
the trucking sector. 
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INTRODUCTION 

Denmark is more dependent on imported oil than most other industrialized 
countries of the western world. Oil imports account for about 70 percent of 
the total consumption of primary energy. With International Energy Agency 
(IEA) cooperation, Denmark has accepted as a target to reduce oil imports to 
11 million tons oil equivalent (Mtoe) in 1985 from the present quantity of 
about 14 'itoe. It is expected that fuel saving and fuel switching programs 
will result in a decline in the share of oil in primary energy consumption to 
ahout 50 percent in 1990. 

NEW AND RENEWABLE ENERGY SOURCES IN DENMARK 

The future agqregate contribution to Denmark's energy supply from new and 
renewable energy sources is difficult to assess. Danish energy planners 
expect the share to he 4 percent in 1995. In the longer ~erm, however, the 
potential will be substantially larger. In recent years, intensive develop
ment and research, supported financially by the Danish government, has taken 
place in new and renewable energy sources. In several areas the development 
has reached an advanced staqe. Industrial production of renewable energy 
systems has been established for sale on the domestic market and for export. 
After the increases in oil prices in 1973, growing attention has been devoted 
to research and development in new and renewable energy sources. In a few 
areas, Denmark, due mainly to its general lack of -primary energy, has a his
torical tradition for utilizing renewable energy sources. This applies espe
cially to wind power, for which the climate offers favorable conditions. 
Danish research and development in new and renewable energy sources is to a 
large extent a result of technological ac1vances in private, often small or 
medium-sized Danish enterprises. Broad pcmlic interest has helped to promote 
this development. 

Bnergy has for many years heen a natural area for research at Danish univer
sities and institutes of higher education. Energy research also is conducted 
by institutions such as the Riso National Laboratory, the Geological Survey of 
Greenland and the National Building Research Institute. Several energy re
search projects are supported by the research councils set up by the govern
ment, the Danish Council of Technology and the Danish Development Fund. 
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Based on the energy policy targets formulated in 1976, the government has 
launched a number of comprehensive programs in energy-oriented research and 
development. The first was in 1977. 

It is estimated that these programs have covered half the total input in 
energy research at the national level. With the latest energy research pro
gram (ERP) of the Ministry of Energy, the funds allocated to these programs 
total D.kr. 550 million. Of this sum, approximately D.kr. 200 million will be 
devoted to research and development in renewable energy sources. 

A number of research projects have been implementen in the framework of inter
national cooperation, especially within the !EA. Denmark participates in 
agreements for cooperation with regard to solar energy, heat pumps, energy 
consumption in buildings and nwellings, energy storage, biomass, wind energy, 
coal research and reactor safety. In adnition, Denmark participates in the 
work of the IEA in developing monels of energy systems. 

There is reason to underline the intensive cooperation on energy research 
which takes place within the European Community. European Community funds in 
the amount of around D.kr. 40 million have been allocated to Danish research 
and development in the energy sector. With the European Community coopera
tion, Denmark also participates in the development of models of energy sys
tems. 

The Nordic countries are engaged in an intensive cooperation in new ann renew
able enerqy sources. 

Part of this cooperation is exchange of information on Nordic research, devel
opment and projects. The aim is to avoid duplication of effort and to analyze 
in which areas two or more projects on new and renewable energy sources may be 
coordinated. 

Exchange among the Nordic countries of information on development assistance 
involving energy is nothing new. It is one of the aspects of the regular 
close cooperation of the Nordic assistance agencies. Cooperation in specific 
projects would be a welcome adnition. 

Some new and renewable enerqy sources cannot, or can only to a negligible 
extent, be used in Denmark. Consequently, Danish experience in their use is 
limited. The review presented below covers only those new and renewable 
enerqy sources which Denmark, through exports, transfer of technology and/or 
technical assistance can make other countries share in Danish knowledge and 
experience. 

HIND POWER 

In 1957, the Danish power companies started experiments with wind energy for 
electricity production. In southern Denmark, a 200 KW wind generator, the 
Gedser Mill, was erected. It produced alternating current direct to the 
electricity supply network. T~ater, other research and cievelopment projects 
have been started, comprising large >rind turbines as well as smaller local 
windmills. The Tvind wind turbine in particular has attracted international 
attention. 
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In rE'!cent years, several hundred small wind turbines with generators have been 
built, and the number keeps growing. The turbines, many of which are connect
ed to the public electricity supply network, are typically capable of supply
ing a sinqle or a few households with electricity. As before, they probably 
will be used primarily in sparsely populated areas. Because of the qreat 
variations in wind conclitions throughout the year, very larqe storages of 
enerqy would be required if a windmill were to cover the regular energy con
sumption of a household. In periods with little wind, supplementary energy 
has to be provided from other sources, for instance from the public supply 
network. (Conversely, surplus prociuction in periods with strong wind will be 
supplied to the network). Tn adciition to these minor wind turbines, a few 
larqe electricity-producing wind power plants with a capacity corresponding to 
the consumption of a small urban communi tv have been built. The experience 
gained in the use of these plants will he taken into consideration in the 
final deliberations as to the potential role of wind power in Danish energy 
supply. 

The Ministry of Enerqy and the power companies have built two 45 meter tall 
wind turbines with a vane span of 40 meters. Both turbines have a maximum 
capacity of 630 KW. 

On the basis of experience qained in the operation of these two plants and the 
finciinqs of a comprehensive measurement program, it is intended to examine 
which types and sizes of large wind machines are best suited for Danish condi
tions. At the same time, an assessment is being made of the possibilities of 
placing 1,000 to 2,000 large wind power plants in Denmark, taking accoont of 
wind conditions, environment and preservation of natural amenities. Noise 
nuisance from wind turhines may be considerable in the vicinity, but the noise 
depends on the type and desiqn of turbine. The principal sources of noise are 
the gear, the generator and the vanes. In determining where to locate wind
mills, account must be taken also of the risk of cast-off ice in the winter 
and of vane fragments in case of breakdown. 

If, by reducinq the cost of construction and/or because of rising fuel prices, 
it proves profitable to build the larqe windmills, this might be accomplished 
by serial production of 150 to 200 windmills per year. It is anticipated that 
Danish-built larqe wind power plants will be comPetitive in the international 
market. 

Amonq the projects in the research program of the Ministry of Energy is a test 
station for minor windmills at the Riso National Laboratory. At the test 
station, manufacturers erect their windmills, and the mills are subjected to 
testing and appraisal of performance. Test station approval of a mill is 
required for otaining financial support under the support scheme for develop
ment of renewable energy. Fnrthermore, the test station performs measurements 
on mills which are already in operation at various places in Denmark. 

The comprehensive Danish know-how in the wind power area has resulted in a 
machinery for production of wind power plants of various sizes and of such 
quality that the wind power industry has been able to hold its own in export 
markets. This competitiveness is ascribable to the individual producer's 
practical experience and the flexibility which the wind power industry has 
shown in adapting wind power plants to the different technical norms and 
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standards of export markets. An estimated 70 wind turbine units will be 
exported in 1981. 

Today, about 20 Danish enterprises are producing windmills on a comrrercial 
basis and their know-how could profitably be transferred to developing coun
tries. They are organized in the Association of Manufacturers of Wind Power 
Plants. 

S OIAR ENERGY 

In recent years, solar heating has qained some ground in Denmark. Solar 
heating supplies energy for hot water household consumption and, to a lesser 
degree for room heating. The present number of installed plants is estimated 
to be 2,000 to 3,000. The systems usually consist of a planar solar collector 
with a layer of glass on top and a water tank for short-term storage of heat. 
Systems with solar collectors of typically 6 to 10 square meters and storage 
tanks of .2 to .6 cubic meters are used exclusively for supply of hot water. 
In Denmark, 80 percent of the solar energy is collected from April throo.gh 
September. With the technology used today, heating of rooms throughout the 
year by solar energy alone is not profitable because of the problems involved 
in storing solar energy for use in the winter months (October through March). 

The research program of the Ministry of Energy comprises development of more 
effective solar heating systems. A number of pilot plants of various types 
have been installen ann a facility has been established for testing solar 
heating systems ann individual components. 

Because of the marginal conditions for utilization of solar energy in Denmark, 
the Danish research and development program aims at the development of more 
efficient systems, including solar collectors with selective surfaces. 

The results of the research and development program show that the technical 
design of the systems can be improved to enhance capacity ann lifetime and to 
reduce the cost of construction. 

}\lthough solar heatinq technologies have proved not to be profitable in Den
mark, they may already he profitable in terms of current energy prices unner 
better climatic conditions with larger annual solar irradiation. 

In addition, the manufacture ann installation of solar heating plants is quite 
lahar intensive. An estimated 2,000 units will he exported in 1981. 

A major technical problem in solar heating is the surface material of the 
individual components. It usually will be necessary in the winter to add 
antifreeze substance to the liquid in solar collectors. In the event of 
hursting of a water pipe or leakage in the heat exchanger these additives 
could cause pollution of the hot tap water. Manufacturers therefore are aware 
of the need of using durable materials for pipes and of care in the construc
tion of solar collectors. Numerous Danish manufacturers have been successful 
in devising their own development methods. 

Today, the systems of some 30 Danish manufacturers have been approved as 
eligible for financial support. As mentioned, most of the systems sold in the 
domestic market are designed for supply of hot water to households. Solar 
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collectors producing energy for heating of individual dwellings are also on 
the market. Danish industry has achieved remarkable results in the production 
of large units for use in factories and public buildings. A case in point is 
Scandinavia's largest solar heating system which is installed as the heating 
system for a public indoor swimming pool in Denmar"J{.. This system is designed 
with approximately 3 square meters of solar collectors for each cubic meter of 
pool water. 

It is contemplated, with financial support from the European Community and 
other sources to install a solar cell power plant to serve as a test facility 
in Denmark. This would be a full-scale research project to examine, among 
other things, the output of energy from diffuse light which is a predominant 
solar component in Denmark because of the frequent cloud cover. The total 
cost of construction of the proposed power plant with appurtenant batteries 
and of the research activities to be performed will amount to D.kr. 17 mil
lion. It would be the first major solar cell power plant to be built in these 
northern latitudes and the results are awaited with interest. There are, 
however, no immediate expectations that solar cell power plants could become a 
profitable alternative to the present power production in Denmark. 

With a view to development and collection of operating data, Danish research 
institutions and a Danish telephone company have conducted experiments in 
which solar cells were used for the power supply of telecommunications equip
ment. 

Denmark participates within the framework of the European Community and the 
IEA in international cooperation in solar energy research and development. 

GEOTHERMAL ENERGY 

Geothermal energy is not utilized in Denmark today, but this source of energy 
could possibly make a minor contribution to Denmark's energy supply. Research 
activities are aimed at establishment of geothermal generating plants. The 
results of a single 3.5 kilometer deep drilling are being studied. 

A nationwide study has been conducted to determine the possibilities of utili
zing geothermal energy in Denmark. Priority is given to localities providing 
the best conditions for extraction of geothermal energy and use of the hot 
water there. 

On the basis of the results of these studies, a total sum of D.kr. 57 million 
has been set aside for 1980 and 1981 for planning and performance of 2 to 4 
test drillings and geothermal investigations. It is estimated that about 1 
percent of Denmark's energy consumption, corresponding to 200,000 tons of oil 
equivalent, could be covered by geothermal energy if it proves possible to 
establish the necessary generating systems. 

HEAT PUMPS 

Heat pump systems for room heating are already a technologically and econom
ically relevant supply alternative which is being used quite extensively in 
Denmark (about 3,000 systems have been installed). Systems are being marketed 
for supply of hot tap water and room heating based on utilization of thermal 
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energy in the qround, in groundwater or surface water, heat in outdoor air or 
heat from stables. 

Developments in the heat pump area have been explosive. This applies both to 
systems for residential installation and systems for industrial use. 

To ensure an~ enhance the development of heat pump systems and prevent ground
water pollution, the Danish environmental authorities have drawn up guidelines 
for the establishment of heat pump systems, setting out the technical specifi
cations and control measures required for approval of the systems. 

Beat pumps with a typical output of 10 KW are being manufactured in Denmark. 
The systems marketed are often mass-produced standard systems -- a factor 
which reduces the cost of production as well as of maintenance and operation. 

In addition to systems for residential installation, Danish industry supplies 
"tailored" systems, for instance for heating large residential areas. In 
these, large systems as well standard units are used, which cuts capital and 
maintenance costs. In 1981, about 16,000 heat pump systems valued at approxi
mately D.kr. 180 million will be exported. 

In several instances a combination of heat pumps and an already installed 
source of energy may be a sensible solution. Substantial know-how with 
respect to such combinations has accumulated in Denmark. 

BIOMASS 

Due to the high degree of land use for agricultural purposes, Denmark has 
little possi~ility of direct utilization of energy from biomass. The sources 
used are almost exclusively waste products such as animal liquid manure, 
straw, household refuse and wood residues. 

Bioqas 

About 20 hiogas systems have been installed at Danish farms. Initially some 
operational difficulties were encountered, but it now loOks as if it will be 
possible to estal:>lish functional and profitable systems. 

Through the research programs of the Ministry of Energy, support is granted 
for research and development in this field. Furthermore, several pilot plants 
have been established, financed in whole or in part out of the research funds 
of the Ministry of Energy. 

In the research programs, the main emphasis so far has been on technological 
~evelopment. Some extension, however, is envisaged in the years ahead of 
research in biological processes -- among other things, the effects of adding 
of enzymes will be studied. 

Aside from beinq an important source of energy, biogas systems present sub
stantial environmental ad vantages. 

Work in this area has resulted in the build-up of considerable expertise, and 
a few firms have started or are about to start commercial production of hiogas 
systems. 
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It should be added that over the years, biogaR systems have been installed in 
connection with treatment of sludge from water treatment plants. Danish firms 
conduct considerable activities in this special field. 

Straw 

The Danish agricultural prom1ction of straw varies from year to year; on the 
average, it amounts to 6.5 million tons. Of this quantity, 2 million tons are 
surplus production for which the farmers themselves can find no use. This 
portion is therefore available for other purposes, for instance as an energy 
source. Previously this surplus was burned in the open field. Today, in
creasing quanti ties of straw are used in straw-fired plants for room heating 
of farmhouses, a development which is foreseen to continue in the years ahead. 
One major straw-fired plant has been built as a pilot project supplying heat 
to the district heating network of a provincial town. 

Refuse 

Disposal of refuse in dumps without pretreatment gradually is being replaced 
by incineration in special refuse disposal plants. Of Denmark's 60 refuse 
incineration plants, more than half (accoonting for aboo t 90 percent of the 
incinerated refuse) are connected to district heating systems. ~11 new refuse 
incineration plants are built for district heating. Throogh continued expan
sion of refuse disposal by incineration, these plants can make a sizable 
contribution to Denmark's energy supply. The contribution is estimated to 
amount to half the total contribution from new and renewable energy sources in 
this century. 

Residual Woori 

The contribution to Denmark's energy supply from burning residual wood and 
firewood is limited and serves only as a heating supplement. Danish forestry 
is extremely intensive; at the same time, industrial use of residual and 
surplus wood is increasing. In light of the rising oil prices many house
owners have, however, in recent years acquired wood-burning stoves as a sup
plementary sources of heating. 

HYDRO POWER 

In Greenlanri, there is considerable potential for the use of hydro power. 
Studies of the possibilities of utilization have not been completed. In the 
Faroe Islands, too, there is potential for use of hydro power. In the rest of 
Denmark, hydro power resources are negligible. 
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INTRODUCTION 

The quest for greater energy self-sufficiency is, out of necessity, one of the 
chief objectives of French economic policy. To achieve this, France has 
mounted a considerable effort for several years, aimed at the development of 
new and renewable energies. 

This document elucidates the French position with respect to the contribution 
of new and renewable energies to economic growth and development. 

THE OBJECTIVES OE' E'RENCH ENERGY POLICY 

Together with the energy conservation policy, recourse to alternative energies 
constitutes one of the basic trends of French energy policy. The effort to 
increase the production and consumption of alternative energies reaches out in 
all directions, anrl this-- in addition to the implementation of a nuclear 
power program and expanding the uses of coal -- implies broadening the share 
of new and renewable energies in the national energy balance. The present 
contribution of these energies is still very small. In practice, it is inter
mingled with that of hydroelectric power (aboot 14 Mtoe per year or aboot 7.5 
percent of France's total energy consumption) and with that of wood (3 Mtoe or 
1.5 percent). However, these energies are expected to play an important role 
in the French energy balance, indeed a steadily growing role, as testified by 
the target for 1990: 24 Mtoe to 28 Mtoe, or more than 10 percent of annual 
energy consumption. 

Table 1 provides orders of magnitude anticipated by the French authorities for 
the contributions of these energy forms in 1990 and 2000, assuming that they 
are developed to the maximum extent which can be currently anticipated on the 
basis of the foreseeable states of the art. 

TII.BLE 1. SHARES OF THE DIFFERE."iT FORMS OF ENERGY 
(in millions of toe) 

1979 

Hydroelectric power 14 

1990 
(targets) 

14 
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2000 
(estina. ted) 

15 



Micro power plants 
Biomass (including 

wood) 
Direct solar energy 
Wind energy 
Sea energy (tidal 

and wave) 
Geothennal energy 
Oil shales 

and tar sands 

TOTAL 

% of French 
energy balance 

This table shows that: 

( 3) 

0.1 

o. 06 

17 

9% 

0. 4 to 0. 5 
7.5 to 9 

( s. 5) 
1.3 to 1.5 

0.1 

0. 8 to 1 

24 to 26 

10% 

1 
12 to 15 
( 10) 

3 to 5 
0.1 to 0.2 
0.1 

1.5 to 2 

0.2 to 3 

33 to 42 

10 to 15% 

• Hydroelectric power, which already makes a large contri
bution, will not grow substantially because French sites 
are already satisfactorily equipped. 

• Large production increases are expected mainly from 
solar energy, both in its direct uses (domestic hot 
water, home heating and electricity generation) and its 
indirect uses (biomass), and secondly from geothermal 
energy. 

F'R.ENCH POLICY FOR NEN AND RENEWABLE ENERGIES 

The new and renewable energies sector in France, which comes under the Minis
try of Industry (more specifically its "Direction Generale de 1 'Energie et des 
!4atieres Premieres," the General Directorate of Energy and Raw Materials), 
groups a number of public agencies. 

Hence it is the rUrectorate which, under the authority of the Ministry of 
Industry, sets up and implements French government policy in the. field of 
energy, including new and renewable sources of energy and mineral materials. 
Its activities are significantly facilitated by the fact that in France t~e 
state owns the bulk of the electricity oroduction means and a monopoly on 
distribution, has large interests in many key sectors of the national economy, 
and has considerable power to influence scientific and technical research. 

The Commissariat a l'Energie Solaire (the Solar Energy Commission), under the 
wing of the Ministry of Industry, is responsible for initiating and stimulat
ing all activities in the solar field (direct solar, wind and biomass). The 
commission relies on the "Agence pour les Economies d 'Energie" (the Agency for 
Energy Conservation) for spreading the use of firewood and solar water heat
ers. As for the use of biomass for energy purposes, the commission cooperates 
with the Ministry of Agriculture to mobilize agricultural and forestry re
sources and to develop bio-energy applications in rural areas. 

The remaining areas of new and renewable energies are covered by various 
public and professional organizations with more specific purposes, including 
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the following: 

• Electricite de France (the French state-owned utility) 
for hydroelectric and tidal power. 

• Bureau de Recherches Geologiques et ~inieres (the Bureau 
of Geological and ~ining Research) for geothermal enerqy. 

• Institut Francais du Petrole (the French Petroleum 
Institute) for hydrocarbons from bituminous deposits and 
for alternative fuels obtained from biomass, an"l its 
subsilliarv Beicip for geothermal energy. 

• Centre National oour l'Exploitation des Oceans (the 
National Center for Utilization of the Oceans) for 
thermal e~ergy from the sea and wave energy. 

• Institut National de la Recherche Agronomique (the 
~ational Institute for Agronomic Research) and Centre 
National d'Etude et d'Experimentation du Machinisme 
Agricole (the National Center for Research and Experi
ments on Agricultural Machinery) in the area of agricul
tural and forestry biomass (research, development and 
demonstration). 

• Programme Interdisciplinaire de Recherche pour le Devel
opoement de l 'Energie Solaire (the Interdisciplinary 
Research Program for the Development of Solar Energy), 
which carries out research activities in the area of 
direct solar energy and biomass, within the framework of 
the National Center for Scientific Research. 

• Various universities, engineering schools and special
ized institutes also contribute to the training and 
research effort in these areas. 

Table 2 qi ves an idea of the scale of research expenditures and investments 
made in 1980, by means of resources provided hy the state. 

TABLE 2. 1980 BUDGET EXPENDITURES BY THE GOVERNMENT 
AND PUBLIC INSTITUTIONS 
(In millions of francs) 

Hydroelectric power 
Micro power plants 
Biomass 
Direct solar energy 
Wind energy 
Sea energy (tidal and wave) 
Geothermal energy 
Oil shales and tar sands 
TOTAL 

2,133 
20 

100 
450 

2 
3 

64 
50 

2, 822 

This table does not include in-house corporate research and development in-
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vestments. Furthermore, purchases of home equipment using new ann renewable 
energies should be added to the figures. 

The national effort for new and renewable energies will exceed 4,000 million 
francs in 1980. This figure includes all <l.reas of research, derronstration, 
inrlustrializa tion and training activities. 

THF. IMPLEMENTATIO~ OF ~EW A~D R~NNABLE EN8RGIES 

Hydroelectric Power 

The current situation may be summarized by tlte following table. 

Potential resources equipped 
on January l, 1980 

Potential resources uncier
going equipment 

Total economically equipable 
potenti<l.l (approximate) 

'I'Whjyear 

62.5 

3.6 

72 

in Mtoejyear 

13.9 

0.8 

16 

The large power stations belong to Electrici te tie France or "Compagnie Nation
ale ciu Rhone", an<i a few belong to self-serving innustrial firms. Many small 
power plants also exist, generally belonging to self-sufficient producers that 
sell their power output to Electricite de France. Actually, of 1,500 power 
stations, 1,000 have an output less than l MW and produce a total of 1.5 TWh. 

Most of the available sites are equipped; some of them have been for a very 
long time. Estimating the currently equipable potential (10 TWh) is triCky. 
It is based on an economic comparison of each potential project with the 
thermal power production units which would otherwise have to be built to 
supply the same services, but remains somewhat uncertain although it consi<iers 
present conditions. Stunies are underway to combine electricity production 
with projects for other purposes (navigation, irrigation and flood control) 
and to derive maximum benefit from mociest waterways. 

The following measures recently were taken to stimulate the growth of small
scale hydroelectric power production: 

• Administrative procedures governing hydroelectric power 
production have been simplified and decentralized on the 
department<l.l (state) level for waterfalls of less than 
4.5 "1W. 

• Financial aid is granted to innustrial users who huild 
plants rated at less than 8 MW. 

• Local communities are authorized to equip waterfalls. 

Biomass 

The French government assigns high priority to "green energy," which should 
contribute the equivalent of 4 Mtoe in 1990, not counting the results antici-
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paten from firewood ann charcoal. For the year 2000, the minimum forecasts 
predict a douhling of this figure. 

The priorities laid down to attain these objectives are aimed at the follow
ing: 

• Expansion of biomass resources: Rivalry exists in the 
use of the soil (for food crops and energy crops) and 
also in the use of a qiven product. Hence, the re
sources mu~t be expanded by improving forest management 
and by increasing the productivity of traditional crcps 
or plantinq new crops (such as energy crops and planta
tions -- short-rotation coppices, Donax reed, which may 
ultimately be planted over an area of 60,000 hectares, 
,Jerusalem artichokes, sweet sorqhum ann water hyacinth). 
This implies basic research and research/development · 
operations, demonstration activities and the populariza
tion of those techniques deemed suitable. On this 
matter, the Solar Enerqy Commission, workinq jointly 
with industrial firms and public research institutions, 
will have a number of machines designed for the collec
tion of biomass. 

• Expansion of facilities: Expansion of facilities cor
responding to energy conversion techniques currently are 
under control or about to be in the short term. These 
include combustion of straw, air gasification (which is 
ideal for generatinq stationary motive power or mobile 
motive power), methanization of liquin animal husbandry 
waste and use of alternative fuels. 

• Rapid advances in techniques: This entails bringing 
about rapid advances in techniques sui table for u'se in 
the short term. One example is the methanization of dry 
animal excreta, particularly gasification with oxygen 
leaning to the synthesis of methanol. Based on its past 
experience in the area of non-petroleum fuels, France 
has assigned priority to methanol (over ethanol) as a 
partial substitute for petrol as a liquid fue 1. Acetone/ 
butyl fermentation is also one of the research projects 
adopted for the production of alternative fuels. 

• Intensification of research: This is aimed at longer
term resources or techniques such as marine and lagoon 
crops, and processes for the direct bioconversion of 
solar energy, especially for hydrogen production. 

In order to carry these various activities to fruition, public aid is con
tributed, in li "l.e with proced.ures that depenn on the stage of development of 
the operation and the risks incurred. 

Firewood 

The share of firewood in France's energy balance in 1990 should amount to 
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about 5. 5 Mtoe. 

In the next five years, t~e role of firewood will grow significantly, in line 
with the general forestry policy est~blished by the Ministry of Agriculture. 
In fact, considering its estimated 1980 share of 3 Mtoe, the acceleration 
between 1980 and 1985 should be about 300,000 tons of oil equivalent per year, 
and 200,000 tons of oil equivalent per year from 1985 to 1990. Available 
resources which can be put to use are estimated as follows: 

Still available industrial 
waste • 8 to .9 Mtoejyear 

Forestry operation residues • 3 to .5 Mtoejyear 
Wood from thinning and 

reforestation operations .4 to • 6 Mtoejyear 
Coppices aged more than 

30 years to be worked 
during a 10-ye~r period 1.5 to 2 Mtoejyear 

This amounts to an additional potential of 3 to 4 Mtoe per year. 

Intensification of the use of firewood implies that: 

• The wood industries as a whole will upgrade the energy 
value of their wastes. 

• Some rural households currently heated by paraffin 
(kerosene) will switch to firewood. 

• The use of firewood in communal premises will qrow at a 
rate of 120,000 tons of oil equivalent per year after 
l9R5. 

A Firewood Comrni ttee was formed in June 1979 to coordinate the activities of 
the different organizations concerned. The "Agence pour les Economies d 'Ener
gies" is henceforth focusing its efforts on the imrreniate promotion of fire
wood by incentives to investment for the upgrading of wood waste for energy in 
the wood industries and for wood-fired heating (400°F per ton of paraffin 
saved annually) in collective housing and local communities, ann in indivinual 
homes. 

T~e Solar Energy Commission has made an overall estimate of available re
sources ann has financed a number of regional studies de~ling with the assess
ment of different types of woon usable for energy. The comrni ssion is respon
sible for the development of these resources and the improvement of harvesting 
techniques, and is laying emphasis on its activities in the areas of innova
tion and nemonstration operations. 

Direct Solar Energy 

France, a medium-latitude country, has valuable renewable energy resources in 
the form of solar radiation ( 2, 200 hours per year on the average). The Solar 
Energy Commission, which is responsil:lle for all public activities involving 
research, design and support for industry in the solar energy field, has 
stressed the solar energy in buildings, the photovoltaics industry and solar 
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thermodynamics. 

Solar Energy in Buildings: Solar heating units for domestic hot water are 
already in use by more than 60,000 households, and various incentive measures 
such as ai~ for preliminary design and financial assistance were enacted to 
reach a total of 600,000 solar water heaters in 1985 and a few million units 
hy 1990. 

To make sure that supply matches the growth in demand in terms of both quan
tity and quality, an industrial policy (contracts with eight manufacturers of 
flat plate collectors which have accepted production and price objectives), a 
training policy for installers ( 1 0 centers equippe~ in 1980) and a :F_X)licy for 
establishing standar~s have been launched. 

The major building ministries (Armed Forces, Youth and SJ_X)rts, and Health), 
aware of the need to cut operating costs relating to energy consumption, 
alrea~y have con~ucted a number of experimental operations. Jointly with the 
Ministry of Youth, Sports and Leisure, the Solar Energy Commission has set up 
a specific ~emonstration operation for the solar heating of 25 open-ttir swim
ming pools. The commission will pursue this :F_X)licy by concluding agreements 
on speci fie projects with the major building ministries. 

By 1985, at least 10 percent of new construction will use solar energy for 
heating. By the year 2000, solar energy may contribute to the heating of 2 
million housing units out of a total of 20 million. 

In the area of increasing public interest and incentives, the Ministry of the 
F.nvironment and the Quality of Life and the Solar Enerqy Commission organizen, 
in 1980, a competition invol vi ncr the ultimate huil<ling of 5, 000 solar houses, 
which will benefit from supplementary loans to finance the extra cost due to 
solar installations. The three essential objectives of this competition were 
the following: 

• To show that a solar house saves energy and is inexpen
sive in terms of investment and operation. 

• To stimulate solar activity by organization of the 
market and financing guarantees. 

• To improve the architectural quality of solar houses to 
ensure the spread of this type of construction. 

Research activities are essential in the area of solar heating, because the 
goal is to find a solution to the major problem of the gap between solar 
energy availability and heating requirements. The chief research activities 
financed by the Solar Energy Commission are concerned with interseasonal 
storage and thermal modeling of the home. 

The Photovoltaic Industry: The overall production capacity of French industry 
exceeded l MW peak power output in 1980, making France, which contributed 
abroad to vast programs involving pumping, solar television, rural electrifi
cation and telecommunications, second worldwide in this field behind the 
United States. 
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A public aid plan adopted in March 1980, covering a six-year period, will help 
create industrial developmen~ centers in this branch of activity. This aid is 
devoted to research, exploratory development, industrial investment and demon
stration projects. Also available is non-Solar Energy Commission financing, 
such as that provided by the "Agence Na tionale pour la Valorisation de la 
Recherche" (the National Agency for the Utilization of Research) and indus
trial policy credits granted by the Ministry of Industry. 

Support for research is aimed at three objectives: 

• Technological research, to sustain the observed trend 
toward lower prices for photovoltaic modules. 

• Financing research on alternatives to silicon. 

• Development of electronic systems to ensure a better 
rna tching of electricity production and utilization. 

The Solar Thermodynamics Program: France has launched a vast program invol v
ing widely diversified research anrl development on the overall solar thermo
dynamics system. Its effort is currently focuserl in the following three 
directions: 

• The Themis tower power plant, with rated capacity of 2 
MW, primary circuit with molten salt and heat storage 
and 200 53 square meter heliostats. Commissioning of 
this installation, which will be the world's largest 
heliostat field, is planned in November 1981 in southern 
France. 

• The 100 KW distributed collector power plant, with 1, 200 
square meters of segmented-mirror collectors, 
unit and two organic fluid conversion loops. 
sioning is planned for mid-1981 in Corsica. 

a storage 
Commis-

• Process heat generation by means of parabolic collec
tors. The planned demonstration operations are intended 
to show that it is possible, in a normal inrlustrial 
environment, to operate a solar system for the produc
tion of heat that makes substantial fuel savings pos
sible. 

Wind Enerqy 

Experiments are continuing in this area. The French program covers the fol
lowing topics, listed by order of importance. 

• Creation of a wind generator test zone, to be made 
available to laboratories and industrial firms anrl 
rlesigned to compare the performances of different proto
types or machines produced in limited numbers. 

• Industrial development of small-sized machines with 
horizontal or vertical axis (rotor diameter less than 15 
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meters, power capacity less than 20 KW) that can he used 
for electricity generation (output l to 5 KW and 5 to 20 
KW), pumping, ~eating and desalination. 

~ distinction is made between machines designed to 
operate unattended in poor weather conditions and those 
designed to operate in a supervised location. 

• Research and testing of medium sized rrachines with 
horizontal axis (rotor diameter 15 to 30 meters, po~r 
capacity 30 to 300 KW). 'This includes wind generators 
designed to operate to achieve fuel oil savings on self
contained networks already equipped with diesel power 
plants, wind generators supplying an isolated network to 
achieve self-contained operation, ~.nth or without stor
age, multi-rotor machines, and grouped wind generators. 

• Development of an independent station for the estimation 
of wind potential. 

• Site surveys by simulation in a hydraulic flow. 

Sea Energy 

In recent years France has devoted the bulk of its effort in this area to 
tidal power. It is also investigating thermal energy of the seas and wave 
energy. It is felt in France that the economic prospects for the utilization 
of marine currents are poor, owing to the prohibitive cost of operating a very 
low waterfall; moreover, energy from salinity gradients is still in the con
ceptual stage. 

Tidal Power: This is the only marine energy which can be considered as having 
reached the industrial phase in France. The Rance tidal pow~r station, with a 
power capacity of 240 MW, ~as been operating since 1967 and has given full 
satisfaction from the technical and economic standpoints while providing 
considerable experience. The KWh cost of this power station is comparable 
today to that obtained by a large thermal power plant. 

France also is conducting preliminary investigations for the possible utiliza
tion of tidal power resources in the Chausey Islands zone. The economics and 
the environmental impact of t~is costly project, which would represent a 
capacity of about 12,000 MW for production of 25 TWh (about 5.5 Mtoe), are 
still far from having been determined. Construction will in any event last 
about 12 years. France also is trying to give the benefit of its know-how to 
countries possessing favorable sites (about 20 sites worldwide). 

Ocean Thermal Energy Conversion: Ocean thermal energy conversion represents a 
considerable potential in the intertropical zone where, in the event of the 
rarefication and rapidly growing cost of traditional energies, the economic 
value of this form of energy should materialize. The program underway in
cludes two phases: 

• A feasibility study of small and medium thermal sea 
energy power stations (l to 15 MW). The study already 
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has shown that such open and closed cycle power stations 
are technically feasible and that they correspond to 
component sites already manufactured industrially. It 
also appears that the competitiveness of thermal sea 
energy, by comparison with diesel, in isolated sites 
such as Tahiti, is already proven in the pilot plant 
stage for capacities lower than about 10 MW. 

• Implementation of a pilot project in light of the re
sults of the first phase and of some additional tests. 
This second phase will include a demonstration power 
station of a few megawatts, serving to show effectively 
that thermal sea energy is technically viable and eco
nomically acceptable. 

Wave Energy: The idea of exploiting wave enerqy is still in its infancy. In 
this respect, France possesses a valuable resource on its Atlantic seaboard 
that justifies a research effort. The French proqram is intended to assess 
the feasibility, and operating and commercial conditions of small wave power 
units of 1m<ier 1 MW to meet the needs of isola ted communi ties (such as on 
islan<is and offshore platforms). 

Geothermal Energy 

A distinction must be made betw'een tw'o types of geothermal energy usage. The 
first concerns the use of hot water at a temperature generally lower than 
l00°C, either directly or after heat exchange; this is the "low energy" geo
thermal application. The second concerns the use of steam issuing from the 
earth at a temperature above 150°C to produce electricity; this is the "high 
energy" geothermal application. 

High energy applications offer few possibilities of development in continental 
France. The goals thus consist of developing operations on favorable sites in 
French overseas territories and of exploitinq French techniques and equipment 
abroad. French laboratories also have launche<i technological research proj
ects within the framework of tenders issued by the European Community. 

On the other han<i, low energy applications offer significant possibilities of 
economic <ievelopment in France. A larqe share of low temperature needs (urban 
heating, hothouse heatinq and industrial requirements) can be covered by 
geothermal energy, in view of the scale of the resources and their ideal 
location in relation to consumption centers. An overall policy for geothermal 
energy development set up in 1973 has begun to bear fruit. It constituted an 
attempt to remove the main obstacles encountere<i and led to various measures: 
legislative, regulatory, financial, and those relative to geological and 
mininq risks. 

The numher of projects launched has risen rapidly since 1978. Thus geothermal 
energy has gone from the research stage to a development stage which serves to 
set ambitious but realiRtic goals for the contribution of this source of 
enerqy to France's enerqy balance (.8 to 1 Mtoe in 1990, for investments of 
7,500 million francs to be tnade by that <iate). 
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1980 1985 1990 

Number of operations 
launched 20 150 375 

Number of housing 
units or equivalent 
concerneil. 42,000 400,000 1,000,000 

Oil Shales and Tar Sands 

Although its tar sand and oil shale resources are relatively modest, France 
has spent several years in a research effort in this area to develop technol
ogies and acquire the ability to upqrade national resources, or in connection 
with operations abroad. The program to be implemented until 1985 will consist 
essentially of research and development 1-1ork. Industrial followup does not 
appear feasible before 1990 on French territory. 

In the area of research, France, and the French Petroleum Institute in partic
ular, attach great importance to geochemical research and the characterization 
of heavy products to enhance geological surveys and improve rrethods of using 
organic matter. 

With respect to tar sands, new in situ processing rre thods are being investi
gated in the laboratory and are undergoing pilot tests in the field. The 
horizontal drilling technique, which is especially attractive for tars and 
deposits distinguished by a very low injectivity, is beginning to be trien out 
successfully. But the problems encountered by the upgrading of unconventional 
oils are an obstacle to the development of the use of these resources. To 
help alleviate this situation, France has decided to build an experimental 
heavy product processing unit with a capacity of 15,000 to 20,000 tons per 
year. Moreover, investigations into the use of heavy products as industrial 
fuels are under way. 

