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INFCE-WG 5: Fast Breeder 

A. The role of FBR in the future energy economy 

A structural analysis of primary energy consumption in the 

Federal Republic of Germany shows that it is based primarily 

on mineral oil (1975: 52,1 %) and natural gas (1975: 14,0 %) 

which have to be imported almost exclusively. The objective of 

medium and long term energy policy is therefore to reduce this 

dependence on import by i.a. tapping other primary energy sources 

with major potentials, such as coal and nuclear power. 

Bardcoal and lignite are the only domestic energy sources which 

are in abundance in the Federal Republic of Germany. Mining 

capacity, however, is limited and cannot be increased suffi

ciently, even in the long run, to meet the energy demand if 

consumption of oil and gas were reduced. Nuclear power is an 

important new energy source which on a medium and long term 

basis is capable of filling the gap occurring between the de

mand for energy and the supply that can be provided by coal, gas 

and a decreasing share of oil. 

At present, the light water reactor (LWR) technology is pre

vailing in the Federal Republic of Germany. The installed ca

pacities are expected by the economic institutes advising the 

Federal Government to be increased from presently 10 GWe to 

24 GWe, 40 GWe and about 70 GWe for the years 1985, 1990 and 

2000, respectively. During this period the entire LWR fuel cycle 

is intended to be consolidated by construction and operation of 

facilities for enrichment, fuel fabrication, reprocessing, Pu 

recycling and waste disposal. 

The full potential of nuclear power, however, will only become 

available by the use of the fast breeder reactor (FBR). This 

advanced reactor system allows an increase of the exploitation 

of the energy content of uranium by a factor of 60 compared to 

the present LWR's. Estimates have shown for instance that the 
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accumulated stocks of depeleted uranium available in the 

Federal Republic of Germany in the year 2000 would suffice 

to generate electricity at a level of about 500 TWh for more 

than 1000 years, provided the FBR is used. 

To develop the option of having the FBR commercially available 

around the turn of this century, a comprehensive R+D programme 

was launched almost 20 years ago.It comprises i.a. the operation 

of the 20 MWe test facility KNK II and the construction of the 

300 MWe demonstration reactor SNR 300. The latter project is 

realized in close cooperation with Belgium and the Netherlands. 

It is expected to have the plant in operation around 1982/83. 

Future development and industrial activities on the FBR system 

will be conducted jointly with our neighbours in Central Europe, 

i.e. France with its partner Italy on the one side and the 

SNR 300 partners on the other side. This cooperation comprises 

not only the governments, but also industry and research in

stitutions. This intensive cooperation leads to the situation, 

that, in future, there will be no national breeder project in 

continental Western Europe. Further plants will be erected with 

joint financing and increasingly, on the basis of the jointly 

developed technology. 

The commercial introduction of the fast breeder system which 

is not expected to take place before 2000 will not only depend 

on the further development of the electricity demand, but also 

on the market availability of uranium and on the extent to which 

supply security will become an important factor for national 

economies. A design on the commercial utilization of the breeder 

reactor has not jet been taken. The Deutsche Bundestag has re

served its right to decide on this question on the basis of ex

perience gained with the SNR 300. 

Another important argument in the discussion of FBR utilization 

is that by means of this system the flow of plutonium can be 

effectively controlled and thus constantly adapted to the re

spective levels of electricity demand. Thus a long-term pile-

up of unused Pu can be efficiently avoided. The breeder can 

also be used to limit the amount of heavy metal throughput with

in a given fuel cycle, thus reducing the demand for reprocessing 

capacity. 
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A.1. Existing and anticipated types of fast breeder reactors 

Past reactor safety 

1.1. The Liquid Metal Cooled Past Breeder Reactor with Oxide Fuel 

1.1.1. Physical characteristics of existing demonstration fast breeder 

reactors 

The fast breeder of the introduction phase and of early commer

cialization is the sodium cooled oxid fuel type. It is characte

ristic of the development of fast breeder reactors that from the 

beginning (about 195o) different fuels were tested in the USA, 

the USSR and the U.K. and used in irradiation experiments. The . 

concept of using uranium oxide mixed oxide of U+Puwhich is 

exclusively applied all over the world today is based on compre

hensive experience gained with LWR recycling. 

