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Abstract

The results of a simplified method for cost estimations are presented. The main result is: There

exists a potential of economical competitiveness for the exploitation of the gas of the Natuna

Gas Field in Indonesia. The potential consists in the production of Energy Alcohol from the

gas of the Natuna Gas Field, making use of nuclear energy in the form of high temperature heat

and electricity from the High Temperature reactor, HTR. The reason is that Energy Alcohol is

a readily marketable product as a substitute for gasoline and diesel, with their relatively high

market values. This is not so for methane, because of its lower market value, being used mainly

in the heat market only. In the conversion process some - or a little more - of the

carbondioxide CO2, the main constituant of the gas of the Natuna Gas Field, is used; the

competitiveness of the product decreases with the increasing consumption of CO2.

The results in more detail are: Four processes have been investigated, these are:

Process 1: ,,Steam plus carbondioxde"-reforming for reformer gas plus electrolytic hydrogen,

and synthesis of methanol; remark: 3 variants a; b; and c are considered.

Process 2: ,,Carbondioxide"-reforming for reformer gas with separation of CO2, plus

electrolytic hydrogen for synthesis of methane (so-called enrichment of CH4), and synthesis of

methanol from the reformer gas.

Process 3: Addition of electroylic hydrogen to Natuna Gas for the synthesis of methane, as an

alternative to process 2, if the objective is to produce as much as possible methane.

Process 4: Separation of methane (as product) and CO2 plus electrolytic hydrogen for synthesis

of methanol.

The estimated cost figures C for methanol (100 %, no methane), process 1, variant a; b; and c,

are C = 4.9; 7.5; and 15.1 $/GJ for high specific investments, resp. are C = 4.1; 5.5; and 9.4

$/GJ for low specific investments (50 % of high S for HTR and electrolyser). The variants a; b;

and c make use of increasing amounts of Natuna CO2, measured by the percentage of Natuna

CO2 of 15; 25 and 100 %. Process 1, variants a and b, are for high specific investments S (and

- of course - for low S) economically competitive in comparison to e.g. lower break-even

prices of e.g. 8 $/GJ, but most of the Natuna-CCb is emitted. Process 1, variant c, which makes

use of all Natuna-CC>2 is economically competitive only for low specific investments S to mean

or high break-even prices, of e.g. 10 or 12 $/GJ. The estimated cost figures C for processes 2;

3 and 4 lie in the high region being economically of less interest.
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The discussed projects for the exploitation are large, this offers the possibility of mass-

production of HTR-Moduls; representing an encouraging momentum for commercializing the

HTR.

1. The Natuna Project and Possible Alternatives

1.1. In Summary: The Natuna Gas Field in Indonesia is discussed for exploitation to enlarge

the countries export capabilities. The disadvantage of the Natuna gas in comparison to other

gas fields is its high content of carbondioxide CO2. In conventional technology with re-

injection of CO2 the estimated supply costs are high. Therefore the idea was developed to use

nuclear energy for the exploitation of the gas from the Natuna Gas Field, including the

carbondioxide.

1.2 In detail on the background of the Natuna Project and possible alternatives:

1.2.1. Indonesia is an oil and gas producing country. Its energy base is confronted with

increasing inland consumption and decreasing oil resources, lit. AHIMSA-1995; SASMOJO-

SUBKI-LASMAN -1995. The available resources in natural gas, including the Natuna Gas

Field, are therefore becoming important.

1.2.2. Indonesia's Pertamina in 1994 was producing as much as 24 to 26 million tons/year of

Liquified Natural Gas, LNG, from 6 production units Arun, Aceh, on the northern tip of

Sumatra, and 6 plants Bontang, East Kalimantan. Most of the LNG was shipped to Japan, with

the remained going to South Korea and Taiwan, lit. IPE-1995, p. 196.

1.2.3. The Natuna Gas Field in Indonesia was discovered in 1973, 225 km from Natuna Island

in the South China Sea. This gas field contains approximately 1270 billion cubic meters of

recoverable hydrocarbon reserves, making it one of the largest gas fields in the world (in terms

of gas in place and recoverable hydrocarbons), lit.: GREENHOUSE ISSUES-1996. But the

gas consists with 66.5 % of carbondioxide CO2. The energy content is equivalent to about 1.5

TWy (TWy = Terra Watt Year), or for 30 years 50 GWt, equiv. to 15 large LWRs.