Bituminous shales were worked in France on a small scale in the 19th century 
and until 1957, but no complete inventory of domestic resources was available 
until the formation of the "Groupe d 'Etudes des Roches Bi tumineuses" (the 
Bituminous Rock Study Group, this includes French Petroleum Institute, Com
pagnie Francaise des Petroles, Societe Nationale Elf Aquitaine, the Bureau of 
Geological and Mining Research and Charbonnaqes de "France) in 1973. Zones 
which are favorable to quarry working were thus identified on the eastern edge 
of the Paris Basin. ~n initial technical and economic assessrrent of such a 
working has been made. Since 1979 new research programs have been set up. 
They are aimed primarily at completing the work of the study group, particu
larly by an analysis of the environmental impact of a mining type operation. 
In addition, studies have begun on the possibilities of in situ extraction. 

THE SPECIAL CASE OF FRENCH OVERSEAS TERRITORIES 

Within the framework of the French program for the development of renewable 
energies, a mention must be made of the program applied in the French overseas 
territories. 

In view of their characteristics (dispersion and abundance in tropical zones), 
renewable energies can meet part of the energy needs of the overseas terri-
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tories. They can be used to cover essential rEquirements in isolated places 
with water pumping and electric power supply (more than 20 percent of homes in 
the overseas territories are not connected to the grid). Renewable energies 
can curb the rural exodus an~ thus facilitate the development and growth of 
the overseas territories. 

New energies also offer significant security of supply: the sun, the wind, 
bagasse and wood are local resources that can cover 20 to 80 percent of energy 
requirements. Renewable energies will thus guarantee protection against 
rising oil prices. In ad~tion, many sites are favorable to high-enerqy 
geothermal applications. 

Operating costs appear to be relatively limited. Equipment using solar energy 
or wind enerqy only requires minimum maintenance, whereas in a local context 
the scale of operating costs is an obstacle to the <ievelopment of conventional 
energy sources. 

The Renewable Energies Program in Polynesia 

This special research and experimentation program is funded by the Solar 
Energy Commission, the French Atomic Enerqy Commission (as operator) and the 
terri tory of Polynesia. 

Program objectives are: 

• Compilation of an inventory of renewable energy re
sources. 

• Experiments with "renewable energy" solutions for the 
islan<is (water production, cold pro<iuction and elec
tricity generation). 

• Component testing un<ier the scientific conditions pre
vailing in Polynesia. 

The principal projects alrea<iy implemented or being set up are concernen with 
the following: 

• Solar and wino pumping at Bora Bora. 
• Solar air-conditioning of builnings at Mururoa and at Papeete. 
• Electricity for hospital and housing at Tuhuaiu ann Tautira. 
• An 18 KW wino qenerator (310 ~~per <iay) at Arutua. 
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INTRODUCTION 

Ireland is deficient in conventional energy sources. It has limited coal re
serves and no indigenous oil, alt>tough hopes are high that comnercial fields 
may he proven in the next few years. Indigenous hydroelectric power was 
developed early on, the first station on the river Shannon being built in 
1927. Development of the other recognized indigenous source of energy, peat, 
did not advance significantly 1mtil state intervention toe* place in 1933 at a 
time when development was not clearly economical. 

The primary energy supply mix in 1960 was 30 percent each from peat, coal and 
oil, the balance coming from hydroelectricity. By 1978, 75 percent of Ire
land's total primary energy (TPE) came from oil; the contribution from peat 
and hydroelectricity had remained static and that from coal had declined. 
Between 1960 and 1978, Ireland's TPE consumption rose 85 percent to 7. 69 
million tons of oil equivalent (Mtoe), largely accounted for by increased 
imports of oil. The rate of increase between 1973 and 1978, however, averaged 
only 2 percent per annum. 

The current level of Ireland's TPE consumption is very law when compared with 
other west European countries and the per capita consumption is also low. In 
this regard, Ireland occupies an intermediate position between developed west 
European countries and the majority of developing countries. This intermedi
ate position reflects Ireland's relatively late industrial development when 
compared with other European countries, and unlike the latter, energy consump
tion is expected to grow significantly in future years in line with industrial 
development. This position is shared with rrany developing countries. 

In 1979 an offshore gas field with reserves of about 30 billion cubic meters 
came into production, giving a small increase in the indigenous contribution 
to TPE. Nonetheless, apart from being heavily dependent on one primary fuel 
(oil), the significant fact concerning Ireland's TPE is that more than 80 
percent is imported. To reduce the country's dependence on imported energy, a 
vigorous search for offshore hydrocarbons is underway. ~t the same time it is 
recognized that there is good potential in Ireland for new and renewable 
sources of energy and research and development work has been underway for a 
number of years. 
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Up to the present time (1981), the development or supply of energy in Ireland 
has been left to private or innepennently run energy agencies. The formation 
of the new Department of Energy in early 1980 reflects the importance now 
attached to energy matters, and will enable central direction to be given to 
energy policy as a whole and toward demonstrating and implementing new and 
renewable sources of energy in Ireland. 

A coordinated program of researCh and development into certain new and renew
able energy sources was brought into being following the 1973 disruption of 
oil supplies. The state's expenditure in 1980 for the ~rious research, 
development and demonstration programs on peat and new and renewable energy 
systems which have potential in Ireland is as follows: 

Peat 
Wind 
Biomass 
Ocean Power: 

-wave and tid a 1 
Solar energy: 

-thermal, both active and passive 
-photovoltaic 
-photochemical 

Small hydro 

IR £ OOO's 

252 
127 
485 

254 

56 
35 

Geothermal energy 11 

Research, development and demonstration programs in Ireland on new and renew
able energy sources involve the following stages: 

• Assessment of resource availability. 
• Determination of the technical competence available. 
• Research, design and construction of a pilot scheme. 
• Design and construction of a demonstration scheme. 
• Carrying out of integration studies. 
• Large-scale implementation. 

Only peat has reached the large-scale implementation stage. This was reached 
in the 1940s after many years of developmental work, and development has 
continued to the present. Of the other systems, those considered to have the 
greatest potential for Ireland are wind power and biomass in the medium term 
and wave power in the long term, alt~ough all those listed should make some 
contribution. 

PEAT 

Owing to the very lirni ted reserves of coal, wood and natural gas, and the 
absence of indigenous oil reserves in Ireland, peat resources have been devel
oped as the principal indigenous source of energy. Building on the knowledge 
accumulated by many pioneer peat producers during the past two centuries, 
progress in increasing high quality peat prouduction to its present level 
accelerated rapidly with the setting up by the government of Ireland in 194 7 
of the semi-state Irish Peat Authority (Bard na Mona -- BnM). BnM was estab
lished to develop the peat production industry throughout the country in an 
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economical and efficient manner. 

While the reputed area covered by peat is about 1,095,600 hectares, the actual 
area considered to be deep or larqe enough for viable production units is 
about 80,000 hectares, taking into account present production methods and 
present competitive fuel prices. With the gro•ring importance of peat as a 
fuel, however, some areas previously considered not viable miqht tend to 
become so with the increase in the cost of imported fuels. 

Machine Sod Peat 

The traditional method of hand cutting peat still is practiced widely in 
Ireland for domestic use by people requiring fuel near peat areas (bogs). 
About 800,000 tons per year of machine sod peat are produced by BnM, using 
large fully automatic machines. Output varies from 5 to 10 tons of dry peat 
per hour ~uring about 2,000 hours of cutting operation from April to July each 
season. Cooperatives and private firms also produce a substantial quantity. 
Air drying of the spread, wet peat usually takes place from April to late 
autumn. A sod of dry, machine-produced peat measures about 25 x 7 x 7 em. 
These sods, about 320,000 tons per year, are used in electric power stations 
of the national electricity utility. The total installed capacity of these 
sod peat stations is 120,000 KW. The remaining 480,000 tons of sod peat are 
sold to industrial (150,000 tons) and domestic (330,000 tons) outlets. The 
iniustrial sod peat is, in some cases, brdcen into pieces of about 5 to 7 em 
diameter to suit mechanical stokers. 

Machine sod peat ma~e for the above purposes is machine macerated (thoroughly 
mixed) after excavation and prior to being spread on the bog surface to ~ry 
naturally. This maceration has the most important effect of promoting sod 
shrinkage, densification, irreversible drying and resistance to transport 
breakaqe. The calorific value at the normal 35 percent moisture content is 
3, 500 kcal per kiloqram. 

Milled Peat 

The largest production of peat in Ireland is in the form of millP.d peat -
peat cut from the surface of the peat boq in layers about 12 millimeters thick 
into small pieces by rotating spiked drums. During suitable weather, this 
dries in a few days to 55 percent moisture content or less, and is collected 
into piles beside railway lines. The peat then is loaded and transported to 
electric power stations or briquette factories as required. Some of the 
lightest quality milled peat is diverted to horticultural peat packaging 
plants. 

About 3 million tons per annum of milled peat qoes to power stations (of 
330,000 KW installed capacity), and 900,000 tons qoes to three briquette 
factories producing 360,000 tons per annum of briquettes. One more briquette 
factory will be in production shortly (1981) and two are planned to start 
production in 1984 and 1987. 

Briquettes from milled peat contain 10 percent moisture, about l percent to 3 
percent ash, and have a calorific value of about 5,300 kcal per kilogram. 
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Horticultural Peat 

BnM operates two works for the production of horticultural sphagnum moss peat. 
A third works is planned. This material is of low density and high water 
abso:rption, and is greatly desired by horticulturists for soil improvement to 
give higher and better crop yields and to increase soil humus. It is not used 
for fuel purposes. 

Reclamation of Bog Cutaways 

After all the recoverable peat has been removed from a bog, BnM prepares the 
cutaway area for other uses. These include the growing of biomass for energy 
purposes or other agricultural uses. This work is still at the research, 
development and demonstration stage, but will become of qreater significance 
and extent as more bogs are exhausted in the future. About 1,000 hectares are 
under reclamation at present. 

Production of fuel peat per annum by Blli\1 amounts to aboot 880,000 tons of oil 
equivalent, worth at least IR £200 million at 1981 prices. Some 16 percent 
of the national electricity requirements are generated from peat. 

WIND 

Ireland is considered to be well-positioned to make use of wind power due to 
the relatively constant wind regime ann relatively high mean wind speeds en
countered across the country. At present there are very few wind turbines in 
use and wind power makes no real contribution to the country's energy supply. 
It could have a great impact, however, because of the relatively low energy 
demand and low population density in Ireland. 

Several distinct market areas are foreseen for wind power, notably water 
pumpinq for supply, irrigation or drainage; water heating by direct mechanical 
action; and electricity generation, whether by large units ·owned by utili ties, 
or small to medium-sized, private units. 

There are no national projections on the future contri~ttions of wind energy 
to energy supply. One of the first tasks of the research, development and 
demonstration work which the government is actively encouraging is to develop 
such projections as detailed data becomes available. It is expected that winrl 
turbines generally will have to fulfill normal commercial criteria before 
making any impact on the enerqy supply situation. Exceptions may arise in the 
case of remote communities, particularly in the west ann in offshore islands, 
where the wind regime is most favorable. 

Ireland has a demonstration program in progress organized by the Department of 
Energy directly and through the state-owned electricity utility (ESB). In 
this program, eight or 10 small to medium-sized (10 to 120 KW) commercially 
available machines will be erected. A range of different machines will be 
tested, each of them fully instrumented in a variety of locations chosen for 
their differing wind regimes, each machine serving a different purpose. 

The proqram is intended to demonstrate the present status of the various 
designs of small wind turbine generators and the energy potential of these 
machines under Irish conditions. The general experience thus gained, together 
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with the particular experience of operating problems associated with intercon
nection of these machines and the electricity network, will give training and 
experience which will enable Ireland to progress smoothly to large machines 
currently under ~evelopment elsewhere in the world. At the same time the 
program is expected to increase public awareness of this renewable source of 
energy. 

There is a limited manufacturing capability for wind machines in two Irish 
companies at present. On the research side, theoretical studies using statis
tical methods have been undertaken on the effect of introducing large-scale 
wind power into the grid. Some fundamental aerodynamic analysis has been 
carried out, including a novel design for a balloon-borne winti generator. 

Internationally, Ireland participates in IEA, United Nations and European 
Community discussions and research, ~evelopment and demonstration programs. 
Thus international activities in wind power are monitored and Ireland partici
pates in international developmental work. 

BIOMASS 

The term biomass encompasses essentially all grO\ring plant material, ranging 
from trees, cereals and root crops to algae, either purpose-grown or waste 
material from other activities such as forestry. It is generally recognized 
that purpose-grown biomass is best for energy purposes. Ireland is interested 
in purpose-grown forest biomass but also can make use of forest wastes and 
agricultural wastes such as pig and cattle slurry. 

Forest Biomass 

Ireland is particularly well-suited for the production and utilization of 
forest biomass as a source of energy. The climate is appropriate for the 
quick qrowing of many species of both hard and soft woods. The country was 
oriqinally heavily forested but was denuded in the 18th and 19th centuries. 
There is a broad experience in Ireland of commercial agriculture and specific 
experience in traditional forestry. This experience relates to planning and 
planting new forests and therefore results in efficient, high yielding planta
tions. For more than 30 years suhstantial quantities of electricity have been 
generated from peat, either milled or sod peat, a material very similar to 
wood with regard to transportation and combustion. Finally the low population 
density of Ireland means that there are large areas of land available for the 
establishment of forest. In particular, as peat is harvested for use in 
adjacent electricity power stations the remaining cut-away bog has potential 
for afforestation. 

Forest biomass produces fuels particularly applicable in Ireland. As a solid 
fuel, wood can be used domestically or to producP. industrial heat or electric
ity. It also can be gasified and, in the longer term, liquefied for use as a 
transport fuel. 

Since 1976 an active research program into forest biomass for enerqy has been 
carried out. Initial work at the Irish Aqricultural Institute concentrated on 
finding species most appropriate to Irish conditions. This work progressed to 
sylvicultural trials to establish the optimum conditions for growth in differ
ent locations, consideration of harvesting systems and tests on the burning 
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properties of woods produced. Together with this practical work the program 
included economic and systems analysis studies of forest biomass energy, 
including land use. 

The proqram now has been superceded by aIR (9.2 milliondemonstration pro
gram operated 'by the BnM and drawing upon services trom the Irish Agriculture 
Institute, the Forest and ~iildlife Service and the ESB. Under this demonstra
tion, 400 hectares of short rotation forestry and 200 hectares of single stem 
forestry are being established, a harvester for the former is being designed 
and built and existing electricity generating boilers are being adapted in 
order to burn the resultant 'biomass. This project will be completed in 1985 
and it is expected that it will show the viability of electricity generation 
from purpose-grown forest biomass. 

Ireland leads the world in the above research program on short rotation fores
try. Yields from conifers in Ireland average 14 cubic meters per hectare per 
annum, although the range of yields is from 3 to rrore than 30 cubic meters per 
hectare per annum depending on the soil quality and location. Yields from the 
species currently considered best for short rotation forestry --salix, popu
lus and alnus -- are expected to exceed those of conifers, although again 
these will vary with soil quality and location. This is largely due to the 
hiqh growth rate of these species in their early years when compared with 
conifers. It has been calculated that by the year 2000, 400,000 hectares of 
short rotation forestry coppice could yield at least 2 Mtoe each year for 
Ireland. 

All the above programs have been partially funded by the European Community as 
part of its solar energy research, development and demonstration programs. 
Part of the demonstration program, the design and building of a short rotation 
forestry harvester, is included in an IEA Forest Energy Agreement work pro
gram. 

Additional research work in Ireland is concerned with biomass systems analysis 
and modeling, work which is carried out within the IEA Forest Energy Agree
ment. A study also is being carried out into the economic and social impact 
of biomass production in certain economically depressed regions of the coun
try. 

Apart from international activities already mentioned the National Board for 
Science and Technology, on behalf of the Irish government, is the Operating 
Agent for the IEA 's Biomass Conversion Technical Information Service. This 
service provides a source of scientific and technical data on all aspects of 
energy from biomass. Information is presented at regular intervals in the 
form of abstract hulletins and literature reviews to the participating 13 IEA 
member countries. 

Agricultural Wastes 

Research and development work on the production of biogas from agricultural 
wastes has been carried out in Ireland for some years. Initially the work was 
stimulated by the need to neutralize and dispose of large amounts of toxic 
agricultural wastes, particularly pig slurry. The side effect of the produc
tion of biogas, however, has always been seen as a useful ootcome of the 
work. Research into the more traditional type of digester at AFT converts pig 
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slurry into methane, which is used to generate electricity and hot water. 
Further treatment of the residue results in a high-quality, slow-release 
fertilizer. At the same time, the Department of Microbiology in University 
College Galway has been investigating anaerobic filter digesters. Laboratory
scale filters have been tested successfully and experimental digesters have 
qiven encouraging results with both pig anrl cattle slurries. A full-scale 
cUgester is being built in conjunction with a British university. 

Apart from these studies on liquid slurry feedstocks, adaption is being con
sidered to enable solid agriculture residue or energy crops to be utilized in 
the anaerobic filter digester. ~is could be in a two stage process, with 
liquefaction of solids as the first step, and cruld be developed for use with 
solid industrial residues. 

Ireland's research program is flmded partly by the European Community and is 
designed to take account of and fit in with other international rlevelopments 
in this field. 

Conversion of Biomass 

The conversion of biomass to fuel has been carried out in Ireland in a small 
way since the early 1940s. At that time a state company, Ceimici Teo., began 
distilling ethanol from potatoes. The alcohol was used as an additive in 
gasoline, up to 10 to 15 percent blend. More recently, with gasoline cheap 
and plentiful, the average blend has gone down to less than 1 percent. More 
significantly, imported molasses has been used as feedstock because it is 
cheaper than potatoes. 

With the current need to reduce our dependence on imported energy, conversion 
processes are being looked at again. The National Board for Science and 
Technology is to undertake a sturly of current research, development and demon
stration work on the direct combustion of wood in small-, medium- and large
scale boilers. At the same time, a close watch is being kept on the worldwide 
interest in the gasification and production of methanol from wood and the 
generation of ethanol by fermentation from various agronomic substrates, such 
as sugar beet, grass and potatoes. 

WAVE ENERGY 

Ireland's position on the eastern shore of the Atlantic Ocean at latitudes in 
the low 50s means that it is irleally situated with regard to wave energy 
resources. The ocean-facing coastline is relatively long and is exposed to a 
wide range of wind directions. It has been cal~1lated on the basis of avail
able data that mean power levels off the west coast amount to 40 to 50 ~q/m on 
an annual average basis, or in e~cess of 400 MWh/m on a year-round average. 
From these figures it appears that, ~t an efficiency of conversion of 50 
percent, between 100 and 200 line kilometers of wave frontage could supply 
annual average power in excess of installed capacity in Ireland. 

Although Ireland has this enormous theoretical source of energy, it is far 
from being available for exploitation. It is diffuse and therefore requires 
larqe arrays of devices to extract the energy. Also, the source is variable, 
and while back-up facilities are necessary for periods of calm, devices have 
to be able to withstand the qreat destructive forces of storms. 

Ireland/7 



A limited amount of research is carried out in Ireland. Analytical studies of 
wave phenomena and analysis of wave data are carried out in two universities, 
while in a third, model devices are tested in a simple wave tarik. 

Internationally, Ireland is participating in a European Cooperation in Science 
and Technology project to develop an oceanographic buoy in the Atlantic west 
of Ireland. At the same time, Ireland participates in the IEA's International 
Wave Energy Project. In this program, a large Japanese prototype ship-shape 
device, fitted with eight turbines, successfully completed eight months of sea 
trials. The resultant data still is being analyzed and it is likely that 
further sea trials with a modified or second-generation prototype will be 
carried out. 

Ireland is trying to build up analytical and modeling experience to enable the 
IEA experience in the Sea of Japan to be put to use in determining the most 
appropriate means of exploiting wave energy potential offshore Ireland. 

TIDAL ENERGY 

The economics of tidal energy exploitation are directly dependent on the tidal 
range available and a favorable coastline configuration. A census has been 
taken of the important large tidal inlets in Ireland which might be suitable 
for the location of a tidal energy scheme. It can be seen from the results 
that nowhere in Ireland does the Mean Tidal Range exceed 4m and in only two 
locations is it more than 3.5m. This figure is well below the tidal range 
limit which experts consider necessary before exploitation of tidal energy 
becomes worth considering. 

Despite these indications that the basic resource is poorly developed in 
Ireland, a study is planned of the most favorable site, the Shannon Estuary. 
This is to determine a theoretically feasible way in which the maximum benefit 
could be obtained. This study will indicate, without regard to cost, the 
optimal locations for a barrage and appropriate size and location of turbines 
and sluices. 

Apart from limited bilateral discussions, Ireland is not involved in any 
international actions on tidal energy. 

SOLAR ENERGY 

The level of solar enerqy falling on Ireland has been recorded for many years. 
Seasonal variation is marked, but the absolute availability of solar radiation 
in Ireland is consioered about half that in the most favorable locations in 
the world. 

Ireland is a participant in the European Community's solar energy research and 
development proqram on solar radiation data. Under this program, a European 
solar radiation atlas is being produced, the first volume of which was pub
lished in 1979 and shows maps inclu~ng Ireland. From these maps, calculated 
means of global radiation falling on Ireland can be read per month or per 
annum. 
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Low Temperature Solar Thermal 

ResearCh and demonstration work has been carried out in Ireland on both active 
and passive solar thermal systems. The design of passive solar houses has 
been studied and experimental buil~ings erected. By participation in European 
Community research projects Ireland monitors research in passive building 
design elsewhere. The first architectural competition in the country for the 
design of passive solar buildings suitable for Ireland is being held in 1981. 

Active solar thermal systems, oarticularly for the production of hot water, 
also have been researched. The lack of interest in the use of solar water 
heaters in the country is largely due to the very marked seasonal variation in 
solar energy -- only one-tenth of the yearly total energy falls in the three 
winter rronths. At the same time, the daily enerqy total can fluctuate enor
mously from day to day throughout the year. 

Despite these drawbacks, the design of solar water heaters and of selective 
absorption surfaces has been studied and pilot tests carried ~It. As part of 
a European Community research program, a pilot test facility which simulates a 
solar heated house has been under test for 18 rronths. This monitoring is 
accompanied by analytical work on solar systems design and systems modeling. 
Ireland also is participating in a European Community demonstration project 
involving the use of solar panels for heating swimming pools. 

Photovo ltaic 

A limited research program into new forms of photovoltaic devices and new 
production techniques has been underway in Ireland for a number of years. In 
1981, a 50 KW photovoltaic pilot plant will be built to supply electricity to 
run a dairy farm. The photovoltaic panels will be opearated in association 
with battery storage, together with the existing electricity grid as back
up. However, despite Ireland's relatively unfavorable level of solar insola
tion, a positive energy balance is expected for each month of the year. This 
pilot project is part of a European Community research project whereby such 
pilot plants will be built and operated in each of the member countries. 

SMALL-8CALE HYDROELECTRICITY 

A hydroelectricity generating plant with a capacity of 219 MW is operated in 
Ireland by the ESB, accounting for about 7.5 percent of electricity genera
tion. There are a limited number of locations where schemes from 1 to 40 MW 
could be built. These are under review by the ESB at present and it is pos
sible that some of these will be developed in time. For the most efficient 
use of this hydro power it would be necessary to have associated storage, but 
because t"lis probably would make development uneconomical, less efficient but 
cheaper schemes without storage would be likely. 

The smallest scheme operated by the ESB has a capacity of 600 KW. This scheme 
was commissioned in 1980 and indicates the current interest in smaller hydro 
power. Below this capacity there are likely to be locations with potential 
for local industry or private use, the potential of which is enhanced by the 
ESB's willingness to buy power from anyone wishing to sell it. An advice 
service is available to give information to help private development of such 
schemes. 
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GEOTHERMAL ENERGY 

Geothermal energy has not been utilized in Ireland; indeed it is not even 
known whether there is any potential for this energy source in the country. 
There are no known hot springs and no known deep basins w.ith permeable roCks. 
A few warm springs exist, and a national program is underway to compile geo
thermal data and measure temperatures and geochemical characteristics of 
groundwater. 

Larqe-scale geothermal energy sources are not expected to be discovered as a 
result of this survey. Technical progress in the field of hot dry rock geo
thermal energy appears to offer the most likely prospect for geothermal devel
opment in Ireland. This, however, must wait for a major breakthrough in the 
technology of developing hot dry roCk geothermal energy. 

POTENTIAL OF PEAT AND NEW AND REliiEWJ\.BL:R ENERGY FDR IRELAND 

Results of analyses by the National Board for Science and Technology recently 
have been published. For a proper understanding of the results of these 
analyses it is necessary to consider in detail the information fed into the 
analyses and the constraints placed on options available in the analyses. 

For the purpose of this paper, the projections for renewable energy sources 
only will be considered: 

• Between 1980 and 2010, contributions from renewable 
fuels are expected to rise from .2 to 1.76 Mtoe, consti
tuting 8 percent of TPE in 2010. 

• The hydroelectric contribution will remain virtually 
constant for that time because of the unavailability of 
suitable sites apart from some for small-scale exploi
tation. The expansion will come from biomass, solar, 
wind and wave energy, mostly after 1990. 

• The earliest and greatest expansion comes in biomass, 
largely because exi,sting peat technologies can be read
ily adapted for use with biomass. 

• Electricity production dominates the use made of renew
able resources. 

• Residential and commercial usage is dominated by solar 
water heating. 

Whether these projections are found to be accurate or not depends on whether 
the assumed constraints on the implementation levels of renewable technologies 
are correct. Research~ development and demonstration programs currently being 
carried out will in"licate the feasibility of achieving or exceeding the 
assumed levels. 

The projections of the contribution of both peat and renewable energy in 
Ireland, 16 percent in the year 2010, are given in detail in Tables 2 and 3. 
As has been stated, the validity of the projection depends on the assumptions 
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made and the constraints placed on options available. The most significant 
constraint in this analysis regarding new anrt renewable energy sources was 
that the rate of implementation would be conservative. Obviously, if special 
efforts are made to develop and utilize new and renewable energy sources, 
these projections will themselves be conservative. 

For peat production, it is calculated that reserves will last only for about 
40 years. For two of the renewable energy sources, biomass and wind, Ireland 
is particularly well-placed, and technology is developing rapidly. Ireland is 
a learter in short rotation forestry biomass research, but this is only at the 
demonstration stage. The contribution in 2010 could be greater than predicted 
if the results of the demonstration project are very favorable. Similarly, 
Ireland is well-placed to use wind energy. If there is a breakthrough in the 
efficiency and cost of the technology, winrt cruld make a greater contribution 
to the the energy supply than is predicted in this analysis. 
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TABLE 1. MONTHLY AND ANNUAL VALUES OF MEAN HOURLY WIND SPEED, 1961-1970 
(m/s) 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Bel•ullet 7.24 7.44 7.49 6.83 6.78 6.27 6,16 6.16 6.68 7.44 7.08 7.39 

Birr 4.08 4.23 4.]] 4.23 3.92 3.41 3.21 3,47 3.41 3.82 3.77 4.13 

Claremorrie 4.84 5.15 5.25 4.94 4.64 4.18 4.08 4.13 4.23 4.64 4.43 4.69 

Clones 5.10 5.35 5.55 5.15 4.69 4.18 4.13 4.13 4.29 4,79 4.79 4.94 

Dublin Airport 5.86 6. 11 5.96 5.40 4.79 4.23 4.23 4.38 4.54 5.10 5.61 5.91 

Kilkenny 3.77 4.03 4.03 3.92 3.57 3.11 3.00 3.16 3.11 3.36 3.46 3.72 

Malin Head 8.05 8.31 7.95 7.34 6.1;2 6.06 6.47 6.32 6.83 8.00 8.40 8.56 

Mullingar 4.38 4.74 4.89 4.64 4.08 3.87 3.87 3.87 3.77 4.19 4.23 4.64 

Roche'• Point 7.34 7.24 6.73 6.52 5.91; 5.20 5.10 5.61 5.96 6.42 6.73 7.39 

Rosel are 6,73 7.08 6.37 6.17 5.91 5.15 4.69 5.25 5.45 5.81 6.52 6.83 

Shannon Airport 5.61 6.01 5.96 5.61 5.30 4.59 4.69 4.89 4.94 5.35 5.25 5.66 

Valentia 6.37 6.22 5.81 5.55 5.45 4.64 4.38 4.74 5.15 5,71 5.86 6.32 

Annual 
Means 

7.0 

3.86 

4.64 

4.78 

5.25 

3.55 

7.47 

4.33 

6.39 

6.01) 

5.41 

5.56 



TABLE 2. PROJECTED AVAILABILITY AND USE OF PEAT, 1985-2010 

MTOE 

1985 1990 1995 2000 2010 

Peat Availability 1.25 1. 20 1. 20 1.68 1. 68 

Peat Usage 

Eldctricity Generation 1. 02 .74 .57 .87 .30 

Coupled Produ~.:ti.,n .o4 .06 .06 

Briqudttes Plants .14 • 12 • 11 .09 .10 

Industry .03 .10 .22 .33 .49 

Residentictl and Commercial* .06 .24 .26 .33 .73 

Total 1.25 1. 20 1.20 1.68 1.68 

*Excludes Briquettes 
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TABLE 3. PROJECTED AVAILABILITY OF RENEWABLE ENERGY, 1985-2010 

MTOE 

Renewable Availability 1985 1990 1995 2000 2010 

Hydroelectricity .20 .19 • 19 .19 .19 

Biomass • 12 • 39 .87 1. 35 

Solar .. .01 .03 .04 .06 

Wind .. * .10 .01 .09 

loJave .. .01 .07 

Total .20 .32 .62 1. 12 1. 76 

Renewable Usage 

Electricity Generation .20 .19 .34 .67 1. 12 

Industry .10 .22 .33 .49 

Residential and Commercial .03 .06 • 12 .15 

Total .20 .32 .62 1.12 1.76 

*Small 

Ire1and/14 



PU.KAJlY ENERGY 
(MTOE) 

8.0 

6.0 

4.0 

FIGURE 1. TOTAL PRIMARY ENERGY (1960-1979) 

~~------------------2.0 

Peat 
B 

1960 1965 1970 1975 

Ire1and/15 

1979 

Natural 
ea. 



Italy 

CONTENTS 

Introduction, 1 
National Consumption of Energy, 2 
Objectives and Policies for 1990, 2 
Role of New and Renewable Sources of Energy in Italy, 3 

Background, 3 
So 1 ar Energy, 3 

Flat Plate Collectors, 3 
Concentrating Collectors, 3 
Central Tower Plants, 4 
Photovoltaic Conversion, 5 

Wind Energy, 5 
Biomass, 6 
Hydroelectric Energy, 6 
Geothermal Energy, 7 

Consumption, 8 
Civil Sector, 8 
Agriculture, 9 

Legislative and Financial Action, 9 



INTRODUCTION 

Italy's enerqy policy is formulated, nirecten and coordinated by the Ministry 
of Industry. The technical body responsible is the General Directorate of 
Energy Sources. The Ministry of Industry prepares the National Energy Plan, 
which defines both long-term ann immediate energy objectives. 'This machinery 
is used to develop proposals considered necessary to promote the use of new 
and renewable sources of energy (NRSE). 

The executive bodies responsible for achieving the enerqy objectives laid dawn 
are the competent public agencies. Each of these, within its own field, is 
also responsible for planninq activities for the use of NRSE with a vi eM to 
developing local enerqy resources and reducing as far as possible Italy's 
dependence on foreiqn supplies. 

The main public agencies dealing with enerqy are: 

• ENI (Ente Nazionale Idrocarburi, the National Hydrocar
bons Agency), whose priority task is to ensure Italy's 
supply of energy resources. 

• ENEL (Ente Nazionale Energia Elettrica, the National 
Electric Energy Agency), which ensures the national 
supply of electric energy. 

• CNEN (Comi tato Nazionale per 1 'Enerqia Nuc leare, the 
National Committee for Nuclear Energy), which deals with 
research, development, experimentation and promotion in 
the field of nuclear technologies, NRSE and energy 
conservation. 

Scie~tific research including matters related to NRSE, is the task of the 
Mi~ister for the Coordination of Scientific and Technological Research, which 
prepares the National Enerqy ~esearch Plan. 

The first program in the enerqy sector, and in particular in that of NRSE, was 
promoted and coordinated by the National Research Council. Under this pro
gram, in which Italian industries and universities participate, about 40 
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contracts have been awarded for the application of solar energy in the civil 
and agricultural sectors ann for the production of process heat. 

In 1979, the Ministry of Foreign Affairs, the Ministry of In~ustrv and the 
major Italian industries established the International School for Solar Energy 
and Other Renewable Sources of Energy, which provides high-level training for 
Italian and foreiqn workers. 

NATIONAL CONSUMPTION OF ENERGY 

In 1979, the consumption of energy in Italy was 149.05 million tons of oil 
equivalent (Mtoe) or 2.63 tons of oil equivalent per capita. This figure is 
fairly close to averaqe consumption in the other industrialized countries. 

This consumption of primary energy is brOken down as follows: oil, 68.8 
percent; natural gas, 15.5 percent; coal, 7.7 percent; water and geothermal, 
8. 3 percent; and nuclear • 4 percent. 

~ special feature of Italy's energy situation is its dependence on foreign 
sources for prim3.ry energy supplies (83. 2 percent). Oil is larqely respon
sible for this dependence. It represents 68.8 percent of primary energy 
supplies. 

In 1979, final consumption of energy amounted to 108.1 Mtoe, brOken down as 
follows: industry, 35.9 percent; civil sector, 28.1 percent; transport, 24.9 
percent; agriculture ann fisheries, 2.3 percent; and non-energy uses, 8.8 
percent. 

Final uses of energy were: 
form of electric enerqy and 
high temperature, 8 percent 
ture). 

24 percent in the form of oil; 12 percent in the 
the rest for the production of heat (23 percent 
medium temperature and 33 percent low tempera-

In view of its favorable hydro-geological situation, Italy will make substan
tial use of water and geothermal sources. At the moment, these sources meet 
2 7 percent of national electricity demand. 

The use of other renewable sources (such as solar, wind and hiom3.ss) has gone 
beyond the experimental staqe. Many advances have been m3.de oot the contribu
tion of these sources to the satisfaction of national demand for energy will 
be marginal over the short and medium term. 

OBJECTIVES AND POLICIES FDR 1990 

Although calling for an increased supply of between 3 and 3. 5 percent per 
year, the National Energy Plan for 1990 aims at holding baCk total demand to 
200 Mtoe. This will be achieved by an active policy of conservation designed 
to gradually reduce the coefficient of consumption elasticity to 0.7. At the 
same time, Italy will re.duce the share of oil in the consumption of prim3.ry 
energy. For the moment, it will be froeen at the present import figure of 100 
Mtoe. Coal, nuclear energy, gas and NRSE will be developed fully. 

To ensure the security and continuity of supplies, the objectives are to 
diversify sources as regards type and area of production and to build up 
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sufficient strategic reserves. 

In addition to this supply policy, Italy already is making technological 
choices which will help its industries improve the quality of their products 
and sell them on the international market. 

ROLE OF NEW AND RENEWABLE SOURCES OF ENERGY IN ITALY 

Background 

Accorning to the National Energy ~lan forecasts, new and renewable sources of 
energy will account for about 7 percent of energy demand by 1990. By that 
time, allowing for increased consumption, 4 Mtoe of oil will have been saved. 
Most of the contribution from NRSE will come from an expanded hydroelectric 
sector. Residual water resources are to be tapped and formerly abandoned 
hydraulic power stations reactivated. In view of the expected success of 
current exploration and that planned during this decade, geothermal sources 
should allow a subsequent oil savings of about 1 Mtoe. A similar saving 
should be achieved by the use of NRSE, especially solar energy. 

Solar Energy 

Flat Plate Collectors: In Italy, low-temperature solar technologies requiring 
flat plate collectors are well a~vance~. Current research is now concerned 
with systemization and heat storaqe (day/night and interseasonal). 

In final uses, almost one-fifth of national energy demand is absorbed by the 
production of low-temperature heat. Obviously, therefore, the spread of this 
technology can play a major role over the long term. 

At the moment, the steadiest demand is for low-temperature heat for civil, 
agricultural and industrial purposes obtained from solar collectors rather 
than electric heaters. In 1979, about 60 firms produced a total of about 
100,000 square meters of flat plate collectors. Italian production is highly 
diversified: manufactures include regular plates, plates with selective 
surfaces and plates with absorbers made of steel, aluminium and copper. 

IH th a view to eliminating undesirable uses of electric energy, ENEL is con
ducting an intensive promotional campaign for the replacement of electric 
heaters with solar heaters. Its programs are aimed at the installation of 
200,000 solar heaters in the next three years and l million by 1990. 

The domestic market should expand consi~erably with the entry into force of 
Law No.655, which provides incentives of up to 30 percent of the cost of solar 
installations. 

The government is studying closely the problem of the quality of the solar 
products marketed. Many centers are engaged in chec'k.ing the conformity of 
products with the claims of producers and in providing certificates of relia
bility. 

Concentrating Collectors: Italian industry also has mastered the technology 
of parabolic and cvlindricaljparabolic collectors. It has consolidate~ this 
experience with the operation of important pilot projects in Italy and abroad. 
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The limited use of these collectors is justi fierl even though the medium-temp
erature heat prorluced absorbs a little less than 5 percent of total demand in 
final uses. 

Italian inrlustry is taking part in the building of the Almeria plant, project
ed by the International Energy Agency, which includes collectors covering a 
total area of 10,000 square meters for the development of 500 KW of power. 

Cylinrlricaljparabolic plants for the production of process heat already have 
been built in the textile, tanning, chemicals anrl food sectors. Two twin 
plants have been installed on the islands of Lampedusa anrl Pantelleria for the 
desalination of sea water with multi-stage systems. 