The present reference concept of the Fast Breeder Reactor (FBR) 

is the "homogeneous" core design, although the "^heterogeneous"* 

design can already today be considered operational. The "homo

geneous" reactor core consists of widely differing zones, 

the fission zone with appr. 15 % to 25 % of plutonium and the 

axial and radial breeding zones with 0 to 1,5 % of pluconium. 

The breeding zones which enclose the fission zone consist of 

U02 (natural or depleted uranium). Fuel and breeding material 

in the form of pellets are contained in thin steel pins. In 

bundles they form a fuel assembly. 

The data of the German LHFBR Demonstration Project "SNR 2" are 

compiled in Table 1 (Lit.O), supplemented). This design has 

not yet been fixed definitely. It should be regarded as a 

"standard reference" core design, being a reasonable compromise 

of several diverging optimization objectives.The "standard 

reference" design is comparable to that of the French "Super-

Phenix" which is under construction in Creys-Malville on the 

Rhdne river. 
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Table 1: 

Parameters of a medium standard LMFBB with oxide fuel /""s*:»ndard reference". / 

Thermal power MVth 

Elec tr ic power MUe 

Number of core cones 

Number of fuel assemblies 

Number of p ins 

Number of control rods/shut-down elements 
Core height/core diameter 

_ *»££, in "the core 

V and *»££_ ia.the core 
t 
t 

t 
t 

t 

t 

MWd/Jcg 
HM 

1̂ and Pu£ i s in- the radial blanket 

~U and Puf i s in the axial blanket 

^*f£» *" **• radial blanket 
with equilibrium burn-up 
^"j£^ in the axial blanket 

Pu vector 239/240/241/242 

Core burn-up, average 

Breeding r a t i o Core zones 

radial blanket 

axial blanket 

t o ta l 

, Number of cyc les (core and ax ia l blanket): 

radial blanket 

Residence time (core zones) f u l l power year 

Pin diameter mm 

Number of blanket rows 

Number of cyc les core and axial blanket 

radial blanket 

Repositioning of breeding'elements 

Smeared density % 

Volume fract ions (S») fuel 

s t e e l 

sodium 

Nominal max. l inear power rating W/cn 

4,148 

^576 

2 

492 

133,332 

55/2^ 

o.23 

^•998 -»-3.'»7 t/GWe 

39.405 -^25.30 t/GWe 

52.679 «»33.*3 t/GWe 
34.825 *22.10 t/GWe 

6.433 ^ 0.29 t/GWe 

0.472 •* 0.3O t/GWe 

60/23/13/4 

69-0 

0.8245 

6.1300 

0.2565 
1.2110 

2 

1 

7 

3 

3 

6 

no 

8.5 
39.8 
20.4 

39.8 

450 

893 
6 
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A.1.1.2 Parameters of reference design, 

including parameters of breeding 

a) Importance of breeding 

The importance of breeding may be explained by the discussion 

of the net breeding effect and the fissile material Pu 

surplus breeding effect. 

The net breeding effect is characteristic of a self-sufficient 

system (breeding ratio of the system at least 1). It can only 

be achieved by a breeding ratio of the reactor of 1.05 or more-

This is due to the losses in the ex-core fuel cycle. Reactors 

the conversion ratio of which is just under 1, are called 

"high converting systems", erroneously also "near-breeders". 

Though they come close to the conversion ratio of 1 - their 

uranium utilization is significantly lower than in a net bree

ding system (e.g. at 0,96 the minimum reduction factor is 10). 

Once the net breeding effect is not attained, even slight down

ward deviations of the breeding ratio may result in extreme 

reductions of the uranium utilisation ratio. The reasons for 

this reduction is that the required fissile material make-up 

involves high natural uranium requirements and produces large 

amounts of depleted uranium which cannot be used except in 

fast breeders. 

