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1. Introduction 

At present, in industrial countries, the energy supply debate is 

characterized by inconsistent judgements of individual groups 

and, as far as nuclear energy is concerned, by ideology-ridden 

and polarized viewpoints / for instance 1 /. Some examples should 

illustrate the situation: 

- In the Federal Republic of Germany, as well as in the USA, and 

in some other countries, demands are being made for increased 

use of coal. However, this would intensify the problems asso

ciated with carbon dioxide (CO-) and the predicted change in 

our climate. 

- An increasing world-wide tendency can be observed to make 

greater use of natural gas for the generation of electricity. 

This trend is motivated by relatively low investment costs, 

short construction times, the high efficiencies which can be 

attained with gas and steam turbine cycles and low pollutant 

emissions. Compared with coal fueled power plants C0--

emissions can also be reduced if in future more natural gas 

fired combined cycles will be constructed. Unfortunately, in 

this way a valuable and versatile energy resource may be ex

hausted too quickly. 
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- Assuming presently known primary energy resources, reasonably-

priced crude oil and natural gas will run short in the next UO 

to 55 years while inexpensive coal is expected to be available 

for appr. 250 years. On the other hand acceptance of nuclear 

power is being discussed controversial in many countries. How

ever, it is precisely nuclear such as the breeder and fusion 

which are the principal inexhaustible carbon-free sources of 

energy. 

- Energy saving is put forward as the solution to all energy pro

blems; this measure will supposedly allow the world to cover 

its energy demand exclusively with renewable energy resources. 

In this respect, people forget that energy saving has always 

been a principle of profitability. It eases but does not solve 

the energy problems. 

Considering the world population structure and the world energy 

consumption in 1986 it is absolutely clear that the demand will 

continue to increase although trends towards saturation have been 

apparent in industrialized nations for quite some time. As shown 

in Fig. 1, the world-wide commercial primary energy consumption 

amounted to approximately 11 billion Tonnes Coal Equivalent (TCE) 

(1 TCE s 7 million kcal) in 1987. This amount doesn't include the 

noncommercial use of energy which in the Third-World-countries is 

estimated to arise up to 1,2 billion TCE. Assuming a world popula

tion of about 5 billion, this results in an average per capita 

energy consumption of appr. 2.5 TCE. Taking account of the age 

structure and the development of the world population, about 

8 billion people will inhabit the earth in the year 2030. Assum

ing a constant average per capita consumption of 2.5 TCE, this 

would result in a demand of appr. 20 billion TCE in the year 2030. 

Fig. 1 also includes a sensitivity evaluation showing the in

fluence which U and 5 TCS/capita would have on the overall primary 

energy consumption. In addition, a forecast published by a 

committee of the World Energy Conference in Cannes in 1986 is 
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given. The anticipated value for the year 2030 of appr. 25 bi l l ion 
TCE corresponds to an average per capita consumption of 3 TCE and 
confirms the trend described above. 

Fig. 1: 
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with 20 % are the main contributors for the predicted instability 

of the earth's heat balance, which is expected to occur if no re

strictions will be established resulting in considerable minor 

CO.-releases over the next decades. For the case negotiations 

will not result in a short tern cut of the release rates experts 

predict until 2050 an increase of the average earth surface tem

perature between 1,5 and *,5*C with two major consequences: 

- the deserts will become larger; its boundaries are expected to 

penetrate several hundred miles to the north with, for instance, 

significant losses in the agricultural yields in the United 

States of America. 

- melting of ice within the arctic zone and as a result of this 

an ocean level increase in the maximum of 8-10 meter. 

It is not necessary to discuss more in detail mechanisms of the 

CO,-problem, the feared consequences and the proposed measures. 

However, it is important to emphasize the relationship between 

CO.-production and primary energy consumption. Fig. 2 shows the 

present CO.-eraissions provided by the various primary energy re

sources both world-wide and for the Federal Republic of Germany. 

Today the emissions for the commercial sources coal, oil and gas 

amount to slightly more than 20 billion tonnes of CO- per year. 

The contribution made by biomass-based non-commercial energy 

sources (in this case primarily firing of wood and refuse) 

amounting to appr. 5 billion tonnes of CO, must be added to this 

value. Based upon forecasts of the development of the energy de

mand in the Federal Republic and world-wide, an increase in C0a-

emissions to 33*7 billion t/a is to be expected by the year 2000. 