According to the National Energy Plan, in the next three years the national 
energy agencies (CNEN, E~EL and ENI) will carry out a $10 million program for 
the installation of 10,000 square meters of collectors with rlifferent technol
ogies of use and for the manufacture of components. 

The agencies will be responsible for the compilation and dissemination of 
results. 

Central Tower Plants: In this sector, Italian industry has more than 20 years 
of experience and has achieved brilliant successes, which places it in the 
forefront of world development. 

This experience has gone into the construction of the tower plant at s. Ilario 
near Genoa, the first of its kind in the world, built in the early 1960s on 
the initiative of Professor Giovanni Francia un~er the sponsorship of the CNR 
and with the cooperation of Italian industry. 

The experiments, conducted successfully, have enabled Ansaldo to ao:ruire 
technical mastery of ground reflectors, solar tracking, the thermic cycle and 
the receptor or focal point. The first power station at s. tlario was of 15 
KW and consisted of 30 square meters of reflectors activated by "Francia" 
tracking rrotors. Subsequently, Professor Francia designed the fourth plant of 
90 KW with 135 square meters of reflectors operated by 143 tracking motors. 

The tower plant of Adrano (Sicily), generating l MW and sponsored by the 
European Community and operated with Italian, French and German cooperation, 
has enabled Ansaldo to design a special boiler for wbich the prototype was the 
receiver for the present s. Ilario plant. 

A unit with tower-mounted and ground reflectors has been built by Ansaldo of 
C',enoa on behalf of the Institute of Technology of C',eorgia University (U.s.). 

Italian industrial efforts in this sector are directed toward the export of 
technoloqy to the developing countries, where the laCk of electricity grids 
justifies the installation of such plants to satisfy the neerls of self
contained and isolated communities. 

Italian industry is participating in the European Community pilot project, 
which will have a therrrodynamic system at two temperature levels for indus
trial processes. 
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Photovoltaic Conversion: Photovoltaic conversion offers the most encooraging 
prospects for the production of electricity, especially for small-scale use in 
self-contained ann isola ted localities. The present cost of photovoltaic 
systems still prevents large-scale use in countries with highly integrated 
electri<;:i ty grids, although to<'lay (and even more in the future) photovoltaic 
installations may be technically ann economically advantageous. Italian 
industries, especially those linked with state agencies, have prepared devel
opment programs for the provision of complete systems for a variety of uses. 

Under the new National Energy Plan, public buys will permit the installation 
of photovoltaic plants up to l MW per year in 1983 and 10 MW in 1990. 

It is expected that by the end of the 1980s the industry will achieve an 
annual production of 50 to 100 ~~. 

Besi<'les research activities, coor<'linated in the past few years by the National 
Research Council, Italy is developing a pilot program which includes the 
installation of photovoltaic systems of various sizes. Recently, the National 
Electricity Agency and CNEN decide<'! to plan and builn in southern Italy, where 
the climate is similar to most Mediterranean coontries, a generating plant 
with a peak production of l MW. This project, known as Delphos, will be the 
biggest photovoltaic plant in the world. 

In this field Italian industry also is working under a number of bilateral 
agreements between governments. ~ograms have been prepare<'! for the implemen
tation of projects in arid or isolaten areas involving direct intervention or 
cooperation wi tl-t local units. 

Wind Energy 

Both the theory and practice 
ing, are relatively simple: 
transformation of energy and 
exclusively to labor. 

of wind energy technology, which is still evolv
raw materials are cheap, there is a maximum 
operating costs are low, being confined almost 

According to our estimates, the cost of a kilowattjhour of power produced by 
small wind generators (80 percent fixed costs) should be economically competi
tive in the next five years in rural areas not served by electricity grids. 

In the research field, CNR and CNEN are preparing a complete wind map with 
exact indications of energy needs and the presence or absence of electricity 
grids. At the same time, industrial research and developnent is moving in 
three directions: wind installations with storage ann hybrid installations 
combining wind with photovoltaic and biomass. 

Among the most important developments we may cite: 

• A wind-powered motor (CSN-0501) generating 4 KW with a 
wind speed of 10.5 meters per second, built by CESEN 
(Finmeccanica). 

• The building by ENEL-Fiat of 50 KW prototypes with winds 
of 12.5 meters per second. 
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Biomass 

Technological processes for the use of biomass (disposal of urban wastes, 
direct combustion of agricultural residues, biogas, biomass and alcoholic 
fermentation), generally well-known, are beinq developed in Italy also, with a 
view to their improved application. 

The problem of how to get rid of urban, industrial and agricultural wastes has 
existed for some time because of its impact on the environment. With the 
advent of the energy crisis, we have han to rethink this problem and search 
for appropriate solutions Whereby we can recover these byproducts in order to 
produce energy. ~t the moment, as the latest progress shows, we have more or 
less acquired the necessary technologies. Strenuous efforts now are being 
made, in the researCh field, to reduce the costs of installation and increase 
the efficiency of biomass operations. 

Regardi nq the cii rect combustion of wood and lignocellulose residues in gen
eral, studies are beinq conducted of methods of rationalizing harvesting and 
storage operations, the efficiency of combustion and the possibility of auto
mating the loading of furnaces. 

Regarding biogas (methane gas obtainable from the anaerobic digestion of 
animal wastes, urban sewage and other organic residues), Italy has launched a 
researCh and development program entailing sUbstantial finanacial investment. 

Italy also is involved in the transformation of cellulose residues into ethyl 
alcohol. 

Incidentally, a new interest is being shown in the first part of the process, 
the transformation of cellulose into sugar; the second phase may be tackled by 
the traditional technique of alcoholic fermentation. 

In the biomass sector, Italy is conducting a series of studies designed to 
ascertain What "energy crops" are best adapted to the country's climatic and 
agricultural conditions, which are not very favorable. 

Attention also is being given to the use of ethyl alcohol and methyl alcohol 
as fuel substitutes. A comprehensive program of research and development has 
been organized with two main objectives. CNEN has reached an advanced stage 
in experiments for the transformation to ethyl alcohol by hydrolysis of cellu
lose products discarded in agricultural operations (straw, clippings and maize 
stalks). ENI already has programmed a pilot plant on an industrial scale for 
transformation from gas or coal (mainly of national origin) to methyl alcohol. 

Hydroelectric Energy 

Water is the most important energy source in Italy. 

~t the beginning of the 1960s, this source was able to meet almost the total 
demand for electric energy in the country. It gradually has been superseded 
by oil to the point where, in 1980, the production of hydroelectric power (48 
billion KWh) met 26 percent of this demand. 

ENEL has carried out a pilot study of the remaining hydroelectric resources 
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still technically harnessahle, apart from their economic desirability. 

The results of this study show that water power will contribute about 7.5 
billion K'"l'lh per year. The study makes provision for some 60 small generating 
stations, most of which should be in operation by 1990. 

Special mention should he made of pumping stations, a sector in which Italy 
has achieved a first-rank position in the European Community. 

As is well known, these stations do not actually increase the energy supply 
but help to regulate it by controlling the changing pattern of consumption 
over the days, weeks and seasons. 

Pumping stations already built, or in the building or planning stage, will 
account for a total power supply of more than 7,000 w~. They are situated 
along the Alpine range near the Italian frontier, close to the primary 
European grid. This will enable Italy to exchange substantial amounts of 
electricity with other interlinked European countries. It will be able to 
export "power services" and also to balance the loads of these countries by 
importing electric energy from them. 

Geothermal Energy 

After water power, geothermal energy is a fairly important source of renewable 
enerqy in Italy. 

In this sector, Italy can claim a unique experience because it was in Italy, 
at Larderello, that geothermal energy was used for the first time, at the 
heqinning of this century, to produce electricity. 

At the moment, Italian geothermal sources at Larderello, Travale and Monte 
Amiata constitute an installed power of 240 MW. They account for an annual 
production of 2. 7 billion KWh, or ahout one-third of world geothermal produc
tion and 1.4 percent of Italian demand. 

Italy's remaining geothermal resources (according to ENEL estimates) should 
yield an installed power of about 2,000 MW and a potential of 900 billion ~ih 
in 50 years (the period during which this resource is expected to become 
exhausted). 

Low-temperature geothermal resources offer a much more reliable snpply. They 
yield geothermal fluids at temperatures lower than 130°C. Obviously, their 
development depends on an adequate demand for heat near the geothermal 
sources. 

Systems based on hot dry rocks are interesting from the point of view of 
technical development. But their industrial use is still far off and depends 
on the acquisition of suitable technology and the solution of numerous prob
lems. 

Also of technological interest are Italy's "magmatic" systems. 'I'lleir indus
trial application is also a lonq way off. In the Italian geological situation 
they are related to the dry hot rocks systems. 
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The operational programs of ENEL ann EN!, which are conducted as joint ven
tures in the geothermal sector, ~re expected to result in a gradual increase 
in the proouction of geothermal electric energy between the limits cited 
above. By 1990, the recovery of geothermal fluids for heating purposes will 
yi~ld about 200,000 Mtoe. 

The two aqencies also are involved in the development of new methods of explo
ration and operation and in the improvement of technological and scientific 
know-how in all sectors of geothermal energy. 

CONSUMPI'ION 

As we have seen, Italian industry absorbs about 45 percent of tot~l energy 
demand. In recent years, however, the rate of increase of industrial consump
tion has slackened as a result of a decline in the use of energy by heavy 
industry. This decline has followed a more careful policy aimed at the great
est possible reduction of waste and the improvement of the efficiency of 
productive processes. 

Regarding the applications of NRSE in the industrial sector, the pilot proj
ects launched by certain public agencies have stimulated demand for the pro
duction of low-temperature process heat through the use of technologies such 
as solar ponds, flat collectors and parabolic collectors. 

By 1990, the use of solar energy for the production of low-temperature process 
heat will yield an annual saving of about .5 Mtoe. Numerous pilot projects 
are planned durinq the next three years with a view to tackling and solving 
such problems as maintenance, integration with other sources, loading diagrams 
and storage. 

Altogether 45 pilot projects will be carried out in the various industrial 
sectors. They will cost about u.s. $5 million, incluning partial financing of 
the investments. 

Civil Sector 

The civil sector consumes about 30 percent of Italy's energy demand. Heating 
of premises absorbs about 74 percent; the production of hot water for hygienic 
and sanitary purposes 10 percent; electricity requirements (lighting and other 
domestic use) 10 percent; and cookinq 6 percent. 

The production of hot water for sanitary purposes offers the broadest scope 
for the use of solar energy. As already seen, ENEL, in cooperation with 
Italian industry, is preparing a plan for the installation of about 200,000 
heaters in the next three years and 1 million by 1990. 

A project for the distribution of methane gas in southern Italy is in the 
development phase. Under this project ~I is to work out a three-year plan of 
action designed to provide, besides the methane gas, a gas/solar system for 
the production of hot water for sanitary purposes. 

Additional savinqs of oil in the building sector may be achieved through the 
use of geothermal fluids and of space heating with waste heat recovery and 
joint production of electricity and heat. 
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For new buildings, and especially public buildings such as hospitals and 
schools, full use will be mane of thermal insulation systems and passive solar 
installations which will reduce energy demann by 40 percent. 

Agriculture 

Energy consumption to meet the production requirements of the agricultural 
sector represents about 2 percent of national energy demand. This consumption 
is closer to 10 percent if we include the energy resources employed in activi
ties related to the processing of agricultural commodities, in the production 
of technical aids such as fertilizers, chemicals and farm machinery and in the 
satisfaction of the domestic needs of the rural population. 

In view of the probable growth of this sector, we may foresee a subsequent 
increase in energy demand, while the use of NRSE may to a certain extent 
accelerate this development. In particular we may expect more widespread 
mechanization because of the fragmentation of the system, for which the use of 
new sources of energy are especially favorable. 

To attain these objectives, coordinated action is planned to stimulate the 
development of technologies adapted to the speci fie needs of the system. 

The main initiatives are focused on the production of low-temperature heat for 
agricultural processes such as drying and storage; for greenhouse production, 
a sector in which Italy, with more than 14,000 hectares of greenhouse crops, 
leads the world; and for the air conditioning of buildings. 

In the agricultural sector, we are considering the possibility of using com
bined generating plants producing electric and mechanical energy for servicing 
the machinery and the heating installations needed for the above processes. 

These combined plants will use renewable sources of solar origin (direct or 
indirect), wind power or biomass conversion of existing byproducts of vege
table or animal oriqin. It is calculated that the recovery of 50 percent of 
potential capacity will save about 2 to 3 Mtoe per annum. 

The actions planned for 1980-1983 concern essentially the r.tdoption of public 
incentives (through the necessary legislative provisions) and the dissemina
tion of the results of experiments designen to save energy and use renewable 
sources in agricultural and food-processing establishments. 

In this three-year period, integrated systems will be built in at least 50 
such establishments scattered throughout the country. 

The above description may serve as a fairly representative initial picture of 
how renewable sotrrces may be usen in the agricultural sector to replace, 
completely or partially, the traditional sources, with a view to meeting the 
needs of crop-raising and stock-breeding under different climatic conditions. 

LEGISLATIVE AND FINANCI~L ~CTION 

Through the an option of a series of state laws, Italy is provining incentives 
for the conservation of energy ann for the use of NRSE in all final user's 
sectors. 
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The National Energy Plan provides triennal programs for the development of 
NRSE technologies and of inm1strial initiatives for the production and opera
tion of plants, systems and components for the utilization of these sources. 

In particular, the production of electricity has been liberalized in cases 
\Y'here sinqle plants generate less than 3, 000 KW and combined plants less than 
500 KW. The essential points of the law are concerned with the allocation of 
resources among the various sectors. 

For the air conditioning of buildings and the production of hot water for 
sanitary purposes with the use of NRSE, 100 million lire have been allocated 
durinq 1981-1982 as a capital contribution ( 30 percent of the investment cost) 
under a regional distribution plan drawn up by the Interministerial Committee 
for Economic Programming. 

For the limitation of primary energy consumption, 120 billion lire has been 
allocated in the first biennium as a contribution to interest costs. 

Authorization also has been given for the expenditure of 40 billion lire 
during the biennium 1981-1982 as a capital contribution (30 percent of the 
investment cost) to local authorities or to autonomous electricity enterprises 
which build distribution networks for heat recoverable in electricity-generat
ing stations from exhaust fumes or the burning of waste. 

To expand the use of NRSE, capital contributions up to 41 billion lire (30 
percent of expenditure) have been made in 1981-1982 to undertakings which 
build pilot projects, prototypes or specific devices with low energy consump
tion. 

Finally, in 1981-1982, the expenditure of 50 billion lire has been authorized 
as a capital contribution for the extended use of hydroelectric plants using 
small-scale water concessions. 
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INTRODOCTION 

Although the Netherlands has its own supply of qas, it is still very much 
concernerl about the world energy situation. 

Gas supplies will diminish rapidly in the next 20 years. New discoveries to 
compens~te for the high rate of production have not been made, as originally 
was expected. The declining production of natural qas, which is evident from 
exports, domestic consumption anrl -- a factor which is partly linked to both 
of these --the increase in energy imports, has very serious economic conse
quences. 

The Netherlands has fewer options to improve the energy situation than many 
other countries. The density of the population rreans there is a limit to the 
extent to which high-grade sources of energy, such as oil and gas, can be 
replaced by coal and nuclear energy, for example. Moreover, it is extremely 
rlifficult to plan the balanced development of the Dutch energy situation in 
the mid-term, partly because the prospects of new and renewable energy sources 
contributing to energy supplies in the Netherlands are very limited. 

Working on a number of assumptions, the Central Planning Office (CPB) calcu
lated the development in energy consumption in various sectors up to the year 
2000 on the basis of certain policies. 

Table 1 shows how consumption could be spread among various sources of energy. 

Efforts to improve the energy si t•1ation in the Netherlands in the next few 
years will concentrate on restraining the demand for energy and using more 
sources of energv (diversification). The development of new and renewable 
sources of energy is part of the policy of rli versification. 

NEW AND RENEWABLE SOffiCES OF ENERGY 

At present, new and renewable energy sources make practically no contribution 
to energy supplies in the Netherlands, and there are no firm figures available 
yet for the role they will play in the future, because their various applica
tions still are being researched and developed. All the reports published to 
date estimate that their maximum contributions will be relatively small. The 
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estimates for the year 2000 vary from 100 to 200 PJ (1 PJ equals 1015 joules, 
or about 2. 5 to 5 Mtoe), but they are based on estirrates for levels of produc
tion costs which may not be socially acceptable. The use of new and renewable 
sources of energy and thus their contribution to the energy supply in the 
Netherlands is dependent on the increase in the energy price. If the rise in 
energy prices is steeper than expected, both the absolute and the relative 
contribution of new and renPWable sources of enerqy will increase. 

Once there is more certainty about the applicability of alternative energy 
sources, target figures will he drawn up. However, some initial estimates are 
given below. 

Solar Energy 

This section concentrates 
space and water heating. 
generate electricity does 

in particular on the application of solar energy for 
For now, the large-scale use of solar cells to 
not seem feasible because of: 

• The expected costs of the system. 
• The low yields per surface unit in the Dutch climate. 
• The problem of integrating a varying supply into the electricity 

grid. 

Therefore, the main application of solar energy in the Netherlands will be to 
provide low calorific heating. 

In its report entitled "Zonneenergie voor Verwarming" (Solar Energy for Heat
ing) a National Energy Research Steering Group working group estirrated the 
possible importance of solar energy in the Netherlands, assuming that in the 
long term it could meet some of the heating requirements in one-half to two
thirds of homes and other buildings. This means that the ultimate contribu
tion made by solar energy could amount to about 5 percent of domestic energy 
consumption. As the investment costs of the instalhttions required will be 
large, solar energy clearly will have to be introduced over a period of rrany 
decades. Space heating with solar energy will be incorporated in new build
ings first of all, but as the average life of houses and other buildings lies 
between 50 and 100 years, this is not expected to bring about the rapid intro
duction of solar energy. The working qroup has calculated that in the year 
2000 the maximum contribution that could be made by solar energy would be 40 
PJ (1 Mtoe). 

Winri Energy 

It is difficult to estimate the potential importance of wind energy because of 
its numerous possible applications, such as centralized and decentralized 
electricity generation, polder drainage ana heating. However, it could rrake a 
contribution to the Netherlands' energy supplies, particularly if used for 
heating and generating electricity. 

The estimates made in a number of studies vary from a capacity when installed 
to generate between 1, 500 and 2, 500 MW of electricity in the year 2000. 
Taking into account that installations can influence each other, that they do 
not all produce simultaneously, that there is an average period of time when 
machines are not working because of faults and maintenance work and that they 
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are not productive all year, they could rrake a contribution of roughly 2 to 4 
TWh in the year 2000, thus making a savings in prirrary energy of 20 to 40 PJ 
(about .5 to 1 Htoe) possible. If, in addition, wind energy installations 
with a capacity of perhaps 500 MW were erected for heating purposes, this 
would yield a further contribution of about 1 TWh (.l Mtoe). 

C£othermal Energy 

There is little detailed information available on the potential of geothermal 
energy in the Netherlands. However, it is known that at a depth of 1,500 to 
3, 000 meters under the surface there are water-bearing rock strata with a 
temperature of 60°C to 120°C which could, in principle, be used in industry as 
well as, for example, district, domestic and glasshouse heating. 

In the future, geothermal energy will have to compete with other new forms of 
energy savings, such as the use of industrial waste and solar energy. ~t 

present, it is being investigated whether a qeothermal experimental project 
could be implemented in the Netherlands. Assuming that about 50 projects 
could be created by the year 2000, geothermal energy could contribute from 5 
to 10 PJ (about .1 to .3 Mtoe). 

Energy from Water 

There is little potential for conventional hydroelectric power in the Nether
lands because the country is so flat. It is not possible to produce energy 
from the River Waal, the maior Dutch waterway, because international conven
tions decree that shipping shall have free passage. Research into the possi
bilities of producing energy from the other rivers has shown the technical 
potential to be slight. The cost of generating electricity in this way would 
be unacceptable. It would only be economical if sluices and dams had to be 
built anyway by the Public Works Department in connection with water manage
ment and their cost did not exclusively derive from generating electricity. 
The potential that could be exploited profitably is therefore much lower. 

Other forms of water power which have been studied are tidal energy, wave 
energy and ocean thermal energy conversion. 

In general, enormous installations and hydraulic engineering works are re
quired for wave and tidal energy, and their size can present serious problems. 
The costs are so high and the potential contribution so low -- owing to the 
lack of favorable circumstances --that it would not be justifiable to apply 
these methods yet. 

As far as ocean thermal energy conversion is concerned, the temperature grad
ient in the waters along the Dutch coast is too slight for economical produc
tion to any extent. In fact, the application of ocean thermal energy conver
sion will, for the time being, be restricted to tropical regions. 

Biomass, Wood and Charcoal 

The cultivation of biomass (fast-growing crops and algae) is another way of 
using solar radiation, by means of solar energy stored in plants through 
photosynthesis. A number of countries, including Brazil, the United States, 
France, Ireland and Sweden are considering using this method to contribute to 
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their energy supplies. 

The metholi has a very low overall efficiency (less than 1 percent), and is 
therefore hardly suitable for the Netherlands because the land area required 
could otherwise be used to produce food. By way of illustration, a simple 
calculation shows that the total surface area of the northeast polder (35,000 
hectares) would be required to fuel an electric power station of about 150 
MWe. 

Energy from Waste 

An analysis of the possibilitv of using householn and industrial waste as 
sources of energy has shown that the energy savings already achieved by usinq 
them can be increased. At present, the savings in primary energy by burning 
waste substances amount to about • 2 percent of total national consumption. 
Because about half of all urban waste is dumped, it would be possible to 
double this figure, resulting in a contribution of 5 to 10 P.J. It has to be 
noted that environmental conditions have to be considered. 

~ potential estimate by the National Energy Research Steering Group shows that 
the amount of organic waste (cattle and pig manure, sewage, etc.) can be put 
at about 45.10 tons per year. In theorY, this could produce about 10 cubic 
Tl'leters ( 30 PJ) of methane gas. However, because the waste has to be treated 
and the methane gas has to be used near the source of the waste, it cannot be 
expected that this theoretical potential will be completely achieved in the 
near future. The contribution by the year 2000 can be estimated at 15 to 30 
PJ. 

Other waste substances, such as waste wood and horticultural waste, also could 
be used. ~n inventory of agricultural waste is being made to estimate its 
enerqy potential. The prohlem with using such waste is that it must be done 
on the spot, as transport usually entails an unavoidable increase in costs. 

CONCLlEI01\I 

In assessing the total contribution to be made by alternative sources of 
energy, it must be remembered that some of them have the same applications. 
This, together with the fact that there are other energy-savinq techniques, 
means that the ultimate contribution could be lower than the sum total of all 
the alternative sources. 

Solar enerqy 
Wind enerqy 
Energy from waste 
Geothermal energy 
Others 

20 - 40 PJ 
20 - 40 PJ 
20 - 40 PJ 

5 - 10 PJ 

In percentaqe 
of total <lerend 

0.5 - 1.0 
0.5 - 1.0 
0.5 - 1.0 
0.1 - o. 2 

The potential contribution from these sources of energy, particularly the 
direct application of solar energy, is higher. The National Energy Research 
Steering Group working group put it at 10 percent of energy consumption pro
vided summer heat can be stored for use in the winter. However, it will be 
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well into the 21st century before this figure is achieved. 

POLICY AND DEVELOPMENT PLANS FOR ALTERNATIVE ENERGIES 

Alternative sources of energy now play practically no role in the energy 
supplies of the Netherlands. There are no precise figures for the role they 
might play in the future because the various applications still are being 
researched and develope~. Most of the applications will become competitive 
only When the energy price levels have increased considerably and the costs of 
the required installations have dropped further. 

Policy therefore not only encourages research an~ development but aims to find 
the most economic application as soon as possible by means of experimental 
projects. The criteria used for current and new research projects are: 

• The expected contrihution to the energy supply. 

• When this contribution can be achieved. 

• The opportunities for industrial innovation. 

• The expected effects on the environment and health. 

• The opportunities for international cooperation (in this 
context the European Community and the International 
Energy Agency -- IEA --are of importance). 

The following sections will deal with the organization of the research on 
energy and the various bodies involved, and discuss the projects being con
ducted on alternative energies. 

Solar Energy 

A considerable amount of research and development work will be needed if solar 
energy is to be used in the Netherlands. A large number of projects have been 
started since 1974 with government support. In 1978, a National Solar Energy 
Research Program (NOZ) was launched, the principal aim of Which is to intro
duce and develop the use of solar energy in a responsible fashion. To this 
end, as a follow-up to existing experiments, install~tions are being developed 
which are specially adapted to the Dutch climate and which can be produced by 
Dutch industry. The research will be conducted by the various research insti
tutes and universities in cooperation with Dutch industry and the future users 
of the solar installations. The Energy Research Projects Office at the 
Netherlands Energy Research Center has been given responsibility for 
management and coordination of the project. 

The aim of the first stage of the program, Which runs from the beginning of 
1978 to the end of 1981, is linke~ to the recommendations made by the working 
group. The main object of concern is to make the solar boiler ready for the 
market. The technical development is now so advanced that the emphasis will 
be placed on a number of large-scale experimental projects. In addition, 
studies will be conducted on the possibilities of space heating (particularly 
active systems), solar cooling and seasonal storage of heat. 
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The followinq table shows the allocation of the program bunqet: 

Topic 

Solar boiler 
Space heatinq 
Seasonal storage 
General 
Unforeseen 

Thousands of Dutch guilders* 

Governrrent contri bltion* 

5,235 
10,368 

1,649 
1, 288 
1,610 

20,050 

It is expected that third parties (participants, the European Community, 
municipal authorities and others) will contribute approximately 10 million 
guilners so that the total budget will amount to ahoot 30 million guilders. 

The solar boiler is expected to be the first solar energy system to be econom
ical under Dutch climatic conditions. It has proved difficult to set up a 
number of large-scale experirrental projects because of the poor economic 
viability of the sys terns and various non-technical problems. At the end of 
1980, financial scope was created within the program to fund experirrental 
solar boiler projects. While they are being set up and implemented, an analy
sis will be made of the non-technical nifficulties involved in introducing 
solar energy. 

Space heatinq systems will be economical only in the long term (after the year 
2000). The program is therefore mainly concerned with study and research and 
a nuJTiber of pilot projects at the moment. 

Cooling and air conditioning are considered to be of minor importance in the 
Netherlands and no work in this area is beinq done under the program at this 
stage. However, the Ministry of Developrrent Cooperation has commissioned the 
development of an absorption coolinq machine based on solar energy outside the 
program, and a prototype will be put into operation in the Sudan soma time in 
1981. 

Solar energy will become a considerably more important source of energy in the 
Netherlands if a method can be developed of storing heat generated in the 
summer for use in the winter. The Netherlands is participatinq in the IEA 
research program on this entitled "Energy Conservation through Energy Stor
age." 

At the end of 1980, an extensive research project was started to complement 
the Solar Energy Research Program. If the results are favorable, an energy 
storage system will be linked to 100 homes. The storage of low-grade energy 
is not only important in the application of solar energy --it also can con
tribute to the use of superfluous industrial heat and waste heat from electric 
power stations. 

Wind Energy 

The National Wind Energy Research Program, financed entirely by the govern-
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ment, was launched in 1976. The aim of the program, which was prepared by a 
National Energy Research Steering Group committee, is to discover how wind 
energy can contribute to the supply of energy in the Netherlands. Initially 
the program was concerned with the large-scale generation of electricity for 
the national grid. Data was collected, a study was made of the problems of 
integrating highly fluctuating wind power into the grid and it was investi
gated how wind turbines influence each other when they are operated in groups. 

In the course of the program, which officially ends at the end of 1980, inter
est in the decentralized application of wind energy has increased consider
ably. The program therefore was extended in 1980 to cover this topic and to 
study the appli(!ation of small wind turbines (10 to 100 KW) which have been 
set up near the users of the electricity, heat and/or rrechanical energy they 
generate. The program's evaluation has been completed recently. Whatever the 
results, it has been decided to start a follow-up program in which industry 
will he involved roc>re directly and which will place more emphasis on experi
mental projects and the construction of prototypes. Important research topics 
at the National Wind Energy Research Program are: 

• The tip-vane study at Delft University of Technology, 
which is concerned with increasing the capacity of a 
wind turbine by fitting the rotary blades with what are 
known as tip-vanes. Laboratory experiments have shown a 
power increase with a factor of 2.5 to be possible. A 
demonstration project is being prepared. 

• The wake-effect study by the Organization for Applied 
Technical Science, which has huilt a model to determine 
how wind turbines affect each other when they are placed 
close together. The experiment and calculations show 
that the optimal distance between the turbines is six to 
seven rotary diameters, and not 10 as has been assumed 
until now. The model is now being perfected on the 
basis of measurements from experimental wind turbines. 

• The design and construction of a wind turbine in Petten 
with a horizontal axis 25 meters in diameter. This is, 
in fact, a construction to provide rearlings which will 
enable designers to create reliable wind turbines. The 
first measurements will be made in early 1981. 

There are many other institutes besides those worldng under the program that 
are concerned with wind energy. Their results also will be taken into account 
when evaluating the potential contribution to be made by wind energy to energy 
supplies in the Netherlands. 

The total budget of the program is approximately 20 billion guilders. 

Geothermal Energy 

The basic problem with geothermal energy is that, before it can be decided to 
exploit it, relatively expensive and highly risky exploration work has to be 
carried out to establish with some measure of certainty the production poten
tial. At present, insufficient data is available to make a serious assessment 
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of the potential ann the contrib~tion in the year 2000. 

To get some inea of the potential of qeothermal heat, a National Geothermal 
Research Program was started in 1979. Its aim is to gain as much information 
as possible on the presence and properties of geothermal strata and reservoirs 
ann the heat flow 2 to 4 kilometers under the surface of the Netherlands. 

Research also is being conducted into the possibility of storing heat in 
aquifers. An inventory is being made of sui table aquifers at a depth of 300 
to 800 meters under the ground. 

The program hudge t is Fls. 4. 2 million, excluding experimental projects. The 
program continues officially until the end of 1982. 

Energy from Waste 

Research into the possibility of saving energy by recycling waste has been 
carried out mainly as part of the research into methods of treating waste. 
The disposal of urban waste is in the first instance an environmental problem. 
~esearch into the possibility of reducing the amount of waste and of reclaim
ing certain of its components shows that a considerable savings in energy can 
be achieved by J:Teans of most of the alternative disposal methods. The savings 
can be direct, by burning the waste or some of its components, or indirect, as 
a result of industry using recycled products instead of conventional raw 
rna terials. 

An inventory is being taken of the results of waste disposal studies and of 
the methods of saving energy that have errerged in the course of the research. 
The inventory will he used to determine whether further research into energy 
saving by recycling will be worthwhile. 

Other Alternatives 

For reasons mentioned in the foreqoing chapter relatively little attention is 
being paid to the other alternative sources of energy at the moment. However, 
developments in this field are being followed by means of international dis
cussions and conferences. These primarily concern the use of water power, 
wave anci tidal energy ann biomass. 

JICM RESEARCH ON ENERGY IS ORGANIZED 

Research that is wholly or partly financed by the government is conducted by 
the Netherlands Energy Research Centre, the Organization for Applied Scien-
ti fie Research, the various universities and industry. To coordinate the 
research as far as possible and ensure optimal use of the available manpower, 
materials and funds, the research on the various priority areas is planned as 
far as possible in advance and carried out in the form of national research 
programs. The research center, the Organization for the Advancement of Pure 
~esearch and the Organization for Applied Scientific Research are responsible 
for coordinating the research programs. The research center and Organization 
for Applied Scientific Research have set up special energy research projects 
offices for this purpose. These offices receive work direct from the Ministry 
of Economic Affairs, which consults other ministries. 
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The research center's Energy Research Projects office is coordinating the 
research programs on wind energy, solar enerqy and energy storage in fly
wheels. Whether it should be called in to manage the research on coal is now 
under discussion. 

A separate Energy Research Projects office is coordinating the research pro
gram on geothermal energy. It also will be given the tasks of mannqinq the 
research on energy saving. 

Supervisory committees consisting of independent experts are appointed to 
assess the progress, the effectiveness and the quality of the research. The 
committees advise the Minister for Economic Affairs. The Energy Research 
Council, composed of the three parties involved -- researchers, users and 
industry --has been set up to outline and coordinate the various research 
programs. It also evaluates progress made in general and fosters and promotes 
consultations between all the parties concernerl. 

The Netherlands Energy Development Corporation was set up in 1976 to bring new 
products and systems in the field of energy into the market quickly. Although 
the corporation is not concerned with research and development, it is very 
important that it cooperates with the research institutes, and similar organi
zations. The general aim of the corporation is to contribute to improving the 
energy supply in the Netherlands. It is doing so by investigating the possi
bilities of reintroducing coal and of saving energy in various areas. 

Figure 1 qives an overall impression of the structure of energy research in 
the Netherlands. 
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TABLE 1: TOTAL CONSUMPTION OF VARIOill SOl:RCES OF ENERGY 
(PJ) 

coal oil ~ nuclear2 other total 

1977 134,0 1067,7 1394,2 46,1 8,4 2650,4 
1985 297,3 1524,1 1406,8 41,9 8,4 3278,5 
1990 376,8 1620,4 1415,2 41,9 8,4 3462,7 
2000 858,3-389,4 1787,8 1277,0 41,9-510,8 75,4 4040,4 

1
rncluding oil consumed in non-energy applications, excluding 
bunkers. 

2
rncluding imported electricity. 
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INTRODUCTION 

Norway is one of the industrialized countries having the most abundant supply of 
its own energy resources. For a long time fuel wood was an important source of 
energy. But water power has also been in use throughout long ages, to power 
simple mechanical installations, such as grindstones and sawmills. From the 
beginning of this century, water power was harnessed for the production of elec
tricity. This triggered the modern industrial development of Norway. In the 
course of this time, the supply of electricity has reached practically all 
households in the country. For large parts of our industry -- in particular 
the power-intensive industries -- the supply of cheap water power or hydro 
power has been the principal and indispensible prerequisite. In the course of 
the past 10 years, the deposits of petroleum in the Norwegian part of the North 
Sea have come to play an increasingly important role in the Norwegian economy. 
These deposits give added security for the country's own supply of oil. 

These natural preconditions and historical developments have resulted in the 
fact that Norway has a higher rate of consumption of electricity than other in
dustrialized countries (19 MWh per inhabitant). The overall consumption of 
energy (154 GJ per inhabitant) is, however, on the same general level as in 
many other West European countries. The growth in primary energy consumption 
for the period after 1900 is shown in Table 1. 

Hydro Power 

The construction of hydroelectric power plants started in a small way 100 years 
ago. But it was not until after the turn of the century that the first major 
construction projects were carried out. The development of electricity produc
tion and consumption are shown in Figure 1. 

In pace with the construction of power plants, the need for power transmission 
increased. The initial start of pooling electric energy between several power 
companies for the purpose of creating a mutual power reserve and for the more 
efficient use of water resources took place around 1920 in eastern Norway. In 
the 1950s and 1960s, regional grid associations were created in western Norway, 
in Tr¢ndelag and in northern Norway. As a result of integrating all the various 
regions of the country, these associations were integrated into the Power Pool 
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of Norway in 1971. It is essentially the state which has constructed the large 
power transmission lines. 

Toward the end of the 1950s a more extensive system of exchange of power was 
developed between Norway and Sweden and, from the middle 1970s, also between 
Norway and Denmark. It is the state which handles all export and import of 
power. 

The course of hydro power development in the postwar period has been linked to 
an increasingly efficient technology. During the period 1960-1970 there were, 
for example, practically no cost increases in the development of hydro power. 
Improved construction operations and larger production units compensated for the 
general rise in costs. In the 1970s, however, construction costs rose sharply. 
Most of the economies of rationalization and operations of scale had by then 
already been obtained. Ever s~ricter demands for the protection of the environ
ment and the external and internal milieux in connection with construction pro
jects have besides resulted in higher costs. 

It was clear already at an early stage that the economic value of the waterfalls 
was very great. For this reason, the Norwegian authorities were afraid that 
these waterfalls would be bought up by foreign interests. 

This led to a hectic period with legislative enactments designed to secure 
Norwegian control of the exploitation of the country's hydro power resources. 
The so-called "panic laws" made their appearance as early as 1906. This legis
lative work culminated with the act relating to Acquisition of Waterfalls and 
the act relating to the Control of Watercourses in 1917, both of which, with 
certain amendments, still are applicable today. Together with these acts, 
provisions on the obligation to obtain a government concession and on concession 
conditions were introduced which enabled the authorities to keep development 
under control. In particular, the provisions concerning the reversion of 
waterfalls to government ownership should be mentioned. This means that the 
right of ownership of privately owned waterfalls reverts to the state without 
compensation after a period of 50 to 60 years. 

The exploitation of our low-cost water power resources has resulted in major 
investments in power-intensive industry. This has led to the fact that we have 
found it profitable to use electricity for purposes where other countries large
ly use other sources of energy, for example ••• for room heating. The development 
of the hydro power network also has provided the basis for a mechanical and 
electro-technical supply industry, both for power stations, transmission plants 
and consumer appliances, as well as for the equipment of power-intensive indus
trial production at home and abroad. 

Up to the first half of the 1960s there was practically unanimous political 
agreement on hydro power development. Following this period, we have experienced 
sharp conflicts of opinion in that the issue of encroachment on nature and its 
environmental effects have steadily been given greater weight compared with the 
socio-economic value of the further development of hydro power. 