The possibility of achieving a net breeding effect has been 

demonstrated by the French Phenix, with a gross breeding ratio 

of 1,16. 

The net breeding effect is the minimum objective to obtain a 

very high uranium utilization. If the breeding ratio exceeds 

the minimum necessary to achieve the net breeding effect, the 

surplus fissile material may be used for additional Fast Bree

ders. Thus the fissile material (Pu) surplus breeding effect 

is important for the growtHrate of the Fast Breeder installed 

capacity. 

An important factor describing the surplus breeding properties 

of a breeder reactor is the doubling time. The core design 

variations and other factors of the fuel cycle -iot yet fixed 

lead to a wide variation range of the doubling time. 
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Being correlated to breeding ratio and doubling time the 

breeding gain (net Pu surplus) may be of special interest. The 

importance of breeding gain and fissile inventory at different 

stages of maturity of nuclear energy economy will be dis

cussed in chapter A 1.1.3. 
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b) Factors affecting the breeding properties of the reference 

design 

The breeding properties are affected by a set of factors 

which in turn are influenced by different aspects. 

Starting.with the medium standard fast breeder reactor 

("Standard reference") the following presentation comprises 

a selection of extensive investigations, the objective of 

which were to determine the optimal core design parameters 

with regard to a nuclear capacity growth given in chapter A. 2. 
* 

The investigations /"Lit (2), (3)_7 started with a PBR the 

parameters of which are given in Table 1. The coolant inlet 

temperature (Tm» 390° C) and the temperature rise (jT= 150 K) 

were taken as fixed design parameters. Both the pin and the 

bundle design were determined by limiting criteria. In pin 

.design clad wall thickness and gas plenum length are selected 

in such a way that melting temperature and 'cladding fracture 

are excluded (temperatures of canning middle; below 650° and 

canning expansion smaller than 0.2 % ) . Other boundary con

ditions of the bundle design finally are constituted by spark-

eroded lattice spacers and a lattice pitch which was adapted 

to a maximum extremal pressure drop of 5 bar in the 

assembly. Geometrical data such as pin, fuel assembly and 

core structure on the one hand and design limitations such 

as extremal burn-up and extremal linear rating on the other 

hand were taken as influencing factors. The influence of 

these parameters on the following design -criteria' was exa

mined: breeding ratio, cycle inventory, system doubling time, 

fuel cycle costs, natural uranium consumption. The most im

portant results of this investigation are: 

As already known from previous studies the breeding ratio 

increases continuously with the pin diameter,but almost reaches 

its maximum value at~9 mm. A flat core and low burn-up also 

improve the breeding properties of the system noticeably. 

The cycle inventory increases continuously with the pin dia

meter. Only in the.case of low burn-ups a minimum occurs at 

appr. 5-6 mm. The burn-up is of major importance for the "-: ̂ -̂ .cling 
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ratio as well as for the optimal system doubling time. 

With an extremal burn-up of 200 MWd/kg HM the shortest system 

doubling time is 8 times longer than with 100 MWd/kg HM. 

The System doubling time minima are in the range of 8-9 mm 

pin diameter with a shift towards larger diameters becoming 

noticeable with increasing burn-up. 

The fuel cycle costs (fee) are largely influenced by the 

fabrication costs which in turn are.strongly dependent 

on the pin diameters. With increasing burn-up the minimum 

fee moves towards smaller pin diameters i.e. from 9-11 mm 

to 6-8 mm, the burn-up of 100 MWd/kg going to 200 MWd/kg. 

Fig. 1 and 2 illustrate the influence of different optimization 

objectives on the cumulative natural uranium demand and on the 

uranium demand per year. 

