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ABSTRACT

The industrislized nations require 75% of the energy as hest snd it is likely that developing countries in the
course of industrialization will show a comparable snergy consumption structure. The High Tempersture Reector
{HTR) ailows the utilization of nuciesr energy st high temperatures ss process hest. in the Federal Republic of
Germany (FRG) the development in the relevant technical areas is well advanced and warrents investigation as » matter
for wansfer to Brazil. In Brazil nuclesr process hest finds possitls spplications in stesimeking, shale oil extraction,
petroleumn refining, snd in the more distant future cosl gesificstion with distribution networks. Based on growth
forecasts for these industries e theorstical potential market of 38-53 GW(thl can be identified. At pressnt nuciesr
process heat is marginally more expensive then conventional fossil technologies but the anticipsted development is
sxpected to sdd an economic incentive to the eamerging necessity of providing a sound energy bese in the developing
countries.

1 - INTRODUCTION

The energy demand in industrialized countries, although effected by historic events and
geographic locations, is greatly characterized by the industrial structure snd the urbanization of their
population. Most probably the developing countries will slso follow along similar lines. Therefora the
pattern of energy use in the industrialized world may serve as a first guide.

However, local « onditions such as the need for home heating and availability of tiw materials
can change the generr «itern substantially. In emerging economies the heat demand in industry must
be sstisfied in a con ¢ 4 e fashion to enable the closing of the gap between developed and developing
nations.

The high #: <y rature reactor (HTR) is a unique energy source in so far as the energy Is
provided at a higl ¥ Ay ersture level with a potential wide field of applications. This may range from
electricity productit « with high efficiency to process hest for a varisty of purposes and large
distribution netwat! . oesed on chemically bound energy carriers. The flexibility of the nuciesr fuel
cycle enables the v “JI to be opntod on various nuclesr materials appropriste to the nacional resource
base and capebili i

Brazil is . emerging economy with grest prospects if the potentisl riches can be wutilized snd
deployed in 8 ms ner consistent with its economic powsr and timely requirements. The needs for
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“energy In form of process hest mey be provided in verious ways. Conventions! combustion of fosil fusl
is o well proved technology, aithough it s unlikely that these resources will be able to mest the long
term demand on a global scale, in perticuisr with the emergence of industry in developing countries.
Some of the energy may be substituted by electricity if chesp hydro power can be made avaiisble.
Ahernative sources may ba found in renewable energies like solar and geothermal energies, howsver,
these technologies are still in their infancy and their exploitation for large scale industries are more then
uncertain.

A new and sdditional option can be found in nuclear process heat with its many sdvantages
and wide field of applications discussed in this paper.

In the most recent past Brazil has taken its first steps to introduce nuclesr power in the form
of light water reactors on a farge scale. The employmant of nuclear process heat from HTR may be
another important stride forward to develop its industry.

In this paper we have identified several potential fields of applications which seems particularly
suitable for the conditions prevailing in Brazil. Four of the main applications of HTR in Brazil are the
steel industry, shale oil production, petroleum refinery and coal gasification. One of the potential
advantages of HTR for the Brazilian conditions is the utilization of the thorium fuel cycle. The known
Brazilian reserve of thorium smounts to 70,000 tons and the estimated resource is of the order of
1 million tons. Also for uranium the prospects of finding additional ore deposite are promising.

It has been our dominant aim to describe the technical process and point to the potential size
of the industry based on growth predictions.

The economic estimates presented in this paper mainly serve to point to essential cost areas for
the different process. We are convinced that nuclear energy is a long term economic alternative, although
this stsnds to be proved for specific projects.

Although we have focused the attention on Brazil to provide a concrete platform for the
investigation and discussion of nuclear process heat in developing countries, the outcome of the study
does, however, have a beating on other emerging economies.

2 - HTR TECHNOLOGY AND PRECESS MEAT APPLICATIONS

The high temperature resctor is a graphite moderated and helium cooled nuciese fission reactor
operating either on the low-enriched ursnium or the high-enriched uranium-thorium cycle. The hmr
offers better prospects of fuel utilization reducing the demand on the uranium resources.

The sucessful operation of prototype high temperature reactors in the USA, Britain and West
Germany has proved its technology and opened up the possibility of utilizing nuclear process hest st
high temperaturss.