1.2.4. Pertamina, the National Oil Company of Indonesia, and Esso Exploration and

Production Natuna, Inc., an affiliate of Exxon Corp., are planning the development of the

Natuna Gas Field under a Production Sharing Contract, PSC, awarded in 1980. Pertamina, the

world's largest supplier of LNG has major natural gas and LNG operations. Exxon Corp. has

worldwide experience in developing and operating large energy projects, lit. PERTAMINA-

ESSO-1993, p. 1. The estimated supply costs for new LNG plants under consideration for the

Natuna gas field are 4.27 to 5.20 S/MBTU (S/MBTU = US $ pro Million British Thermal

Units), lit.: IPE-1995, p. 197, table 4, equivalent to 4.05 to 4.93 $/GJ, (at 12 % discount rate),

and is comparatively expensive. Parts of the additional cost are produced by the proposal of

the re-injection of carbondioxide CO2 into the ground.
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1.2.5. On that background the idea is developed to use nuclear energy, and possibly other

cheap energies, to make use of the Natuna- CO2, to contribute to solutions of the countries

energy problems, lit. RUSLI-1995-1; SANTOSO-BARNERT-1995.

2. Process Variants, Process Layout and Design

2.1. In summary: The conditions of the feasible products, the unit operations of reforming,

and the objective of economical competitiveness make that 6 process variants can be identified.

These are four processes, labeled as 1; 2; 3; and 4; with process 1 in three variants, labeled as

la; lb; and lc. The processes lc; 2; 3; and 4 make use of all Natuna-CC>2, whereas process la

respectively lb uses only 15 respectively 25 % of the Natuna-CC>2. The processes in short are:

1: H2O plus CO2-REF and ELY H2 for methanol

2: CO2-REF and ELY H2 for methane (enrichtment) and methanol

3: NA and ELY H2 for methane

4: SEP for methane and ELY H2 for methanol.

2.2. In detail: On the objectives, the overview, and the approach:

2.2.1. The objectives of a process layout and design are :

1) the product of the process should be economically competitive,

2) the process should be environmentally benign to the largest extend, and

3) modern feasible technology should be used.

The objective 2 means that as much as possible of Natuna-C02 should be used in the process

and being converted into a marketable product.

2.2.2. The conditions of the feasible products, the unit operations for reforming and the

objective of economical competitiveness make that 6 process variants, consisting of 4

processes, labeled as 1; 2; 3; and 4; with process 1 in three variants labeled la; lb; and lc can

be identified. The feasible products are methane, the main constituent of Liquified Natural Gas,

LNG, and methanol - a liquid - as the main constituent of Energy Alcohol, as a substitute for

diesel and gasoline.The unit operations for reforming are the ,,steam plus carbondioxide"-

reforming, H2O plus CO2-REF, as it has been tested in the Research Centre Jiilich GmbH,

KFA, in 1988, lit. BARNERT-SINGH-1996, and the ,,carbondioxide"-reforming, CO2-REF, -

in contrary to ,,steam"-reforming, (often used in industry) -, as being tested since a few years at

the Weizmann Institute of Science, Israel, lit. EPSTEIN-1995. The objective of economical

competitiveness, being hard to be met, makes that the variants a and b for process 1 are taken

into consideration. In these process variants only 15 and 25 % of the Natuna-CO2 is converted

into the marketable product methanol. The amount of used Natuna-CO2 is measured by the

ratio CO2/CH4 in the feed R for the variants a; b; and c with R = 0.4; 0.67; and 2.67. The latter

value is that of the Natuna gas. The processes in short description are:
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Process 1: Steam plus carbondioxide-reforming, H2O plus CO2-REF, for reformer gas, heated

by HTR-helium, with addition of electrolytic hydrogen, being produced from nuclear electricity

of the HTR, and synthesis of methanol, in mixture with other alcohols. In the variants a and b

the processes begin with a separation of most of the CO2 from the Natuna gas. The separated

CO2 is emited.