On the basis of the investigations described so far design 

parameters can be defined for reactor cores which constitute 

optimum values with regard to the breeding ratio or the cycle 

inventory or the doubling time or the fuel cycle costs re

spectively. The most important data of these cores are 

summarized in Table 2. 
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Table 2:Parameters of optimized core design and of the "standard referece' 

Parameters 
Optimization of: Doubling f.c.c. 
Breeding System Time 
Ratio Inventory 

"standard 
reference* 

Pin diameter (sua) 10,0 5,5 6,5 

System inventory, t . 10,2 
(linear) lGWe' 

5,3 6,3 

10,0 

7,3 

7,6 

Core height (cm) 65 95 65 135 95 
Ax.blanket height (cm)140 80 140 80 80 

No.of bl. rows 5 3 5 2 3 
max.linear rating 
(W/cm) 441 567 567 580 567 

extr.burn-up (MWd-
kg HM) 100 126 100 200 126 

Residence time (a) 4, 6 1i ,3 1, r5 6, 2 2,5 

Breeding ratio 1, 30 1. ,09 1i 26 1, ,07 1,21 

6,0 

Doubling-time (a) 54 

Fuel cycle cost 
( rel. unit) 

Uranium demand 
rel. to "LWR 0nly"-system 

1,6 

0,65 

2,2 

0,58 

29 

2,1 

0,46 

421 

1,0 

0,67 

46 

1.6 

0,49 
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TBS-na*.breeding r a t i o 
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3 
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NATURAL URANIUM DEMAND per YEAR 

FOR DIFFERENT F b R - DESIGNS FIG. 2 
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A. 1.1.3.1. Advanced Design (oxide) 

This chapter will refer to an advanced design of 
i 

- fuel (density, preparation of fuel) I 
- cladding (material, structure) 
- core design 

As heterogeneous cores and carbide fuel are discussed in sepa
rate chapters, they are not regarded here. 
There are several and partly diverging criteria of the design 
being advanced, above all the following strategic criteria: 

I 
low first-core Pu-inventory 
high breeding ratio < 

i 

low system doubling time 
low overall cost 

a.) Advanced fuel design (oxide) , 

The current and accepted chemical form of fuel is oxide, and I 
therefore the following advanced fuel design targets are 
essentially referring to oxide fuel. 

The above strategic criteria may be brought about by the follow- ! 

ing technical and physical objectives: 

high smear density 
high max. linear rating 
high fuel solubility (to avoid losses) 

high burn-up 
high admissible fluence 

A high smear density has advantages in neutron economy, allow
ing lower enrichment and higher breeding ratios. This may 
practically be realized by high-density pellets. An increased 
linear rating may be brought about using anrmlar pellets. To 
a certain degree a kernel concept may entail improvements in 
view of being well suited to automatic remote conditions. 
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An advanced fuel will be prepared in a special manner to 

ameliorate the solubility of (U, Pu)0~ nixed oxide fuel. 

For instance, by special sintering the PuO, basic material 

a highly homogeneous PuO_ level distribution nay be 

achieved, which means a high nixed crystal content not 

admitting disadvantageous unsoluble phase fractions. 

Measures to be taken for higher burn-up mainly are to increase 

the clad wall thickness, to lower the temperature level, and 

to enlarge the volume of the gas plenum. An advanced fuel 

design will be brought about by ameliorated material 

properties which for instance lead to a higher fluence. 

Material development may be the basis for the most important 

progress in fuel design. 

b.) Advanced cladding design 

An advanced cladding design may lead to the following 

concepts 

- vented fuel 

- Nb coating onthe inner surface of the cladding wall for 

the reduction of corrosion 

- steels with low swelling and creep rates 
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A.1.1.3.2. Optimization of breeding 

Optimization calculations pursue different objectives depend

ing of the phase of FBR introduction. In the introduction 

phase the aim optimization may be fast increase of installed 

breeder capacity. In a later phase high breeding gain may 

be predominant. 

a.) Predominant objective: Fast increase of installed breeder 

capacity 

To obtain a fast increase of installed FBR capacity the core 

and system fissile inventory are of major significance. Rea

sonable variation ranges of oxid fuel FBR are appr. 2,5 to 

4 t/GWe for the core inventory and appr. 4,5 to 8 t/GWe for 

the system inventory, the lower dates being desirable and 

attainable. The core inventory and system inventory are 

correlated with the incore residence time and the out-of-pile 

time; the latter plays an important part especially if it is 

significantly longer than the incore residence time. It 

depends essentially on the cooling time after removal from 

the core, which may not be reduced without limit because of 

disadvantages in view of the reprocessing process. 