The graphits fuel and cors structure with its high temperature stability ensbies ges outlet
tsmperatures in the region 760-1100°C. This capability has bsen demonstrsted in the 15 MWe AVR
pebble bed research reactor, which for more than a yesr has been operating st 950°C mixed ges outlet
temperature, Both this resctor and the Dragon resctor have for shorter periods achieved helium
tempersturss of 1000°C.

in perticulsr the psbbie bed type of HTR with OTTO-style fuel management (Haneen ot &/.,
1973} offers the promisse of very high outlet termperstures and this type hes also been chosen ss the
basis for the nuciesr process hest work in Germany.,
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in this resctor, the fresh fuel bells in the top core lsyers produce » large hest output which &
then reduced s the fuel is depleted in the lower layers. The coolant which snters from the top of the
core and flows downwerd, resuits in an equalizing effect on the fuel bell temperatures (Figure 1).

4 [ )
teLgiys 5.7 «TEST EXPERIENCE PONER
1500 ———
| robaerebs {i[lltntl FUELTERP.
1050-RY.OUTLET ; @"t
1000 }- ; __A4l
< j‘,_ . -'.>-—-+
4 =} - p—--&-:
: SR S Q.
500 N O SN
1 © gk
1 el
100 500 (n

Figure 1 — Power and temperatures at the axis of the core.

The coupling of the nuclear heat with the various chemical processes leads to different designs
for the combined plant. For some applications it may be advantageous to integrate parts of the chemical
process equipment in the primary gas circuit and house it in a prestressed pressure vessel. Non-integrated
schemes where the nuclear island is separated from the rest of the plant, is found desirable for other
uses. For a given application specific designs have been worked out and will be assumed to be scceptable
for the intended implementation in Brazil.

Gerwnn

Reoctor o magn  ere AT e I":;:t e
' o
ks | | Ed |
i Gless
) { ' :-‘-'fm‘.?.:'w.....i.l l ' &
Syrinenrs 0! URE A ' Lome Nide P-pFuzhon l ' .
g—— 4 Son
1 |' I Cay r.”'!no,glq-n l ' -
!
|CM-lv:';"au|ulm :Q i' l Emyieme Noshio | | Cordon Back Prodchon
l. [2) lo!mm! | i ' l |
Besonnotion '; | l e Oocerpesihon ' Sog nSascatn |
, Ford g7 Iy I
ey | N | ' Owec? mo—»l Best Furrece ¢
o N ety | i
' v " v i - l l v - - ! ’
0 20 00 600 200 1000 1200 %00 %00

temperatre °C

Figure 2 — Temperature requirements for several industrial processes snd availsbility for different resctor
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2.1 — Proces Heet Applicstions

The energy in the reactor coolant ges deliversd at the high temperature level of 760-1000°C can
be used for a number of applications (Figure 2). The simpiest case is to raiss stesm in 8 boiler and there
is, in industry, a lerge demand for steem, satursted and superhested, over s wide tempersture rangs. The
transportation distance is limited and the nuclear plant will have to be located st or within 10-20 km
from the site of utilization,

Nstural gss, oil and coal can be converted into hydrogen, H:/CO-mixtures, methane or light
hydrocarbons by use of high temperature nuclesr process heat. There are two main ways of using
nuclear heat for conversion of carbonaceous materials (KFA, Jul-1113-RG, 1974):

use of helium heated steam reformer, which produces hydrogen in combination with verious
processes consuming hydrogen, snd

use of helium heated cosl gasification to convert cos! to gas by steam gasification.

The steam reformer process is an endothermic catalytic process with a large heat demand ot a
temperature level of 750-850°C with pressures of up to 30 b. There are two main reactions depending
on temperature, pressure snd steam/hydrocarbon ratio in the reformer tube:

CHy + H0 =+ 3 H; + CO, AH = — 49 kcal/mole (205 J/mol);

CO + H,0 - H, + CO,, AH = +10 kcal/mo! (41.8 J/mol).

The product gas of steam reforming in then inserted into various processes of which only a few
pertinent to this study are described below.

The direct reduction of iron ore is made either in an exothermic (CO) or s endothermic (H;)
reaction: .

Fe;0; + 3 H; ~ 2 Fe + 3 H0, AH = — 185 kaal/kg Fe (816 J/kg);

Fe;0; + 3 CO » 2 Fe + 3 CO,, AH = +69 kcal/kg Fe (289 J/kg).