In 1978, the gross product within the power supply industry amounted to approx
imately Nkr 7,500 million. This equals approximately 3.6 percent of the country's 
GNP. Investments in the same year were approximately Nkr 5,400 million, that is 
to say about 8.3 percent of the total gross investment in Norway. This high 
proportion is due to the fact that the production of power is very capital-
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intensive. Employment was in the region of 15,500 man-years, as against 
1,677,000 for the country as a whole. 

In January 1980, hydro power cost about 12 ¢re per kilowatt-hour, while oil-fired 
power is estimated at about 23 ¢re per kilowatt-hour and coal-fired power at about 
16.5 ¢re per kilowatt-hour. The cost differences in real terms will be even great
er because the cost of already developed hydro power is lower, while a great dealof 
hydro power can still be developed at lower cost than thermal power stations. 

If today's production of firm power were to be replaced by oil-fired power, the 
consumption of oil would increase by at least 16 million to 17 million tons per 
annum -- a tripling in relation to today's oil consumption. If we had been 
obliged to base ourselves on thermal power, our total consumption of electricity 
would, however, be very much smaller than is the case today. 

Against this background it can be said that our hydro power resources represent 
a considerable economic advantage compared to many other countries which have 
to base their production of power on thermal power stations. 

Oil and Gas 

In contrast to the development of hydro power and the possible utilization of 
new energy resources, the petroleum activities are not specially earmarked for 
our own energy supplies. As early as 1975, production on the Norwegian shelf 
was of the same order as our domestic consumption. In 1980 we produced about 
2.5 times as much oil as our domestic consumption. Measured in terms of energy 
content, oil and gas production amounted in 1980 to respectively 23.9 Mtoe and 
25 Mtoe. The production and export of oil and gas will increase further in the 
next few years. The development of production up to 1980 is shown in Table 2. 

Coal and Coke 

Today coal and coke constitute a relatively modest proportion of Norwegian 
energy consumption. However, at the turn of the century more than 50 percent 
of our energy demands were covered by coal, coke and cinders. 

Compared to the rest of the world, both production and consumption of coal in 
Norway is almost negligible. During the past few years imports have been about 
.5 million tons per annum. At the same time, a certain export has taken place, 
especially to West Germany for fueling thermal power plants. 

Other Sources of Energy 

The forest has for many centuries been an important source of energy, and at 
the turn of the century almost half the consumption of energy was covered by 
fuel wood. Today, the consumption of fuel wood is approximately .5 million 
cubic meters, corresponding to approximately 4.3 PJ, or about .6 percent of 
the primary total consumption. The sharp decline which has taken place is due 
partly to the fact that, particularly in the cities, fuel wood proved to be too 
costly as regards transport, storage and consumption. We have had an increase 
in the price of pulp wood, while the price in real terms of oil has declined 
over a longer period of time and the supply situation of low-cost hydro power 
has been very adequate. These developments removed the basis for the Wood Chips 
Council, which was actively engaged in promoting the use of wood chips as a 
fuel during the period 1959-1962. 
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Apart from room heating, forest energy has in times past been of great impor
tance in mining operations, and wood-processing and smelting industries. The 
smelting industry used more than 100,000 tons of fuel wood in 1977 as a reduc
tion material in the production of ferro-silicium. Of late, the sawmill in
dustry has become a steadily increasing user of heating facilities as a result 
of the transition to artificial drying and the demand for warmer work places. 
Given today's high oil prices, bark and wood chips have again become attractive 
as a fuel. Boiler installations have also been developed so that waste wood 
can be utilized almost as rationally as oil. 

Peat has been used as a fuel in Norway for more than 1,000 years, particularly 
in the non-wooded coastal areas of west Norway, in Tr¢ndelag and in northern 
Norway. Annual production has declined to an estimated 2,000 cubic meters, 
corresponding to about 17 TJ. This is due to the fact that peat has become 
too costly and awkward to handle in production and consumption. Today the im
portance of peat as a fuel is largely as a contingency fuel in case of an 
emergency. 

ORGANIZING AND FINANCING THE SUPPLY OF ENERGY 

Energy questions affect many sectors of the community and the government adminis
tration. As a result most of the other government departments also are in
volved in energy questions as part of their terms of reference and responsibili
ties. The Ministry of Petroleum and Energy, which was established in January 
1978, is responsible for preparing, coordinating and furthering petroleum and 
energy questions and they are responsible for ensuring that other affected min
istries are brought into the preparatory proceedings. 

The ministry is mainly responsible for the formulation of Norwegian energy 
policy, including the most important aspects of Norwegian petroleum policy, 
and for the preparation of programs and measures which are necessary in order 
to implement the policy on energy both at the national and at the regional 
level. This includes measures which can affect the demand for energy and the 
supply of energy. The exploitation of our water potential and other energy 
sources, including the development of new, renewable energy resources, and 
energy conservation are important fields of responsibility. The ministry is 
also chiefly responsible for stimulating and promoting the research and develop
ment which are necessary to reinforce the policy on energy. In addition, the 
ministry is responsible for policy instruments needed in the planning and 
follow-up of the various sectors of the petroleum and energy policy, such as 
drawing up energy forecasts and cooperation on energy accounting and budgeting. 

The Ministry of Finance is responsible for the preparation, coordination and 
implementation of the government's annual economic plans in the national bud
get, the fiscal budget and the revolving four-year long-term central government 
and social security budgets. This implies that the ministry is responsible 
for the adaptation of energy production and energy consumption to the overall 
economic activity of the country, including questions relating to prices, 
taxation and other charges and dues. 

The Government Secretariat for Long-Term Planning and Coordination is responsible 
for the preparation of the government's Long-Term Program and for the coordina
tion of long-term planning in government sectors. The secretariat is responsible 
for making medium-and long-term macroeconomic forecasts, which serve as a basis 
for energy prognoses 
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The Ministry of Environment has the main responsibility for overall evaluations 
and coordination of the management of natural resources. This also applies to 
production and consumption of energy. Studies and the administrative handling 
of important matters in this field are carried out in close cooperation be
tween the Ministry of Petroleum and Energy and the Ministry of Environment. As 
part of this work, accounting and budgeting systems have been prepared in re
spect of energy resources. 

The Ministry of Industry has the general administrative responsibility for the 
dominant group of energy consumers -- industry. It is therefore important to 
ensure that industrial considerations are taken into account when formulating 
energy policy. This applies both to production of equipment for such energy 
plants as power stations and offshore installations, energy consumption and 
industrial exploitation of the Norwegian petroleum deposits. 

The Ministry of Local Government and Labor is responsible for improved methods 
of energy conservation in buildings. 

Research in connection with the production and consumption of energy is being 
conducted in a number of institutions under the Ministry of Church and Educa
tion. Of importance here are technological and economic research into the 
consequences of energy production and consumption, which are significant fields 
of research within the natural sciences, medicine and the social sciences. 

Under the Ministry of Consumer Affairs and Government Administration, the Price 
Directorate is responsible for administering the price regulations to which 
energy products, with the exception of electricity, have been made subject. 

The price authorities are cooperating with the Norwegian Water Resources and 
Electricity Board (NVE) on a system with semi-annual reviews of prices and 
price developments for electric energy and on specific price questions. 

Through the Directorate for Construction and Government Property, the ministry 
is responsible for the efficient use of energy in government buildings. Work 
is going on through the external consumer apparatus to spread information on 
energy conservation and energy consumption in households and through consumer 
goods to the consumers. 

The Ministry of Agriculture is engaged in promoting the use of fuel wood for 
energy purposes. Various research projects are underway in this field. The 
ministry has at its disposal appropriations for the felling of deciduous trees 
and for transportation of timber subject to specified conditions. 

Through the responsibility which the Ministry of Foreign Affairs has for the 
formulation, coordination and implementation of Norwegian foreign policy, the 
ministry takes care of the foreign policy aspects of Norwegian energy policy. 
At the multilateral level, the Ministry of Foreign Affairs' field of responsi
bility includes the International Energy Agency (IEA) in cooperation with the 
Ministry of Petroleum and Energy, and energy questions within the United Nations. 

In addition, several other government departments are responsible for various 
aspects of energy management. 
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THE NORWEGIAN WATER RESOURCES AND ELECTRICITY BOARD'S ROLE AND STRUCTURE 

Norway's Water Resources and Electricity Board (NVE) was established in 1920, and 
separate government administrative agencies within the water resources and elec
tricity supply administration were gathered under the board of the NVE. The 
duties of the NVE have changed both as to content and scope since 1920. However, 
the division of responsibilities in relation to other government agencies at the 
directorate level has been kept unaltered. 

The NVE is organized in four directorates: 
Administration directorates, as well as the 
tern. The NVE is under the direction of the 
tive of the NVE. 

The NVE 's Duties 

the Water Resources, Electricity and 
Directorate for the State Power Sys
board of the NVE and a chief execu-

Within the Electricity Administration, the NVE assists the ministry with the 
following tasks: 

• Forecasting the country's needs for electric power. 

• Preparing main plans for the country's power supply apparatus and 
ensuring planning cooperation between the construction enterprises. 

• Preparing general plans for the proper disposal of the remaining 
large sources of water power for hydroelectric supply purposes. 

• Acting as the advisory agency in all questions relating to power 
supplies. 

• Being responsible for the handling of matters relating to govern
ment concessions and expropriations for power installations. 

• Being responsible for the control and supervision of electric 
installations, materials and apparatus. 

• Being responsible for the management of the country's power sup
plies in emergency situations. 

• Ensuring that the advantages of pooling all the country's power 
supply are properly utilized. 

• Being responsible for the exchange of power and participation in 
the cooperation on power supplies with other countries. 

• Being responsible for the planning, construction and equipment 
of the state power plants and the main transmission network. 

• Being responsible for the operation of the state's power production 
and transmission systems as well as the disposal and sale of power 
from government power plants. 

Within the management of watercourses work is being carried out on the following 
assignments: 
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• Monitoring the general public's and the state's interests in 
watercourses. 

• Acting as the ministry's advisory and coordinating body in 
watercourse matters. 

• Being responsible for hydrological, glaciological and geodetic 
surveys and measurements in connection with watercourses. 

• Handling and submitting recommendations on the regulation of 
private enterprise, watercourses and regulatory concessions. 

• Exercising control and supervision of plants in and above 
watercourses, with the exception of effluent treatment plants 
and irrigation systems. 

• Preparing contingency measures and acting as advisors for disas
ters occurring in watercourses. 

• Being responsible for flood warning as well as the planning and 
construction of flood control installations. 

• Taking the initiative in the care of the countryside in con
nection with the construction of hydro power installations. 

• Collecting payment for government concession dues to the state 
and the local authorities and distributing municipal dues in 
connection with regulatory matters. 

THE RESPONSIBILITIES OF THE STATE, COUNTIES AND MUNICIPALITIES 

By the end of 1978 there were 489 units within the power supply system -- 293 
electric power plants, 74 wholesale supply plants/power companies, 87 indus
trial power plants and 34 farm or rural local community plants. Out of a total 
maximum power station capacity of about 17,500 MW, the capacity is distributed 
as follows: 

• The State Power System, 25.8 percent. 
• Local government power companies, 53.6 percent. 
• Privately owned power companies, 20.6 percent. 

More than two-thirds of the electric power plants have fewer than 5,000 sub
scribers and together they only supply approximately 25 percent of the entire 
country's subscribers. About 60 of these smaller electric power plants are 
privately owned, while the rest are owned by the municipalities and/or county 
municipalities. The state does not participate in the retail delivery of power 
for supplying the general public. The power-intensive industries were origi
nally based on sources of water power which the enterprises themselves harnessed. 
In due course a steadily increasing number of enterprises have become buyers of 
power, principally from the State Power System. 

The entire country is linked together in a continuous transmission network, even 
if certain parts of it have as yet a lower transmission capacity than is de
sirable. 
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The individual power plants feed their power into the network, while at the 
same time the electric power Flant which is to receive the power takes out a 
corresponding amount at a central point within its own area. The transmission 
capacity of the entire network is placed at the disposal of all users, regard
less of the transmission line distances used. This is settled through an ar
rangement for the use of the main transmission system. 

In addition to acting as a common transportation system, the main network also 
makes it technically possible to operate all power stations as a unified pro
duction system. The power plants delivering power into the network may have 
production conditions varying in magazine capacity, machine capacity and hy
drology. These differences can be used advantageously by interconnecting the 
power stations in such a manner that the system provides a greater production 
of firm energy than the sum of what the individual stations are able to pro
duce on their own. This difference is called optimization gain. Such a co
operation on production has been established on a voluntary basis through the 
Power Pool of Norway. 

Local Energy Planning 

Most of the production, transmission and distribution of electricity is con
ducted under public auspices with the State Power System by far the largest 
producer and owner of approximately 80 percent of the transmission network. 
The distribution of electric power for general public consumption is under
taken substantially by the municipal, intermunicipal or county-municipal plants. 
There are great variations in prices and other delivery conditions for electric 
power. 

The municipalities and county municipalities have, through their enterprises 
within the energy supply system, acquired extensive experience regarding a 
substantial part of our energy supply. These institutions also are showing an 
increased interest in district heating production and district heating supplies 
based on, for example, forestry waste, industrial and household waste, and the 
utilization of waste heat. 

Also on the consumer side, the municipalities and county municipalities are 
showing active interest. In certain places, for example, guidance is given 
on the choice and use of electric appliances, and heating and ventilation equip
ment. Information campaigns have been undertaken to influence the public's 
attitude. The possibilities for energy conservation in their own local govern
ment buildings are being investigated. In many places special energy committees 
have been established to investigate the possibilities of conserving energy. 

In Norway, there are great variations between the counties and even greater dif
ferences between the municipalities with regard to geographical size, number of 
inhabitants, population settlement patterns, industrial structure, economy and 
the extent and the standards of the municipal administration. Thus there will 
be great differences in the basis and opportunities for the individual local 
government authority to influence production and consumption of energy within 
its own area. 

Local energy planning may take two partly separate forms: 

• An energy plan, action program or the like is prepared for all 
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or part of the county municipality or geographical area of the 
municipality. 

• The effects on the energy sector of specific objectives or 
measures are drawn into other planning operations. 

It should be possible to use both these forms. To get underway with the work on 
local energy planning, a possible procedure may be to prepare energy forecasts 
for the expected development of the community at large. On the basis of these 
prognoses, a brief program of action may be prepared, where a study is submitted 
on how the consumption of energy can be covered in future. Regarding the larger 
cities, it might for example be appropriate to work out thermal schemes. For 
major construction projects, as for example municipal or county-municipal build
ings, industrial areas, sports facilities and new housing areas, consideration 
should also be given to the consequences of future consumption of energy in the 
form of consequence analyses. 

Financing the Supply of Energy 

The State Power System's investments in the electric power sector are wholly 
covered by appropriations from the fiscal budget. The local electric power 
plants' investments are covered by the plants' own budget. Local investments 
are financed by means of loans, government support and use of local capital re
sources. Table 3 shows how the supply of electric power has been financed 
during the years 1972-1979. 

It is important that the supply of electric and thermal power is considered as 
a whole. This is due to the fact that the heating needs may be covered in dif
ferent ways, by district heating based on local energy resources, such as wood 
chips, bark and waste heat or heat pumps and energy recovery plants on a larger 
scale. Larger thermal power plants will hereafter be sought and adapted to 
the same financing channels as the electric power supply. Loans for such plants 
will thus, to a large degree, be coordinated with power projects. The question 
of how and to what extent such financing arrangements can be adapted to the 
credit budget will be considered in connection with the annual national budgets. 

There are also special arrangements relating to energy conservation loans to 
industry and use of waste for energy purposes. During the period 1976-1979, 
approximately Nkr 145 million was granted in loans and about Nkr 120 million 
as loan guarantees, totaling approximately Nkr 265 million. Total investments 
in such measures are calculated at approximately Nkr 415 million. 

RENEWABLE SOURCES OF ENERGY 

Until petroleum production on the Norwegian continental shelf got underway, our 
energy production consisted largely of hydro power. As petroleum production 
increases, the share of hydro power in our energy production will decrease. 
calculated on the basis of energy content, the hydro power production amounted 
to roughly 30 percent of our total gross energy production in 1977. There
maining energy production came chiefly from oil and natural gas. On the basis 
of the estimates made for petroleum production in the 1980s and the proposal 
put forward for the development of hydro power, hydro power production will fall 
to 10 to 15 percent of our total gross energy production toward the end of the 
1980s. 
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Because the bulk of our petroleum production is exported, hydro power has an 
important bearing on our domestic energy consumption. In 1977, hydro power 
amounted to 56 percent of utilized energy consumption. According to the fore
casts worked out for energy needs in the 1980s, hydro power's share of utilized 
energy consumption will not be changed to any marked extent in the coming years. 

It should be one of the aims of the future energy system to increase the share 
of renewable energy sources. Regard for better use of resources, for the en
vironment and for reliable supplies render it desirable to reduce dependence on 
finite stock resources. It is therefore natural to consider other energy 
sources such as sun, wind, ocean waves and biomass in addition to hydro power. 

However, there are many problems of a technical, economic, organizational and 
environmental nature to be solved in connection with such a readjustment. In 
the immediate future (five to 10 years) , other sources of energy such as wave 
power, bio-energy, solar heating and wind power in Norway are hardly likely to 
be able to compete in terms of cost with today's sources of energy. But in the 
longer term the situation may change for one or more of these sources. 

An energy system which is mainly based on renewable energy sources can entail 
considerable changes in the organization of production, in maintenance and the 
pattern of consumption. It may entail a new set of priorities for the general 
benefit of the community and competition with other activities may arise. 

All readjustments of energy systems take time. Decisions made today will have 
effects in 10 to 30 years. If the energy system of the future proves more 
costly than today's alternatives, a readjustment would be even more difficult 
to carry out. These problems must, however, be weighed against a future situa
tion where a failure to readjust may lead to serious supply crises due to 
shortage of energy. 

Only a small part of nature's total energy streams can be utilized. The limit
ing factors will be economics, degree of effect, usable area and environmental 
considerations. 

On the basis of today's standard of technology and knowledge of the energy re
sources at the national level, bio-energy, waves, solar heating and wind seem 
to be the renewable energy sources likely to be utilized in Norway, in addition 
to hydro power, from about the end of this century. 

Bio-Energy 

Norway's annual yield of timber is about 18 million cubic meters. Of this, 
about 12 million cubic meters is used in production, and the surplus is there
fore about 6 million cubic meters. If we include branches, tops and roots, the 
yield can be estimated at 25 million to 30 million cubic meters annually. The 
theoretical energy content in the total yield amounts roughly to 200 PJ or 
approximately 4.7 million tons of oil equivalents. 

Most of the timber that is utilized is used for industrial purposes. This gives 
about 350,000 tons of bark and a corresponding amount of waste chips annually. 
A fair portion of these resources are put to use by the industry itself. 

Measured by their dry weight, the branches, tops and roots constitute about half 
of a tree's biomass. The interest in forest yield as energy has therefore 
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largely been directed towards these marginal timber reserves, such as tree 
stumps, felling waste and thinnings. 

Utilized for energy purposes, the biomass can be burned directly or transformed 
into liquid fuel or gas. The solid forms, such as fuel wood, chips and char
coal, seem to be of most immediate interest. For use within the transport sector, 
transformation to liquid fuel, such as methanol, has interesting possibilities. 

Today, biomass in the form of wood represents about 1 percent of our energy 
production. Studies show that, on an economically profitable basis, it is pos
sible to extract marginal forestry products corresponding to an energy amount 
of about 25 PJ/years close to 3 percent of the gross energy production today. 

How much of the rest of the yield it is possible to make available for energy 
purposes will depend on the raw material requirements of other timber customers. 
The annual figure of 12 million cubic meters for timber used in production can be 
increased in the longer term to about 15 million cubic meters even with tra
ditional forestry techniques. 

How far biomass will be competitive in the future with other forms of energy 
will depend on the form and way in which it is utilized, and the costs connected 
with the exploitation of the resource. In the short term, the greatest possi
bilities lie in utilizing chips or briquettes in larger district thermal plants 
or in smaller individual units. In the longer term transformation to charcoal 
will be an alternative. Based on the price for pulpwood of birch, fuel wood, 
according to estimates made in 1978, would cost in round figures 10 ¢re per kilo
watt-hour. Cord wood delivered to the consumer is dearer, however, and costs 
about 20 to 40 ¢re per kilowatt-hour. In the case of transformation into charcoal, 
the costs were estimated to be 15 to 30 ¢re per kilowatt-hour, half of this being 
the raw material price. 

According to the Norwegian Marshland Reclamation Society, Norway has peat fuel 
resources of about 5,000 million cubic meters of raw peat. The annual yield is 
estimated to be about 5 million cubic meters. The energy content of the coun
try's peat deposits is considerable, but practical and environmental conditions 
will limit its exploitation. 

In addition, various types of organic and other waste material represent con
siderable amounts of energy. Because many types of waste occur in widely dis
persed areas, it also would require a relatively large amount of energy to 
utilize them. It is therefore only feasible to make practical use of some of 
these. 

Wave Energy 

The total energy content of the ocean waves that roll in annually toward the 
Norwegian coast is estimated to be in the region of 2,100 PJ or 600 TWh. Com
pared with solar and wind energy, wave energy is more concentrated. As an 
annual mean, the effect is estimated at about 24 KW per meter of wave crest 
outside the skerries. Only a fraction of the theoretical energy content, how
ever, will be utilizable. 

The wave energy is greatest in winter and less variable than, for example, wind 
energy. Extensive use of wave power, however, necessitates reserve power in 
periods with little wave action. Any wave power plant would therefore have to 
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be coupled with the hydro power system. 

If we assume that 5 to 10 percertt of the coastline can be utilized in the future 
for wave power production and that the wave power plants can transform 10 to 30 
percent of the energy in the waves to electricity, this would equal an electricity 
production of 3 to 18 TWh per year. 

It is difficult to say anything regarding the costs involved in producing elec
tricity from wave power. Economic estimates for various projects give costs in 
the region of 20 to 100 ¢re per kilowatt-hour. The most comprehensive cost 
estimate so far has been carried out for the buoy project and suggests costs 
down to 20 to 30 ¢re per kilowatt-hour. Cables to the shore, coupling to the grid 
and operation and maintenance costs are not included. 

In the field of wave power research, Norway is well to the fore internationally. 
The Norwegian wave power projects start from two physical basic principles. One 
is based on point absorbers and is being developed by the Norwegian Institute of 
Technology, where studies are being made of buoys in resonance with the waves, 
and by Kvaerner Brug, where work is being done on a system based on an oscillating 
column of water. The project at the Central Institute for Industrial Research is 
based on the fact that waves can be focused. 

Buoys that oscillate in resonance with the ocean waves constituted the first 
Norwegian wave power project, and this is so far the one that has progressed 
furthest. As the buoys swing in correspondence with the sea waves, they can 
draw energy out of the length of a wave crest which is considerably greater 
than the buoy's cross section. It is from this that the term point absorber 
is derived. Each buoy may be assumed to have a diameter of about 8 meters and 
normal wave conditions provide for an optimum distance between the buoys of 50 
to 100 meters. According to the calculations worked out, a wave power plant 
which is to produce 1 TWh per year net will consist of about 1,000 buoys and 
require an area of 5 to 20 square kilometers. 

Instead of an oscillating buoy, wave energy can be transfered to oscillating 
movements in a column of water. The transformation of the wave energy can con
ceivably be effected in a concrete tower standing on the sea bed. As in the 
case of the power buoy, many different forms are possible. This project is 
still at an early stage of research. 

In the same way light can be focused with the aid of a burning-glass, ocean 
waves can be focused with the aid of an "ocean wave lens." The lens may be 
imagined as consisting of a long series of steel containers sunk to a depth of 
30 to 50 meters below the surface of the sea. The ocean waves can then be 
gathered in toward a focusing point where the waves can be more than 10 times 
greater than the swell reaching the lens. 

At the focusing point, a funnel-shaped chute, for example, is envisaged leading 
the waves up into a high basin. The potential energy the water in the basin 
has then can be used as in an ordinary hydro power plant. Other possible ways 
of transforming wave energy into electricity also are being considered. The 
lens elements could be placed in a 10 kilometer row. With the basin placed to 
give a 50 meter drop, a plant of this nature could, in theory, provide up to .7 
TWh electricity production per year. 

These projects are proceeding with support from public funds, approximately Nkr 
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33 million having been spent so far. All the projects are still at the research 
stage and it is too early to say whether they will prove economically profit
able. If they prove to be profitable, a wave power plant could come into oper
ation in the 1990s. 

Solar Energy 

At 60 degrees latitude the mean solar radiation is 100 watts per square meter 
on a horizontal plane so that the annual mean for solar energy is about 900 KWh 
per square meter. Of this, just less than half is direct radiation while the 
rest is sunlight spread from clouds and particles in the atmosphere -- diffuse 
radiation. 

By comparison, it may be mentioned that the mean solar radiation at the equator 
is two to three times greater than, and at 40 degrees latitude about twice as 
great as, at 60 degrees latitude. 

Solar energy, through the use of solar panels (active solar heating) or the 
building's design and directional orientation (passive solar heating), can be 
used for heating and, through the use of solar cells, for the production of 
electricity. The cost of electricity produced by solar cells is too high to be 
competitive in Norway. 

At the present time, solar energy is primarily or interest for heating buildings, 
for hot water for dwellings and for low-temperature processing water in industry. 
The greatest amounts of energy are available at a time of year when the need for 
domestic heating is least. If solar heating is to be a good alternative, it 
should be possible for the energy to be stored from the summer until the winter 
months. However, the fact that storage facilities are somewhat limited does 
not mean that solar heating is entirely without interest. Experiments have 
demonstrated that even if the storage facilities are limited to leveling out 
over a period of one to two weeks, solar heating can cover 30 to 50 percent of 
the heating and hot water needs in dwellings. 

The introduction of solar heating systems will primarily be of interest for new 
buildings. Norwegian producers of prefabricated housing already are marketing 
solar heated houses. Today, housing is being renewed at a rate of 35,000 to 
40,000 dwelling units per year. At the same time, about 15,000 dwelling units 
fall into disuse. We have roughly estimated that this trend will continue 
until the turn of the century, and after that the annual net number of new dwell
ings will be less. Within a time perspective of about 40 years it may be pos
sible to cover some of the space and water heating requirements of a considerable 
portion of the total housing with solar energy. The increase in energy prices 
will naturally be able to make solar heating a profitable proposition for exist
ing housing also. 

Given these premises, it is expected that about 60 percent of all buildings in 
the year 2020 will have been constructed after 1980. Due to energy conservation 
measures, the consumption of energy will probably be less for the new buildings, 
if we do not allow for any particular increase in floor space per housing unit 
and altered patterns of energy consumption. While today's energy consumption 
for the heating of buildings is in the region of about 135 PJ (37 TWh), a 60 
percent increase in housing is expected to lead to an increase in energy consump
tion of about 50 PJ, or about 40 percent. 
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On this basis, the following upper limits can be estimated for the use of solar 
energy in the next 40 years in Norway: 

• With seasonal storage: about 30 to 60 PJ. This covers a major 
share of the heating requirements in new housing plus some hot 
water and heating for some of the older dwellings. 

• Without seasonal storage: about 15 to 25 PJ. 

With today's technical solutions, the cost of heating in a Nordic climate is 
about 30 to 50 ¢re per kilowatt-hour of thermal energy. The cheapest solution 
appears to be larger solar heating systems for group housing or larger buildings. 
The cost of energy also will naturally depend on the depreciation time and 
calculated interest, so that it is seldom possible to compare the different 
price estimates directly. At present, the cost of solar energy in Norway is 
two to three times higher than heating from conventional sources of energy. 

Wind Energy 

On average, the wind strengths are greatest along the coast and it is windier 
in winter than in summer. The seasonal variations are greatest for the areas 
from Tr¢ndelag and northwards. Along the coast, the typical wind speed at a 
height of 10 meters above ground level is about 7 meters per second, which cor
responds to a theoretically usable effect of .13 KW per square meter vertically 
to the direction of the wind. Inland there is too little wind energy for 
practical purposes. Because the wind energy varies greatly in the course of 
the year, to make any extensive use of it would require its being coupled with 
an easily regulated source of energy, if large-scale installations for energy 
storage and reserve capacity are to be avoided. Wind power therefore is well 
suited for use in conjunction with our hydro power-based electricity supply 
system. 

The energy potential for wind has only been partly charted and therefore only 
can be estimated with a large measure of uncertainty. Various estimates suggest 
a theoretical energy potential in the region of 200 to 600 TWh per year for the 
belt between 50 and 150 meters above ground level. Only a small amount of this 
can be used in practice. 

A wind power plant may consist of an array of wind turbines. A power plant with, 
for example, 12 wind turbines about 100 meters high, each of 4 MW maximum rated 
power, may be assumed capable of supplying about .1 TWh electric energy per year. 
With the building of one to four arrays of wind turbines like this per year after 
1990, it ought to be possible to estimate the energy contribution for wind power 
in the year 2020 at 3 to 12 TWh annually. 

The scale of such a wind power development is limited, however, by the number of 
possible locations. A plant with 12 windmills requires 25 square kilometers and 
restricts the use of the area for other purposes. 

The cost of energy is very dependent upon the size of power units and wind con
ditions. For small windmills under 40 kilowatts, such as are available on the 
market today, the cost of production ranges from 30 to 50 ¢re per kilowatt-hour 
in places with average winds of 5 to 6 meters per second. For larger units, the 
energy cost is estimated at 10 to 30 ¢re per kilowatt-hour. This cost should be 
compared with distributed electricity wherever wind turbines are close to consu-
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mers and deliver an appropriate voltage --which is the case for small units. 
Larger units must have their generating cost compared with the appropriate point 
in the grid. In this way economies of scale in the mass production of smaller 
units may outweigh the economies of larger units farther away from consumers. 

OVerall Assessment 

Table 4 contains an illustration of possible usable energy for renewable energy 
sources, apart from hydro power, around the year 2020, provided there is a 
satisfactory technical, economic and environmental development of these sources. 

calculations and estimates of the demand for energy at the turn of the century 
seem to indicate that it will be necessary to have an energy production in the 
region of 1,000 PJ or about 23 million to 24 million tons of oil equivalents. 
If we allow for a gradually more effective use of energy, for example, perhaps 
a gross energy production of 1,000 PJ also would be representative for 2020. 
On the basis of such an assessment, renewable energy sources, other than hydro 
power, would at the maximum be able to contribute 10 to 25 percent to energy 
supplies in 2020. Including hydro power, the share of renewable energy sources 
according to this illustration would amount only to half of the energy produc
tion and there will continue to be serious pressure on the finite stock re
sources of coal, oil, gas and uranium. 

Other energy sources than those which have been mentioned (such as geothermal 
energy, temperature differences in sea water and tidal differences) do not seem, 
in the light of our present knowledge of technology and energy potential, to be 
capable of being used in Norway. 

A switchover to the comprehensive use of renewable energy sources is dependent 
upon many still unknown factors: 

• Technical development: There is still a possibility of improvements 
in techniques already known or completely new solutions. 

• Economic premises: Today most renewable energy sources, other than 
hydro power, necessitate an energy price considerably higher than 
the price for energy from conventional sources. This is largely 
due to the cost of investment. In competition with non-renewable 
energy sources the future development of prices will probably be 
to the advantage of the renewable energy sources. 

• Environmental considerations: We now have considerable insight 
into the environmental consequences resulting from conventional 
energy sources. Regarding most of the new energy sources, there 
is much less knowledge of the possible environmental consequences. 

• Integration in the existing energy system: To ensure stable sup
plies of energy the total energy system must be capable of leveling 
out variations over shorter and longer periods of time where wave, 
solar and wind energy are concerned. A high percentage from 
hydro power with good possibilities of easy regulation and from 
bio-energy will therefore be necessary. 

• Need for political steering: Continued research on and development 
of renewable energy sources will have to take place with significant 
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public support. This will have to be weighed against other pub
lic tasks. The authorities also will have to decide on the 
priorities involved when-there are conflicts of use between energy 
production and other activities. 

• Time perspective: Integration in new energy systems requires time. 
For example it appears that countries which have given high priority 
to nuclear power, even after 25 years of commercial development, only 
cover a small share of the total energy consumption with nuclear 
energy. 

A provisional conclusion therefore is that if these different limitations on 
new and renewable energy sources do not prove to be too insuperable, by about the 
year 2020 it should be conceivable, for example, to cover up to about 10 to 15 
percent of Norway's energy supplies, or 100 to 250 PJ, from bio-energy, and wave, 
solar and wind energy. 

ENVIRONMENTAL CONSEQUENCES OF ENERGY SYSTEMS 

All production, transport and consumption of energy affects the environment. 
Due regard for the environment will be important in the planning, production 
and use of energy for various purposes in the community. 

It is often difficult to weigh the desire for the benefit dependent upon an in
creased supply of energy against the consequences this has for the environment. 
It can be difficult to measure in terms of money the value of unspoilt nature 
and a clean environment for today's and future generations. In several fields 
we lack the knowledge to be able to predict the consequences of long-term ef
fects of encroachments on nature and of pollution. It is often easier to 
estimate the value of the benefits we can attain as a result of the energy that 
is produced. 

Hydro Power 

The watercourses represent an important resource in more connections than that 
of power production. The localities near the watercourses are generally the 
most productive for flora and fauna. The watercourses are production areas for 
fish, they are drinking water sources, they carry away and degrade pollution 
released in them and, in some cases, they are traffic arteries. Traditionally 
the watercourses have been decisive for the localization of population settle
ment and economic activities. The watercourses with waterfalls, rapids and 
lakes are also particularly attractive parts of the countryside. 

The most important environmental effects resulting from hydro power development 
are caused by the changes made in the natural course of the watercourses and 
by constructional encroachments. The changes primarily consist of reservoirs 
used for regulating purposes with dams and intermittent unsightly draining of 
the areas affected and occasionally greatly varying water levels, and of perma
nent or seasonal changes in the flow of water in the rivers. 

The constructional encroachments include dams, borrow pits, rock-spoil deposits, 
roads and power lines. 

Hydro power development very often causes changes in the hydrology, water quali
ty, ice conditions and the transporting and deposit of sediments in a water-
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course. This can lead to changes in the local climate, the groundwater level 
and riverbank and lake shore conditions. Such changes in the physical environ
ment will cause changes in the conditions governing the living environment on 
land, including plant, animal and bird life. The regulation of watercourses 
also usually causes harm to fish and other aquatic life to a greater or lesser 
degree. 

The development of hydro power also entails competition with other user inter
ests in the watercourses, such as nature conservation, outdoor life and fishing 
and hunting. 

As greater importance has been attached to environmental values in recent years, 
hydro power development has been carried out with more consideration for the 
environment. It is also more often the case that a government concession is 
not granted or that parts of a watercourse especially worth preserving are ex
cepted from power construction projects. The construction of reservoirs is to 
an increasing extent concentrated in one or a few places within a particular 
area. The regulating measures are often restricted for environmental reasons. 
To avoid conditions that might cause pollution and to safeguard water supply 
and fishing interests, certain minimum flows of water and other measures are 
prescribed for the rivers. The means of controlling the reservoirs are often 
adapted to make allowances for a rapid filling up of the reservoirs when winter 
is over and for fish conservation, icing, water requirements and scenery in the 
lower reaches of the river. In the case of future power construction projects, 
the need for complete water utilization plans will come even more strongly to 
the fore. Regulating mechanisms and control regulations will to a greater degree 
have to be adapted to the requirements of a number of user interests in the 
watercourse. It is reasonable to assume that by means of effective measures 
we can more easily than previously improve the conditions for a number of inter
ests. 

The government intends to develop the remaining hydroelectric resources accord
ing to a coherent plan. The rivers with insignificant or small user interest 
which at the same time offer the best economic returns will be developed first. 
Of the total resource of 170 TWh average production, the government regards 
125 TWh as a suitable illustration of the ultimate limit to development. Above 
this, the watercourses with a high degree of user interest and potential for 
conflict with energy development, as well as the most costly projects, will be 
used for other purposes. 

Other Renewable Sources of Energy 

Direct exploitation of biomass in the form of timber and other plant material 
for energy purposes will lead to the release of gases in the atmosphere and the 
formation of ash in connection with combustion. If the replacement is as great 
as consumption, the release of carbon dioxide will cause no problems, since the 
intake of carbon dioxide will then be equal to the amount released. 

The ash is alkaline and will not cause any special environmental problems if it 
is returned to the place of growth. Growth of biomass will require areas of 
between .1 and 1 square kilometer per gigawatt-hour of the heating it can pro
vide per year, depending on the method of cultivation. 

Our knowledge of what sort of pollution occurs when biological material is 
directly used as fuel is deficient. Using wood as fuel has the advantage that 
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the release of sulfur dioxide is small, while the formation of nitrogen oxides 
is about the same as for coal and oil firing. In large and effective combustion 
units equipped with purifiers the total release of pollutants probably will be 
less than for similar oil- or coal-fired installations. If wood is used as fuel 
in small stoves and fireplaces, it can, however, be assumed that the release of 
soot and tar substances may to a considerable degree exceed the release from sim
ilar coal- or oil-fired installations. 

Transforming biomass by fermentation to methane, biogas or methanol and the use 
of timber for charcoal will not cause much pollution because the exhaust gases 
from the production process will be purified. Cbmbustion of gas, methanol and 
charcoal produces nitrogen oxides corresponding to direct combustion of the biomass. 