The fissile material incore inventory can be reduced by in

creasing the specific fuel power. In the case of oxide fuel 

this can be achieved above all by increasing the linear rating 

or by reducing the pin diameter or by both measures. At con

stant burn-up, however, the increase of the specific fuel po

wer is equivalent to a reduced residence time which, being 

related to the out-of-pile time responsible for the system in

ventory (relatively to core inventory) sets off part of the 

effect. 



- 10 -

Furthermore, high specific fuel power requires large volume 

proportions of coolant and steel because of the limited allow

able pressure drop and therefore causes a breeding ratio 

reduction-. 

A further reduction of the cycle inventory is attained by 

increasing the incore residence time. According to the above, 

however, it is only possible to achieve this by burn-up increase 

and not by specific fuel power reduction. 

The limits and further implications of inventory reduction 

measures will be discussed in chapter A. 1.1.3.3. 

b.) Predominant objective: High breeding gain 

A future symbiotic system potentially consisting of FBR and 

thermal non-breeding reactors can have an average breeding ratio 

of more than 1, when sufficient Pu surplus is produced in the 

FBR and goes into the thermal reactors. 

A surplus production and breeding ratio can be adapted to actual 

requirements within certain limits by varying fuel pin diameters 

and the thickness of the axial and radial blankets. Although for 

the calculation of the annual Pu surplus the level of the breeding 

ratio is essential, a number of data of the fuel cycle and the 

operating mode of the plant are to be taken into account,above all: 

- percentage of loss in the reprocessing and fabrication plant 

- residence time in the core 

- fissile material residence time 

- ratio of captures to fissions in the fissile material 

- proportion of fissions in the breeding material. 
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A 1.1.3.3. Possibilities of improving paraiaeters for future fast 

reactors of advanced design. 

There are technical and physical improvements attainable 

for advanced designs. A set of the main data is given in 

Table 3, comparing advanced data with those of the "standard 

reference" design. 

Table 3: Data set of advanced design (oxide) 

"standard reference" advanced 

smear density (%) 86,5 90 

linear rating (W/cm) 450 500 

mean burn-up (MWd/kg) 

* extremal 86 150 

* max. nominal 69 120 

Additional improvements may be achieved by the heterogeneous 

core concept. 

Optimizing a core does not necessarily lead to the limits 

of the validity range of all parameters. It depends on -the 

optimization objective which parameters or parameter sets are 

brought to their limitations. With the dates attainable by 

advanced fuels (homogeneous core with oxide only) the po

tentials of optimal core designs lead to: 

- a doubling time of about 15 years and/or 

- a *u *. surplus of 250-300 kg *u-. and/or 

- a breeding ratio of 1,35 
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A.1.2. LMFBRs with advanced fuel 

Carbide fuel for Fast Breeder Reactors 

Oxide fuel development for FBR has already reached an approved 

stage, not at least by the aid of the LWR-oxide technologies. 

Therefore, and as the breeding properties of oxide are sufficient, 

the world wide trend is not to pursue the carbide development 

with great effort. Thus the carbide fuel development has been 

limited to basic research in the Federal Republic of Germany. 

Though carbide fuel will need some research and development 

to meet some disadvantagous properties (e.g. dynamic melting 

behaviour by clad carburization), this fuel concept is re

garded as an option in the longer term. 

Some advantages over oxide fuel, which may be of interest, are: 

- a higher density (heavy, metal content appr. 35 I higher 

than in oxide), allowing a smaller core inventory and a 

higher breeding ratio 

- a thermal conductivity more than 4 times higher than for 

oxide fuel, allowing a higher linear rating, i.e. a higher 

core volume power. 