Process 2: Carbondioxide-reforming, CO2-REF., heated by HTR-helium, for reformer gas,

separation of the remaining carbondioxide and addition of electrolytic hydrogen, being

produced from HTR electricity, into the separated streams for the syntheses of methane and

methanol. The amount of the product methane from the synthesis is larger than the amount of

methane in the feed to the reformer, this is called the enrichment of methane, lit.: ARBIE-

1996, lit.: EPSTEIN-1995.

Process 3: Addition of electrolytic hydrogen, produced by nuclear electricity from the HTR, to

the cleaned Natuna gas for the synthesis of methane. This process is taken into consideration as

an alternative for process 2, if the objective is to produce as much as possible methane.

Process 4. Separation of methane as the product from the Natuna gas and addition of

electrolytic hydrogen, produced from electricity from the HTR, to the remaining carbondioxide

for the production of methanol.

Remark: The processes 1 and 2 use the unit operation of reforming. The required high

temperature heat is supplied by the HTR. The processes 3 and 4 do not use the unit operation

of reforming. The unit operation electrolysis in its conventional form needs only electricity,

which can be supplied by any nuclear reactor, e.g. the Light Water Reactor; but there are more

modern forms: the steam electrolysis and the so called hot electrolysis, which need high

temperature heat, and therefore the HTR.

2.2.3. The approach for the process layout and design, as well as for the cost estimation, is

concentrating on the essentials by simplification for the constituents of the Natuna gas, for the

mol-balances, for the chemical reactions, and for the energy balances. Thereby a better

understanding is being produced. The simplifications are as follows:

A) The calculation is done for an input of 1.2 x 109 SCFD (SCFD = Standard Cubic Food per

Day), being equivalent to 17 548.87 mol/s with the important constituents of CH4, x = 25.1

%, equivalent 4 405 mol/s, and higher alcanes, C2+, x = 1 %, equivalent 175 mol/s, and with

CO2, x = 66.5 %, equivalent 11 670 mol/s. These mole fluxes are put together and

described by ,,simple" numbers with CH4: 4 500 mol/s and CO2: 12 000 mol/s, together NA

= 16 500

B) The reaction turnovers of the unit operations reforming, electrolysis, methanol-synthesis and

methanation are in all cases taken to be 100 %. In reality this can only be approached by
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respective feedbacks of separated non-reacted mol streams. For the compensation of this

simplification in the cost estimation an additional cost charge of 20 % is being introduced.

C)The energy requirements of the unit operations are calculated for the 100 % reaction

turnovers. This means that the heat recuperation, e.g. in the reforming is 100 %, which - in

reality - cannot be achieved. This simplification is partly compensated by neglecting the

rejected heat from the syntheses and - is considered partly by the additional cost charge of

20 % in the cost estimation.

2.3. In detail on one example: process 1, variant b:

2.3.1. Process 1, variant b, fig. 1 and 2, consists in principle (gas cleaning and feedbacks

neglected) of a separation, SEP, a steam plus carbondioxide-reforming, H2O plus CO2-REF,

reaction Rl, the electrolysis of water, reaction R2, and the methanol-synthesis, MES, reaction

R3. It converts 4 500 mol/s CHU and 3 000 mol/s CO2, fig. 1, table, line 2, into 7 500 mol/s

CH3OH, being equivalent to 4.79 GWt. In the partitioning of the heat vector the conventional

approach is applied, fig. 2: for the reforming 200 K are applied, the temperature span is 950 to

750 °C, and the remaining temperature span of 500 K is used for electricity and finally

hydrogen production, via the electrolysis of 4 500 mol/s H2O. The characterising figures of

process 1, variant b, are efficiency e = 64 %, yield y = 133 %, CCVemisisons at the production

site p resp. in total q are p = 1.9 resp. q = 3.4 kmol/GJ.

2.3.2. The processes la; lc; 2; 3; and 4 are not described in detail in this report (an overview

is given in paragraph 2.2.2.). Detail can be taken from lit. BARNERT-1996-12.

2.4. In extension to variants of processes 2; 3; and 4:

2.4.1. In principle there are possibilities for variants with less CO2 conversion (and thereby

more CO2 emission), similar to process 1.