This statement conflicts strongly with demands for a reduction of 

CO,-emissions. Fig. 2 also shows the cut of CO,-emissions as re

commended by a working group representing the opinion of the ex

perts which net during the world climate conference, Toronto 1988 

/ 2 /. 
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With respect to measures to be taken very different views can be 

observed. This is due to the fact that for example the effective

ness of the ocean and plants to absorb CO, is not known up to 

date in that detail which would be needed to numerically simulate 

on a realistic basis the consequences of continuous CO,-release. 

Fig. 2: 
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3. Power Generation with Poseil-Plred Power Plant» 

1.1 
•ca 

The rise in fuel costs in the last 10 to 20 years has led to a 

change in the structure of fossil-fired power plants. The tenden

cy in Germany can be described by the following keywords: 

- Increasing use of cogeneratlon which permits better utilization 

of the energy resources used by generating electricity in a 

first cycle and process and/or district heat in a second low-

temperature cycle. All thermal power plants built can be equip-
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ped with outlets for district heit extraction regardless of the 

type and size of the power plant. In the Federal Republic of 

Germany the heat extracted today is equivalent to the demand of 

about 1 Mio households consisting of in the average * persons. 

About 50000 units of the above size are expected to be addi

tionally installed per annua during the next decade. 

* Greater efforts to develop processes which will enable better 

utilization of fuel. Apart from measures to enhance the effi

ciency of pulverized coal fueled steam boilers new technologies 

are in operation or under development / 3 /. 

o The Eost progressive power plant options link the much improved 

characteristics of gas turbines (high efficiency up to 35 % 

and low specific investment costs) with steam generation in a 

downstream heat recovery system. On the basis of natural gas 

or fuel oil compared with the conventional coal fired boiler, 

very effective power generating systems can be established. 

Finally, if for some reason the fuel should be converted to 

coal the power plant can be topped by a gas generation plant 

as shown in Fig. 3- Because of the fact this system doesn't 

contain a boiler in which conventionally the fuel is combust

ed and the heat stored in the hot gases is used to generate 

high pressure steam, a power plant of the type described above 

and shown in Fig. 3 is called an unfired combined cycle. 

o Gas turbines in a topping mode also can be linked to a boiler 

system. In this case, per definition a fully fired combined 

cycle exists. This type can be fueled by coal, fuel oil and/ 

or natural gas depending upon the single components installed. 

o For small power plants in the order up to appr. 150 - 200 MWe 

the fluldized bed combustion is of growing interest for elec

tric utilities. An increasing number of power plants have been 

ordered during the last couple of years. There are three dif

ferent technologies available, the stationary, the circulat

ing (both operating close to ambient pressure) and the 
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pressurized fluidized bed. Whereas the atmospheric types 

(stationary and circulating) are available commercially, the 

pressurized fluidized bed combustion is in the demonstration 

phase. 

Fig. 3: 
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o Another future power plant option called "Pressurized pulver

ized coal" is in a very early stage of development. In this 

concept pulverized coal will be burned unde- pressure (<v 25 bar), 

the off gases are cleaned at a very high temperature level 

(900 - 1300*C) and for power generation depressurized in a 
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gas turbine. Down stream of the gas turbine the sensible heat 

of the expanded gases is used to generate and superheat steam 

fed into a steam turbine. In Germany an industrial group con» 

sisting of utilities, boiler and power plant vendors (for 

instance Siemens/KUU is a member) as well as universities has 

been formed. Based upon some experiments a feasibility study 

will be performed within a first step. In particular, major 

problems as for instance the hot gas cleaning will be addressed 

in detail to figure out whether the requirements can be met 

which have to be kept to be able to continuously run a gas 

turbine over a certain time interval with respect to the 

limitation of corrosive and errosive constituents in the gas. 
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Thermodynamic Comparison 

Talcing a power rating of 200 MW as an example, Fig. *» contrasts 

the efficiency of a conventional pulverized coal fueled power 

station with the efficiencies of plant types assigned to the 

categories "fully fired" and "unfired combined cycle" as mentioned 

above. Efficiencies are plotted versus the gas turbine inlet 

temperature. In an evaluation it is important to consider the 

different development statuses of the cycles; as addressed before, 

variants 1, 2 and 4 have already been proven in service. In 

comparison, pressurized fluidized-bed combustion and pessurized 

coal gasification are still being or will be demonstrated on an 

industrial scale within the next couple of years, while develop

ment activities for pressurized pulverized coal combustion have 

just reached the early development stage. 