It has been shown theoretically (Lit. (8)) that carbide fuel 

leads to a lower Pu inventory, a higher overall breeding -ratio 

and via. higher linear power rating to thicker pirs and thus 

fewer pins in the core. 

Taking into account these possible advantages and the rather 

long time of maturing a carbide fuel cycle, the carbide fuel 

concept may be regarded as a possible long term option. 
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A.1.4 Advanced design. Optimization of breeding. Possibilities 

of improving parameters for future fast reactors of ad

vanced design. 

One possibility to improve parameters for future fast 

reactors is changing the constellation of the reactor 

are by positioning part of the blanket elements in the 

core zone. This so-called "heterogeneous" core concept 

(Lit. (4)) may be applied both to mixed oxide fuel and 

carbide fuel. 

The heterogeneous core concept is design principle which 

offers a high flexibility with regard to its adaptation to 

manifold ideas, requests and requirements concerning the 

core design. This flexibility should permit the incorporation 

of modifications and additions during the long development 

and construction time of a breeder or, going beyond the scope 

of the individual plant, the elaboration of concepts for sub

sequent projects. 

The investigations in heterogeneous cores of sodium-cooled 

oxide breeders which in recent years were increasingly carried 

out at different places (Lit. (5,6))give reason for the ex

pectation that the priciple of heterogeneous breeding material 

and fuel positioning exhibits a high flexibility in terms 

of adaptation of the core properties. The type and extent of 

heterogeneity can be determined by different radial arrange

ments of breeding material zones and/or axial layers. 

Among the different possible types of core geometries cores 

with spot-like or ring-like fuel and breeding material zones 

of different thickness were considered in particular. The 

nuclear examinations of these cores yielded the following 

results: 

1. The power peaking factor 

- can be improved by appr. 15% by an axial breeding 

material layer at core medium level. Lit. (6). 

- is improved by appropriate radial positioning in such 
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a way that only a single enrichment zone has to be provided. 

Lit. (5) 

2. With increasing heterogeneity or breeding material content 

resp.fthe burn-up reactivity effect can be reduced to less 

than half the original value. Lit. (5). 

3. The reactivity requirements to be met by the absorber systems 

can be lowered noticeably so that the effectiveness of the ab

sorber elements can be reduced. Thus the consequences of the 

sensitivity of the flux and power distribution towards local 

disturbances which exist - in the cores of large breeders and 

the related design problems can be reduced. Lit. (6,7) 

4. With equal maximum local burn-up the maximum fluence can be 

lowered by 15 to 20% which reduces the swelling and creeping 

of the canning, the bundle, the assembly ducts and the assembly. 

Lit. (5) 

5. With growing heterogeneity the Pu inventory, but at the same 

time also the breeding ratio increase to max. 1.4. On the balance, 

the doubling time declines noticeably, since the breeding gain 

increase is higher than that of the Pu inventory. Lit. (7) 

6. The maximum positive Na void effect can be reduced drastically 
i 

with increasing heterogeneity. Lit. (7) 

7. With growing heterogeneity the Doppler effect is reduced in the 

fissile material zone, whereas it increases in the breeding 

material zones. The reduction is less distinct in the voided 

state. Lit* (7) 

Other investigations are under way on the behaviour of hetero

geneous systems at hypothetical accidents. 

Qualitative considerations concerning other complexes of problems 

such as therroohydraulics, element bending behaviour and fuel 

cycle costs are further substantiated by quantitative examinations 

to complete the picture of heterogenous cores. 
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If on the basis of the material in hand an evaluation is 

attempted at present, the following statements as compared 

to the homogeneous core can be made: 

1. The principle of a heterogeneous positioning of fissile 

and breeding material offers a higher flexibility by 

allowing the adaptation of core properties, the more 

so as adaptation via a modification of the pin diameter 

has turned out to be too costly. 