2.4.2. In process 2 the reduction of CO2 conversion can be achieved by omitting the

methanation, but than the ,,CC>2 reforming" (without steam) with the new catalyst (Rl in fig.

10) is not needed. This leads to process 1. In process 3 and 4 the reduction of CO2 conversion

finally leads to product costs of the conventional Natuna project, which are considered to be

relatively high.

2.4.3. The proposed approach to cost estimations of this report is a simplified one. It does not

describe the cost situation of the conventional Natuna project. In more detailed analyses this

must be included accordingly.

3. Six Process Variants, Cost Analysis

3.1. In summary: The estimated cost figures C for the product methanol (without a second

product, no methane), process 1, variants a; b; and c are increasing with the variants due to the
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increasing application of Natuna-CO2 from C = 4.9 to 15.1 $/GJ ($/GJ = US Dollar per Giga-

Joule, lower heating value, throughout this report) for high specific investments S, resp. 4.1 to

9.4 $/GJ for low S, fig. 14, left hand side results (same as fig. 1). The estimated cost figures C

for processes applying 100 % Natuna-CO2, - these are the processes lc; 2; 3; and 4 -,

producing methanoi (1c), mixtures of methanol and methane (2 and 4) and methane (3) have in

a band of max. 12 % similar costs C = 15.1 to C = 16.9 $/GJ for high specific investments S,

resp. C = 9.2 to 10.2 $/GJ for low S, fig. 14, right hand side results (same as fig. 1).

3.2. In detail on the method of cost calculation and on assumptions, as well as on the

results, fig. 3, in particular for process 1, variant b, fig. 4:

3.2.1. The cost calculation is done in the form of tables, fig. 15 to 20 for high specific

investments S ,,High S" and for low specific investmens, ,,Low S", using the following

equations:

X = (PT)FXF/(PT) + Ia/(PT), with I = nS or PS, and Y = al, and C = 1.2X.

The symbols, used in these equations and in the tables have the following meanings and units,

respectively values:

C estimated cost of products, unit: $/GJ, lower heating value, throughout this report.
X calculated cost value in table, without correction factor for losses, unit: $/GJ.
1.2 correction factor for compensation of the assumption that the reaction turnover is over

100 %, considering the losses, unit: 1.
Y yearly money flow, turnover, unit: Mio $/y.
a annuity, a = 12 %/y, as in lit. IPE-1995, p. 195, table 4, right hand side.
I investment, unit: Mio $.
n characteristic mol-stream for costing, unit: mol/s.
P characteristic power for costing, thermal or electric, unit: MWt, or MWe.
S specific investment value with adequate unit: 1 000 $/(mol/s), or $/kWt, or $/kWe.
T yearly hours of operation, availability, T = 8 000 h/y.
(PT)F yearly amount of thermal energy, fuel, unit: 106 GJ/y, for Natuna gas (lower heating

value) and for thermal energy of HTR, unit: 106 MWht/y and yearly amount of
electrical energy, fuel, unit: 106 MWhe/y.

(PT) yearly amount of thermal energy of product, unit: 106 GJ/y.
XF price of Natuna gas, assumed to be 1 $/GJ, and

price of nuclear fuel, assumed to be 1 $/GJ for thermal energy, equivalent to
7.2 $/MWh for electrical energy, with the assumption that the efficiency is 50 %.

3.2.2. The results of the calculation are ,,estimated costs" only, because of the following facts:

the method of calculation is rather simple (e.g. operational costs are not very detailed), the

assumption of 100 % reaction turnover is compensated via an over-all correction factor of 1.2
only, the method of calculation of investment with a characteristic capacitive measure and its

specific equivalent is simple, because the gas cleaning of the Natuna gas is not included, and

because the cost of the Natuna gas with XF = 1 $/GJ is a first assumption only.
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3.2.3. The cost calculation has been done for two sets of specific costs S for the High

Temperature Reactor, HTR, as well as for the electrolyser, ELY, to produce an overview on

the influence of the coupling of these cost intensive technologies. In the first set of cost

calculations, the values of S = 1 500 $/kWe for HTR for electricity production (and 500 $/kWt

for heat production), and 1 000 $/kWe for ELY, - called: high specific investment S and

labeled ,,High S" -, have been taken, fig. 3 and 4, for the example.. In a second set of

calculations low specific investments have been taken, - called: low specific investment S and

labeled ,,Low S", which are 50 % of the values of ,,High S. The other specific investments for

the processing of the gases and the syntheses are not changed and remain the same, e.g. for

SEP: S = 20 x 103 $/(mol/s), in all 12 cases.