The reducing gas for this proces is produced in the stesm rofomw using CH,, natural gas or
refinery gas as raw material, .

Another ares is the hydrocracking of hesvy oils to light hydrocsrbons or geses such as H; and
CH,. The byproducts of the process sre used as feed for the steam reformer, Figure 3 thomauholo
futuro spectrum of secondary energy carriers,

2.2 - Stam of Development

Development work on high temperature resctors started in the Iste 1950s and resulted in the
design and operation of thres experiments! reactors followed by the construction of two medium sized
prototypes for electricity production, Today extensive knowledge and experience have been sccumulated
in the areas of fuel element core materiels end resctor physics. Alo s considersbie amount of know-how
has been geined from the design snd operation of major components in the primery and secondery
circuit. Not all of this can be directly to the design components for the process hest plent, however, the
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Figure 3 — Putential conversion of nuclear energy into secoridary energy carriers,

general nature of the problems are well understood and partly covered by relevant experience. The many
years of operation of the experimental reactors have provided a good basis to judge the opering
characteristics, the safety features and maintenance problk-ms of HTRs.

The energy market has a large demand for heat and this opens new areas for nuclesr energy by
direct coupling of nuclear heat into the various chemical processes. The chemical processes themselves
snd the equipment are well known and have been tried in the chemical industry for many yeers. In the
Federal Republic of Germany two projects have been set up to study specifically the technical problems
and to assess the economic potentials.

The project on nuclear process heat (PNP) aims at the gasification of lignite and hard coal and
thus involves partners from the coal industry as well as the nuclear industry®. The project on nuciesr
long distance energy transport (NFE) investigates the problems of producing and transporting chemically
bound nuclear energy in a H3/CO-CH, system®" Both projects are performing experimental work for
the key chemical processes and this will result in considersble experience by operating such facilities,
Work has started on the reference design for s large nuclesr process heat plant. The time schedule
foreseen for the operation of this demonstration reactor is in the Iste 1980s and lsrge scale commercisl
operation starting sround 1995 (KFA, Jilich, 1876).

3 - FIELDS OF APPLICATION OF NUCLEAR PROCESS HEAT IN BRAZIL

In this section we give 8 short overview of the potential spplications in stes! production, shele
oil extraction and petroleum refining in Brazll,

Gasification and liquefaction of cosl forms :he basis for a number of technologies nesded for
the utilizetion of nuciesr process late, The Brazilien cosl resources smount to some 11 billion tons

{*)  Partners: Sergbauforschung GmbH Emen, Aheinbraun AG Kbin, GHT Sensberg, HAS Mennheim, KFA JONRch.
~i**) n'm Rheinbraun AG KBin, KFA Jotich. ' :




sithough the quality is poor. It is not expected that gesificstion in general would achieve the seme
importance as in the FRG where synthetic naturs! ges is a potentisl substitute for light olls. However,
the utilization of indigenous cosl for specisl applications liks nuclesr stes! making could serve m »
stepping stone to acquire the necessary technical know-how for further and wide spread applications in
the more distant future,

3.1 — Swel Industry

Steel consumption in less industrialized countries will develop more then in industristized
countries. The reason for this is an expected saturation effect in the industrialized world and on the
other hand the increasing industrialization of the developing countries. In the case of Brazil, this
development is reflected in the annual growth rate of steel production which over the last years
increased 1.5 times the GNP growth rate.

For steel making, the direct reduction of iron ore is growing compared to the conventional
blsst furnace techniques, Roughly three quarters of the world’s steel production is made by reducing
iron ore at about 1400°C in a blast furnace using coke as the reductant and subsequent refining of the
moltren ore to liquid stee! in a top blown oxygen furnace. With the direct reduction route, a hot
reducing gas is brought in contact with either pefiets of iron ore in a shaft furnace or in 8 fluidized bed
of fine ore particles. The reduction takes place in the solid state at sbout 850°C and the product is
sponge iron or metallized peliets. The sponge iron may be augmented by ferrous scrap and refined in an
electric arc furnace to produce liquid steel for subsequent casting and rolling (Monthe, 1975; Barnes,
1976).