Wave power stations conceivably can be built in accordance with various princi
ples, and the environmental effects to some extent will be dependent on which 
technical solution is adopted. All wave power stations are intended to extract 
average reduction of the wave height on the leeside of the wave power station 
as compared with its original state. The focusing type of wave power station 
will concentrate the wave height in toward a point on shore, but reduce the 
waves on both sides of this point. On the windward side of the wave power sta
tion the waves also may be altered, because some of the waves are reflected, and 
the sea becomes choppier. A wave power station may have effects on fish spawn 
and larvae. It will be necessary to impose restrictions on fishing and maritime 
traffic for reasons of safety. 

A focusing power station will require a safety zone around the point where the 
waves are collected. Generally, safety zones for wave power stations equivalent 
to 5 to 20 decares per gigawatt-hour are required, being on the same scale as 
dammed areas for hydro power. 

The greatest effect that wind power has on the environment is related to its 
need for space and its visual effect. Around large wind turbines it is necessary 
to have safety zones of several hundred meters to reduce the risk from a frac
ture of the rotators or icing on the vanes. This ground nevertheless can be 
used for agriculture. It can be of practical interest to build wind turbines 
with an annual production of from .1 GWh to 30 GWh. The space required per 
gigawatt of annual production will be approximately 5 decares for the building 
site and 200 decares for safety zones for the largest wind turbines. The large 
wind turbines will dominate the landscape, and it would be better to site them 
along the coast or out at sea. 

If the wind turbines are situated in previously untouched natural surroundings, 
the construction of approach roads and power lines may have the same sort of 
effect as in the case of hydro power development. The turbines are not ex-
pected to cause any real ecological disturbances as long as they are not situated 
in bird migration zones. Their noise may be a local problem, but because of the 
safety zones it hardly will be of any considerable significance. Large wind 
turbines, especially with metal vanes, may cause disturbances in aircraft tele
communications and should not be situated under or near flight corridors. Radio
based communication systems also may be disturbed. It can be assumed that such 
wind turbines may have disturbing effects on shipping in special cases, and this 
circumstance must be taken into consideration in connection with the location of 
a large number of wind turbines along the coast. outside the safety zones that 
presumably will be established, radio or television disturbances are hardly likely. 
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The space required for the use of solar energy for heating will be of small 
significance, because solar panels usually will be placed on the roofs of the 
buildings to be heated. In the case of short-term storage of solar energy, the 
space required for thermal storage will not present any great problem either. 
With passive solar heating, the building is designed to receive solar energy 
efficiently and will not use extra building ground. As with active designs, 
however, restrictions will have to be laid on shading. On the other hand, 
thermal storage of solar energy from summer to winter will require a cubic 
space equal to that of the building that is to be heated. If we assume a height 
of 2 meters for the storage tanks, this will amount to 2 decares per gigawatt
hour for thermal storage. Generally speaking, it is intended to place energy 
storage installations inside the buildings or underground. 

Electricity production from solar energy requires far greater solar catchment 
space than an installation that simply absorbs solar heat. An annual production 
of 1 gigawatt-hour will require 10 to 20 decares of solar cells. Solar cells 
for electricity production also can be combined with thermal catchment and will 
require less space per gigawatt-hour than the electricity production alone. 

As solar radiation is distributed over the whole country, there scarcely 
any advantages from centralized electricity production from such cells. 
over land should be avoidable. 

can be 
Disputes 

The use of solar cells will have little direct effect on the environment. Pro
duction of the cells may, however, produce effects of the same type as other in
dustrial production. 

Power Transmission Lines 

The effect on the landscape caused by the power line tracks may be great, espe
cially in untouched natural surroundings, flat, open countryside and rural 
settlements. Below the tree line the choice of route and the right type of 
mast can somewhat reduce the visual nuisance; for example, it is now possible to 
use wooden masts even with high voltages. 

The power line tracks impose restrictions on the use of large areas. This is of 
special significance for forestry, whereas agriculture is less affected. 

A properly cultivated power line track through forest may -- in the same way as 
other openings in the forest -- have a beneficial effect on some animal species, 
but also may block the migratory paths of the deer family. Swans and other 
large birds are likely to fly into power lines and be killed. 

The choice of route is important. Different and often conflicting factors must 
be weighed in the process of planning and negotiating government concessions 
for power lines. In the course of construction, cross-country vehicles often 
are used. Especially in high-mountain country the transport roads can occasion 
an undesirable fragmentation of continuous natural areas, and the use of cross
country vehicles may inflict damage on the vegetation which may take several de
cades to repair. The use of helicopter transport can reduce such damage. 

End Use of Energy 

The effects of the end use of energy depend not only on how much energy is used 
but also on which forms of energy are utilized, how the energy is used, and what 
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it is used for. Over a period of time the pattern of consumption will change so 
that the environmental effects also will be different. These are matters that 
the authorities can influence by different measures. 

Through the energy policy pursued, price regulation and other energy conservation 
measures, the environmental effects can be restricted. By investing in decentra
lized energy installations such as thermal centers or small combined electricity 
and district heating plants, and by locating them satisfactorily, a better use 
of the resources and a better dispersion of the environmental effects can in some 
cases be attained. A decentralized energy supply also will reduce the need for 
long distance transmission lines. Finally, the use of a more varied set of forms 
of ~~ergy could reduce the dimensions of the individual elements affecting the 
environment, so that nature's self-purifying capacity will be better able to 
neutralize the ill effects. 

Proper consideration for the environment may call for specific solutions in both 
what we use the energy for and how the energy supply is organized. 
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TABLE 1. PRIMARY ENERGY CONSUMPTION IN NORWAY 1900-1978 

Oil and Wood and 
Coal ·ail 

ttOUit Hydropower 
end coke products 
million million million TQhl 

Year tons tons cu.m TWh Mtoa PJ 

1900 1.93 0.040 5.90 2.5 108 
1910 2.65 0.065 5.90 1.2 3.1 134 
1920 2.32 0.086 6.15 5.0 3.3 141 
1930 3.48 0.270 6.00 8.7 4.6 195 
1939 4.50 0.680 6.00 10.9 5.9 251 
1950 1.74 1.270 5.25 16.7 4.9 209 
1960 1.17 3.240 3.20 31.0 7.3 311 
1966 1.30 4.902 2.17 48.0 10.2 438 
1976 1.43 7.414 0.67 75.5 14.9 636 
1978 1.26 8.497 0.67 77.7 16.0 685 

Sources: 

1900-1966: Report on Norway's energy supplies. Annex to Report no 97 
to the Starting for 1969-70 on energy supplies in Norway 
in future. 

1976: Energy statistics 1970-77, table 2, net domestic supplies. 

1978: Provisional figures. 

TABLE 2. PRODUCTION OF OIL AND GAS ON THE NOmlE:GIAN CONTINENTAL SHELF 

1971 1972 1973 1974 1975 1976 1977 1978 1979 

Oil, million tons 0.3 1.6 1.6 1.7 9.3 13.6 13.4 17.2 18.2 

Gas, thousand 
million N cu.m 2.5 13.4 20.8 

Total, million tons 
oil equivalents 1) O.Y 1.6 1.6 1.7 9.3 13.6 15.6 28.9 36.4 

1) 1000 million N cu.m gas is calculated in the total as equalling 
0.874 million tons oil equivalents. 
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TABLE 3. FINANCING OF ELECTRICITY SUPPLIES 
MILLION Nkr 1972-79, CURRENT KRONER 

1972 1973 1974 1975 1976 1977 

Loans abroad 376 380 245 440 880 1 450 2 
- direct 703 
- vie Municipal Bank 747 1 
Domestic bond loans (§15) 265 347 681 657 641 150 
Loans in Municipal Bank 99 104 121 150 200 220 
Cove rnment e id 36 37 31 44 48 70 
Self-financing end loans 
from local banks etc. 598 582 480 686 432 957 
Stele Power System 490 515 686 934 1 369 1 671 1 

Total 1 864 1 965 2 244 2 911 3 570 4 518 5 

1) Provisional figures 
Source: NV!: 
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4)7 2 780 

502 596 

935 2 184 

0 0 

198 162 

98 100 

999 918 

768 1 840 

500 5 800 



TABLE 4. ILLUSTRATION OF POSSIBLE USABLE ENERGY FROM OTHER SOURCES 
AROUND THE YEAR 2020 

Total Including 
elec. Qower 

PJ PJ TWh 

Biomass 50-100 7 7 

Waves 10- 65 10 - 65 3 - 18 

Sun 30- 60 1 ) 0 0 

Wind 10- 40 10 - 40 3 - 12 

Sum total, in round Figures 100-260 2) 20 - 100 6 30 

1) 15-25 PJ without seasonal storage 

2) 85-230 PJ without seasonal storage for solar energy 
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TABLE 5. NORWAY'S DIRECT GROSS ENERGY CONSUMPTION, PAST AND FUTUREl) 

Electricit:t: 2J Oil eroducts 3J Coal and coke Total 
TWh Mill. tons Mill. tons PJ 

1977 1978 1985 1990 1977 1978 1985 1990 1977 1978 1985 1990 1977 1978 1985 1990 

General consumer j 
sactors 4) 

- Expected consumption 46.4 48.4 59 70 7.3 7.4 8.2 SJ.oj 1.35) 1.45) 2.o 5> 2.55) 
--Extra due to uncertain- ) 

ty of model, cold 
winters ate. 2 1 o.3 0.3 

Power-intensive 
industry 25.9 27.3 31 34 0.6 0.6 1.3 1.~ 

Total gross energy 72.3 75.7 92 105 7.9 e.o 9.8 11.0 1.3 1.4 2.0 2.5 636 655 BOB 921 consumption 

1) Figures for 1977 and 1978 are taken from Central Bureau of Statistics' resource accounts for energy. 

2) The figures apply to firm power. Allowance ie made for a transmission and distribution loss of 
16 percent in 1977 and 1978, 15.5 percent in 1985 and 15 percent in 1990 on the net general consumption. 

This corresponds to 6.4 TWh in 1977, 8.2 TWh in 1985 and 9.3 TWh in 1990. For power-intensive industry 
the loss is set at 3 percent for all years. 

3) Oil consumption connected with refining of crude oil in 1985 is reckoned at 0,3 mill. tons and in 1990 
at 0.4 ~ill, tons. 

4) Incl. energy sectors. 

5) Figures apply both to ordinary consumption and power-intensive industry. 



TABLE 6. BASIC ALTERNATIVE FOR COVERAGE OF DOMESTIC FIRM POWER CONSUMPTION 
(In '!Wh) 

1977 1980 1985 1990 

Definite supplies, incl. 
import rights of 4 TWh 76 83 91 93 

New supplies: 

Improved pooling etc. 1 

Large-scale hydropower projects 3 7 

Modernization and re-equipping 
of older hydropower stations 1: 

Small power stations 2 

Thermal power stations connected 
with industry 1 

Own thermal power stations/ 
Combd. el.+ distr. heating· plant/ 
changes in import rights 1 

Other energy sources 

(waves, wind, etc.) 

firm power production capacity 76 83 94 106 

-: less than 0.5 
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INTRODUCTION 

The long-term objective of Swedish energy policy is for Sweden's energy re
quirements to be met by lastinq, preferably renewable and indigenous, energy 
sources with a minimum of environmental impact. With this objective in mind, 
the Swedish energy program aims primarily at reducing dependence on imported 
oil throuqh enerqy conservation and through development of alternative sources 
of energy, both conventional and nonconventional. 

There is hardly any oil, gas or coal in Sweden. On the other hand, the coun
try is fairly rich in nonconventional sources of energy. It has been esti
mated that Sweden's energy requirements theoretically could be completely met 
in the future through indigenous and renewable sources of energy. qowever, 
conventional alternatives to oil, mainly nuclear energy, gas and coal, will 
have to be used for a considerable period of time. A number of constraints of 
an economic, environmental and political nature hamper transition to·an energy 
system primarily based on indigenous and renewable sources. 

Several studies of the potential of new and renewable energy sources have been 
made recently in Sweden. Usually they do not differ too much regarding physi
cal and technical factors, but some differences appear regarding assessments 
of available resources and regarding possible contributions to Sweden's energy 
supply in 1990. 

A thorough assessment of such possible contributions was 
the Energy Research and Development Commission in 1979. 
sources were divided in three categories: 

made in a report from 
In this study, energy 

• Those Which can be used immeniately with known technol
ogy (forest and agricultural residues, peat and refuse). 

• Those for which it is possible to estimate the lenqth of 
their development period and their possible energy 
contribution (wind, solar heating and upgraded biomass 
fuels). 

• Those for which possibilities can only be estimated 
after research and development (enerqy forests, photo-
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voltaics, wave and geothermal energy, etc.). 

Table 1 shows the commission's estimates for the year 1990. Table 2 gives the 
commission's assessment of the technological status for several new sources of 
enerqy. 

Provided that development efforts are successful, Gonsiderably higher contri
butions can be expected by the year 2000. 

The sun already provides more than one-fifth of Sweden's total primary energy 
in the form of hydroelectricity and forest waste. There is a large future 
potential for energy forest plantations, because the availability of suitable 
land on a per capita basis is large. In addition, about 50 percent of Sweden 
is covered by forests, and other areas of interest include closed down agri
cultural land or peat bogs. 

In the following sections of this paper, each renewable energy source will be 
discussed in detail with respect to resources, technical and economic feasi
bility, and environmental and institutional issues. 

SOlAR ENERGY 

Solar Heating 

Roughly 40 percent of the enerqy consumed in Sweden, or approximately 5 70 PJ 
(14 Mtoe), is used for heatinq, ventilation and hot water production in build
ings. About 65 percent of the heat is supplied by individual oil-fired boiler 
installations. District heating plants supply approximately 25 percent, while 
electric heating accounts for the remaining 10 percent. Because district 
heating plants are currently almost entirely dependent on heavy fuel oil, the 
implication is that dependence on oil in the heating sector is close to 90 
percent. To increase the security of energy supply it is essential to reduce 
dependence on oil. One way of doing this is using solar heat, either directly 
or indirectly via heat pumps. 

Despite Sweden's northern latitude, solar heat is an interesting option. In 
clear weather, the sun supplies us with energy at a rate of approximately 1 KW 
per square meter at right angle to the irradiation. Due to changes between 
summer and winter, between day and night and-between clear skies and cloudi
ness, the annual mean value is reduced to approximately 1 KW per square meter 
horizontal level. Despite the fact that Sweden's northern position results in 
an unfavorable distribution of solar radiation between summer and winter, the 
number of sunshine hours is comparable to that in large parts of central 
Europe, but less than that in southern Europe, the United States and Japan. 
About half the annual solar irradiation is supplied during Sweden's nine-month 
heating season. 

Seasonal variations render exploitation of solar heat more difficult unless 
efficient methods of heat storage can be developed. If solar heat is to be 
successfully utilized as a means of heating buildings, methods for heat stor
age from summer to winter will be needed. If solar energy is to be used only 
to heat tap water, the need for heat storage over longer periods is not criti
cal. With simple, short-time storage approximately half the Swedish annual 
requirement of hot water can be met by solar energy. 
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Heat Storage: Development areas of current interest are storage in water, 
storage in and heat extraction from soil, and chemical storage. 

Storage in Water: Heat storage in small water reservoirs is a feature of 
several solar heating systems ready to be introduced on the market. The heat 
losses are, however, so large that only short-time storage appears to be 
feasible. On the other hand, storage of solar heat in very large water reser
voirs offers tangible advantages. 'For one thing, the heat losses will be 
small in proportion to the total amount of heat stored, and the heating medium 
permits the use of established district heating technology. These huge stor
ages can be conceived according to different principles. Within the energy 
research and development program, studies are underway of steel or concrete 
tanks above ground, pit reservoirs in underground rock caverns, lake and 
ground water reservoirs. 

~number of pilot plants have been built with both concrete tariks and pit 
reservoirs in underground rock caverns in the size range of 5 to 10,000 cubic 
meters. 

Storage in and Heat Recovery from Soil: This includes not only methods in
volving active storage in soil, rock caverns and ground water stores, but also 
heat recovery from passive storages -- soil, rock caverns, lake bottom sedi
ments, and surface and groundwater -- with heat supply from the natural 
irradiation. Such passive storages constitute heat sources for heat pumps, 
which then can be used during the coldest period of the year without auxiliary 
heating. 

The most interesting passive storage system consists of shallow ground source 
heating. This system has reached the marketing stage. Further development 
and testing nevertheless is re::ruired, primarily with regard to applications in 
differing geological conditions. Results from installations in several Swed
ish houses indicate that it is possible to produce roughly twice as much heat 
as the electrical energy used. The technology is becoming economical. How
ever, it has one disadvantage in that relatively large areas of ground have to 
be used. A normal private home requires a 400 meter tube coil occupying an 
area of 400 to 500 square meters. 

Other passive storage systems are being investigated within the energy re
search and development program. One subject being studied is the technology 
of exploitinq bottom sediment in lakes and sea inlets. This is an area which 
already seems interesting from an economic point of view. The possibility of 
using surface water or flowing groundwater as a source for heat pumps also is 
being studied. 

Among the active storage systems, deep level heating systems have made 
considerable progress and several experimental building projects have been 
completed. They are expected to be roughly 30 to 40 percent more expensive 
than shallow ground source heating systems. Their primary advantage is that 
they occupy less space, which makes them more suitable for use in densely 
populated areas. 

Chemical Storage: Sweden has made considerable progress in the area of chemi
cal storage. One such system is the chemical hydration heat pump, using the 
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sorption heat of water vapor and certain salts under low pressure. Simple 
solar heaters thus can be used to charge the storage unit, which then can be 
sealed and tapped at any time. 

Solar Collectors: Industrial production of solar collectors has comnenced in 
several countries, and the number of solar collectors installed has increased 
very rapidly. Experiences from other countries are, however, of limited value 
to Sweden, because both operating conditions and applications vary. 

Solar collectors have been developed by a large number of Swedish companies 
and there are several types on the market. 

The Swedish climate exerts considerable strains on the solar collectors. 
Particular attention therefore is devoted to the long-term characteristics. 
Intensive development work is underway with the aim of reducing problems of 
corrosion, leakage and thermal expansion. 

Some Swedish companies also market complete systems for solar heated tap 
water. Among the systems installed in Sweden, those for single-family build
ings predominate(approximately 2,000). Systems for heating of swimming pools 
also are being developed. 

Within the enerqy research and development program, development also is car
ried out on technologies and systems enabling solar heat to be exploited as a 
supplement to existing heating systems. One example is the connection of 
solar collectors to the return pipe in a district heating system, enabling the 
temperature of the return water to be raised. The solar collectors must be 
able to raise the temperature from between 45°C and 60°C to between 75°C and 
80°C, with the culvert system subsequently storing heat. By this means, 
approximately 10 percent of the fuel in district heating systems can be saved. 
This type of system is currently under development and work has comnenced on 
construction of a number of pilot plants. A limiting factor is the high cost 
of solar collectors and the uncertainty of their long-term characteristics. 

Heat Pumps: In Sweden, roughly 10,000 heat pump units were installed in 
1980. The majority of these have been installed in recent years and consist 
of electrically powered outdoor air heat pumps for small houses. Larger heat 
pumps are relatively common in apartments. A few hundred of these consist of 
large, site-built installations, all of which are used as cooling plants for 
air conditioning during the summer months. 

The difficulties facing Sweden today consist of finding, adapting and combin
ing components in a heat pump system and utilizing heat sources in such a 
manner that a high annual heat factor and good operational reliability are 
assured. Distribution technology for low-grade heat also is being developed. 
In comparison with other types of heating plants, the installation cost for 
the heat pump is high. The installation cost is roughly three to five times 
greater than for an oil-fired plant. 

Passive Solar Heating: The need for conventional heat supply may be reduced 
by up to 30 percent by a combination of building technique and installation 
technique which makes use of the insulation heat and surplus heat from domes
tic appliances and human beings. As part of the energy research and develop-
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ment program, a number of low-energy houses have been built and are now being 
evaluated. 

Development Situation: Solar heating technology thus embraces several differ
ent methods for heating buildings and water, which are currently at different 
stages of development. The situation is characterized hy rapid progress in 
which many ideas and system solutions are being evaluated in different appli
cations, such as in private houses and multi-family dwellings, in new build
ings and existing buildings. 

The objective of the energy research and development program is to have tested 
and evaluated various solutions by 1985 to an extent sufficient to establish a 
basis for governmental decisions concerning the role and introduction of solar 
heating in Sweden. 

Costs: In assessing the economy of solar heating systems, allowance must be 
made for the uncertainties concerning the lifetime of installations and antic
ipated cost reductions resulting from production in long series and increases 
in scale. 

For medium-sized solar heating centrals servicing a few hundred apartments or 
homes and designed to give the lowest cost, the heating cost is currently 
estimated at $80 to $120 per barrel of oil equivalent. 

The cost of solar heated tap water for the systems already installed is $120 
to $160 per barrel of oil equivalent, but it is expected that this figure 
could be reduced by at least one-third. For solar heating installations 
connected directly to the district heating network, the costs are estimated at 
$60 to $80 per barrel of oil equivalent. 

Energy Contributions: The uncertainties about the development of different 
solar heating technologies render quantifications of possible energy contribu
tions difficult. If it is assumed that commercialization can be achieved in 
the mi1-l980s, it is estimated that 10 PJ (.2 Mtoe) can be produced with solar 
energy by 1990, primarily in district heating systems and for heating tap 
water. By the year 2000, the production may be at the rate of 35 PJ (.8 Mtoe) 
per annum, a large proportion of which will relate to systems with year-round 
storage. 

Solar Power 

This relates to solar energy which is converted directly into electrical 
energy or fuel (such as hydrogen). Solar power technology may be divided into 
three sub-areas: thermal solar power stations, semi-conductor celLs and 
photochemical systems. 

Thermal Solar Power: Sweden is participating in an International Energy 
Agency (IEA) cooperation project comprising a central receiver tower and solar 
farm plant built in Almeria, Spain. 

In the semi-conductor field, international development work on solar cells is 
highly dynamic. Swedish research contributions are concerned primarily with 
performance control, evaluation and testing of solar cells. A trial plant 
with a peak power of 1 KW has been installed for the purpose of testing sili-
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con solar cells under Swedish climatic conditions. 

The photochemical systems consist partly of electrode/electrolytic systems 
which provide electric energy, and partly of chemical conversions to sub
stances richer in energy. A research group concerned with photochemistry is 
being financed in Sweden. The work consists primarily of monitoring inter
national developments, studying electronic transmission and relev.int chemical 
reactions, and developing photochemical solar cells. 

It is not envisaqed that these methods will be able to make any substantial 
contribution to Sweden's energy supply by 1990. By the year 2000, the solar 
cells may, in the most favorable circumstances, account for a few tenths of a 
terrawa tt-hour. The other methods are not expected to be able to give any 
contribution. In the long-term perspective, the photochemical processes may 
acquire some importance. 

HYDROELECTRIC POWER 

Sweden has an ample supply of hydraulic (hydro} energy, particularly in the 
northern parts of the country. Hydroelectric power was developed at an early 
stage and has been a basis for the industrialization of Sweden. A nationwide 
transmission and distribution network has been built up, and electricity is 
widely used in industry and all other areas of- society. Sweden thus has a 
century-lonq experience of hydro power, and Swedish companies are active 
around the world in consulting, construction and equipment for hydro power 
projects and electricity transmission. As matters stand today, hydroelectric 
power has been exploited for an annual production of more than 215 PJ (60 
TWh}. A technical potential exists for an increase of annual production to 
470 PJ (130 TWh}, of which 340 PJ (95 TWh} is economical at current energy 
prices. However, to preserve wildlife and the natural environment, Parliament 
has decided to impose restrictions on the further expansion of hydro power. 
It is expected that hydroelectricity production in 1990 will be about 240 PJ 
(65 'IWh }. The government has promoted the development of mini-hydro power 
plants in the range of 100 KW to 1,500 KW through special economic incentives. 

PEAT 

Ten percent, or 54,000 Mm 2, of Sweden's total area consists of marshland. 
This marshland varies in age from a few thousand up_to 10,000 years. The 
annual rate of qrowth is .1 to .5 mm, the implication-being that in practical 
terms peat is a nonrenewable resource. The thermal value of the peat re
sources is estimated to be equivalent to some 3,000 million tons of oil. 
Swedish peat resources currently are being surveyed as a basis for a more 
precise estimate with regard to amount and quality. 

Peat has been used as fuel for a long time in Sweden and elsewhere. The 
Swedish peat industry expanded rapidly during World War II and at most, in 
1945, produced 1.5 million tons. Currently, only 300,000 tons per annum is 
produced, all of which is used for soil conditioning. Several Swedish com
panies are engaged in the production of soil-improvement peat and are thus 
familiar with the technology of conventional peat extracting methods. 

Most of the peat produced is either milled or sod peat. Production is highly 
dependent on climatic and seasonal conditions. Dewatering problems constitute 
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a major constraint, and certain projects within the research and development 
program deal with improvement of the currently used dewatering technique. 
Methods for carbonizing in wet vessels are under investigation. 

Transportation of peat is relatively expensive and consequently only large 
consumers have an economic interest in the use of peat at the present state of 
the art. However the techniques relating to peat supply to small and medium
sized consumers are constantly improving, and full-scale trials are planned. 
Efforts also are beinq made to improve peat combustion, particularly in 
medium-sized furnaces (.1 to 1 MW). 

The peatlands, which comprise part of the wet areas, are a sensitive area of 
fundamental importance to the ecological balance in their surroundings. 
Bearing this in mind, peat exploitation should not be started without a care
ful consideration of the various consequences involved. Environmental aspects 
may restrict peat production in certain sensitive areas protected for nature 
conservancy reasons, but are unlikely to severely limit or restrict peat 
utilization envisaged in present plants. 

In Sweden, energy from peat is currently at an introduction stage. Several 
new extraction and combustion projects have been started during the past few 
years. By 1990, it is estimated that the amount of peat being used could be 
equivalent to 20 to 50 PJ (.5 to 1 Mtoe). As a result of certain measures, 
among them the thorough surveys conducted in the 1980s, the expansion of peat 
exploitation could be more rapid. 

Peat production costs are estimated at between $9 and $17 per barrel of oil 
equivalent, excluding the costs of transportation which, like the production 
costs, depend on local conditions. Within reasonable transport distances, 
peat as a fuel now can compete with both coal and oil. 

BIOMASS 

Wood Waste 

The total area of forest land in Sweden is 23.5 million hectares, including a 
small portion of abandoned agricultural land. The annual growth of trurik wood 
with bark is 75 million cubic meters per year ( 544 PJ or 1 3 Mtoe ). The total 
growth is estimated at 120 million cubic meters. In a corresponding manner, 
Sweden's timber store may be estimated at 3, 800 million cubic neters of bio
mass (27,600 PJ or 660 Mtoe). 

In the Swedish forestry sector, 75 million cubic meters of timber and pulpwood 
per annum is harvested for use by the forest products industry. Byproducts 
are used by the industry to a very great extent as fuel. 

Approximately 45 million cubic meters in the form of roots, felling residues, 
clearing and thinning timber and deciduous trees are left on the felling 
sites. The energy content of these residues amounts to approximately 325 PJ 
( 7. 8 Mtoe). 

Present-day forestry uses the so-called assortment method, according to which 
limbing and sawing of the logs into standardized lengths and quality classes 
takes place on the felling site. Organized utilization of forest energy is 
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taking place experimentally. Individual forest owners and private individuals 
collect residual wood from felled areas for use as fuel. Similarly, minor 
quantities of smallwood trees in clearings and wood left behind after logqing 
merchantable timber are collected. At the end of 1979, annual consumption of 
wood and chips used as fuel was estimate<l at 4 million cubic rreters solid 
measure under bark (30 PJ or .7 Mtoe). The rate of increase in small-scale 
use of wood and chips is high. 

A few attempts have been made on a large scale to perform thinning operations 
with removal of unlimbed parts of trees, which are transported to the mills 
for limbing and barking and then used as fuel. Machinery and vehicles of 
suitable types are, however, not available for large-scale utilization. This 
applies in the first instance to removal of the stump wood, but also to other 
residues. 

It is believed that for ecological, techno-economic and social reasons only a 
part of the physically available volume of forest residues, 45 million cubic 
meters, can be collected. The exploitation of forest energy is expected to 
develop as shown in Figure 1. 

The total yield with present-day felling methods is expected to stagnate at 17 
million cubic meters, equivalent to 120 PJ (2.9 Mtoe). With the current level 
of oil prices, utilization of this source of energy in Sweden is economical in 
many instances but it temporarily may be constrained by technical and infra
structural factors. 

Future logqing methods, such as the whole tree and part tree methods, would 
enable a greater proportion of the tree residues to be extracted for energy 
purposes (26 million cubic meters/solid measure under ba:rk per annum, ~qui

valent to 190 PJ or 4.5 Mtoe). As part of the energy research and development 
program, considerable efforts are being devoted to improved felling tech
niques. These effects aim at development and full-scale testing of a first 
generation new technology by 1987. 

Forest energy based on forest residues is primarily expected to be used in hot 
water centers, district heating plants, industrial boilers and on farms to 
substitute for oil and coal. If this is to be achieved to any considerable 
extent, it is necessary that firewood becomes established as a commercial 
commodity and that reliable distribution channels are set up. A number of 
industrial boilers, hot water centers and heating plants for chips and wood
firing have, however, already been built, partly with government financing. 
'Plans have been made for a number of additional plants. 

1\lew and improved techniques for conversion to fuels that are easy to handle 
and transport need to be developed. 

The environmental restrictions for forestry energy production are considered 
negligible except at a local level for certain lean soils. There is some 
uncertainty about the very long-term effects of large harvests of forest 
energy. 

The production costs of wood waste depend on local circumstances and on the 
production technique applied. With present-day techniques, the production 
costs are usually in the range of $11 to $2 3 per barrel of oil equivalent. 
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Preparation and conversion costs must be added to get figures comparable to 
oil prices. 

An important overall consideration that has to be borne in mind when assessing 
the potential of forest energy in Sweden is the conflict between using the 
forest for energy purposes or as a raw material in the forest industry. 

Energy Forestry 

Energy forests are areas cultivated with species of trees that are specially 
selected because of their rapid, high-energy fiber growth rate. The species 
concerned are deciduous trees such as Salix and Populus. Energy forest cul
tivation implies establishment on specially selected areas, Where growth 
conditions (soil type, water, stock of nutrients and inclination) are favor
able, or large coherent areas of densely cultivated deciduous forest. They 
re:tuire a growth period after planting of one to three years before they can 
be harvested for the first time. In a steady-state stand, harvesting cycles 
of one to three years are likely. Each cultivation is expected to have a 
growth-favoring life duration of 20 to 30 years, after Which new plants will 
have to be planted. 

An important problem is to develop species that can be cultivated in such a 
manner as to make energy forestry competitive. Comprehensive work currently 
is underway aimed at evaluation and selection of parent trees for the produc
tion of cuttings. Small-scale experimentation hitherto indicates a production 
of 20 tons dry substance -- 60 cubic meters per year per hectare, Which is 
considerably in excess of even the highest previously observed production 
volumes in forestry in cold climate areas. 

As part of the energy research and development program, large-scale experi
mental cultivations have been commenced both on abandoned agricultural soil 
and on marshland. The goal is to enable the production potential and costs of 
energy forests to be reliably appraised by the mid-1980s through advancement 
of knowledge, technical development and large-scale trials with complete 
supply sys terns. 

Because energy forest cultivation is a new field of activity in Sweden and 
throughout the world, it is also necessary to develop suitable machinery. 
Energy forests will be harvested mechanically w.i th newly developed, highly 
efficient machine systems. The kind of machinery will vary w.i th the sizes of 
the cultivation units, hut also other factors such as the bearing strength of 
the soil will be of importance. Machine systems for cultivation and harvest
ing of energy forest in small, medium-sized and large plantations are current
ly being designed and prototypes are manufactured under the auspices of the 
energy research and development program. 

Prior to use, the harvested fiber mass has to be fractionated, prepared 
(dried), stored and transported. 

The ecological and environmental problems related to energy forest cultivation 
-- such as influence on groundwater, nitrite leakage, insect combating, pro
tection of plantations against voles and elks -- are being investigated as 
part of the energy research and development program. Environmental restric
tions may prove to be an obstacle to intensive cultivation on peat land. 

Sweden/9 



Energy forest cultivation is at an early stage of development and may not be 
expected to make any major contribution to the energy supply before the turn 
of the century. A cautious appraisal is that approximately 3 million tons of 
dry substance, or 50 PJ (1.2 Mtoe), may be produced by the year 2000. Esti
mates of the production costs vary between $7 and $36 per barrel. 

Energy from Agriculture 

Straw: In Sweden, straw cereals are cultivated on approximately 1.5 million 
hectares. The production of straw is approximately 4 tons per hectare, a total 
of 6 million tons per year. A significant proportion of this volume is plowen 
hack into or burnt on the fields. It is assumed that between one-thirn and 
one-half the annual production of straw could be harvest&] for combustion, 
implying an energy contribution of approximately 40 PJ (l Mtoe ). Straw has 
long been marketed on a commercial hasis and straw-fired boilers are on the 
market. 

The rrajor problem relating to exploitation of straw as a source of energy is 
that the entire quantity is obtained during a brief harvest period at a time 
when agricultural labor is fully occupied. The straw also has to be stored to 
cover the fuel requirement during a greater part of the year. 

There are no appreciable environmental restrictions to straw production. The 
production costs lie in the range of $14 to $22 per barrel of oil equivalent. 

Biogas: Farmyard rnanure can be fermented to produce rrethane gas. The total 
potential of farmyard manure is estirnated at approxirnately 54 PJ (1.3 Mtoe). 
At present, there are several pilot plants in operation in Sweden. One of the 
reasons this technique is expected to be used only to cover the energy re
quirements of a small number of larger farms is the difficulty encountered in 
distributing the gas. 

In recent years there also has been an increasing interest in using waste 
products from the sugar industry for energy production. 

Energy Crops: This is the term applied to annual plants grawn on agricultural 
soil for the sole purpose of energy production. Among crops being studied in 
this context are grass, potatoes, sugar beets, fodder sugar beets and hemp. 

To become competitive, the energy crops must give a-significantly greater 
harvest and/or be produced and harvested at lower cost than grain and straw. 
As a result of agricultural plant improvement, the yield of agricultural crops 
is increasing steadily at the rate of approximately 50 kilograms of dry sub
stance per hectare per year. 

With the Swedish climate ann current carbon dioxide contents of the atmos
phere, it is believed that the limit is about 25 tons of dry substance per 
hectare per year compared to the current 5 to 10 tons. It is estima ten that 
approximately 700,000 hectares could be used for production other than food
stuffs by 1990. 

The energy research and development program also embraces research concerning 
crop selection and crop rotation, soil characteristics, production yields, 
environmental consequences, economic aspects and conditions in connection with 
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introduction as well as a large field cultivation trial. No serious environ
mental limitations are foreseen. Ecological research relating to crop rota
tion, fertilization and the use of biocides is nevertheless necessary. 
Through research, including large-scale cultivation trials, the goal is to 
enable a reasonably reliable appraisal of the potential of different energy 
crops in competition with other uses. 

Aquatic Biomasses: On Swedish latitudes, it is probable that among aquatic 
biomasses, only reeds and algae will be able to make an appreciable contribu
tion to the energy supply. Natural stands of reeds are estimated to cover an 
area of approximately 100,000 hectares, which, with a yieln of approximately 5 
tons of dry substance per hectare, gives 9 PJ (. 2 Mtoe) per year. Small-scale 
reed cultivation experiments have indicated that the cultivation potential is 
ten-fold and harvesting machines have been developed. An important feature of 
reed cultivation is that harvesting is performed during the winter when the 
need for fuel is at its greatest and the workload on agriculture is at a law 
level. 

Tests with algae cultivation have qi ven interesting results, and trials on a 
larger scale are being planned. 

WIND 

Since 1975, Sweden has conducted an extensive research and development program 
on wind energy. The objective is to establish, not later than 1985, a basis 
for decisions relating to a large-scale introduction of wind power in Sweden. 

A predominant part of the wind energy program is concentrated on building 
large land-base~ plants connected to the electric power grid. An evaluation 
and testing program has been conducted since 1977 at a small pilot plant of 60 
KW. 

Two full-scale prototypes have been procured from Swedish companies and con
struction work will be completed by the spring of 1982. They are twin-bladed, 
horizontal axis power stations with a tower height of approximately 80 meters, 
a turbine-blade diameter of 78 meters and a rated output of 2. 5 and 3 MW, 
respectively. They differ from each other in the materials chosen for the 
tower, turbine blades and hub. 

Detailed knowledge about winrl conditions is an essential basis for any signif
icant wind power program. A large-scale measuring program was initiated in 
1979. The wind velocity will be simultaneously measured once every hour from 
high towers at several places in Sweden. 

Current appraisals indicate that the environmental effects of wind power will 
be small, although the picture is not yet completely clear. 

The costs of wind power have been estimated at 3 to 7 cents per kilowatt-hour, 
excluding costs for power reserves. There is considerable uncertainty in 
estimating power station costs, vrind conditions and anrual production. The 
potential for wind power is estimated at approximately 110 PJ (30 TWh) in 
Swedish land areas with wind velocities in excess of 7 meters per second. The 
potential in marine areas is believed to be roughly the same. If the research 
and development program gives favorable results, it is anticipated that an 
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expansion equivalent to as much as 55 PJ (15 TWh) will be possible during the 
1990s. 

OCE7\N ENERGY 

Internationally, wave energy technology is at a very early stage of develop
ment. Sweden is engaged in limited development and experimental wo:r:k relating 
to small buoys for Swedish fairways with conversion to electric energy through 
a linear generator. A small plant is being tested. 

The wave energy reaching the Swedish coast is very modest in an international 
comparison, approximately 4 KW per meter of wave front during the ice-free 
period. 