In the case of pressurized coal gasification (profile 5), effi

ciencies of up to 43 % can be attained with a gas turbine inlet 

temperature of 1250°C. An efficiency of up to 45 % can even be 

reached with ratings of approximately 600 MWe. Problems of flue 

gas cleaning to meet gas turbine requirements can be avoided with 

pressurized coal gasification since the coal-derived gas is clean

ed prior to combustion at low temperatures. Volumetric flows with 

oxygen blown gasifiers are down to a level of appr. one eightieth 

of those in atmospheric coal combustion. Furthermore, the ash pro

duced in the gasifier as molten granulate can be put to further 

use, unlike that of the pressurized fluidized-bed furnace. 

Compared with gasification higher efficiencies can be approached 

with pressurized pulverized coal combustion (profile 6). While in 

this case coal is burned at appr. 1300*C flue gas temperatures of 

about 850°C are attained in pressurized fluidized-bed combustion. 

The exhaust gas is admitted to the gas turbine at this temperature 

after cleaning, being the major reason for the relatively low 

efficiencies of appr. 41-42 % (profile 3). This concept permits 

in-bed S0S capture by adding limestone, i.e. by in-furnace control. 

In contrast, pressurized pulverized coal combustion systems will 
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certainly require additional downstream flue gas cleaning as is 

the case in conventional steam power stations. 

The efficiencies of the fully-fired combined cycle comprising a 

natural gas-fired gas turbine topping a pulverized coal-fired 

steam generator and the pressurized fluidized bed increase only 

slowly with gas turbine inlet temperatures because the fraction 

of gas turbine power is lower than in the unfired combined cycle. 

In addition to variants 5 and 6, the efficiency of natural gas 

combustion (profile 4) is shown as the reference for the unfired 

combined-cycle concept. Since there are no losses resulting from 

coal conversion, this variant is calculated as having the highest 

efficiency, the peak being slightly more than 52 %. 

Cost comparison 

The investment costs for the different power plant options addres

sed above are given in Fig. 5, showing a significant advantage of a 

natural gas fired combined cycle over all other versions. Because 

of the fact a reliable data basis up to now is not available in

vestment costs of all other concepts shown in Fig. 5 are given 

with a relatively large uncertainty band. The data are converted 

into power generation costs using current fuel prices and equal 

economic assumptions; in comparison with the pulverized coal power 

plant the additional investment costs for the versions coal gasi

fication and pressurized pulverized coal should be compensated at 

high capacity factors because of its higher efficiencies. Even 

with a full-load utilization period of 5000 h/a, the coal gasifi

cation ->or. ept promises generating costs which are lower than those 

of traditioÍB' coal fired plants. Such facts provide motivation 

to push ah d with the development of coal gasification, which is 

one major iàD-effort in the Siemens/KWU fossil branch. In contrast, 

pressurized fluidized-bed combustion would not seem to be competi

tive. However, as low power generating costs are concerned, natural 

gas-fired combined-cycle power plants hold first place at present. 
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Siemens/KWU designs and constructs turn key power plants of almost 

any mature fossil technologies. The company also is engaged in 

developing a more effective power plant which in the nineties 

should be available for installations. 

Fig. 5: 
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Effects on the carbon dioxide issue 

The effect of a potential improvement in efficiency which can be 

achieved with new power generating technologies is discussed 

with reference to two examples. These are hypothetical models 

which are not realistic but nevertheless clearly indicate the 

effects of better fuel efficiency on the reduction of carbon di

oxide emissions. 
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- In 1985 the output of power plants installed all over the world 

amounted i.o approximately 2380 GW / 4 /. As a guess, about 35 %, 

i.e. 830 GW, are coal-fired plants. If 60 % of these power plants, 

namely 500 GW were to be converted into combined-cycle power 

plants by topping them with a gas turbine thus raising their 

overall efficiencies by about 4 percentage points, the total 

capacity of these fully fired combined-cycle plants would be 

increased world-wide by about 33 % wh^le maintaining appr. the 

same C02-emission. This applies assuming that the average 

efficiency of the plants was originally 32 %. Conversely, non-

upgraded coal-fired power plants with poor fuel utilization 

could be decommissioned on account of the increased output; this 

would further reduce carbon dioxide emissions by about one third. 