In contrast to the blast furnace. the directly reduction process uses a gas (hydrogen, natural gas
or synthetic gas) instead of coke as energy carrier and raw material. This has advantages especially for
those countries who do not have their own coal resources but enough natural gas and iron ore to
produce steel on their own. Even some countries with coal resources are often not able to provide
enough coke for steel-production because of the low coal quality. in perticuiar, for these countries, the
spplication of nuclear process heat could be important because in this way low quality coal can be used
in combination with a gasification plant to produce the reductant.

In 1975, the world wide direct reduction capacity reached 6 x 10° ton of sponge iron/yr which
corresponds to 1% of the total iron production. The wide spread R & D activities in this field certainly
will result in a faster growth of direct reduction to some 30 x 10° t/yr in 1980.

Development of Brazilian steel production. Brazil has one of the largest iron ore reserves in the
world (82 billion tons) of the highest grade (up to 67% iron) and its steel industry is rapidly expending.
The principal deposits of iron ore in Brazil sre shown in Figure4 and the developments of steel
production are shown in Figure 5. In the past, the stesl production has risen by 10-16% per yr and the
estimates assume an annual average increase of 8% up to the yesr 2000.

. in order o process the ore into stee) with conventions! bisst furnace technology, Brazil wm.
need an incressing smount of cpking coal. However, the known cosl reserves, 11 billion ton, contain »
high ssh content {sbout 20%). This cos! nesd to be mixed with high grede imported cosl for efficient
operstion of the present blast furnaces. The cosl requirement for the stesl production would accelerate
Brezil's dependence on foreign supplies shown in Figure 6.

Another siternstive actually avsilable in Brazil is to use wood-cos! for stesl! production. This
option, however, is highly dependent on mmtofdwobmlupruormbnm,wmﬂm
wood to the plant sities, and incressing the sfficiency of the technology.

~ The utilization of the direct reduction processss, encreasingly favoursd in world stes!
“production, offers one way to dimisiish tha dependence on foreign imports. Moreover, Brazll hes sireedy
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commissioned the world's lurgest plant with 3 capacity of 380,000 Jwr.

Nuclesr process hest for stesimaking. As discussed in Section 2.1. the HTR could produce from
besic carbonacsous raw meteriais or 8 H,/CO mixture to be used as the reducing agent in the direct
reduction process. In addition it would provide all the electricity nesded for the electric arc furnece and
the subsequent process steps in the steelworks.

A rough breakdown of the energy requirements per ton (1000 kg) of liquid steel is listed below
{Barnes, 1976):

GJh
Heat, including H, direct reduction furnace 85
Electricity, {therm. eq.) are furnace, hot sponge charge 5.0
Steelworks, casting, rolling etc. 120 ‘
Total energy DR-EAsteel works 255

The nuclear steel making plant could either be designed as an ‘integrated comples’ with an HTR
serving one steel plant exclusively or 3 ‘non-integrated complex’. In the latter case the HTR may be
located away from the plant and supplying reducing gas and electricity thwough distribution lines. The
outcome of the many discussions of the virtues of the possible systems indicate a preference for the
‘non-integrated’ approach. In particular, the practical aspects of availability and flexibility made the
European Nuclear Steeimaking Club (ENSEC) decide to base their future research on this system.

In developing countries, however, good reasons could be counted in favour of the ‘integrated”
system as well, in particular, 8s in this case maximum use is made of the heat from the HTR. As this
paper is mainly concerned with as estimate of the potential size of the market in Brazil global dsta will
be used in the quantification of the nuciear steel making capacity.

The potential market for HTR as 8 heat and electricity supply for steel production has been
estimated by sssuming the following conditions:

8) from the yesor 1990 onwards all the sdditional market is supplied by stesl plants using
direct reduction snd electric furnace process;

b) the total demand from the breakdown sbove is roughly 300 kW(th)/t/d so, for instance, 8
3000 MW HTH would provide the needs for a sponge iron/stesiworks with an snnusl
production of 3.25 Mt, snd

¢) the thermal myhomﬂnrmissplnmmmtm),awmhf
electricity production (67%). The electricity production efficiency was assumed to be
40%.

The calcuistion is bessd on the demend for reducing ges in the on ors industry. The
slectricity mey either be used on site in electric furnaces snd stesiworks or supplied to0 the netionsl grid,

Eoonomic aspects. Cost caiculstions snd economic evelustions in the starting phase of new
udvmboiummhunndnuﬂnnlwmmtbmlm!mmbmu
posibbbmbmubhmimbymﬂm



The mein influsnces on costs sre the following factors:
8} the cost of kon ore;
b} the cost of coal for productior: of reducing ges, snd
¢} specific siting problems caused by climstologica! and geologicsl circumstance=.