Utilization of wave energy is surrounded by many uncertainties. The plants 
will have to be constructed to resist storms, ordinary wear, corrosion and 
1.c1ng. The potential for Sweden has been estimated at approximately 10 to 55 
PJ (3 to 15 Twh) per year at a cost of 6 cents per kilowatt-hour. 

Conceptual design work has been carried out on salt and thermal gradient 
energy, but neither seems to be feasible in Sweden's cold and brackish waters. 

Swedish industry participates in the international ocean thermal energy coh
version development. The Swedish contribution is mainly concentrated on 
advanced heat exchanges and turbines. 

GEOTHERMAL ENERGY 

In the south of Sweden, deep layers of sandstone containing hot water can be 
found in the sedimentary bedroCk. The heat content amounts to approximately 
7,200 PJ (170 Mtoe) for temperatures above 50°C and approximately 14,400 PJ 
(340 Mtoe) above 30°C. This hot water is relatively easy to reach through 
drill holes and the technology, which is largely known, is becoming profitable 
with present oil prices. Attention must be devoted to corrosion problems in 
view of the high salt content of this water. 
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TABLE 1. ESTIMATED RENEWABLE ENERGY CONTRIBUTIONS BY 1990 

Wind energy 315 - 7 PJ (1 - 2 TWh} 

Solar heating 10 PJ {0 I 25 ~toe} 

Forest energy 80 - 125 PJ {2 - 3 Mtoe} 

Pe·at 20 - 40 PJ {0 I 5.- 1 Mtoe} 

Agricultural. waste 8 - 20 PJ {0 I 2 - 0 I 5 Mtoe} 
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Solar heating 
with seasonal 
storage 
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TABLE 2. DEVELOPMENT STATUS 

1980-1985 

Introductl.on in 
small and medlum
sJ.zed plants 

IncreasJ.ng R & D 
actJ.vJ.ties 

Empl.rl.cal data 
from prototypes 

R & D actJ.vJ.tJ.es 

jR & D activitJ.es 

Survey of geo
logical 
prerequisJ.tes 

IR & D activJ.tJ.es 
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1985-1990 

MJ.ght gradually 
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commercJ.alJ.zed 
fuels 

Empl.rlcal data 
from full scale 
trJ.als 

Empl.rlcal data 
from deMonstra
tJ.on groups 

Emp1r1.cal data 
from full scale 
trJ.als 

After 1990 
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lop to· com
mercialized 
techn1que -------·-
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lop to ·com
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techn:i,_g_ue 

1-"ight deve
lop to com
mercialized 
techniaue 
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INTRODUCTION 

CUrrently, renewable energy sources meet more than 5 percent of u.s. energy needs. 
Most of this fraction -- more than 3 percent of U.S. energy consumption -- is sup
plied by hydro power. The second major renewable resource in present use is wood, 
which now provides about 2 percent of the national energy supply. Wood's in
creasing share of the energy budget reflects Americans' growing reliance on wood
burning heaters in homes, and industry's use of wood residues in the boilers of 
pulp and paper factories and other wood-related operations. 

The technical feasibility of a number of new technologies has been proven, but 
most of the systems based on these technologies have not yet become sufficiently 
competitive in the United States to warrant widespread use. For example, photo
voltaic cells -- which convert sunlight directly to electricity -- provide criti
cal energy for satellites in the U.S. space program, but they remain too expen
sive for most common electricity uses. As the price of power from the various 
new and renewable energy systems can be reduced through research and industrial 
development, these systems can be expected to play growing roles in satisfying 
U.S. energy needs. 

A National Commitment 

Until recently, research activities in the U.S. on new and renewable energy sour
ces were small. In 1970, the federal government funded only a few hundred thou
sand dollars annually for research in these areas. One decade later, annual fed
eral outlays supporting research were in the hundreds of millions of dollars. 
Moreover, thousands of companies, citizens' groups, and individuals are experi
menting with, installing, buying, servicing, and selling energy systems based 
upon new and renewable energy resources. 

In the mid-1970s, public and governmental interest in new and renewable sources 
of energy was accelerated by the rapid rise in oil prices and by supply problems. 
The overall U.S. energy program has been based on both executive and legislative 
inputs. In terms of executive agencies, the U.S. Department of Energy has the 
lead responsibility in research on new and renewable energy sources. 

The Domestic Policy Review of Solar Energy (the DPR for short) , was formed in 
1978 to evaluate the potential for the accelerated use of solar-based energy 
sources. The final report of this group concluded that "significant potential 
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exists for expanding the nation's use of solar energy" and that "many solar 
technologies are already economic and can be used in a wide range of applica
tions." With concerted efforts to overcome the many barriers to implementing 
renewable technologies, the report further states, the United States could cost
effectively obtain as much as 20 percent of its energy supply from renewable 
sources by the year 2000. 

Although progress in the use of renewable energy will be influenced by unpredic
table factors, it is possible in general terms to outline a role for renewables. 
The relative contribution of hydro power to electricity supplies is expected to 
increase moderately over the next two decades because the best and largest U.S. 
resources already have been developed. During this period, biomass-based power 
systems are expected to overtake hydro power as the major renewable energy source. 
The principal contributions are expected to be the direct combustion of organic 
matter to produce heat, and the conversion of biomass into alcohol fuel, methane 
gas, and hydrocarbon-based chemical feedstocks. Biomass-based energy also will 
be used by electric utilities and residences. 

Solar thermal technologies -- both the low-temperature systems most commonly used 
to heat water or buildings and the intermediate- and high-temperature systems 
used to provide steam for industrial use or electricity generation -- are expected 
to provide small but growing shares of energy for the residential, industrial, and 
utility sectors by the year 2000. By that time, wind power, photovoltaic cells, 
and ocean thermal systems also are expected to contribute notably to utility 
electrical output, and a portion of the electricity production from each will come 
from small, independent systems. 

In 1980, following the second major round of global oil price rises, the u.s. 
Oongress established targets for the production of synthetic fuels, among them 
oil from shale and tar sands as well as liquid fuels and gas from coal and bio
mass. By the early 1990s, the United States hopes to be producing at least 2 
million barrels a day of synthetic fuels, with oil shale and tar sands accounting 
for perhaps half that amount. (Two million barrels a day is equivalent to more 
than four "quads" per year of energy. One quad is 1015 Btu and almost the same 
as 1 exajoule or 1018 joules.) 

Private and Governmental Roles 

The United States relies mainly on private industry for the development of tech
nologies and for the production and delivery of energy, although industry is 
sometimes aided by the government when the normal workings of the marketplace do 
not adequately serve national security, social, economic, or environmental objec
tives. In the case of new and renewable energy, both the public and the federal 
government have come to recognize the compelling national interest in hastening 
the commercial availability of alternative energy sources. Impediments to the 
employment of new and renewable energy have been identified, and ways are being 
sought to help overcome them. The major barriers are: high initial cost; limited 
public awareness of and information about economically competitive technologies; 
early stages of technology development; and counterproductive federal, state, and 
local government regulations and utility policies. Domestic price controls and 
tax incentives to stimulate oil and gas production also have been a major factor 
in keeping new and renewable energy sources from competing effectively in the 
marketplace, although this problem is less severe now than in the past. 

To overcome these barriers, the U.S. government uses four principal tools: re-
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search and development, financial incentives, regulatory functions and informa
tion dissemination. Commercialization of new technologies is properly the role 
of private industry. Federally funded research and development is concentrated 
on long-term, high-risk, and potentially high-benefit efforts. Presently the 
federal government is decreasing the regulatory controls it has over the economy 
-- it has ended price controls on oil and is considering doing the same for natu
ral gas. 

Short-term financial incentives, especially tax credits, have increased in recent 
years and have greatly accelerated the commercialization of new and renewable 
energy technologies. These financial inducements indicate that new and renewable 
technologies are considered ready for practical use. 

Perhaps the most significant financial incentive is the federal income tax credit 
of 40 percent (up to a total credit of $4,000) for individual homeowners who in
stall renewable energy devices. For example, a homeowner who spends $2,000 on a 
solar hot water heater will pay $800 less in federal income taxes that year. 
Other important financial incentives include grants for experiments and demon
strations, loan subsidies for energy improvements in housing and loan guarantees 
for companies investing in geothermal energy, ocean thermal energy and synfuels 
systems. 

Several federal agencies are involved in accelerating the adoption of new and 
renewable energy. The major agency supporting research, development, demonstra
tion, and information dissemination is the Department of Energy. A portion of 
its research funding goes to the Solar Energy Research Institute and to various 
national laboratories. (Most federally sponsored energy research is actually 
carried out by private firms and universities under contract.) The Department of 
Housing and Urban Development is involved in promoting the use of renewable ener
gy systems and conservation in housing. To mitigate potential environmental 
problems by integrating environmental planning into all energy resource develop
ment, the Environmental Protection Agency has a program assessing the impacts of 
all energy systems. The National Aeronautics and Space Administration supports 
the Department of Energy in research and development of many technologies (espe
cially wind and photovoltaics). The Department of Agriculture has a major re
sponsibility for research and development concerned with biomass-based energy, 
especially alcohol fuels, and for solar energy systems for farm and rural uses. 
The Department of Commerce encourages the establishment of renewable energy in
dustries. Besides these federal departments, a quasi-governmental Synthetic 
Fuels Corporation has been established by Congress to provide loan guarantees 
and other subsidies for synfuels (including oil from shale and tar sands and 
liquid fuels from biomass) . Many other federal agencies are directly and in
directly contributing to the national effort to develop new and renewable energy 
technologies. 

The Department of Energy actively participates in international cooperative re
search, development and demonstration programs. It has bilateral cooperative 
agreements in new and renewable energy technologies with a number of countries 
and is involved in many multilateral cooperative programs (most under the umbrella 
of an International Energy Agency -- IEA -- agreement) • In addition, federal 
laboratories are providing technical support to the Agency for International De
velopment (AID) for various projects in developing countries. 

Complementing federally sponsored efforts are state and local government activi
ties aimed at promoting the use of renewable energy at the community level. 
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About half of the 50 states provide homeowners and renters with some additional 
financial incentives for the purchase of solar water or space-heating systems. 
These incentives, together wit~ the federal tax credit, offer a strong inducement 
to potential buyers. Some cities also provide special incentives for the in
stallation of solar devices in economically depressed inner-city zones. 

Many of the states have implemented strong incentives for the use of renewable 
energy systems. In 1977, California established a state tax credit of 55 per
cent for solar investments (less for those who also claim the federal tax credit). 
California now accounts for nearly half the country's sales of solar hot water 
heaters. Arizona recently implemented a state tax credit of 35 percent, which 
can be added to the federal tax credit. Many states have enacted laws to pro
vide special incentives, such as exemptions from real estate or sales taxes, and 
to protect landowners' access to sunlight. The latter law prohibits obstructions 
that would block sunlight from reaching existing solar systems. 

Most industry efforts to develop new and renewable energy technologies have been 
independent of government funding. At present, industry's financial commitment 
to research and development on new and renewable energy technologies is comparable 
to the federal government's. Nevertheless, indirect governmental support -- such 
as tax credits, loans and market development activities -- has helped hundreds of 
companies begin manufacturing and distributing solar heating systems, wood-burning 
stoves, wind generators and other small-scale renewable energy technologies. 
Thousands of other companies are involved in the sale, construction and mainte
nance of new and renewable energy systems. Annual sales of solar collectors now 
amount to several hundred million dollars. Industries that use and refine bio
mass (including wood and gasohol) provide energy worth several billion dollars 
annually. Construction of hydro power (especially small or mini-hydro) facilities 
is increasing rapidly. U.S. sales of photovoltaic modules and systems are now 
more than $50 million annually. 

In the United States, industry's and government's solar development programs are 
complemented by the activities of many individuals, community groups, and non
profit organizations. As one indication, the U.S. Section of the International 
Solar Energy Society boasted more than 5,500 members in 1980, compared to a few 
hundred in 1970. The Solar Lobby, a citizens' organization that works to mar
shall support for renewable energy, has about 35,000 dues-paying members. These 
and other private groups help disseminate information about renewable energy and 
familiarize people with solar technologies. 

SOLAR COLLECTORS: LOW TEMPERATURE 

The three keys to the efficient collection of low-temperature solar energy are 
the judicious use of transparent glass or plastic, the reduction of heat loss and 
the movement of captured energy so it can be used or stored. 

In the United States, low-temperature active and passive solar systems for heating 
space and water can meet most building energy requirements. Although the total 
number of solar facilities is still less than 1 percent of all potential users, 
the basic requirements for a successful commercial industry are in place: a well 
developed industry infrastructure and a market in which the new products can com
pete successfully. 

In agriculture, requirements for low-temperature heat are substantial, especially 
for crop drying. Yet, only a few hundred solar crop dryers are now in use because 
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the need is not year-round and do-it-yourself systems require farmers to invest 
considerable time building and installing them. 

In industry, where low-temperature heat is needed year-round, low-temperature 
solar applications have seen some modest commercial growth. A promising approach 
is the solar pond, which may become a major future supplier of solar industrial 
energy, perhaps ultimately for generating electricity using low-boiling-point 
fluids (such as freon) to drive turbines. 

Low-temperature solar technologies can also be used for cooling. Because the 
need for cooling peaks when insolation is greatest, and because using a collector 
to both cool and heat is often more cost-effective than a single purpose unit, 
solar-powered cooling has considerable attraction. The present drawback is high 
cost; fewer than 100 systems that are not federal demonstrations operate in the 
United States. 

Economics 

Low-temperature solar thermal systems are a market-ready technology. Least ex
pensive are the simple design changes an architect can make in the placement of 
windows and overhangs in new buildings. Indeed, these changes can be money 
savers from the start, if they enable a building owner to install a smaller 
heating plant than otherwise would have been needed. Skylights, greenhouses, 
sunspaces and other passive design features are beginning to earn a wide follow
ing on both aesthetic and financial grounds; repaying the costs of these features 
through fuel savings can be accomplished in only a few years. 

Also cost-effective in some cases are simple bag-like air collectors for crop 
drying. Some farmers can recoup their investments in as little as a year or two. 

Water heaters may have a pay-back period as short as four years in special cir
cumstances. Although costs of installed solar water-heating systems generally 
are above $300 per square meter, the cost is justified when the alternative is 
electricity, especially in view of the 40 percent federal income tax credit and 
additional tax advantages available in many states. Active space-heating sys
tems tend to be somewhat cheaper than water heaters on a per-square-meter basis, 
but they must be larger. On the other hand, paying back the initial investment 
on these systems may take longer than for water heaters because they are most 
needed in winter when the incidence of sunlight is lower. 

Solar ponds may turn out to be the cheapest of all low-temperature solar col
lectors (although this finding is largely hypothetical because few have been 
constructed) • Ongoing studies and experiments have projected that a cost of 
$4 per gigajoule appears within reach. (A gigajoule is very nearly 1 million 
British thermal units -- MBtu. Oil at $36 per barrel is approximately $6 per 
gigajoule.) 

The economics of solar cooling depends strongly on the possibility of using the 
collectors year-round to provide heating as well. At present, these systems 
are still significantly more expensive than conventional ones. 

Costs for all solar systems are expected to decline as experience is gained. By 
some estimates, energy from renewable sources will average $12 per delivered giga
joule by 1985 and $9 per gigajoule by 1990 -- less even than natural gas might 
cost by 1990. 
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Private Activities 

More than 200 U.S. companies are manufacturing low-temperature active solar 
systems for heating space and water. Of these, the 10 largest have approxi
mately three-quarters of the business. An estimated 7,000 companies are in
volved in installing low-temperature active systems. Many of these companies 
are heating or plumbing businesses that have added a solar line. 

Collector sales records show phenomenal market growth. Approximately 2 million 
square meters of collectors were sold during 1980, totaling about $150 million. 
Of this total, about 30 percent were domestic hot water applications and 70 
percent were lower-temperature systems. These sales represent a growth of 23 
percent since 1979, and annual sales growth has averaged more than 40 percent 
over the past five years. 

Passive system use is harder to gauge than active system use. Many architects 
have enthusiastically embraced passive solar design, but their influence has 
not yet been felt everywhere. Still, many new companies are now manufacturing 
and selling greenhouses. Overall, the passive solar industry now receives little 
direct federal support, and research conducted within the industry is aimed at 
product improvement -- especially at making the systems more dependable, durable 
and controllable. 

Key to the near-term future of solar technologies, particularly solar water
heating systems, is the promotional role utilities play. Some utilities give 
low-interest or no-interest loans or support other innovative financing schemes 
to enable their customers to buy solar systems. About 20 utilities (among them, 
the nation's largest) have such financing programs today. Most utilities are 
reserving judgment on financing, but nearly all are at least investigating low
temperature solar systems, both on their own and through industry organizations. 

Widespread support for low-temperature solar design also has come from private 
citizens organized into community groups. In most states, solar energy asso
ciations have taken on the task of educating the public and government officials. 
Collectively, by sponsoring informational meetings and preparing material tailored 
to local conditions and needs, these groups are playing a catalytic role in getting 
solar technologies into wider use. 

Government Activities 

Federal activity in the development and commercialization of low-temperature 
solar thermal technologies has been extensive and diverse. Since the mid-1970s, 
when residential systems were considered ready for commercialization, government 
has supported the construction of more than 14,000 residential demonstration 
units. This demonstration program is nearing completion, and federal support 
has shifted to the 40 percent solar tax credit (up to a maximum $10,000 invest
ment) • 

Federal efforts to reduce consumer costs have been augmented by research and de
velopment activities (funded at a level of approximately $20 million annually) 
on active and passive solar thermal systems. Because of the near-term commercial 
readiness of active and passive solar systems, the need for information dissemin
ation and for training programs has been considered to be more important with 
these technologies than with most other renewable energy options. 
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Support for low-temperature agricultural and industrial applications -- green
houses, crop dryers, solar ponds and the like -- has paralleled that for the 
residential and commercial solar programs. All have been the focus of comparable 
research, development and demonstrations. Corporate purchasers of any of these 
technologies are eligible to receive a 15 percent federal investment tax credit 
on top of the 10 percent credit available for any industrial capital expenditure. 

State and local governments have been more supportive of low-temperature solar 
technologies than of any other renewable energy equipment. Following california•s 
lead, most states allow buyers of these systems relief from various taxes on in
come, property and sales. Colorado has a 30 percent tax credit (which unlike 
California's 55 percent credit can be added to the 40 percent federal income tax 
credit), so Colorado residents receive a 70 percent discount on their solar sys
tems. Some cities, particularly in california, have set up municipal solar util
ities to finance these systems for private citizens. 

Projections 

If 20 percent of U.S. energy were to be derived from renewable energy sources 
by the year 2000, it could mean getting about 4 exajoules from low-temperature 
solar thermal systems. (The exajoule is very nearly equal to a "quad" -- lo15 
Btu. The total u.s. energy use is now about 80 exajoules.) Early estimates 
indicate that this amount of energy will be allocated in the approximate ratio 
of 2:1:1 among the active, passive and low-temperature industrial applications. 
Obtaining 2 exajoules per year from active solar heating technologies will re
quire installing solar technologies in 30 million to 40 million existing homes, 
and in more than half of all new homes. 

Displacing this much energy will, of course, entail meeting certain cost pro
jections too. If projections for the active solar hot water contribution are 
to be met, a drop from today's prices ($9 to $12 per gigajoule) of about one
third will be needed. A smaller cost reduction is foreseen for the active and 
passive solar heating equipment, which presently costs about $12 to $16 per 
delivered gigajoule. If prices for gas, oil and electricity rise, many solar 
systems should become cost-competitive by 1985-1990. 

SOLAR CX>LLECTORS: INTERMEDIATE AND HIGH TEMPERATURE 

Solar systems that concentrate sunlight can achieve temperatures exceeding 
l,000°C. At least five different techniques for concentrating solar energy are 
being developed. One is to align a series of flat mirrors at the proper angle 
to reflect the sun's rays to a fixed receiver. These mirrors track the sun to 
keep sunlight focused on the receiver. This system is called the "power tower" 
because the receiver is usually supported on a tower. It is expected to be the 
lowest cost solar thermal means for producing large amounts of power. 

A second technique involves tracking the sun with a "parabolic dish." Looking 
and functioning much like large radar antennas, the dishes can achieve tempera
tures exceeding l,000°C on an absorber surface at the dish focus. If a heat 
engine is placed at the focal point, converting heat to electricity can be 
highly efficient. Alternatively, a heat-activating chemical reaction can trans
fer energy away from the focal point. The parabolic dishes are excellent for 
dispersed applications of process heat and electricity. Cbmmunity electric 
systems of less than 10 megawatts appear to be an attractive market for para
bolic dishes in the 1990s. 
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A third technique entails the use of linear "parabolic trough" mirrors curved 
in only one dimension. With the focus as a line rather than a point, parabolic 
trough systems can produce heat at temperatures up to 300°C and are cost-effec
tive for many applications. 

The fourth technique relies on the use of fixed "hemispherical bowls" with mov
able receivers. Although the concentrated energy obtained with the bowls, which 
are sunk in the ground, is not as intense as that obtained with a parabolic dish 
or the power tower, having the mirror fixed in place affords mechanical advan
tages. A linear system with fixed facets and a movable receiver also is being 
developed. 

Another technique to concentrate solar radiation is with magnifying lenses. Be
cause a solid lens would have to be extraordinarily heavy to be big enough to 
produce power in large quantities, a modified lens is being developed. Molded 
in plastic, this stepped "Fresnel" lens is no thicker than a pane of glass, but 
it concentrates as though it were many times thicker. Like mirror concentrators, 
it can focus to either a point or a line and must track the sun continuously. 

In the first four techniques, the reflector used is most often a silver-plated, 
weather-protected glass mirror. Alternatives being developed include those 
made of polished aluminum, plastic films and glass "sandwiches." The support 
structures are made of plastics, wood, metal, concrete or foam glass, while the 
focal-position receivers are made of glass, ceramic or metal. Oil, water/steam, 
air, liquid metal or liquid nitrate salt carries the heat away from the receiver. 

Either the receiver or reflector (or lens) surface must track the sun at approxi
mately the 15° per hour rate at which the earth rotates. Accurate tracking re
quires sun sensors, motors and a logic or clock system to compensate for block
age of the sun by a cloud. Although the search for new construction materials 
and for new approaches continues, these systems concepts are well understood. 
The main technical difficulties remaining are increasing the lifetime and re
liability of components. 

Applications and Status 

Many industrial process heat applications need temperatures up to about 300°C. 
Parabolic troughs are ideally suited for these applications. Parabolic dishes 
and central receivers that can attain temperatures greater than l,000°C can be 
used for large-scale electricity generation and for production of fuels and 
chemicals. Solar thermal systems provide heat energy that can be used directly 
or can be converted to other forms of energy. 

A solar thermal system can satisfy a variety of needs ranging from process heat 
and electricity to space heating, hot water and space cooling. In some appli
cations, heat is first used to generate electricity, then the "waste" heat is 
used for an industrial process or space heating. This dovetailing -- solar co
generation as it is known -- will be put to an industrial test for the first 
time in 1981, when a "total energy system" is installed at a textile factory 
in Georgia. 

Another potential near-term industrial application of solar thermal heat is 
for the recovery of oil. Steam produced in parabolic trough collectors or cen
tral receivers can be piped underground to release oil that is too viscous to 
pump out economically by any other means. This solar approach entails a double 
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dividend, obviating the need to burn oil to produce steam and minimizing pollu
tion. 

Utilities may prove to be an important future user of central receivers or para
bolic dish solar thermal systems. For facilities with more than 10 megawatts 
of generating capacity, the power tower is seen as the most appropriate option, 
while the use of parabolic dishes makes more sense in smaller utilities. Two 
central receiver systems, one located in Barstow, California, and another in 
Almeria, Spain, are under construction and will begin operation by the end of 
1981. The Barstow 10 megawatt facility will be the world's largest solar power 
plant. In Almeria a 500 kilowatt power tower is being built next to a line 
focusing system of the same size. Dish systems await testing by several small 
utilities -- a critical venture because alternatives to small oil-fired elec
trical generating stations are needed. 

Using solar concentrators in the production of synthetic fuels is a final im
portant solar high-temperature application, although still in an early develop
ment stage. While no practical approaches have been developed yet, hydrogen 
production by thermal decomposition of water into hydrogen and oxygen is one 
such possibility. 

The market for tracking solar collectors holds great promise, although few sys
tems have been sold commercially, primarily because of current high cost. For 
the moment, most systems are being constructed in field tests, usually with 
federal funds. 

Economics 

Because high-temperature thermal systems have yet to be widely produced, any 
discussion of their economics is hypothetical. For instance, installed systems 
are available at about $200 to $400 per square meter of mirror surface, but 
prices are expected to drop considerably within a few years as mass production 
and experience establish new technologies. Thus, while the equivalent energy 
cost today is almost $25 per gigajoule, it is projected to fall to about $8 
to $10 per gigajoule by 1990 and to $5 to $7 per gigajoule by the year 2000 (in 
1980 dollars) • 

Private Activity 

About 10 commercial manufacturers of tracking trough-concentrator systems have 
sold enough systems to supply about 25 thermal peak megawatts. Twenty other 
firms are involved in federally sponsored research on troughs, and most of these 
probably will be future suppliers as well. During 1980, total sales were about 
50,000 square meters with a value of about $20 million. Approximately half 
were sold, without Department of Energy funding, to corporations and individuals 
eager to begin assessing the potential of solar thermal process heat systems. 

Some central receiver systems and parabolic dishes are sold to the private 
sector, although most of them are sold to the federal government. Approximately 
40 companies are involved in research on these technologies, with at least 10 
preparing to sell their technology commercially. 

Government Activities 

The various technologies for concentrating sunlight are being supported in dif-
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ferent ways in the federal solar thermal program and are expected to be commer
cially ready by the mid- to late 1980s. Troughs and fixed-reflector systems 
are being developed for use in industrial process heat applications and are 
being demonstrated in various settings. The emphasis here -- sustained through 
a 25 percent investment tax credit (15 percent larger than the usual investment 
tax credit) -- is on creating a technological base to allow development of a vi
able solar thermal industry. Past funding by the federal government on trough 
concentrators for industrial process heat has amounted to approximately $35 
million annually. 

Although government support of central receivers has been oriented primarily 
toward utilities' needs, central receivers can be used for industrial process 
heat too. With about $35 million per year going to this central receiver effort 
recently and another $35 million into the smaller dish systems for utilities and 
industrial cogeneration, most support has been for technology development. 

Research and advanced development activities have received about equal emphasis. 
This investment is directed to developing lower cost, more durable and more 
efficient components. 

Projections 

Estimates of potential impacts indicate that up to 3 exajoules per year may be 
obtained from high-temperature solar thermal systems in the year 2000. About 
.4 exajoules per year of this total could be for electricity production, with 
the remainder for process heat applications. In this case, the installed elec
trical power would amount to between 10 and 15 gigawatts (depending on storage) , 
or about 2 to 3 percent of all electrical production capability. The solar in
dustrial process heat contribution might be about 8 percent of the total in
dustrial energy demand, which is now about 30 exajoules per year. 

To achieve these energy production levels, costs would have to be about 5 cents 
to 6 cents per kilowatt-hour for electricity and $4 to $7 per gigajoule for 
industrial process heat in the year 2000. These costs are slightly higher than 
average energy costs in the United States today but less than the costs of power 
obtained from new additions to energy capacity. The cost of heliostats, troughs 
and other concentrators would have to fall to about $70 to $100 per square meter 
in 1990 (in 1980 dollars) , if high-temperature energy production levels are to 
be met. 

SOLAR CELLS 

Most solar cells that are commercially available today are made from single
crystal silicon. When first used in space satellite applications in the 1960s, 
the cells were very expensive. However, rapid developments in the electronics 
industry and intensive support of photovoltaic research and development by the 
Department of Energy in the past five years have substantially reduced prices. 
As the price of cells declined, markets for land-based applications began to 
develop, including remote applications where utility power is not readily avail
able and where the alternative fuel is expensive. 

Dispersed applications that are linked to the utility grid can become commer
cially viable by 1986. These include use of photovoltaic systems on residences, 
and on commercial and industrial buildings where electric power requirements 
are small. Alternative thin-film solar cells made from semiconductor materials 
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such as amorphous silicon, cadmium sulfide and gallium arsenide, are under in
tensive research and development. These thin film solar cells offer a poten
tial for significant price reduction to the level where photovoltaic systems 
could be used for electricity generation by the nation's utilities. The com
mercial readiness for central station utility applications is projected to occur 
by the 1990s. 

Applications and Status 

When used in centralized or decentralized applications, solar cells can meet 
virtually every need for electric power -- for lighting, cooling, running ap
pliances and other basic electric power needs. Homes are likely to use flat
plate collectors, while commercial structures will use either flat plates or 
concentrators. Some residences already boast substantial solar cell arrays on 
their roofs. 

The primary agricultural use for photovoltaics probably will be to power irri
gation pumps. This solar application is important because irrigation alone con
sumes about 30 percent of an average farm's energy in the United States. 

Potentially the largest markets for photovoltaic systems will be those applica
tions that have a utility grid backup or systems used directly by the utilities 
to generate electricity as a part of their own generation capacity. The grid
connected dispersed market consists of small power users including individual 
homeowners. The ownership of these systems could be either by the users or by 
the utilities. Photovoltaic systems in most utility markets, those with coal 
and nuclear resources, will not be competitive until the 1990s. 

Economics 

High cost is the greatest barrier to the widespread use of photovoltaic systems. 
Although the price has fallen dramatically in the past few years -- from $50 to 
$60 per peak watt for the installed system in 1976 (about $22 per peak watt for 
the module alone) to $15 to $20 per peak watt today ($6 to $10 per peak watt 
for the module) -- today's price translates into roughly $1 per kilowatt-hour. 
Because conventionally produced electricity in the United States now costs the 
consumer between 2 cents and 10 cents per kilowatt-hour, to be fully competitive 
for these grid-connected applications the cost of photovoltaic power must still 
be reduced substantially. 

It will take time for solar cell technology to capture more than its present 
small market share which is a portion of the electric power needs for remote 
sites. !f the module price falls to about $2.80 per peak watt, photovoltaic 
systems can become fully competitive for a large part of the remote application 
market after 1982. Widespread use of these systems in agriculture is not ex
pected until the late 1980s because costs need to be lower in agricultural 
applications for the technology to be economical. 

Photovoltaic systems should be competitive for residential and commercial uses 
when the module price is about 70 cents per peak watt -- roughly one-tenth of 
today's price. The present rate of technology development and the industry's 
commitment both indicate that the reduction of module price to 70 cents per 
peak watt can be achieved by 1986. Before most utilities will find photovoltaics 
economically attractive, the module price needs to drop to less than 40 cents 
per peak watt, which it is projected to do in the 1990s. System prices are ex-
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pected to be approximately three times the cell prices cited above in each year. 

Private Activities 

Photovoltaic research and development presently is being funded more by govern
ment than by the private sector. Yet, businesses and investors are interested 
in the technology -- as indicated by the increasing amounts of risk capital 
being ventured in photovoltaic development. About 20 companies now manufacture 
photovoltaic hardware for sale to the public; among them are both large corpora
tions and small specialized companies. At least six major oil companies have 
photovoltaic subsidiaries with substantial activities underway in photovoltaic 
module and system development. By industry accounts, photovoltaic industry 
sales were on the order of $20 million for about 1.8 megawatts during 1979. 
Sales more than doubled in 1980, and approximately 50 percent of 1980 sales 
were in the export market. 

Government Activities 

The u.s. government now provides more funding for photovoltaics development 
than for any other renewable energy technology. In 1979, the Department of 
Energy spent about $110 million; that sum was increased to more than $150 mil
lion in 1980. These funds support research and development, experiments and 
systems testing efforts. 

Two independent factors are expected to help bring down the costs of photovoltaic 
systems. One is progress in research and development, which can lower produc
tion costs and improve performance. The second factor is increased experiments 
and demonstration of specific uses in the United States, including federal ex
periments. This provides an additional market to encourage private photovoltaic 
companies to take advantage of economies resulting from mass production and to 
bring photovoltaic systems more directly to the attention of users. The Federal 
Photovoltaic Utilization Program (FPUP) was initiated in 1978. In the first 
two phases of FPUP (1979 and 1980) the government purchased about 3,000 small 
systems (most of them less than 1 kilowatt each) for the National Park Service, 
Forest Service lookout towers and other isolated places where small power sys
tems are needed. 

Funding for a 100 kilowatt photovoltaic system planned to provide about 30 per
cent of the power for a privately owned shopping center in rural New Mexico 
came in part from the Department of Energy and in part from the Lea County Elec
tric Co-op. Also participating in the project are the New Mexico Solar Energy 
Institute (a state organization) and private solar manufacturers. This photo
voltaics application illustrates a basic principle in federally funded energy 
programs in the United States: extensive cooperation with and participation by 
public and private organizations. At a cost of $2.7 million (or about $18 per 
peak watt) , the power costs associated with this system cannot compete econom
ically with those of conventional electric grid systems, but the system does 
serve as a valuable test experiment to obtain system performance and maintenance 
data. At the same time, along with other such projects, this system should 
assist the photovoltaics industry by helping to reduce per-unit manufacturing 
costs. 

Projections 

The United States has a diverse program aimed at bringing down the costs of 
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photovoltaics and at helping the industry develop additional markets for solar 
cells. Specifically, the goal is to bring the current price of an installed 
system from $15 to $20 per peak watt down to about $6 per peak watt by 1982, $2 
per peak watt in 1986 and $1.25 per peak watt by 1990-2000. (These figures are 
in 1980 dollars.) The primary uses for systems projected to become cost-effec
tive in 1982 will be those at remote sites in the United States and in the in
ternational market. In ]_986, applications in residences are projected to become 
economical; after 1990, utilities are projected to find their applications cost
effective. 

If the cost projections can be reached, estimates of primary energy impact up to 
1 exajoule per year by the year 2000 have been made in some photovoltaic industry 
studies. This could include .3 exajoules in the residential sector (about 2 
million systems installed) , .04 exajoules in the commercial sector (approximately 
equivalent to the production of one 850 megawatt fossil fuel electrical-generating 
plant), .5 exajoules in industry, .01 exajoules in agriculture and .2 exajoules 
in utili ties. 

BIOMASS ENERGY SYSTEMS 

The United States has extensive biomass resources available to help meet a 
significant part of its energy needs. Most estimates indicate a potential of 
5 to 15 exajoules per year. Biomass currently provides more than 1.5 exajoules 
of energy -- more than 2 percent of the total u.s. energy consumption. The 
major portion of this energy is used for process heat and electricity generated 
by the forest products and paper and pulp industries. Recent estimates indi
cate that the conversion of unused agricultural and forestry residues, and non
commercial timber could provide 6 to 10 percent of the nation's energy needs on 
a sustained basis. Intensively managed growth of terrestrial and aquatic bio
mass crops on "energy farms" could increase the biomass contribution to about 
16 percent of current u.s. energy needs. The long-term projection for the use 
of biomass in the United States is at least 10 exajoules annually. 

Applications and Status 

In homes, biomass (primarily in the form of wood) is used extensively for heat
ing. More than 3 million U.S. homes (most of them in the northeast, southeast 
and northwest) currently use wood to provide some of their space-heating needs. 
Sales of wood stoves exceeded 1 million in 1980. Improvements in wood-burning 
devices, such as fireplace inserts and heaters with controlled combustion, are 
making wood an increasingly attractive resource. 

In commercial buildings, energy derived from biomass is not expected to be widely 
used, although some uses may prove applicable and economical. 

Two particularly promising technologies for agricultural use are anaerobic di
gestion (which converts manure into medium-energy gas) and fermentation (which 
converts crops and crop residues into liquid fuel). Both technologies are 
being used extensively in other countries. Alcohol fuel produced on the farm 
from farm residues and crops could displace petroleum used for transportation 
and irrigation. Oil from seeds is another promising option, because some seed 
oils can be used as diesel fuel. 

In industry, forest residues currently supply almost half the electrical and 
process heat needs of the forest products industry. As the cost of competing 
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fuels increases, such applications will expand and spread to other industries. 
Even now, the forest products industry uses about 1.5 exajoules per year of 
biomass, which is by far the largest use of any renewable resource except hydro 
power. 

In some industries that have large amounts of a biomass residue, gas produced 
from biomass now is being used in boilers previously fired by oil or natural 
gas. Without being upgraded, this gas lowers boiler output by 5 to 10 percent 
and cannot be economically transported great distances. But, if the price of 
fuel oil and natural gas increases, industries with access to biomass wastes 
may turn increasingly to gas from gasifiers. 

Another prospect for industry and agriculture is using an upgraded gas (contain
ing about 2 to 3 times the energy of the gas coming from the gasifier either as 
a fuel or as a "synthesis gas") to produce synthetic natural gas, methanol or 
synthetic gasoline. This upgraded gas can be transported economically and sub
stituted for petroleum or natural gas without lowering a boiler's output. 

(with 
Up-

Like industries, electric utilities that now burn natural gas or oil could 
only a small reduction in power capability) use a gas derived from biomass. 
graded, this gas can be transported through existing pipelines -- a fact of 
some importance to natural gas utilities. But apart from isolated experiments, 
biomass-generated gas is not now used by natural gas utilities. 

So far, gas derived from biomass is not the cheapest energy alternative -- wood 
and wood residues are more promising for electricity generation. In particular, 
wood chips or pellets can be used in some coal-burning utilities with only minor 
modifications (although wood burning is more efficient in facilities originally 
designed for that purpose) • About five small utilities in the United States 
currently use wood to generate electric power, and more are considering it as a 
possibility. 