2. The nuclear properties of the heterogeneous cores 

improve the material «fcxength,the fuel cycle costs and 

the breeding potential of the oxide fuel breeding reactor. 

3. The complex situation with the Doppler effect does not 

yet permit a definitive evaluation regarding the dynamic 

behaviour at normal operation and in accident situations. 

4. The reduction of the void effect is in itself advantageous. 

Its influence in interaction with all the other core data 

on the safety properties of the core, especially at 

hypothf ical accidents, has to be determined by 

appropriate calculations. The reduction of the void 

effect by a factor 2-3 however gives reason to expect a 

clear improvement. 

5. Essential additional development tasks comprise e.g.: 

- Studies on the optimization of the assembly and the 

core design as well as of the core support structure 

- safety studies in interaction with the core design 

- if axial heterogeneity is to be introduced, pin design 

and radiation 

- nuclear experiments on critical facilities. 

If the improvements hoped for with regard to the safety 

properties of the hetrogeneous systems should materialize, 

this concept is considered so advantageous that corres

ponding development costs for its introduction into the 

core design of large breeders appear to be justified. 
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A 2 Development of Energy Demand 

A 2.1. Assessment of the needs for electrical energy 

The development of energy demand in the Federal Republic of 

Germany until 1990 was assessed by the economic institutes 

advising the Government. The basis for this assessment was 

an annual economic growth rate of 4 % for 1975-1985 and of 

3.5 % for 1985-1990. As published in the Annex to the 1977 

revision of the Energy Programme this leads to an etectricity 

demand of 535 TWh and 655 TWh in 1985 and 19-90, respectively. 

According to the opinion of the economic institutes this would 

require an installed electricity generation capacity of 110 GWe 

and 130,00 GWe, with a nuclear power share of 24 GWe and 40 GWe, 

respectively. 

At present a prognosis for the time beyond 1990 is not available. 

However, energy policy is not confined to 1990, but has to take 

into account the development which might occur by the year 2O00 

and beyond. The principal objective for this medium and long 

term perspective is to reduce the dependence on imported oil 

and natural gas. Energy sources which can contribute significantly 

to achieve this objective are in order of priority: 

- energy conservation 

- effective utilization of coal (by maintaning the 

level of domestic production) 

- nuclear energy. 

As fas as nuclear energy concerned the FBR is of particular im

portance as by the use of this system the uranium demand will be 

reduced in combination with coal significantly. This effect which 

is of major importance with respect to the security of national 

energy supply can be well demonstrated by some model calculations 

as will be shown in section A.2.4. 

A.2.2. Assessment of the needs for non-electrical forms of energy 

In the year 1975 non-electrical forms of energy amounted to 

about 222 GWt_a. For the years 1980 and 1990 the economic 

institutes have estimated shares of 260 GWtna and 280 GWfcha, 

respectively. Figures for the time after 1990 are not available. 

However, it is anticipated that in the long run a considerable 

proportion of heat will be generated by the High Temperature 

Reactor, especially for process heat application in coal gasi-

fication. 
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A.2.3. Natural uranium economy 

According to the IAEA/NEA study: "Uranium, Resources, Pro

duction and Demand", the worldwide and national uranium re

sources may be summarized in Table 3 as follows: 

$ 30/lb U,0R $ 30-50/lb U,Oj 

1. World 

reasonably assured 

estimated additional 

2. Germany, FR 

reasonably assured 

estimated additional 

Table 3: Uranium Resources 

As can be derived from the table the reasonably assured and 

estimated additional uranium resources of the price category 

under $ 50/lb U-O- are about 4.2. . 10 t. Compared to these 

resources domestic uranium deposits of the Federal Republic of 

Germany are only of minor "importance. 

1,65 . 10°t 

1,51 . 10°t 

0,54 . 10°t 

0,59 . 10° t 

1,5 . 10Jt 

0,5 . 10Jt 

. 103t 

0,5 . 10Jt 
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A.2.4. Potential of uranium in meeting the anticii ated need 

for energy 

The potential of uranium in meeting the anticipated need 

for energy was considered for the period from 1978 to 2050. 