An example for the present Brazilisn condition with iron ore cost st $ 18/t and hydrogen cost
st sbout $ 12/Geal ($ 2.9/GJ} is based on German process hast studies. Foe a plant capecity of 1 million
t/yr it shows that the direct reduction route is only marginally more expensive than conventional blast
furnace technology.

Although direct iron ore redpction with nuciear enesgy is not competitive at todey’s prices it
must be expected that » shift in cost of fossii and nuclear fuels due 1o depleticn effects of oil snd
coking coal resource will change the future picture. Even at equal costs, the nuciear option offers
sdvantages, as it enables the Brazilian steel industry to operste in an independent fashion without
relying cn imports of coking coal. Under these aspects the theoretical potential market appears sttractive
and could amount to 30 GW(th) in the year 2000.

3.2 — Extraction of Shale Oil

Brazil is considered to have the second largest world reserve of oil shale (roughly 25% of the
totl) with total oil content estimated at BOO billion barrels (Ribeiro, 1964). The principal deposits of
oil shale are shown in Figure ;.

A shale oil extraction process named PETROSIX has been developed in Brazil which utilizes 8
vertical Cameron & Jones type kiln with crushed shale in a downward flow. A prototype plant corrently
producing 1000 bbi/d has been constructed at Sao Mateus do Sul. The lecated deposit is estimated to
contain 600 million barrels of oil distributed over 64 km?. The oil content of the shale varies from
sbout 6,4% to shout 9.1% distributed over two distinct lsyers of shale formation called Irati (Permian
snd iste Paleo2oic, sbout 300 million yr oid).

The process heat is provided by heated recycle has which enters the middle zone of pyrolysis
vesse} st sbout 700°C. For the present design all energy nesds for PETROSIX sre fumished by burming
sbout 14% of the shale 0il and sll combustible gases produced by the plant.

Technique of nuciear shale ol extraction. For commercial size plants the ratio of the consumed
energy content of net oil production is projectsd to be sbout 37%. The snergy requirement breskdown
for a unit size 100,000 bbl/d plant was estimated to be:

electrical energy 370 Mwe;

process hest and stesms 1800 MW, .

The plant would nesd 100,000 ton of shale t0 be mined per dey snd would produce 1340
ton/d of sulfur as byproduct.

A propossl for o procem disgram of s combined HTR, PETROSIX end steem cycle for
slectricity production is shown in Figwe 8 (Pessine, 1976). The hest from the resctor s supplied
divectly by helium 1 the processing ges line through & hest exchanger in the upper tempersture range
*950-700°C and in the lowsr range 700-250°C 10 the stesm gensrator for electricity production.



1 - Devonian Qil Shale of Pars-Amazdnas
Outcops: Bank of Amazbnes, Xingu, Tapsjos,
Trombeta, Curud, Psramari and
UrubQ Rivers.

2 - Cretacsous Oil Shale of Maranhio

Outcrops:  Codo, Barra de Cords, Serrs de 9 X0 %ok
Desordem Scale

3 - Cretaceous Oil Shale of Ceard
Outcrops: Crato

4 - Cretacsous Oil Shale of Alsgoss
Outcrops: Riacho Doce, Caramagibe
Bica da Serra

6 - Cretacsous Oil Shale of Bahis
Outcrops: MaraG

6 - Tortiery O Shele of $8o Paulo
Outcrops: Parafba Valley

7 - Oll Shale of Amepd

8 - Permion Oil Shele of irati Formstion

Figure 7 ~ Known shele deposits in Brazii,
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The use of nuclear energy to supply the electricity and hest will save 14% of the oil end all the
byproduct ges which for the 100,000 bbl/d plant smounts to 2.65 x 10° m®/d mostly of light
hydrocerbons. in particular the seving of the gas products constitutes an interesting aspect of the nuciesr
shale oil scheame. The size of the production could warrant the construction of pipe lines to consumer
centres like Sao Psulo or Rio de Janeiro. As mentionsd in the outline of direct reduction steel
menufacturing the gas could aiso serve as input to the methane reformer.