Private Activities 

Private biomass-related activities are too extensive to catalog here, although 
some generalizations are possible. The wood-stove industry has grown greatly 
in the United States during the past decade as Americans have rediscovered the 
advantages of the fireplace and stove. (The sale of stoves alone now totals 
about $500 million annually.) 

Private activity also has been substantial in the production of ethanol from 
corn, potatoes and other crops. Nationwide, an estimated 100 million gallons 
of fuel-grade ethanol is being produced by hundreds of companies, and plants 
either under construction or planned soon will expand that figure. 

Several small companies also have ventured into the business of making and 
selling anaerobic digestion systems. So far, however, their combined sales do 
not exceed $1 million. 

While many new biomass technologies hold great promise, almost all of the 1.5 
exajoules that biomass contributes to u.s. energy needs is accounted for by the 
forest products industry, which burns its wastes in boilers. For use in such 
boilers, the industry developed pellet-making equipment for which a market is 
now developing. Approximately a dozen plants now are making pelletized biomass 
from agricultural and forest wastes, and many more are in the planning stage. 
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Government Activities 

Federal support for biomass development (including alcohol fuels development) 
has increased in the budgets of the departments of Energy and Agriculture. The 
technologies and processes include direct combustion and gasification and lique
faction of wood and wood residues (as a source of industrial process heat, elec
tricity and residential heat), the production of ethanol for gasohol, anaerobic 
digestion of manures to produce gaseous fuel and direct combustion of agricul
tural residues for use in agriculture. 

However, federal program efforts in biomass are expected to be directed toward 
long-range research and development support for advanced technologies to pro
duce alternative fuels and petrochemical substitutes. 

Government work on the development of the longer term biomass technologies con
sists primarily of sponsoring basic energy research and proof-of-concept experi
ments. Among the biomass technologies expected to contribute to u.s. energy 
needs after 1990 are energy farms and thermochemical-conversion facilities for 
producing gas and fuel oil from various cellulosic feed materials (such as wood, 
corn stalks, and municipal organic wastes). Expected to become commercial even 
later are aquatic energy farms, the cultivation of non-traditional energy-rich 
plant species, biophotolysis (direct production of hydrogen) and other advanced 
conversion technologies. 

The activities of the other federal entities involved with biomass are diverse. 
The Tennessee Valley Authority, the largest publicly owned utility in the nation, 
has a no-interest loan program for residential wood stoves in part of its ser
vice area. Several states also have active biomass support programs, especially 
for ethanol production. 

Projections 

Although often not considered in U.S. energy accounting, biomass currently pro
vides approximately 1.5 exajoules (2 percent) of the nation's yearly require
ments. If the federal biomass program is successful, another .5 to 1.5 exajoules 
per year will be added before 1985 through the direct combustion of biomass or 
its conversion into gaseous and alcohol fuels. It is hoped that almost 2 billion 
liters (500 million gallons) per year of alcohol fuels alone will be produced by 
1981, resulting in about 20 billion liters (5 billion gallons) of gasohol. An 
additional 6 exajoules per year could easily be available before 2000, as bio
chemical and thermochemical conversion technologies are improved. After 2000, 
contributions from the innovative land-based and aquatic energy farms now under 
research might push that total to more than 8 to 10 exajoules per year. 

WIND ENERGY SYSTEMS 

Electric power generation is probably the principal application for wind systems 
in the United States, but water pumping and mechanical applications also are 
practical and efficient. In the United States, smaller electrical systems (1 to 
100 kilowatts) are expected to be employed on site for residential and farm uses; 
intermediate-scale systems (100 kilowatts to 1 megawatt) for large farms, irri
gation systems, small utilities and remote communities; and large systems (greater 
than 1 megawatt) for electric utility and industrial uses. 

Increasingly, wind power is viewed as economical in the numerous locations where 
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the average wind speed is high. Most wind systems and components can be built 
from readily available materials and can be used in either centralized or de
centralized applications. The price of wind power is expected to fall as ad
vances are made and wind machines are mass produced. 

Applications and Status 

Today, most sales of wind machines are to rural residences and farms. The total 
number of new machines sold since the renewed interest in wind energy began in 
the early 1970s is estimated to be only a few thousand in these two sectors. 
However, interest and sales are rising rapidly each year as improved machines 
are being marketed. More than 50 utilities have research projects in wind ener
gy, and a few have incorporated wind machines into their electricity-generation 
systems. For example, the Southern California Edison Company has installed a 
3.5 megawatt horizontal-axis system and a 500 kilowatt vertical-axis system at 
its own expense. Similarly, Hawaiian Electric has contracted with a private 
firm to supply the utility with 80 megawatts of wind-generated power, and 
Pacific Gas and Electric in California is interested in buying about 100 mega
watts from another firm. 

Wind energy has found only a few uses in commercial or industrial establishments 
because business and industry tend to be located primarily in urban areas where 
buildings may block the wind, institutional problems exist and utility power is 
readily available. 

Economics 

Wind machines of all sizes are expected to become fully cost-competitive with 
non-renewable power systems in the mid-1980s, particularly in remote areas. 
Improved technology and more efficient production are expected to reduce the 
present capital costs of wind systems by at least one-half in the 1980s. The 
energy cost of 3 cents to 4 cents per kilowatt-hour, reported now for afew hiqh
wind sites, should become commonplace for advanced large machines. 

Several federal actions strongly affect the economics of wind machines for non
utility use. Residential wind machine owners receive a 40 percent federal in
come tax credit (plus an additional credit in some states), while businesses 
can get an investment tax credit of 25 percent (an additional 15 percent more 
than the usual 10 percent investment tax credit) for investing in wind machines. 
Moreover, under the Public Utility Regulatory Policies Act (PURPA), any wind 
machine owner can sell excess power to the local utility at a fair rate, as the 
private companies selling wind-generated power to Hawaiian Electric and Pacific 
Gas and Electric are now doing. 

Private Activities 

The private sector is very active in wind energy development. In the United 
States, about 35 concerns are manufacturing small-scale wind electric systems, 
six are producing medium-scale electric systems and four are fabricating large
scale electric systems. In addition, four companies are producing mechanical 
wind machines, largely for water pumping. Sales are small although rapidly 
growing: about $10 million to $15 million in 1980 sales of small and large 
machines totaling about 5 megawatts of capacity. More than 90 private groups 
are involved in wind energy research. 
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Many small, enterprising companies with innovative ideas have been active in 
the small wind system market during the past 10 years. For example, one com
pany's first effort was to have its employees travel the back roads of the mid
western United States buying windmills left over from the 1930s. The company 
then refurbished, improved and resold the machines. 

During the past five years, a large number of companies have joined the wind 
energy business. Large aerospace companies, for instance, have been partici
pating extensively in the federal wind program, as well as investing their own 
funds for research and product development. The "wind farm" companies -- those 
planning to erect clusters of wind machines at particularly good sites and 
selling the energy to utilities -- also may become an important part of the in
dustry. 

Government Activities 

The federal government has spent more than $100 million since 1975 to develop 
wind energy technology, mostly for horizontal-axis machines. About 60 percent 
of the 1981 wind budget is earmarked for engineering development and wind-machine 
testing. Funds also supported research and analysis, technology development and 
the study of wind characteristics. 

Although the Department of Energy wind program involves all sizes of wind 
machines, a major percentage of the funds is used to develop larger machines 
because they are inherently more expensive to design and test and thus a 
high risk venture for private companies. Managed by the National Aeronautics 
and Space Administration, the large-machine program has focused on erecting 
progressively larger wind machines. Under its auspices, four 200 kilowatt 
systems are being tested: one in New Mexico has operated more than one 
year; one off the New England coast has supplied up to 50 percent of an 
island's power on windy, winter nights. A 2 megawatt turbine recently 
brought into operation in North carolina is the world's largest (its 
rotor is 68 meters in diameter) • Three even larger machines with 90 meter 
diameters and ratings of 2.5 megawatts are scheduled to be operated as a 
three-machine cluster starting in 1981 in the state of Washington. These 
latest machines are expected to be cost-competitive for utility applica
tions by the mid-1980s. In all, more than 10 megawatts of wind system 
capacity will have been installed by the Department of Energy by late 1981. 

The Department of Energy's small wind machine program has been testing commer
cially available small machines. A test center in ~Colorado can test up to 18 
small systems simultaneously. Federally funded Sandia National Laboratories in 
New Mexico has primary responsibility for developing vertical-axis advanced wind 
machines. The Solar Energy Research Institute in Colorado manages the research 
and development activities in the wind program. 

Other agencies are also active in wind system development and commercialization. 
The Department of Agriculture has a major responsibility for developing small 
machines for rural use. The Water and Power Resources Service has initiated a 
large project in Wyoming that couples wind and hydro power resources. 

Projections 

According to a published study by the Domestic Policy Review Panel for Solar 
Energy in 1979, wind power applications in the year 2000 could provide up to 
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1.7 exajoules or about 2 percent of our total energy demand by the turn of the 
century. In both the public and private sectors, wind energy is rapidly being 
developed and commercialized. Wind energy already is cost-competitive in many 
specialized applications. Stimulated by economies resulting from mass produc
tion, by the manufacture of larger machines and by technological advances that 
contribute to greater reliability, the wind industry could well enjoy a boom in 
the future. 

OCEAN SYSTEMS 

Energy conversion systems for utilizing four different ocean energy resources 
are being developed in the United States. Under development are systems for 
ocean thermal energy conversion (OTEC) and for harnessing wave energy, ocean 
currents and salinity gradients. The OTEC concept is based upon the exploita
tion of the temperature differences between warm surface water and cold sub
surface water (1,000 meters or more in depth) to operate a heat cycle (Rankine 
cycle) that generates electricity. 

Although the OTEC technology is receiving the bulk of the funding in the u.s. 
ocean systems program, research and development is underway on technologies for 
the extraction of kinetic energy from waves and currents and for conversion of 
energy from salinity gradients. 

As envisioned in the United States, commercial OTEC plants are expected to be 
most economical in the 100 to 500 megawatt range. However, smaller plants (5 
to 100 megawatts) may become commercially viable for certain applications. Small 
plants for island site deployment are, in fact, being designed by engineers in 
the United States and other countries. 

Applications and Status 

The ocean energy resources adjacent to the United States mainland are signifi
cant (such as the Gulf of Mexico and the Gulf Stream off the u.s. eastern coast), 
and there are many locations near islands where good thermal differences are 
present close to land (Puerto Rico, Virgin Islands, Hawaii and Guam). Thus, 
the OTEC program is developing technology and systems aimed at floating plants 
in tropical and subtropical waters and near-shore and onshore plants for deep
water sites adjacent to the u.s. mainland, islands and territories. 

There are two key applications of OTEC technology. The first is to produce 
baseload electricity offshore, then transmit it via a submarine electrical cable 
to utilities, industries and other onshore users. The second is to manufacture 
energy-intensive products such as hydrogen, ammonia and aluminum aboard cruising 
OTEC "plantships." (Hydrogen would be derived from the electrolysis of water~ 
nitrogen would be obtained from air liquefaction and combined with hydrogen to 
synthesize ammonia.) Hydrogen or ammonia can be transported for subsequent 
production of electricity using fuel cells. There is an increasing world demand 
for ammonia as a fertilizer, and both hydrogen and ammonia will find applica
tions as fuels and chemical feedstocks. Both floating plants near shore (up to 
about 200 miles) and land-based plants are under consideration in the ocean 
thermal program planning for the mid- to late 1980s. 

For cable-connected applications, the best U.S. OTEC sites appear to be in 
Hawaii, Puerto Rico, the Virgin Islands, Guam and the Gulf Coast states. The 
islands are choice locations, because the available ocean thermal differences 
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are considerably greater there than near the Gulf Coast and the appropriate 
ocean thermal resource is often within 1 to 9 kilometers from shore so that 
relatively short underwater electrical transmission cables are necessary. 
(Along the Gulf Coast, the suitable resource is more than 100 kilometers from 
land.) In some cases, the OTEC plant can be land-based, which may reduce de
velopment risks and further improve OTEC's economics. A key factor in the 
early commercial development of island-based OTEC power plants is that the 
islands now get almost all of their power from expensive imported oil. Thus, 
OTEC-produced baseload power may well be economical for the islands by the 
early 1990s. 

Economics 

Among the ocean energy options, OTEC is technically ready and a 10 to 40 mega
watt pilot plant could be demonstrated in the mid-1980s. Mature, cable-con
nected, closed-cycle OTEC plants are being projected in OTEC system applica
tion studies to become commercially available at a capital cost ranging from 
$2,SOO to $3,000 per kilowatt (in 1980 dollars) by the late 1980s. Although 
baseload OTEC plants might be SO to 100 percent higher in installed system 
capital costs per kilowatt of power capacity compared to coal or nuclear power 
plants, they are not subject to escalating fuel costs throughout their opera
tive life, unlike non-renewable power systems in which fuel costs can become 
the dominant factor in the future price of generated power. Hence, even early 
commercial OTEC plants are expected to be competitive with existing oil plants 
when life-cycle costs are considered, and advanced plants may be competitive 
with coal-fired plants. 

Technologies for utilizing ocean currents, wave and salinity gradients are in 
early stages of development, and convincing economic projections cannot yet 
be made. It seems apparent, however, that a major factor in the cost of energy 
from ocean current and wave systems will be mooring costs. 

Private Activities 

Completely funded by non-federal sources, the SO kilowatt "Mini-OTEC" was suc
cessfully demonstrated off the coast of Hawaii in 1979. With its total cost of 
$3 million contributed by industry and the state of Hawaii, this facility gen
erated as much energy as previously predicted, assuaged fears about possible 
operating and environmental problems and aroused considerable private sector 
interest in OTEC. 

More than 200 companies are conducting government-funded OTEC research. Some 
are large corporations long involved in the construction of conventional power 
plants. Others include marine and offshore oil companies. Many of each type 
are investing their own funds, in some cases in significant amounts. 

Private companies have been the leaders in ocean wave and ocean current research. 
Several large companies, as well as individual inventors, have made significant 
investments before seeking government funds to continue their projects. In ad
dition to research, the private sector established an OTEC Utility Users Council 
and the Ocean Energy Council in 1979. 

Government Activities 

The federal ocean energy program was funded in past years at about $40 million 
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annually. About 95 percent of this funding is being used for OTEC development. 
An engineering test facility, OTEC-1, was deployed in 1981 about 30 kilometers 
off the Kana Coast of Hawaii on a converted tanker to test components in an 
ocean environment. The facility can test components at sizes up to 1 megawatt. 

Because Hawaii, Puerto Rico, the Virgin Islands and Guam offer the best U.S. 
prospects for early commercialization, the Department of Energy pursued an 
"island" strategy for early demonstrations. The strategy could result in com
mercial OTEC plants of 40 to 200 megawatts being constructed for the islands 
by 1990. 

The U.S. Congress passed legislation in 1980 establishing national demonstration, 
commercial targets, simpler licensing procedures, and maritime loan guarantees. 

Projections 

As expressed in recent legislation, the u.s. commitment to obtaining energy from 
OTEC amounts to 10,000 megawatts (or .7 exajoules per year) by the year 2000. 

HYDRO POWER 

Most of the largest hydro power sites in the United States have been developed, 
and many of the remaining sites are in environmentally protected areas and 
national parks. In view of this fact and because of the recent rise in the 
cost of energy, interest is growing in developing smaller sites, especially 
those where hydro power equipment can be added to existing dams. 

Hydro power is one of the two renewable energy sources already contributing 
significantly to the national energy budget. (Biomass is the other.) Conven
tional hydro power capacity in the United States now stands at about 65 giga
watts -- nearly 3 x 1011 kilowatt-hours annually, more than 3 percent of total 
U.S. energy demand and more than 12 percent of all electricity needs. About 
90 percent of this capacity is in large plants (30 megawatts or larger) • 

Present capacity represents a five-fold increase in 40 years. The greatest 
growth has occurred in federally owned plants, which now produce half of U.S. 
hydroelectricity. Investor-owned utilities control one-fourth, and the rest 
of the capacity is that of rural electric cooperatives, municipal utilities and 
industrial concerns. 

Technologically and commercially mature, hydro power possesses a secure indus
trial and financial base for expansion. It has an assured share in future 
energy production, though the present capacity can be expanded only to a limited 
degree. The limits of its role as a future energy source probably will be de
termined by the success with which a balance is struck among many competing de
mands for water resources, such as for irrigation or flood control. 

Applications and Status 

Nearly all hydro power in the United States is fed to electric utility networks, 
where it is blended with power from other fossil- or nuclear-fueled generation 
facilities to serve the entire spectrum of electrical energy uses. Because 
hydro power output can be adjusted quickly and easily to meet changing demands, 
electric companies commonly use it to supply the extra power needed during de
mand peaks. Where hydro power is plentiful and when streamflow is high, it is 
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also used to supply baseload electricity for longer periods. 

The Public Utility Regulatory Policies Act, recently passed in the United States, 
encourages the interconnection of small-scale hydro power plants and utility 
networks. This new law requires utilities to buy hydroelectricity at the utility's 
avoided cost -- the cost the utility would otherwise incur by generating this 
additional energy itself. This act became effective in 1981, and it is too 
early to predict its effect on future hydro power applications. 

Hydro power bears a special relationship to some power-intensive industries. 
In particular, major hydro power facilities have a long-standing place in the 
electrolytic and electrothermal refining of metals. In the future, more hydro 
power sites distant from centers of concentrated electricity demand may be 
paired with plants that manufacture energy-intensive products such as fertili
zers and aluminum. 

Economics 

The costs of developing hydro power sites vary widely, depending upon distance 
from centers of demand and other economic factors. The largest cost is that of 
the dam, which typically accounts for about 80 percent of total development 
costs. For instance, this varies greatly with the site and is related to the 
economics of other uses of water resources. The same water resource can be used 
for irrigation, municipal and industrial water supply, transportation, flood 
control, waste disposal, fisheries, wildlife, recreation and the support of the 
ecosystem dependent upon the streamflow. While this multiple use is economically 
advantageous for hydro power, it also involves major constraints'on hydro power 
production. Multiple use also accounts, in part, for the federal government's 
involvement in so many hydro power developments, because the government has 
interests in water resource development and management other than energy. 

Because the capital cost of a hydro power installation is the chief determinant 
of the cost of the energy harvested from it, and because the costs of operating 
and maintaining hydro power facilities are low, the cost of borrowing money is 
a major factor in the economics of hydro power. Consequently, measures that 
affect the cost of money -- such as investment tax credits, loan guarantees and 
federal financing -- play an important part in determining the feasibility of 
new hydro power developments. 

One economic factor not yet resolved is that of capital depreciation. Rivers 
are permanent but reservoirs are temporary -- sediment ends the economic life 
of those reservoirs that cannot be cleaned. Because most of the nation's great 
reservoirs are still relatively new, the problem of their depreciation has not 
been resolved. Until this problem is dealt with, hydro power cannot truly be 
called an inexhaustible energy source. 

The economics of small-scale hydro power are less certain than that of larger 
facilities. Emphasis in the United States so far has been on rebuilding aban
doned hydro power sites and on adding hydro power generators and equipment at 
existing dams. Federal incentives are offered in the form of low-cost loans for 
feasibility studies, tax advantages for investors and guarantees that utilities 
will purchase energy produced in small hydro facilities. Recent evaluations 
suggest that existing dams capable of supporting installations of 1 megawatt or 
more capacity will be economical. Projections of 8 gigawatts for small-scale 
hydro power will require investments -- mostly of local capital -- of perhaps 
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$10 billion to $20 billion by 2000; if these investments are made, present 
hydro capacity will increase by about 15 percent. 

Private Activities 

About half of all hydroelectric capacity (including that under construction) is 
not federally owned. Projects scheduled for completion by 1990 will add to the 
non-federal sector another 12 gigawatts of capacity, of which nearly half will 
be owned by investor-owned utilities. Hydro power generation in these new non
federal facilities will be about .34 x loll kilowatt-hours per year of which 
about 40 percent will be by investor-owned utilities. 

Within the private sector, additions to capacity rather than to generation in
dicate that hydro power will be increasingly devoted to peak loads that command 
higher energy prices. Accordingly, within the non-federal sector, the average 
percentage of capacity utilized is expected to drop from the present 54 percent. 

By the end of the century, the non-federal capacity is expected to exceed 50 
gigawatts, with annual generation of more than 2 x loll kilowatt-hours. Because 
of the long time lag involved in hydro power development, and because hydro 
power will always be used even if other sources are cut back, these estimates 
are considered relatively firm. 

In the development of small-scale hydro power, private sector activity is still 
relatively small. Most demonstrations have been requested by state, municipal 
and cooperative organizations, which are given preference in financing. However, 
the Federal Energy Regulatory Commission (FERC) has received about 500 new license 
applications for small-scale hydro facilities out of an estimated 5,000 dam 
sites that are potentially suitable for development. The growth rate in receiv
ing these applications has been very rapid; half were received in the last three 
months' reporting period of 1980. Of the preliminary permit applications (total
ing 7.3 gigawatts), more than 40 percent were less than 30 megawatts and less 
than 30 percent were larger than 100 megawatts. The trend toward smaller size 
units in the United States is clear, because existing small hydro facilities 
comprise only about 10 percent of the total installed capacity. Many investors 
have committed capital, and several equipment manufacturers have developed 
equipment especially designed for small-scale hydro power applications. 

Government Activities 

The federal government controls about 32 gigawatts of hydro power capacity. It 
has created organizations that design, construct and operate hydroelectric 
facilities and market the energy. In general, the Army Corps of Engineers is 
the chief builder and operator of federal hydro power installations. In the 
western United States, the Water and Power Resources Service of the Department 
of the Interior is responsible for constructing multiple-use water resource 
developments, primarily to support irrigation and only secondarily to generate 
hydro power. The Tennessee Valley Authority (TVA) and Water and Power Resources 
Service have the authority to construct and operate their own power facilities 
and to market the power. Five regional administrations of the Department of 
Energy sell federally generated hydro power to utilities and industries. 

Through the Federal Energy Regulatory Commission (FERC) , the federal government 
regulates and licenses the construction and operation of most hydro power in
stallations. FERC exempts small-scale plants (smaller than 5 megawatt capacity) 
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from certain regulations and simplifies licensing procedures for them. 

In various ways, all these agencies are working to expand large-scale hydro 
power capacity. New construction projects have been approved and construction 
funding appropriated by the Congress for about 7.5 gigawatts of additional capa
city, and feasibility and design studies are underway on an additional 7.5 
gigawatts of capacity. A further increase in capacity is expected as improve
ments are made in existing facilities to upgrade their capacity. 

Projections 

The United States probably will have about 100 gigawatts in hydro power capacity 
by the year 2000. This represents growth of approximately 50 percent, or about 
2 percent per year, for the next 20 years. For large-scale hydro power, the 
projection is not likely to change greatly, partly because so much time elapses 
between carrying out initial feasibility studies of a major site and completing 
the project. The total hydro power capacity available for development after 
the year 2000 appears to be less than 100 gigawatts. 

With respect to small-scale hydro power, the present federal program objective 
is to assess the potential of this resource as a contribution to U.S. generating 
capacity. Substantial disagreement remains as to what that capacity may be. 
The projection suggested by the Domestic Policy Review of Solar Energy, 8 giga
watts, is intermediate between low and high estimates ranging up to 20 gigawatts. 
(Existing small-scale hydro power applications total more than 3 gigawatts.) 
However, until the uncertainties about the effectiveness of developmental in
centives are resolved and environmental and other barriers are surmounted through 
research and experience, it is impossible to establish a definite projection for 
small-scale hydro power development. 

GEOTHERMAL 

The greatest potential for hydrothermal development, particularly for electric 
power generation and direct heat applications that require relatively high temp
eratures, lies in the western United States. On the Atlantic Coast and in the 
southeast, prospective sites for hydrothermal development are associated with 
low-to-moderate-temperature reservoirs. Known geopressured resources are 
located primarily along the Texas and Louisiana Gulf Coast, but there is evidence 
of geopressured systems in deep sedimentary basins elsewhere in the United States. 
Hot-dry rock resources are widespread in the western states and may exist also 
in the eastern states. 

At present, the worldwide installed geothermal electric capacity is about 2,500 
megawatts, including about 30 percent of it in the United States. 

Applications and Status 

Electric power can be produced reliably at competitive costs from hydrothermal 
resources hotter than about lsooc. Already, 912 megawatts of electricity is 
being commercially produced at The Geysers geothermal steam field in California, 
and electric power development using hot water reservoirs has begun at two sites 
in California's Imperial Valley. U.S. utility companies have announced their 
intentions to build hydrothermal electric generating plants to produce additional 
generating capacity totaling more than 1,000 megawatts. Several municipalities 
have begun to develop geothermal energy for public use, and some large industrial 
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users who own or lease land containing geothermal resources are evaluating those 
resources in view of their own needs for electricity. 

About 115 thermal megawatts of hydrothermal direct heat is being used in a dozen 
western states for space heating and for industrial and agricultural processes. 
The principal direct geothermal heat users are energy-intensive industrial firms, 
municipalities, school districts and hospitals (which use geothermal energy for 
space heating) • These lower-temperature applications are widely distributed 
across the country. 

In agriculture and aquaculture, the direct use of hydrothermal energy applications 
is increasing. Geothermal energy is being used to heat process water in an 
ethanol plant in Colorado; a similar use is planned for a geothermal industrial 
park in eastern Oregon. In South Dakota, the Diamond Ring Ranch extracts energy 
from a low-temperature geothermal resource to heat farm buildings, dry grain and 
warm drinking water for the ranch's livestock. Geothermal fish hatcheries are 
operating in California, Colorado, Idaho, Oregon, Utah and Wyoming. The use of 
warm, clean geothermal water year-round enhances the growth rate and improves 
the taste of the fish. Fish Breeders of Idaho has grown catfish in geothermal 
water for more than six years -- of particular interest because Idaho's climate 
is too cold and the growing season too short to operate a fish farm without 
benefit of heated water. 

Geopressured energy use is best viewed as a mid-term energy option. Tests of 
prototype production wells in Louisiana are to be made through 1985. If they 
show that the technologies are feasible, commercial development of geopressured 
resources could begin in 1987. In contrast, extensive use of hot-dry rock re
sources through water injection is a long-term prospect, although tests are 
already underway. A 5 megawatt thermal loop has been in operation in New Mexico, 
and energy extraction experiments there and at a second site should be completed 
by 1987. Geopressured technology demonstration activities could begin in 1988, 
followed by commercial deployment of hot-dry rock technology around 1990. 

Private Activities 

Private organizations so far have played a major role in developing geothermal 
energy. The largest geothermal project in the world, the electric power complex 
at The Geysers in California, was initiated and developed privately. However, 
similiar high-temperature, dry-steam hydrothermal resources are rare in the 
United States. The more abundant liquid-dominated hydrothermal resources in
volve higher risks and costs, which inhibit their rapid private development. 

A 10 megawatt electric plant in southern California, which was tested at the 
start of 1980, is the first u.s. plant to generate electric power from a liquid
dominated resource, and the first geothermal plant of substantial size in the 
world to utilize a two-working fluid process. Two other 10 megawatt electric 
plants will be completed in California before the end of 1981. 

Most geothermal engineering companies are small, special-purpose engineering 
concerns that pioneer plant design concepts or plant components. But some large 
architectural and engineering firms also are involved in designing and building 
major geothermal plants. These engineering companies see themselves as tech
nical bridges between the developer and the final user of the geothermal energy 
resource. Although most prefer to limit their role to design and construction, 
some have marketed geothermal energy to users (most frequently utilities) and a 

United States/24 



few have underwritten project risks. 

Recently, small and medium-sized firms specializing in geothermal exploration, 
engineering, and support services have entered the field. Manufacturers of 
energy-conversion equipment now sell turbines, heat exchangers and other hard
ware designed for geothermal service. Most of the major energy companies are 
becoming involved in the development of geothermal energy in one form or another. 
The main objective of these energy companies is still the production of steam 
for electric power. They have shown little interest in direct heat applications, 
primarily because most such projects are small. 

Government Activities 

Department of Energy support for geothermal energy development has been approxi
mately $155 million to $160 million per year for the past three years. Another 
$16 million to $19 million each year has been spread among the seven other member 
agencies of the Interagency Geothermal Coordinating Council -- chiefly the de
partments of the Interior, Defense, and Agriculture, and the Environmental Pro
tection Agency. 

The overall objective of the geothermal program is to transform the many types 
of geothermal resources into an array of technically, economically and environ
mentally sound commercial ventures. The program aims both to remove barriers 
to the immediate industrial development of resources that are now potentially 
economical and to ensure the mid-term and long-term development of resources 
with uses technically and economically less certain. The program features re
search and development projects directed at reducing the costs of technologies 
as well as providing financial incentives (including the Geothermal Loan Guaran
ties Program) aimed at sharing the private developers' front-end risks in ex
ploiting new geothermal reservoirs. 

The Department of Energy's program can best be described in terms of the five 
modes of using geothermal energy to advantage. It encourages the use of high
temperature hydrothermal resources for electric power generation. Technologies 
for exploiting hydrothermal resources for electricity are available and cost
competitive, and they are being used today on a limited scale. The federal 
program's emphasis is on accelerating industry's exploitation of the resource 
base. to this end, the government provides tax incentives and loan guaranties, 
it sponsors applied research and development to resolve critical technical prob
lems, and it assists in the confirmation of new reservoirs. The federal program 
also includes support for full-scale demonstration projects. For instance, a 
3 megawatt electric wellhead generator system is scheduled to begin operating in 
1981 near Puna, Hawaii, and a commercial-scale 50 megawatt electric flash-steam 
demonstration plant is expected to be operational in 1982. 

Other federal programs focus on using moderate-temperature hydrothermal resources 
for electric power production. A much more widely available resource than high
temperature hydrothermal, moderate-temperature hydrothermal systems require the 
development and demonstration of binary-cycle electric power generating systems 
(those based on the use of a turbine generator driven by an organic working fluid) • 
The government's program for developing this resource is designed to bring the 
technology to maturity and economic competitiveness by about 1985. Specifically, 
it entails research and development directed at reduction of development costs, 
confirmation of reservoirs, and plant demonstrations~ (A 5 megawatt electric 
binary-cycle power plant in Idaho will begin operation in 1981, and a 50 megawatt 
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electric binary-cycle demonstration plant is scheduled to be constructed in 
california.) 

Government programs also supported the use of hydrothermal resources (at all 
temperatures) for direct heat applications. Technologies for using geothermal 
energy directly for space heating and for process heat are well developed and 
economical, though more work is needed to identify reservoirs close to areas 
where they can be used. To stimulate independent industrial activity, which is 
just beginning, the federal geothermal program supported direct-use demonstra
tion projects, reservoir confirmation activities, financial incentives and risk 
sharing, technology transfer (through regional technical assistance centers), 
the reduction of legal impediments to development, and research and development 
to reduce costs and increase reliability. Twenty-two cost-shared direct heat 
demonstration projects are now underway, most of them for space conditioning 
and district heating applications. 

The federal program provides for use of geopressured resources -- primarily 
methane, but also thermal energy for electric power production and direct heat 
applications. The Gulf Coast oil and gas industry is expected to develop this 
resource if production is demonstrably economical. CUrrent program activities 
center on assessing the technical performance and economics of these resources 
through extensive tests of both existing wells and new, specially designed wells. 

The final mode of geothermal energy covered in the federal program is the hot
dry rock resource. The technology for exploiting the enormous heat content of 
dry geothermal resources is under development and has been proven technically 
feasible on a pilot scale at one site. Some of the current program emphases 
are on research and development aimed at improving the energy-extraction tech
nology, on reservoir engineering and on the economics of exploiting hot-dry 
rock resources. Another emphasis of the program is to develop a second test 
site, one with geological characteristics different from the first. 

Projections 

Surveys of the geothermal industry's intentions indicate that about 2 gigawatts 
of geothermal electric power capacity will have been installed in the United 
States by late 1985. Some 65 percent of this would be at The Geysers, while 
the remainder will be at liquid-dominated hydrothermal reservoirs in the western 
United States. 

The Interagency Geothermal Coordinating Council geothermal market projections 
for 1985 forecast a total of .4 exajoules per year, which would be about .5 per
cent of total U.S. energy production. Of this total, about two-thirds is ex
pected to be in electric power production with most of the rest in direct heat 
applications. 

Geopressured resources in the United States are known to contain enormous amounts 
of energy. If the results of current research are favorable and the environ
mental impacts can be minimized, rapid commercial exploitation of these re
sources should occur, beginning in the mid-1980s. While the forecast for methane 
production by 1985 is low, by the year 2000 about half of all geothermal energy 
is projected to come from geopressured methane -- a total of perhaps 3 exajoules 
per year, or more than 3 percent of the annual U.S. energy production. By the 
year 2000, about 2 exajoules per year is projected to be in electrical applica
tions from hydrothermal sources and about 1 exajoule per year in direct thermal 
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applications. In short, contributions from these two energy sources are pro
jected to grow by factors of eight to 10 between 1985 and 2000. 

Even greater quantities of energy are believed to be present as heat in hot-dry 
rock formations. As yet, however, the locations and characteristics of these 
formations are not well known and the techniques for extracting the heat are 
not fully developed. With available technical knowledge, it is not possible to 
determine whether the cost of recovering energy from hot-dry rock resources will 
be low enough to permit their exploitation by industry. If it is, commercial 
development may begin in the 1990s. 

OIL SHALE 

The United States has some 1.8 trillion barrels of oil in oil-bearing shales in 
three western states: Colorado, Wyoming and Utah. About one-third of this oil 
from shale is believed recoverable from 43,000 square kilometers of these lands. 
The shales range in quality from about 40 to more than 300 liters of oil per 
metric ton of rock. (This is equivalent to about .3 to 1.8 barrels per metric 
ton of rock.) The richest layers of the deposits are more than 30 meters thick; 
together, lean and rich sequences of shales are more than 500 meters thick in 
Colorado. 

Comparing U.S. shale resources with world reserves of conventionally available 
oil helps put the scale of the resource into perspective. The 600 billion 
barrels recoverable from western oil shale compares to 350 billion barrels in 
the Middle East oil reserves, and is estimated to be about equal to the known 
world reserves of oil recoverable by conventional methods of drilling and pump
ing. These estimates change periodically, however. New discoveries, such as 
those in the North Sea, the Soviet Union, China and Mexico, have helped push 
the world oil reserve tally upward in the past several years. 

Economics 

Historically, the cost of producing oil from shale has been higher than the value 
of the oil. Depending on which extraction processes are used, oil from shale is 
now estimated to cost from $32 to $62 per barrel with a 12 to 15 percent return 
on investment. The capital investment required ranges from $1.7 billion to $2 
billion for a facility able ,to produce 50,000 barrels per day. In addition, 
operating costs amount to tens of millions of dollars annually. 

Barriers and Impacts 

Significant barriers stand in the way of a commercial-scale oil shale industry. 
Because shale deposits are in remote locations, developers will have to build 
new towns, roads, airports, railroads, electric power plants, water supply and 
transportation facilities, power lines and communication systems at costs of 
hundreds of millions of dollars. Also, there is a scarcity of skilled crafts
men and technical workers needed to construct, operate and maintain the oil 
shale plants. Firms with the necessary design capabilities have long backlogs 
of work for other technical projects, including facilities for producing other 
synthetic fuels, and for gasifying and liquefying coal. 

Controlling the pollution of air and water is a major concern because of the 
immense volume of materials involved. Mining 1 million or more metric tons of 
shale each day, disposing of the waste after the oil is extracted and stabilizing 
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and reclaiming the area where the waste is deposited pose major technical, 
financial, environmental and logistical challenges. Just one surface retorting 
plant with a 50,000 barrels per day capacity will require disposal, stabiliza
tion and reclamation of almost 20 million metric tons of waste rock each year. 
Other serious problems are the disposal of relatively small amounts of waste 
water containing organic constituents, pollution caused by the materials handling 
equipment and pollution caused by the sulfur compounds contained in the spent 
shale. 

Availability of water supplies may be a constraint. At present, water can be 
found for production equaling only several hundred thousand barrels per day, 
so water-development projects will be needed. Each barrel of shale oil will 
require from two to seven barrels of water, depending on which process is used. 
In some processes, water may be recycled and used again; but even so, ensuring 
that adequate water supplies are available will be a problem in western regions, 
where competition for water is already intense. 

Most discussions of the social impacts of oil shale development center upon the 
need for new communities to house thousands of workers, their families and the 
others attracted to the business opportunities associated with this type of 
development. 

Private Activities 

Nearly every major American oil company has a financial interest in shale oil. 
Some own shale lands and others are actively developing retorting and refining 
technologies. Some of these companies are entering into commercial ventures 
where the feasibility studies have been partially funded by the federal govern
ment. 

The most ambitious private endeavors include the development of four 2,100 hec
tare prototype tracts in Colorado and Utah. One tract -- the site of an in 
situ pilot operation since October of 1980 -- is being developed by Rio Blanco 
Oil Shale Project, a joint venture of Standard Oil of Indiana and Gulf Oil 
Company. Rio Blanco hopes to develop a large open-pit mine with surface retorts 
which will produce 78,000 barrels of shale oil daily by 1987. The second 
Colorado tract, being co-developed by Occidental Petroleum and Tenneco, pro
vides a testing ground for the modified in situ technology. It has a 1986 pro
duction target of 57,000 barrels of shale oil per day. Other developers of 
Colorado shale include Exxon USA and Tosco (46,000 barrels per day), Union Oil 
of California (9,000 barrels per day) and Multi Mineral Corporation, which is 
extracting secondary shale oil and alumina in a nahcolite mining operation. 