33 % is about 700 million t C02/a which is appr. equivalent to 

the total C02-emissions in the Federal Republic of Germany. 

This would be a fraction of about 3 % of the total world-wide 

C0s-emissions of 25 billion t, to which coal-fired power plants 

contribute only slightly more than 2 billion t C0a/a world-wide. 

- If all coal-fired power plants in the Federal Republic of Ger

many were replaced by improved systems as for instance inte

grated coal gasification combined-cycle power plants, the rise 

in efficiency from today's average of 36 % to 45 % for the 

integrated gasification combined cycle would lead to a 25 % re

duction in C02-emissions in the Federal Republic of Germany of 

approximately 740 million t C02/a; this is equivalent to a re

duction of about 56 million t, i.e. slightly more than 7 %. 

1. Renewable Energy Resources 

According to statements made at the World Energy Conference in 

Cannes in 1986, the contribution of renewable energy resources to 

the total world-wide energy supply will increase from about 15 % 

today to 20 % in the year 2020 and to about 25 % in the year 2060. 

Although these figures are linked with considerable uncertainties, 
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it is clear that it will not be possible to depend solely on re

newable energy resources in the long term. Finite fossil fuel re

serves, the dependence on oil-exporting nations and the debate on 

conservation of our environment have led to greater efforts being 

made to utilize renewable energy resources not just in the Federal 

Republic of Germany but also in many other nations. 

Several studies have been performed to estimate the utilizable 

potential of renewable energy resources in the Federal Republic 

of Germany / 5 /; the fraction which can be attained by the year 

2000 ranges from 4 to 11 %. 

Hydropower in any of its different applications belongs to the 

well established and reliable concepts for electricity generation 

/ 6 /. Therefore, this technology is not discussed in detail. 

Also biogas, biomass and geothermal sources are not addressed 

since of minor importance for the Federal Republic of Germany. 

Renewable resources which are in the public eye include wind, 

solar (photovoltaics and solar thermal) and, although per de

finition not directly linked to the renewables, the hydrogen 

technolgy. It has been maintained that photovoltaics, not least 

in connection with hydrogen, in the long term has the potential 

to contribute considerably to meet a rising energy demand. 

Wind Energy 

Pushed by tax credits and by the excellent wind conditions, which 

as nowhere in the world favours the use of wind, wind power is 

grown with 1987 altogether 1425 MW to a significant level in 

California. Because of a cut of the tax credits and minor revenues 

from utilities it would not surprise if saturative tendencies 

will arise in the future. 
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In the Federal Republic of Germany governmental support is the 

driving force for different companies to develop, construct and 

operate wind converters of very different sizes. At the coastal 

area along the north sea the conditions with wind speeds larger 

than 6 m/s would allow a commercial application if reliability 

can be increased and costs can be dropped down to 500 - 1000 $/kW. 

Because wind power cannot be guaranteed at any time utilities have 

to run fossil, hydro and/or nuclear fueled power plants to meet 

in any case the power demand; therefore wind converters will be 

operated as fuel saver. For feeding electric power into the grid 

utilities will pay the avoided costs, which in Germany are in the 

order of about 5 cts/kWh. 

In the Federal Republic of Germany wind converters of a rated 

power in the range of up to 100 kW operate reliable since a couple 

of years. This status up to now is not reached for systems of à 

larger size. Lessons learned by the 3 MW -Growian plant - the 

converter was run only for a little more than 400 hours and has 

been removed because of structural problems which didn't allow a 

further operation - should guarantee the development of improved 

and reliable concepts of large size wind converters. Currently 

under development are a 1,2 MW (Helgoland) and two 3 MW systems 

(Aeolus 2, one in Sweden and one at Wilhelmshaven, Germany) which 

both are expected to demonstrate a long term functionability in 

the next couple of years. Within the next step for converters in 

the MWe-range costs from 4000 - 5000 $/kW has to be dropped down 

drastically to make the system economic attractive. 