Economic mpects and potential demand. In order to consider the sconomy of the above
described system, preliminary cost cslculations were done based on & 3000 MW, HTR end studies
described in the references (KFA Jul-1148-SE, 1974) and (Bundesanstalt, 1976). The capital
expenditures for the shale oil plant itself are considerable and a rough estimste arrives st 2 billion US
dollars for the 100,000 bbl/d plant. The results indicate 8 cost per barre! for the shale oil in the order
of $ 16 which imply potentisl competitiveness considering a future increase in the price of oil.

In sssessing the actus! spplicability snd potential demand, the following aspects heve to be
considered:

8) From the view point of tachnology, the HTR with the PETROSIX scheme ssems the
simplest of all possible process heat applications in Brazil. The requirements for
tempersture of the processing gas (maximum 700°C) and steam are well within the prsent
HTR technology.

b) The economics of HTR coupling to PETROSIX is highly dependent on the production
cost of the shale oil itself since the basic idea is to substitute part of this oil by nuclear
heat. A detailed study of the cost components is necessary before the economics can be
firmly established.

There appears, however, to be 8 large potentisl demand for shale oil, but again this is strongly
dependent on future developments in petroleum prospecting snd production. Nationsl considerstions
might guarantee a domestic market for the Brazifian shale oil and an important factor that could effect
the scale production is the growth rate of the domestic consumption of oil. Figure® shows the
extrapolsted demand of the 1974 consumption of 830,000 bbi/d at the rate of 2 and 4% per year until
the yesr 2000. An estimated demestic production of conventional oil in Brazil given by the Government
is 500,000 bbi/d in 1985 growing to 1,000,000 bbl/d in 1990, and then remaining constant up to the
ond of the century. '
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Figure ® — Oil demand forecast and predicted domestic production,



When assessing the Hkelihood of the projections it should be born in mind thet the 2% p.a.
Incresse in oil demend would correspond to 8 per capita constant consumption. For 8 2%/yesr growth
rate {low prediction) the deficit is 390,000 bbi/d in the yesr 2000. For 8 growth rate of 4%/year {high
prediction) the deficit could be as high as 1,320,000 bbi/d, If we sssume that from 1990 it the
sdditional oil demand is met by shale oil extracted via nuclear hest, by the year 2000 for the low
prediction case 250,000 bbi/d has to be supplied by shale oil plants based on HTR nuclesr hest,
equivalent to 6 GW. In the higher and more realistic demand projection 8 shale oil capacity of
600,000 bbi/d would require 156 GW.

3.3 — Nuclear Process Heat for Petroleum Refining

it is more than likely that hydrocarbon fuels will show signs of depletion towards the end of
the century and therefore natural petroleum should be reserved for more noble spplications such ss
petrochemical (feedstock) instead of using it to heat chemical processes.

The total process heat required to feed a 100,000 bbl/d petroleum refinery is equivalent to
burning 12,000 bbi/d of oil. For the various refining processes roughly 50% of the energy is required in
the temperature range around 350°C, and 50% at temperatures above 430°C. These temperatures are
well within of the present HTR technoiogy and would work with increased efficiency when hydrogen is
used in refining heavy oil components to light hydrocarbons (Eickhoff, 1876).

In the case of Brazil, although at present 80% of its consumed oil is imported, (tote!
consumptio about 900,000 bbl/d) the petroleum refining capacity is above the demand. In 1974 the
instalied refinery capacity reached 956,348 bbi/d and further large capacity expansion are pfanned. The
country’s largest refinery at Paulinia is projected to have a capacity of 252,000 bbi/d.

With these demand forecasts a considerable incentive exists to use nuclear heat as an siternative
source of process heat since sbout 12% savings in oil can be achieved. For 8 336,000 bbl/d capacity
refinery it is estimed that & commercial size HTR plant of 1800 MWt can provide the heat and
electricity required. From that, 36,000 bbl/d represents the savings by utilizing nuclear heat.

The theoretical potential demand is strongly dependent on the growth rate of oil refining
capacity in Brazil. Assuming that all the additional refining capacity added after 1990 were to be run by
HTR ss heat source, the potential market is about 2 GW by the year 2000 if the refining capacity
follows the 2% annual growth of oil demand and 8 GW for the 4% growth rate.