Less ambitious, but potentially significant because of its low capital costs, 
is an in situ demonstration in Utah by Geokinetics Corporation. The Geokinetics 
horizontal process requires a capital investment of only about $18 million for 
an operation with a 2,000 barrels per day capacity. 

While the total private expenditures for oil shale have not been tabulated, the 
amount is obviously in the tens of millions of dollars annually and rising 
rapidly. An example gives a sense of the financial scale involved. In 1974, 
nine companies put up almost $450 million for leases to pioneer commercial oil 
shale development on federal land. 
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Government Activities 

The U.S. government has spent about $150 million in research and development 
on several technologies to help develop a commercial-scale oil shale facility 
that is technically and economically feasible. The government plays a major 
role in oil shale development, partly because it owns 80 percent of the western 
oil shale lands. Moreover, private land cannot be developed without federal 
cooperation because government permits are needed to build roads, pipelines and 
transmission corridors across federal land. 

Several agencies -- principally the departments of Energy, Interior and Defense 
--are taking part in these development activities. The Department of Energy 
is funding three experimental oil shale projects to develop in situ processing 
technologies. It allocated $28 million for oil shale research in 1980 and 
another $36 million in 1981. Most of its work is on in situ technologies, al
though $15 million has been devoted to a two-year project on surface retort 
design. 

The Department of the Interior has been active in oil shale development for 
decades. CUrrently, it leases four 2,100 hectare tracts, two each in Colorado 
and Utah, to private industry. Development has been underway on the two Colorado 
tracts since 1974, and the leases are expected to be renegotiated and extended 
to new tracts in 1981. In Utah, litigation has held up the development of the 
federally leased tracts. 

The Department of Defense also has participated in oil shale programs; the Navy 
funded a project in Colorado that has produced about 100,000 barrels of shale 
oil. The oil has been refined and upgraded to produce five different fuels, 
including motor gasoline and various grades of diesel and aviation fuels. The 
Department of Defense has successfully tested these shale-based fuels extensively 
in ships and planes. 

Future oil shale development will be supported by financial assistance provided 
through the U.S. Synthetic Fuels Corporation, a quasi-governmental corporation 
created by Congress in 1980. 

Projections 

Projections range between production of 250,000 to 500,000 barrels of shale oil 
per day by 1987 and 1 million to 2 million barrels per day by 1992. 

TAR SANDS 

In the United States, substantial deposits of tar sands have been identified at 
about 550 locations in 22 states. U.S. deposits (primarily in california, Utah, 
Kentucky, New York, New Mexico and Texas) are estimated to contain more than 36 
billion barrels of oil. Utah deposits alone contain some 27 billion barrels of 
oil, of which 4 billion to 5 billion barrels are believed recoverable. The 
Utah sands yield about 40 kilograms of bitumen per metric ton of bitumen-im
pregnated sands. While Utah tar sands deposits contain adequate resources to 
support a tar sands oil industry, they are not ideally suited for exploitation 
with current technologies. Most of Utah's de~osits will require in situ re
covery technologies. 

Internationally, Canadian tar sands operations, yielding more than 120,000 bar-
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rels of oil per day, are the world's largest. Venezuela, Romania, the Soviet 
Union, Albania, Madagascar and Trinidad also have significant tar sands deposits. 

Tar sands bitumen can be recovered by either in situ or surface mining techniques. 
The most promising in situ techniques are steam drive and in situ combustion. 
Steam drive involves injecting steam into the formation to heat the oil, reducing 
its viscosity and pushing it toward production wells. In situ combustion in
volves injecting air into the formation to maintain combustion. The resultant 
hot gases vaporize the lighter bitumen components and carry them to production 
wells. The coke deposit which is left behind serves as fuel for the advancing 
flame front. 

Many techniques have been prepared for extracting the bitumen from mined tar 
sand ore. The three most promising are a modification of the Canadian hot water 
process, the use of solvents to displace the bitumen and retorting. Surface 
mining is feasible in the United States for the 10 to 20 percent of all U.S. tar 
sands which do not lie deep underground. 

Applications and Status 

Synthetic crude oil obtained from extracting and upgrading bitumen can be used 
much like conventional crude oil -- it can be refined into gasoline, jet fuels 
and other petroleum products. Almost all efforts to extract energy from tar 
sands have been experimental, and most have been conducted by oil companies 
with at least some federal funding. Some deposits have been exploited to obtain 
paving materials, and the less sandy tars have been converted into chemicals. 
In the mid-1970s, some Utah tar sands were processed in experimental plants, 
but no commercial operations have been established yet. 

Developing u.s. tar sands will take time. In Utah, the existence of conventional 
oil and gas resources removes the urgency for extracting hydrocarbons from the 
state's large deposits of tar sands. Moreover, the nation's massive reserves of 
oil shale and coal dwarf tar sands resource. Then too, the Canadian experience 
shows that it can take a decade to solve the technological and environmental 
problems associated with large-scale tar sands development. The U.S. activities, 
of course, will be speeded up because of the earlier Canadian development. 

Economics 

Unit production costs for fuels from tar sands are beginning to become available. 
However, they depend upon the type of deposit and recovery process used. None
theless, Canada's success in mining tar sands has given a boost to U.S. efforts, 
raising the expectation that development of tar sands will eventually be cost
competitive with the production of other synthetic fuels. 

Private Activities 

Industry interest is primarily focused on finding effective extraction and pro
cessing methods (especially for surface mining) and on patenting promising tech
niques. The capital provided by new government programs is expected to stimulate 
increased activity. A significant portion of the U.S. tar sands activity is 
directed by small companies. 
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Government Activities 

The Department of the Interior plans to lease Utah tar sands tracts to private 
industry in 1981. Details of the leasing program have yet to be announced, but 
environmental impact statements are being prepared for five areas, two of which 
will be leased. 

The Department of Energy's tar sands program budget totals $12.7 million for 
the fiscal years 1979, 1980 and 1981. The main thrust of the program is to de
velop in situ recovery techniques that can be applied to the 80 percent of the 
U.S. resource that is too deep to surface mine. To date, three field tests 
have been conducted. Additionally, financial assistance is expected to become 
available through the U.S. Synthetic Fuels Corporation. 

Projections 

Commercial production goals for tar sands have been modest, because little ex
perience has been accumulated with the technology and the development of other 
energy sources is receiving higher priority. A tar sands operation in the 
United States capable of producing 80,000 to 120,000 barrels per day is possible 
by 1990. 
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INTRODUCTION 

In the Federal Republic of Germany, new and renewable sources of energy have 
been explored ann utilized by means of technological development for several 
years. They are among the priorities of the federal government's energy 
program (other priorities being energy conservation, advanced coal technolo
gies and the limited development of nuclear energy), and their purpose is to 
reduce the dependence on oil. 

Owing to the Federal Republic's topography, geography and climate, and because 
of its highly industrialized infrastructure and density of population as well 
as the mostly centralized organization of energy supply, the new and renewable 
sources of energy have individually varying potentials concerning their future 
contribution to energy supplies. Although their useful potential is, in the 
long term, not to be neglected, it will not be large in comparison with that 
of other primary sources of energy. 

WATER POWER 

Potential 

In the Federal Republic of Germany, approximately 90 percent of the econanic
ally useful water power potential is used for electricity generation. The 
annual output of energy produced by water power st-ations amounts to 18.7 'lWh, 
with a total installed capacity of approximately 4 GW. For 1980, the share of 
water power in the overall electricity generation in the Federal Republic of 
Germany amounts to approximately 4 percent. (At present, therefore, the 
installed pump storage output available to meet peak load demand amounts to 
about 5,000 MW, or 6 percent of the total installed electric capacity.) 

Because of the Federal Republic's topography and population density, the 
further extension of river water power stations, pump storage power stations 
or conventional storage power stations is narrowly limited. 

Present Level of Technology and Development Trends 

Water power utilization is sophisticated and technically fully developed so 
that radically new developments are not expected. ~d~nced engineering 
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methods developed in the Federal Republic nake it possible today to comprehen
sively analyze the hydrological supply. Depen~ing on local conditions, vari
ous proven turbine designs are use~ to achieve optimal conversion of the 
energy contained in running or dammed water to mechanical rotation energy. 
Such turbines are manufactured in all power ranges and designs in the Federal 
Republic of Germany, and they are use~ all over the worl~. 

Particular mention should be made of water power stations in the range of 
several kilowatts to 1 MW for heights of fall from 1 meter to 200 meters. The 
turbines for such small water power stations are fully developed, regarding 
reliability, their minimal maintenance needs and their simple design. Early 
this century a large number of these plants formed the basis for electrifica
tion in Germany. During many years of use they have proved their worth all 
over the worl~ under the most varied conditions. 

The structural parts, such as dams, locks and supply tunnels, can be con
structed with the aid of advanced and variously proven roilmng technologies. 
Here, too, the Federal Republic of Germany can look back on extensive con
struction experience. 

Cost 

The cost structure of water power stations is specific in that the prime cost 
is hiqh and the operating expenses are low, compared with thermal power sta
tions. 

In the case of river water power stations, the construction cost accounts for 
about 60 percent, while the remaining 40 percent is for electro-mechanical 
components. In the case of storage power stations, construction costs amount 
to approximately 80 percent, while 20 percent is for machinery. The power
related plant costs of large-scale water power stations are estimated to 
amount to DM 2, 700 per kilowatt to DM 4, 000 per kilowatt, depending on the 
site and the type of plant. Specific energy production costs are dependent on 
the utilization rate of the plant. For peak-load power stations with 2,000 
operating hours per annum the energy production costs range between DM .15 and 
DM .21 per kilowatt; for base-load power stations with storage and with 7,000 
hours of operation these costs can be brcugh t down to between DM • 041 and DM 
.061 per kilowatt. 

Aspects of Utilization and Problems 

In water power stations without storage the energy must be used as it is 
produced in accordance with seasonal variations. Large-scale facilities 
therefore, are, preferably operated as base-load power stations in connection 
with the electricity grid. However, to have a sufficient power output in 
times of reduced water discharge, additional thermal power must be made avail
able. Power stations with storage can make it possible to compensate for 
supply fluctuations, and the time at which the electrical energy is called off 
can largely be chosen freely. For this reason power stations with storage are 
used as peak-loa~ power stations, as well as for back-up and regulatory pur
poses. 
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Small-scale decentralized, usually river-based, power stations which supply 
industrial firms require a relatively steady supply of water throughout the 
year. 

In addition to the construction of dams for water power stations, structural 
measures taken at the same time could be significant -- for example, extension 
of irrigation agriculture, improvement of navigability, establishment of a 
fishing industry or a lessening of flood hazards. 

In contrast to electricity generating water power stations, pump storage power 
stations are used solely for the purpose of storing electrical energy. If 
there is a surplus of electrical enerqy, water from a lower reservoir is 
pumped to an upper storage reservoir by means of a power-driven pump. At 
times of demand for electrical energy the upper reservoir is discharged again. 

In the Federal Republic of Germany there are various water management acts 
which must be otserved in the planning of water power stations. As a rule, 
the restrictive provisions contained in these acts refer to the admissible 
distribution of water volumes and water levels in terms of space and time. 

Adverse effects on the environment are an essential aspect which was, however, 
little heeded in the past. Hydrological changes occurring in the wake of 
water power utilization and the resultant effects must be studied at an early 
stage of planning if damage to the environment, agriculture or the natural 
water balance is to be avoided. 

~or many countries it will be important to increasingly identify and utilize 
water power resources in addition to fossil sources of energy, because water 
power stations are particularly economical, simple and robust and because 
their operating and maintenance requirements are small in comparison to fossil 
energy technologies. 

It can, for example, be assumed that only 2 to 3 percent of the water power 
potential of Africa is being used for electricity generation. In Asia, this 
share is probably 12 percent, and in South America about 6 percent. 

The federal government is promoting a large number of dam-building and hydro 
power projects. Examples within the framework of financial cooperation are 
water power stations in Turkey, Morocco, Tunisia, Nepal, Thailand, Sri Lanka, 
Burma, Kenya, Malawi, Mali, Senegal, Burundi, Tanzania, Brazil, Honduras and 
Peru. In the field of technical cooperation, energy planning projects worth 
mentioning are under way in Guatemala, Colombia, Peru, Argentina, Malaysia and 
Indonesia. Under these projects, hydro power is to be given greater priority. 
In the framework of this technical cooperation, the federal government makes 
available existing know-how for the preparation of energy and water master 
plans to interested developing countries. A number of master plans have been 
drawn up, or are being drawn up with support from the federal government. 
Other plans are in preparation. 

In addition, larqe-scale projects for water power utilization are carried out 
on the basis of private industrial cooperation. 
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SOIAR ENERGY 

Solar Energy Potential in the_Federal Republic of Germany 

With a median sunshine duration of 1,600 hours per year, the average annual 
intensity of qlobal raniation upon the area of the Federal Republic of Germany 
is 103 KWh per square meter. The most important constraints governing the 
technical utilization of solar enerqy in the Federal Republic of Germany are: 

• The low power nensi ty in this country (with direct solar 
radiation at maximum 900 watts per square meter ann 
annual average approximately 110 watts per square 
meter); this relatively low value calls for the develop
ment of efficient technologies, such as high-efficiency 
collectors and storaqe systems. 

• The fluctuations in solar energy availability, depending 
on the time of day, the weather ana the season, ~.nth the 
ctaily and seasonal solar radiation curve beinq exactly 
opposite to that of heating re::J:uirements. 

For these reasons, research and development in the field of solar energy is 
closely related to other areas of general energy technology, including thermal 
insulation and heat recovery systems. 

Projections for the year 2000 indicate that in the Federal Republic of Germany 
the contribution of solar energy to the overall primary energy supply through 
direct utilization via low-temperature collectors and through inctirect utili
zation via heat pumps could amount to about 5 to 6 percent. 

State of the Art in Solar Technoloqy and Development Tendencies 

In recent years, the nevelopment of canponents and investigation into solar 
systems has been supported stronqly through aovernment measures. 

Today, different types of flat plate solar collectors are manufactured in the 
Federal Republic of Germany on an industrial scale. Flat plate solar col
lectors with an overall surface of about 3 3, 000 square meters were manufac
tured between 1974 and the end of June 1978. In the last six months of 1978 
alone, after the initiation of the DM 4,350 m energy conservation program of 
the federal and the Lander governments, 17,000 square meters were pronuced. 
In 1979, production rose to approximately 53,000 square meters, ann in 1980 
West German industry produced more than 100,000 square meters of flat plate 
solar collector area. 

Unlike simple desiqns, including low-cost plastic collectors without any 
additional covers, more efficient solar collectors normally have selective 
absorber layers and up to two glass covers. A number of high-efficiency 
special designs also are being manufactured, such as heat pipe collectors or 
evacuated collectors with andi tional reflectors, but also air collectors 
(particularly for agricultural applications). Industrial processes have been 
developed to produce collectors at the lowest possible cost. 

The specific cost for solar concentrator systems presently amounts to about OM 
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1, 200 to DM 1, 400 per square meter, while the prices for systems with low-coot 
fLat plate collectors are in the range of DM 80 to DM 250 per square meter. 
The cost for standard collectors is DM 250 to DM 500 per square meter, and for 
high-efficiency collectors DM 500 to DM 800 per square meter. 

Water Heating Systems 

In the Federal Republic of Germany, more than 30 different manufacturers 
produce water heatinq systems. By 1980, a total of about 10,000 solar systems 
had been installed, primarily for water heating in private households ciuring 
the summer months. Systems of this type are being offered at prices from DM 
7,000 to DM 11,000. Results obtaine1 by a representative survey inciicate that 
about 85 percent of the users are satisfied with their facilities, and in 
particular with their reliability and maintainability. 

Parallel to a large number of qovernment-funcieci research and development and 
ciemonstration projects, soLar inciustry canpanies and crafts associations have 
taken the initiative to train craftsmen who install such facilities. Their 
aim is to provide reliable after-sales services, which are a decisive 
prerequisite for the broacier commercialization of solar technology in the 
domestic market. 

An interesting application of solar systems,- even under the less favorable 
climatic conditions prevailing in the Federal Republic of Germany, is water 
heating for public and local institutions (in particular for sports facili
ties, such as public swimming pools, and for schools and hospitals). 

In view of continuously rising operational coots, especially fue 1 oil coots, 
an increasing number of municipalities feel compelled to make use of all 
possibilities to reduce the current operational coots of these facilities. 
One such possibility is solar water heating in combination with measures to 
reduce heating requirements. In the Federal Republic of Germany there are 
about 2,750 public open-air swimming pools, of which 2,600 could be heated to 
intensify their utilization by a larqer number of bathers and to prolonq the 
swimming season. In addition, there are about 250,000 private open-air swim
ming pools with an overall surface larger than the surface of all public open
air swimming pools together. 

A large, public open-air swimming pool in the Federal Republic of Germany was 
equipped with a combineci flat plate type collectorjheat pump heating system 
for research purposes. With a surface of 1,500 square meters, thi!'l facility 
ranks arong the largest flat plate collector systems existing in this country. 

Space Heating Systems with Heat Pumps 

Space heating accounts for almost 40 percent of energy requirements. There is 
an increased trend in the Federal Republic of Germany, especially in view of 
the prevailing geographic and climatic conditions, toward indirect utilization 
of solar energy by means of electric heat pumps. These heat pumps extract the 
energy supplied by the sun and stored in ambient air, in the ground or in 
ground water or river water via appropriately designed heat exchangers, and 
raise it to a higher temperature level suited for space heating systems. 

In the strongly expanding German market, about 30 different companies offer 
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fully developed heat pump systems, especially vapor-compression heat pumps 
with a power range from 1 KW to about 30 KW for single-family houses, but also 
heat pumps driven by diesel or gas engines with an output of more than 50 KW 
for larger residential blocks, administrative and office buildings. 

By 1980 approximately 50,000 heat pumps had been installed in the Federal 
Republic of Germany. This figure is expected to rise to more than 250,000 by 
1985. In 1979 only about 15,000 systems were in operation. These figures 
clearly illustrate the greatly increasing importance of electric heat pumps 
which, however, require the availability of an appropriate power supply grid 
and infrastructure. 

Depending on the coefficient of _performance, the specific costs of such heat 
pumps are between OM 500 and DM 1,000 per kilowatt including installation 
cost. Compared to a conventional oil-fired heating system, aboot 30 to 35 
percent of the energy cost can be saved in this way. This means that heat 
pump svstems are today very close to the break-even point and will become more 
attractive as oil prices increase. 

This data does not include smaller heat pumps driven by gas engines and ab
sorption heat pumps Which may be used in single-family houses and multiple 
dwellings. It does not appear unrealistic to expect these types of heat pumps 
to compete in the market with the electric heat pumps by 1985, in particular 
because under ongoing research and develq>ment projects the improvement of 
heat pumps driven by gas and diesel engines as well as the development of 
absorption heat pumps are being pursued with great intensity. 

Larger heat pump systems driven by gas engines in the power range in excess of 
50 KW are already in the market and are mainly used in administrative and 
business buildings, schools, hospitals and indoor swimming pools. In the 
Federal Republic of Germany there are about 3, 000 systems of that type. 

Long-term developments might lead to thermodynamic heating systems combined 
with large absorber roofs that hardly differ in appearance from conventional 
roofs, but in addition to weather protection assume the function of a heat 
exchanger to utilize ambient heat. 

It appears quite possible that new technological developments (such as energy 
roofs, energy facades and energy fences combined with heat pumps and low
temperature space heating systems) could play a significant role, particularly 
in view of the geographical situation of the Federal Republic of Germany. It 
is quite obvious that during the summer months solar collectors will contri
bute to water heating both in the Federal Republic of Germany and in regions 
with more favorable climatic conditions, depending on the respective re]:uire
ment profiles. 

Solar Energy in Agriculture 

In German agriculture, energy re:ruirements more or less coincide with the 
growth or harvesting periods. Interest is focusing on the technical utiliza
tion of solar energy, such as for drying purposes and for domestic warm water 
supply in addition to the traditional use of this energy source. This prompts 
the idea of reducing fuel oil re]:uirements of conventional grass or grain
drying facilities, especially with the aid of air collectors. A prototype 
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system for a cooperative large-scale drying facility (collector surface 1, 500 
square meters) has been successfully operated for about two years. 

In vegetable farming, the use of translucent plastic foils for harvest ad
vancement and for the extension of the cultivation period in autumn has been a 
widespread practice for years. 

Due to the climatic conditions prevailinq in the Federal Republic of Gennany, 
enerqy costs play a decisive part in greenhouse horticulture. It is the aim 
of broad-based research and development activities to optimize the plant
oriented thermal economy of these facilities by using solar energy. In addi
tion to the greenhouse proper, novel heatinq and storage systems, including 
the utilization of waste heat from industrial heat sources, also enter into 
considerations. 

WIND ENERGY 

Under favorable conditions, for example along the northern German coast, wind 
energy measured at an altitude of 100 meters reaches an average annual power 
density of 700 watts per square meter and a specific annual power of 6,000 KWh 
per square meter. This is many times the density of solar radiation. 

In non-coastal areas the influence of ground friction on the movement of air 
increases considerably so that in the interior of the country wind machines 
can be used effectively only in exposed stretches of mountainous and alpine 
regions. 

The useful technical potential of wind energy, including any necessary re
strictions, is under study. 

Under the Solar Energy Technologies Program, the Federal Republic of Gennany 
has engaged intensively in the development and testing of wind power stations 
during the past seven years. Such wind machines up to a rotor diameter size 
of 10 meters have been used worldwide for pumping. The requirements to be met 
by modern wind turbines are, however, detennined by the trend toward machines 
with higher drive speeds (generators, pumps and compressors). Although the 
high-speed wind machines required already are sold, their technical reliabil
ity in continuous operation has not been proved sufficiently. For this rea
son, nine different wind energy systems sold in the Federal Republic of Ger
many in the range of 10 KW are operated and tested on the North Sea island of 
Pellworm. The project is to study and compare the reliability and maintenance 
requirements of small advanced wind energy systems in continuous operation. 
The technical and economic parameters required to assess wind energy utiliza
tion are to be determined, also. In addition, a large number of other re
search and development projects are underway to study the possibilities of 
storage, of heating with wind energy and of combining wind and solar plants. 

In the medium power range, a 265 KW wind energy converter is under construc
tion. The plant possesses a horizontal high-speed, two-wing rotor with a 
diameter of 52 meters. 

A large wind power station, GROWIAN I, of 3 MWe is being established on the 
German North Sea coast. This wind power station is a horizontal axis machine 
with a two-blade rotor running under the lee and a diameter of 100 meters as 
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well as a mast height of 100 meters. The powerhouse is mounted on a swivel
bearing at the t~ of the tower. Given favorable winds, an annual electrical 
power of 12 x 10 KWh can be generated -- the plant cool<i supply 4, 000 house
holds with electrical energy. Because the rotor blades account for a sub
stantial portion of the overall cost of the plant, research and develcpment 
projects concentrate on the development and testing of a new type of inte
grated fiher rotor. 

During the three-year trial operation, the operatinq behavior of GRCWIA~ I is 
to be tested. At the same time, the suitability of win<i energy systems for 
industrial-scale electricity generation is to be proved. 

Also, other new designs with a one-blade rotor for large win<i energy systems 
in the 5 MW ranqe and with a rotor diameter of 145 meters are being develcped 
under the title of GROWIAN II. 

Cost 

For the current small-scale plants up to 20 KWe, the specific plant costs 
amount to between DM 2,000 KWe and DM 10,000 KWe, depending on the type and 
design of the plant. Because of the small amount of wind energy available 
close to the ground, the annual workload is lower than with large plants. It 
is estimated at approximately 1, 200 to 2, 500 annual full-load hours. Depend
ing on the prime cost, the energy price varies between DM • 4 and DM 1 per 
kilowatt-hour. Given a fuel price of 8. DM/1 and investment costs of DM 5, 000 
KWe, a small, decentralized wind energy system, which drives a water pump, for 
example, is able to compete with a small ~esel generator if situated in a 
favorable site. 

For large plants of the GRCMIAN I type the prime cost in the prototype stage 
must be estimated at DM 10,000 per kilowatt. On the basis of an exclusively 
economic assessment, the prime cost shouln not be more than DM 5, 000 per 
kilowatt, given the present price of electricity. 

Aspects of Utilization ann Problems 

Plants in the lower power range, between 1 KW and 10 KW, in particular when 
connected with a storage medium, are particularly suitable for the decentral
ized supply of individual users (electricity for heating, cooling, lighting 
and communication, or mechanical energy to drive water pumps). Potential 
users are to be found in rural regions with favorable wind conditions, for 
example isolated farmhouses, entire agricultural units, sinqle-family houses, 
weekend houses, village communi ties and camping grounds. 

Medium-size plants ranging to several hundred kilowatts are particularly 
sui table as community units, supplying a fairly small number of individual 
users. Large plants, 1 MW upwards, can either operate independently or feed 
the energy they generate into the supply networks. 

The operation of winn energy converters presumably will not create any partic
ular environmental problems. The extent to which plant noise will be a nui
sance still must be studied. 

The speed of the air current will be reduced by energy utilization. This 

West Germany/8 



effect will be found if the wind 
likely to prevent potential soil 
covered by vegetation. Compared 
require relatively little space. 
by small ann medium-size plants, 
example, by pylons. 

machines are rather closely spaced and it is 
erosion in coastal reqions or on plains not 
with solar plants, wind energy converters 

Visual impairment of the landscape, at least 
is no more serious than that caused, for 

Wind enerqy is a worthwhile option for developing countries that have windy 
and spacious reqions ann need a decentralized supply of energy. 

A prerequisite is that the plants be particularly robust and require little 
maintenance. 

BIOMASS 

In industrialized countries, the utilization of waste products alone is quite 
sizable. In the Federal Republic, for example, it is expected that there will 
be approximately 64 million tons of dry organic substance (straw, 23.5 million 
tons; animal excrement, 14 million tons; biomass, such as beet leaves and 
potato foiliage, 13 million tons; domestic refuse, 7 million tons) and 4. 5 
million tons of dried ligneous wastes. If these quantities were converted 
into enerqy, the hypothetical potential would be about 19 million tons of coal 
equivalent (Tee). 

How much of this will be economically useful will depend on the further devel
opment of the technical facilities for utilizing these products. 

In the Feneral Republic of Germany, adv.1nced wood ann straw incineration 
plants from several kilowatts to several MW for small users in the sectors of 
industry, agriculture ann private households are offered a number of manufac
turers. The plants meet the requirements of optimal incineration in terms of 
the emissions admissible and the efficiency required. Loading is either by 
hand or automatic. If straw and wood is burnt locally (that is, if no apprec
iable transport costs occur), the energy cost per kilowatt-hour is lower than 
that of purely oil-fueled plants so that an increase in the utilization of 
these materials is to be expected in the future. 

In addition to direct incineration, other major technologies for the conver
sion and utilization of biomass are anaerobic fermentation into biogas and 
ethanol as well as pyrolysis and gasification. 

Bioqas 

About 40 advanced biogas facilities recently have been built in the Federal 
Republic of Germany. A number of German manufacturers offer biogas facili
ties, from about 20 larqe livestock units up to several hundred units, with 
different types of containers, heatinq system insulation, heat recovery, 
circulation systems and mechanical devices. 

Generally speaking, the utilization of biogas makes sense only where fairly 
large quantities of organic waste can be used on the site, without high trans
port costs. In the Federal Republic of Germany, this applies to sewage treat
ment plants, farms, enterprises of the food processing industry and carcass 
disposal plants. Gas emissions, which otherwise would pollute the environ-
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ment, frequently can be used to produce methane, and this helps to achieve 
economical operation at an earlier stage. 

In the facilities presently operated on farms, t~e gas obtained is used mainly 
for heating, cooking and drying purposes. Advanced sewage treatment plants in 
the Federal Republic of Germany which make use of biogas can meet their CMn 
demand for heat and power. 

In the bioqas field, the Federal Republic of Germany can offer comprehensive 
know-how and practical experience, which is at present being extended in a 
number of projects. 

The operation of biogas facilities is of special significance because, by 
using the resulting nitrogen-rich fertilizers, countries can reduce their 
dependence on capital-intensive mineral fertilizers. 

Ethanol 

A number of research and development projects for the production of ethanol 
from biomass have been executed in the Federal Republic of Germany. They 
include studies to assess the potential suitability of various plants such as 
turnips, potatoes, corn and cereals and other raw materials such as waste 
paper and straw. In addition, microbioloqical, economic and process engineer
ing studies are being carried out to optimize production processes. The 
technical development concentrates on hie-reactor designs which ensure eco
nomical production even if the reactor is small; they also focus on the erec
tion of pilot plants and training shops for developing countries. The cost of 
producing a liter of alcohol from plants grown in the Federal Republic of 
Germany at the production site is estimated to amount to between DM 1. 60 and 
DM 2.40. In several developing countries, the cost situation is more favor
able because high-yield plants, such as sugar cane, can be used as raw mate
rial. Present projects include one undertaken together with Brazil. 

Pyrolysis and Gasification 

In pyrolytic processes, or thermal anaerobic digestion, the main types of 
biomass used are wood, peat, straw, organic waste and refuse. Depending on 
the raw material and process used, t~e energy obtained takes the form of gas, 
liquid fuel or charcoal. In the Federal Republic of Germany, various 
pyrolytic processes are being developed; at the same time, a number of pilot 
plants are being operated, where development work has reached a stage at which 
the planning of commercial facilities could be started. In addition, there 
are a few instances where gasifiers which make use of wood are being tested 
for stationary applications in the Federal Republic of Germany and are being 
manufactured also for developing countries. 

The utilization of biomass is likely to be given considerably higher priority 
than other renewable energy sources, because the relatively simple technol
ogies required (combustion furnaces, gas generation facilities, alcohol fer
mentation equipment) offer a wide range of applications (production of heat, 
electricity and fuels) and make energy supplies secure without t~e need for 
additional back-up systems. 
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ENERGY SUPPLY IN RURAL AREAS 

The supply of enerqy to the rural areas of developing countries is of the 
utmost importance. Even the availability of relatively small quantities of 
energy can bring about a considerable change in the health, employment, educa
tion ancl qeneral situation of the population. Clean drirkinq water and energy 
for cooking are basic needs of rural communities. In addition, energy is 
absolutely necessary for irrigation, communication and information systems, 
processing of agricultural products and the operation of small repair shops 
and manufacturing facilities. 

The type of energy made available should not be restricted to electricity and 
should be geared to the different types of final consumption. In each case 
the energy technology should be designed to make use of the locally available 
energy sources. 

Decentralized energy supply systems at the local level must be a viable and 
logical solution. 

'rhis is the philosophy behind the concept of "solar villages." Appropriate 
projects have been designed in cooperation with several countries (including 
Egypt, the People's Republic of China, Indonesia and Mexico) to develop and 
test different facilities which make use of solar energy, wind power and 
biomass to meet the energy requirements of rural communities. This includes 
single-source facilities as well as facilities combining the use of various 
energy sources. 

New and renewable energy sources are used for water desalination and treat
ment, for hot water generation, for cooling and drying food; biogas facilities 
supply coOking energy; communication and training equipment as well as irri
qation pumps are being provided with electric power from photovoltaic genera
tors. 

The different designs and projects, which take into account the specific 
economic and social situation of the respective village, will serve to study 
the applicability of the different technoloqies, their economic constraints 
and their social implications. Only after completion of the test phase, when 
the practical experience gained in these cooperative projects is available, 
will it be possible to draw well-founded conclusions as to the future pros
pects for the application of these energy generation technologies in the rural 
areas of the countries concerned. Initial results from these projects will be 
available in about two years. 

GEO'l:'HERMAL ENERGY 

The temperature of the earth's crust rises with an average gradient of about 
30°C per 1,000 meters. This means that normally the temperatures required for 
power generation occur only at great depths. This is why capital cost is so 
high that, with the present state of the art, no economical use of geothermal 
energy for power generation is possible. Economical power generation requires 
geothermal anomalies with high temperatures caused by volcanic activity, 
underground magma chambers or water rising from deep aquifers." 

In the Federal Republic of Germany, the existence of natural steam or high-
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temperature hot water deposits in near-surface strata, which would offer the 
financially and technically most favorable type of utilization, can be ex
cluded.. There are several small local low-enthalpy aquifers with water temp
eratures of up to 100°C in the southwest and north of the country, but they 
have not yet been commercially exploited for energy supply purposes. 

The federal government supports a number of research and development projects 
under which extensive geophysical, mineralogical and geochemical investiga
tions are carried out to obtain more detailed information on geothermal 
energy. Temperature fields are being determined, magma chambers explored, 
heat flux d.ensities and the thermal conductivity of d.eep rocks are being 
measured. The exploration methods for this work are elaborated alrnos t exclu
sively by universities and qovernment-supported research institutions. German 
experts in this field. can compete with their colleagues abroad. 

In addition to these exploratory investigations, the federal government gives 
considerable financial support to pilot projects at three different sites with 
a thermal output of 10 MW each: first, the extraction of water of a tempera
ture of about 100°C for space heating (at Buhl); second., a facility for the 
combined supply of heat, d.rinkinq and industrial water for a number of differ
ent consumers (Saulqa.u Project); and third, a low-temperature heating for 
existing heating systems (at Freiburg). 

In add.ition to research and development activities aimed at tapping the 
earth's heat stored in hot water reservoirs, the federal government has in
vested considerable funds to participate in the development of the hot dry 
rock technoloqy, which removes the heat from deep-lying hot dry rocks. Since 
this technoloqy can be applied practically everywhere, it offers good pros
pects for exploiting a vast energy potential. Apart from a number of small
scale projects in the Federal Republic of Germany and extensive Frac investi
gations for creating underground heat-transfer surfaces, there also is consid
erable German participation in the Fenton Hill Project carried on in the 
United States. The field experiments carried. out so far have shown that the 
application of this technology in the Federal Republic of Germany is promis
ing. It is estimated, however, that one or two decades will be required to 
develop this technology for commercial use. 

Hot water deposits with a low enthalpy can only be used for heating purposes 
and hot water supply. Moreover, such use is only viable if the well yields a 
steady flow of 10 to 30 liters of hot water per second and the heating capac
ity is about 10 MW, so that a competitive heating network can be set up for a 
certain minimum consumer density in a given area. To minimize corrosion and 
the precipitation of salts damaging the plant and in the interest of environ
mental protection, water with a low minerals content will be preferred.. If 
the earth's heat is used by tapping hot water deposits or by means of the hot 
dry rock technology for heating purposes, the heat price would. range from OM 
• 04 to OM .06 per KWh. The cost of power generation, however, in a hot dry 
rock power station would range from an estimated DM .30 to DM .40 per KWh, if 
water is extracted from a 4, 500 meter well at a temperature of 150°C and with 
an electrical output of about 15 MW. 

The utilization of geothermal enerqy in the Federal Republic of Germany is yet 
in its initial phase. In the long run, it may play a minor role in the energy 
supply to certain areas. Present estimates indicate that the contribution of 
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geothermal energy to meeting the total primary energy demann of the year 2000 
is likely to fall short of 1 percent. The technological experience gained so 
far, however, can be broadened in cooperation with interested developing 
countries. 

OIL SHALE 

In comparison with other energy raw materials, the hydrocarbons contained in 
oil shale have, in the past, been used to a very small extent. Recently, 
however, in view of decreasing oil and natural gas reserves and as a result of 
the present development of the price of crude oil, oil shale has becane an 
interesting subject in discussions of the energy supply and demand systems. 
Considerable financial and technological efforts are now being made in order 
to utilize this potential. 

In the Federal Republic of Germany there are several oil shale deposits, in 
particular in the north (near Schandelah). The presently workable reserves 
are estimated at 110 million tons of oil shale (presently workable means that, 
for cost reasons, the only method applicable is open-cast mining). The quan
tity just mentioned is more than twice the amount of established oil reserves 
of the Federal Republic of Germany. Domestic oil shale will replace about 2 
to 3 percent of the German mineral oil imports in the years to come. 

In the past, in particular during the two world wars, Germany built several 
plants for the conversion of oil shale by means of pyrolysis. During the same 
period, initial experiments were made for underground conversion. At present, 
the quantity of oil shale processed in the Federal Republic of Germany is 
negligible. The only commercial plant in operation uses oil shale as an 
energy raw material, taking the resulting residues as additives for the pro
duction of cement. In recent years, an average annual amount of 320,000 tons 
of oil shale has been processed. 

Research and development projects include mapping of deposits, geochemical, 
hydrogeological and soil investigations, feasibility studies and ad~nced 
mining technologies. Pilot plants are being set up and operated to process 
oil shale by means of advanced conversion techniques. The resulting liquid 
products can then he processed almost like crude oil. The development work 
aims at building and operating commercial plants. For this purpose, consid
erable capital investment is required. 

The extraction of oil from oil shale has almost reached the break-even point. 
Provisional estimates of the total cost per ton of shale oil in the Federal 
Republic of Germany are currently in the same price range as crude oil traded 
in the world market. The conditions for shale oil would be more favorable if 
the resulting residues could, in addition, be used as raw materials. However, 
it w1st not be overlooked that the production cost for oil from oil shale is 
merely estimated and involves an element of uncertainty. 

Oil shale is, without doubt, an interesting energy potential. Its commercial 
utilization, however, still meets with numerous technical and econanic diffi
culties. Negative environmental effects of the mining of oil shale and its 
processing should he avoided by taking the appropriate technical precautions. 
This will involve additional investment and operational costs. 
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The reports in the Future Energy Sources: National Development Strategies series 
are edited and abridged versions of documents prepared by national governments 
for the United Nations Conference on New and Renewable Sources of Energy, held 
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Hill. 
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