To push installation of the more mature wind converters in the 

power range up to 1 MW , the German Government has decided to 

financially support wind up to an overall power of 100 MW . In 

particular, the institutions running wind converters will be 

sponsored by ** cts/kWh and a 25 % share of the investment costs. 

On the basis of actual prices and by taking into account the 

avoided costs gained from utilities, commercial attractiveness is 

expected to be achieved only in a few single cases. 
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Siemens/KWU in the past has supplied some large wind converters 

with electrical equipment, for instance Growian and the Boeing 

converter built in Hawaii. With a growing market which is 

expected for the future, Siemens/KWU efforts will be made to 

better adapt the electrical devices to the requirements of wind 

converters and above all to decrease costs. 

In conclusion, wind power needs much more development and 

demonstration to enter a position to be able to approach the pre

dicted 1 - 3 % of Germany's power supply. 

Photovoltaics (PV) 

The advantage of the direct conversion of light into electricity 

with the aid of photovoltaics is that direct insolation is not 

necessary; diffuse light can also be converted, albeit with some 

losses, in voltage-current performance. 

Less favorable aspects of PV are the inherent disadvantages such 

as high material and production costs, the low insolation density 

and the incompatibility of solar energy supply and consumer de

mand. At the present state of the art, these disadvantages which 

are also valid for wind and solarthermal devices, prohibit eco

nomic utilization of photovoltaics in power plants with large 

ratings. 

Activities are therefore being concentrated on the development of 

more reasonably priced systems, first of all for applications 

where the kWh price is not a major factor. This category includes 

lighting systems, mobile telephone systems, radio-relay stations, 

ventilation systems, television systems etc. 

The price history versus time is given in Fig. 6 showing that 

from the '87 price level of more than 5 $/W„ Arco Solar with the 
P 

thin film technology expects to have a realistic chance to come 
down to about 2 $/W . 
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Beyond 1995 1 $/W can be approached with the consequence that PV 

should be ready for commercial application to a significant amount 

also in the third world to electrify remote areas. This also means» 

that with decreasing costs for PV-modules the components of the 

electric system as f. i. inverters and batteries will have a 

growing influence on marketability. 

Fig. 6: 
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However, only if PV attains viability for power generation in 

large scale power plants, it will make a significant contribution 

to the world-wide power supply, thus justifying the relatively 

high expenditure which would be incurred up to this point. 

Following the extremely favorable impression of the cost-

effectiveness of PV power plants which has recently been given to 
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the general public, the purpose of Fig. 7 is to warn against 

euphoric optimism that photovoltaic» could soon be available 

economically for the high-power market. 

Fig. 7: 
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At the present value of money, specific investment costs of 

8.2 $ per installed Watt are calculated for a 10 MW PV power 

plant on a site in Southern Germany incorporating state-of-the-

art of crystal technology as postulated for the year 1992 and 

assuming the availability of industrial-scale production of 

crystal modules. This results in power generation costs of 

approximately 1,1 $/ktfh, i. e. 20 times higher than for fossil-

fired power plants assuming the same economic preconditions» If 

other institutions obtained much lower costs and prices in their 
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studies, this not so much is due to their assessment of the 

attainable technology. In most cases this is a result of the use 

of considerably more favorable economic assumptions, e. g. for 

taxes, interest and depreciation period. In addition, more 

optimistic assumptions were made for specific size and output-

dependent system costs. Consequently, using the boundary condi

tions which are currently valid for the power supply of the 

Federal Republic of Germany, such results cannot be compared to 

the generation costs published by the power utilities for fossil 

or nuclear electricity. 

Figure 7 also illustrates an attempt to estimate the cost structure 

for the case that developments in thin-film technology will be 

completed by the year 2000, in which films of amorphous Silica or 

Copper Indium Deselinide with thicknesses of only a few microns 

replace the crystal panels. Disregarding storage facilities, power 

generation costs of about 40 cts/kWh are obtained for investment 

costs of 2.6 $/W . If the same power plant were to be constructed 

in the world's sun belt, the generation costs would be halved and 

would come close to the cost level at which individual large-scale 

projects can become economically interesting under suitable 

boundary conditions. 