4 — CONCLUSIONS

The expanding economy in Brazil as well as the increasing industrializstion of the country
enhances the importance of a sound and reliable energy base, Heat for the various industrial processes in
sn important pert of this market, One of the new siternatives to meet the demand snd so reliave the
pressure on the fossil fusl resources is the High Temperature Reactor. The high coolant gas temperature
ensbles the use of the nuclesr energy directly ss sensible heat in chemical processes as well as for
electricity production. In the FRG considerable efforts are undertsken to make nuciesr process hest
svailable on a time scale compatible with the likely need for 8 future substitution of conventional
hydrocarbons,

Based on this tachnology the paper has sttempted to sseess the potential merket for NTR’s in
stee) making, shale oil extraction and oil refining in Brazil, The country’s lerge iron remrves and poor
coking cosl find in the HTR a suitable mesns to utilize indigenous resources for directly reduction of
iron ore and stesl menufacturing. The existence of the world's second iargest shale oil deposits in Brazil
end an already locally developed technology for shale oil extraction could .n combination with nuclesr
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Tuoc. heat help to develop these additional fossil resources in a more efficient and economic fashion,
- The estimated large sxpension of the oil refining capacity is agein snother potentisl market for HTR
process heat utilization.

The theorstical potentiai of nuclesr proets heat in the various sectoss of industry by the yeer
2000 is shown below: .

fron & Steel Shale Ol Petroleum Total
Industry Extraction Refinery Potencial
0 GwW 8 -16GW 2-8GW 38-53GW

A realistic estimate of actual number of units to be instalied by the year 2000 is strongly
dependent on the pace of technological development and economic incentive, Nuclear process heat is st
present marginally more expensive than burning of fossil fuels, but the aiticipated trends on the worid
energy market makes the employment of HTR heat increasing more interesting. However, the
breakevenpoint is difficult to establish and detailed evaluations of specific projects are required,

Additional arguments can be brought to bear in favour of the nuclear option aiready today and
thess are founded on national economic aspects such as independence on energy imports, introduction
of highly develcped technologies to spur a country’s own effort;, and long term future considerations.

“In particular, the examination of the next 50 years or so reveals the necessity to shift our almost
exclusive dependence on the fossil fuel base to alternative energy resources. The timely and early
introduction — even on a modest scale — of new technologies such as nuclear process heat could prove
to bs a step of far reaching importance to many developing countries.

REFERENCES

Barnes, R, S. Nuclear process heat for the steel industry, Symposium Nuclear Energy Applications other
than Electricity Production, Jilich April 20-30 (1978) p.78, Jiul-Cong-23, Doeombor 1978,
Jilich,

Die kdnftige Entwicklung der Energienachfrade und deren Deckung — Perspektiven bis zum Jahre 2000,
Abschnitt 3;: Das Angebot von Energie-Rohstoffen. Bundesanstalt fiir Geowissenscheften und -
Rohstoffe, Marz (1976) Hannover.

Eickhoff, H. G. Technologische und wirtschaftiche Moglichkeiten, dle sich durch den Einsstr des
Hochtemperaturreaktors fir die kinfidge Mineralolversorgung der BRD ergeben, Jil-1017-RG,
november (1973) Jilich.

Hansen U., Schulten R, and Teuchert E., Physical properties of the ‘once through then out’, pebble-bed
reactor. Nucl, Sc/ Engng., 47, 132-138, 1973.

Kernforschungssnlage Programmstudie ‘Sekundasrenergiesysteme’ Kurzfsssung, Jalich, Jal-1148SE,
Decamber (1974) Jalich.

Kernforschungsaniage The pebble bed high termperature resctor ss 8 source of nucleer process hast, Vols,
1-10. A common study by Jalich GmbH and General Electric Compeny. JGl-1113-RG, October
(1974) Jalich,

Kernforschungisniage Statusbericht zum Ende der Konzeptphess vom 1.8.1978 — 30.11.1978. PNP
Prototypaniage nukleare Prozesswarme. Bergbeu-Forschung GmbH, Gesellscheft fir
Hotchtemperatureektor-Technik mbM, Hochtemperstur-Resctorbsy GmbH, Jolich, Nholnlldn
Brasunkohlenwerke AG, December (1978) JOlich,



Manthey C. Einsstz von Hochtemperaturresktoren in der Eisen-Stahiindustrie, JiI-1180 (1976) Jlich.
Pessine R. Master’s Thesis, University of Seo Paulo in preperstion (1976).

Ribeiro R. ot ol, Xisto: anergie @ potenciel, Putrobres (1964).