This extension of the INFCE time frami by 25 years was re

garded necessary to demonstrate clearly the potential of the 

breeder system. Figures for the nuclear power growth beyond 

2000 were derived by averaging all the data which could be 

gathered from studies performed by several scientific in

stitutes. As a result the following nuclear power growth 

was set as a basis for further discussions: 

year 1978 1990 2000 2010 2020 2025 2030 2040 2050 

GWe 10 40 70 90 104 110 115 125 130 

The amount of uranium required according to this demand was 

calculated for three different reactor strategies: (1) LWR 

once-through fuel cycle, (2) LWR with Pu recycle and (3) FBR 

in a symbiotic system with LWR. The calculations were per

formed by means of a computer model of the Nuclear Research 

Center at Karlsruhe. The results compiled in Table 4 and 

illustrated in Fig. 3 will be discussed in the following 

sections. 

A.2.4.1. Thermal reactors alone 

The basis for the calculations of the uranium requirements 

for the thermal reactor scenarios was the German Biblis-

type LWR. In addition, it was assumed that for the closed 

fuel cycle reprocessing will begin in 1990. As a result 

of reprocessing a significant reduction in the uranium re

quirements will occur 10 years later so that the corres

ponding curve in Fig. 3 shows a striking swing-over around 

the year 2000. 
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Table 4: Uranium requirements of LWR and FBR 

year 2000 2025 2050 

1. requirement per year (t/year) 

LWR without recycle 12.0O0 17.000 19.000 

LWR with recycle 7.000 10.500 12.000 

FBR-LWR system 7.000 6.500 2.000 

2. accumulated requrement (1o31) 

LWR without recycle not important 515 1.000 

LWR with recycle M 370 650 

FBR-LWR system n 340 463 
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The comparison between the two LWR scenarios clearly in

dicates that by reprocessing a significant reduction in 

annual uranium requirements can be achieved in the long 

run amounting to one third of the once-through fuel cycle. 

This holds also for the long-term accumulated uranium de

mand. 

.2. Fast and thermal reactors in combination 

On the basis of the estimated nuclear capacity it is 

assumed as . model that beginning with the year 2000 

the breeder system will be introduced according to the 

following steps: 

year 2OO0 2010 2020 2025 2030 2040 2050 

GWe 3 21 41 52 64 86 112 

(FBR) 

GWe 67 69 63 58 51 39 18 

(LWR) 

Total 70 90 104 110 115 125 130 

"As shown, the FBR will not completely replace the LWR's. 

In particular during the starting phase of the breeders 

the LWR's have to provide all the Pu necessary for the 

fast breeder cores. 

As shown in Fig.4, in the year 2000 the uranium require

ments of this system will be equal to that of the LWR with 

Pu recycle. The importance of the FBR will become evident, 

when the long-term development is considered.-According to 

the model the uranium requirements in the year 2050 will 

have dropped to only 2000 t p.a. due to the use of the PBR. 

This is 10 % of the LWR once-through system and about 10 % 

of the .LWR with Pu recycle. 
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As far as the accumulated uranium requirements are concerned, 

the model FBR system will not exceed a total of 500,000 t. 

However, this is about 11 % of the entire world resources 

as estimated by IAEA/NEA (see A.2.3).Compared to the share 

of only a few percent which the Federal Republic of Germany 

has in the world's primary energy consumption, this amount 

of uranium required in the long run appears to be rather high 

and it seems, therefore, that in the model the FBR system 

has not been introduced early enough. 

A.2.4.3. Effect of delay in breeder introduction 

The influence of delays in FBR introduction was studied in 

a sensitivity analysis. For the model used in the preceding 

investigations it could be calculated that a delay of 10 years 

would lead to an increase in the accumulated uranium re

quirements of 8 % in 2025 and 19 % in 2050. 
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