Therefore, the only way open to PV technology is to use the 

market for smaller systems and special applications as a stepping 

stone to gain access to high-power applications with increasing 

maturity and reduced costs. 

Siemens/KHU by its subsidiary company Siemens Solar designs, manu

factures and sales PV-products, covering the whole spectrum sell

ing single panels as well as very sophisticated PV-systems. Por 

example, Siemens has designed and constructed the 100 kW power 

station, erected in Kythnos, Creece, which is under operation 

since 1984, Within a joint venture with the market leader Arco 

Solar the Siemens Solar subsidiary PV Electric develops and manu

factures thin film panels. 
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Solar Thermal Energy Sources 

Solar energy also can be converted into electricity via con» 

centrating high temperature systems which only make use of the 

direct insolation of the sunlight. Today solartheraal applies» 

tions in a significant number are installed in California. The 

major reasons for this fact are the same as described for wind 

energy. On the basis of a maximum single unit of 30 MM solar 

farm installations (parabolic trough) with an overall power of 

200 MW are in operation. In the next step a power increase of 

one solar thermal unit up to 80 MW is sheduled for construction 
9 

in California. The flexibility of this plan*- type is increased by 

cofiring with natural gas to meet also the evening power demand 

pea* which significantly improves the economics. 

As the second sun concentrating system for electricity production 

solar tower plants are in operation. On the top of the tower a 

receiver is located, to which the direct insolation is con» 

centrated via - corresponding to the sun's path - continuously 

moving heliostats. The heat accumulated in the central receiver 

is used to generate and superheat steam in a water steam cycle, 

which is fed to a steam turbine. Solar tower power plants have 

not fulfilled the economic and technical requirements due to a 

non optimized layout of the non solar systems and components. 

Compared to the parabolic trough solar farm concept, as a conse

quence, the improved physical characteristics of a solar tower 

plant type up to now couldn't be demonstrated. Examples for plants 

of this type are Themis (2,5 MW. Prance), Eurelios (1 MW., Italy), 
9 9 

both shut down since several years and Solar One (10 MW , 
9 

California) which also is or will be stopped. A European group 

consisting of members from Spain, Swizzerland and the Federal 

Republic of Germany (also 2 US companies joined 1988) is planning 

a 30 MW solar tower demonstration power plant called Phoebus. As 

the technical basis all the experience gained at the Plataforma 

Solar in Almeria is used which should help to meet the technical 

and economic requirements. Phoebus has to demonstrate the competi

tiveness of solar tower type power plants with the farm concept. 
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At the time being the lay out will be established; in the short 

term very important decisions will be aade with respect to location 

and financing of Phoebus 111. 

Siemens/KUU by its subsidiary company Interatom participated in 

the Aimeria project by management, engineering and hardware. To

day the further procedure in Almeria is under discussion. Inter

atom also is involved with work related to layout and planning of 

the Phoebus 30 Ntf demo plant. 

Solar hydrogen production 

Solar energy can also be chemically stored in gases, e. g. in 

hydrogen produced by reduction of water. This concept is based on 

the idea of using photovoltaic systems to generate electricity in 

the world's sun belt for operating electrolysis systems and of, 

for instance, transporting the produced H- to the Federal 

Republic of Germany where this energy of solar origin can be used 

to meet a cart of Germany's power and/or heat demand / 8 /. 

However, this idea will take a lot of time and effort to be put 

into practice. In princple, the most important components for 

solar hydrogen production are already available and some of them 

have already been tested. However, development work will also be 

necessary to upgrade and prepare the peripherical, in most cases 

conventional items for large-scale economic application. 

Within the project Solar-Hydrogen-Bavaria which is shared by the 

utility Bayernwerk AG (60 %) and Linde, MBB, BMW, Siemens (10 % 

each) this technology will be demonstrated. As given in Pig. 8 

the project consists of PV~ (500 kW), electrolysis (300 kW), 

hydrogen storage and some applications converting Ht in power and 

heat. The plant is under construction; operation is planned to 

start 1990. Siemens/KWU besides some minor hard- and software 

contributions will deliver a 135 kW single crystalline PV array 

the AC and DC inverters and a 6 kW alkaline fuel cell. 

- 21 -
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r i g . 

SIEMENS 

Bavarian Solar Hydrogtn Projtct !ii 

Cost structure and utilization characteristics of different 

fuels for power production 

Fig. 9 shows the investment and power generating costs for 

different power plant options which have been evaluated on 

equal economic random conditions. In addition, the full load 

operating hours per annum are given, including the limitatlng 

characteristics for the considered different renewaole energy 

sources. Wind converters at very attractive coastal areas (for 

instance California) can generate up to 2500 h per annum the 

design rating. 2500 h is calculated by integrating the power 



- 22 -

generation profil (MWh) divided by the power rating of the wind 

turbine (MW). The use of PV and solarthermal sources is even «ore 

limited. Tne insolation of Spain as a basis of PV is worse than 

that of California which is chosen for the solartheraal examples. 

Because PV also converts diffuse light, full load operation hours 

up to the same level valid for wind can be approached in the sun 

belt of the earth. 

Fig. 9: 
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As a consequence, up to now costs of power produced by renewable 

sources in general is not competitive with conventional or 

nuclear power plants. Major improvements resulting in higher 

efficiencies and lower investment costs have to be established 

for renewable energies to lower the difference in power 

- 23 -



- 23 -

generation costs. This will certainly require further R4D-

efforts. Also a lot of successful testing for severa? more years 

is needed to increase the availability of the systems. One 

exception certainly is hydro power which for large scale 

installations at rivers is even cheaper than all other options. 

In the Federal Republic of Germany the available attractive 

possibilities for hydro power are already used. 8000 full 

load operation hours for hydro as considered in the comparison 

calculation seems very high and only valid for a few cases. 

5. Conclusion» 

- As a result of the backlog demand and the substantial popula

tion growth in the developing countries, world energy con

sumption will continue to increase. A rise in per capita con

sumption from 2.3 to 3 TCE linked with an increase in the world 

population from 5 to appr. 6 billion alone will result in an 

energy demand increasing from the present about 11 billion TCE 

to more than double this by the year 2030. 

- Energy resources are not only unequally distributed over the 

world but also used in extremely different ways. The current 

ptr capita consumption in USA is practically twice that in the 

Federal Republic of Germany; more than 40 % of the world 

population has to manage with one twentieth of the commercially 

generated energy consumed in the Federal Republic of Germany. 

Those energy resources such as oil and natural gas which are 

most widespread today have the shortest limits, nuclear fuels 

the longest. 

- As a consequence, oil and natural gas supplies may decline in 

the course of the next century. This will primarily affect 

developing countries which will still be dependent on easily 

used mineral oil for a long time while industrialized nations 

can change over to technologies requiring larger investments. 
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These factors show that, after the period of calm experienced 

in the energy markets in this decade, the energy question will 

most likely become a subject of great importance for the whole 

world in the not too distant future. 

- One way of intelligently substituting energy resources which 

are running short is to use electricity to a greater extent. 

It can be generated not only by nuclear energy but also by 

processes which make better energetic use of fossil fuels than 

combustion of coal in conventional pulverized coal-fired steam 

boilers. Coal gasification and subsequent conversion of coal-

derived gas into electricity in gas and steam turbines combined 

cycles is a conversion technique which reduces pollutant emis

sions far below the stringent German standards and makes a 

contribution towards alleviating the greenhouse effect by re

ducing the carbon dioxide emissions. 

- Since the Chernobyl accident, nuclear energy has been in severe 

political turbulence all over the world. In the long run, how

ever, nuclear energy will play a greater role in the power 

supply than it does today because the industrial countries have 

shown that it can be used safely and because it is cost-

effective and helps conserve resources. 

- The use of renewable energy resources will continue to increase 

all over the world. High capital investment and a supply which 

is incompatible with demand, are the main obstacles facing 

large-scale economic use of solar and wind energy in 

particular. Nevertheless, it is still hoped that these will be 

able to make a significant contribution to the world energy 

consumption in the long term. They will develop differently in 

different regions regardless of application. Renewable energy 

resources will hopefully be able to meet a substantial portion 

of the world energy supply if system reliability, efficiency 

and the cost structure is 'improved to that high level which is 

needed to be competitive to fossil or nuclear fueled power 

generation. 
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