3.2.4. The estimated cost figure C for methanol (only methanol as product, no methane),

process 1, variants a; b; and c are C = 4.9; 7.5; and 15.1 $/GJ ($/GJ = US $ per Giga-Joule,

lower heating value throughout this report) for high specific investments S, fig. 3 and fig. 4 for

the example. The variants a; b; and c apply to increasing amounts of Natuna-CC>2, measured as

the fraction of the Natuna-CC>2 with P = 15; 25; and 100 %, resp. measured by the ratio

CO2/CH4 in the feed with R = 0.4; 0.67; and 2.67 (the latter is Natuna gas).

3.2.5. The estimated cost figure C for processes producing methane and methanol (process 2

and 4) and 100 % methane (process 3 no methanol) for the processes 2; 3 and 4 are C = 16.5;

16.9 and 15.2 $/GJ for high specific investments S, fig. 3. In these processes - as well as in the

process variant lc -100 % of the Natuna-CC>2 is used in the conversion process. It is of

interest that these cost figures are higher than the cost figure of process 1, variant c with 15.1

$/GJ by about 1 % up to 12 %. One reason is the higher needs of hydrogen for the conversion

processes.

3.2.6. The comparison of the six process variants shows that the hydrogen production on the

base of nuclear energy via electrolysis has a big influence on the total cost, in particular for the

processes with a 100 % application of Natuna-CCb. The cost part fractions for the nuclear

electrolytic hydrogen can be calculated from the investments on the HTR (for electricity

production), the electrolysis and the fuel for the HTR for electricity production. The result for

the fraction of the nuclear electrolytic hydrogen of the total cost for the process are 46.5 %.

Only for process 1, variants a and b, the fraction is low resp. not too large. From the view

point of the mol-balances it is clear: the H2 is needed for the conversion of CO2 into the

products.

3.2.7. The estimated cost figure for methanol (the only product, no methane), process 1,

variants a; b; and c for the low specific investments S (50 % of High S) are 4.1; 5.5; and 9.4

$/GJ, fig. 3. Remark: the low specific investments S are rather low values, and may be

achieved only in future mass production of these technologies, High Temperature Reactor,

HTR, and electrolysis, ELY.
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3.2.8. The estimated cost figures C for processes producing methane and methanol (process 2

and 4) and 100 % methane (process 3, no methanol) for the processes 2; 3; and 4 for low

specific investments S are C = 10.2; 10.1; and 9.2 $/GJ, fig.3. Remark: also for the low specific

investments S the fraction of costs for hydrogen are still high, e.g. process 3 fraction of nuclear

electrolytic hydrogen X (H2)/C = 78 %.

3.2.9. The estimated cost figures C for processes producing methane and methanol (process 2

and 4) are mean values with the assumption that both products methane and methanol have the

same value in the end user market. This is - of course - not the case and therefore needs

particular consideration. An example is given for process 4 in fig.5: The mean case of C = 15.2

$/GJ are to be split, if methane is sold for 3 $/GJ, than methanol would cost about 21 $/GJ,

according to PT-C = PTiCi + PT2C2, or C = F A + F2C2 (F: Fraction in fig.5), which

represents a straight line in fig. 5.

3.2.10. The values for the specific investment S for the chemival conversion unit operation: gas

separation, SEP; reforming (of the two kinds), REF; methanol synthesis, MES; and

methanation, MET, fig. 4, upper part, have been taken from respective evaluations in the

Project prototype Plant Nuclear Process Heat" (PNP) from lit. POTENTIALSTUDY-1987.

The values of the specific investment S for the High Temperature Reactor HTR with S = 1 500

$/kWe and for the unit operation electrolysis; ELY with S = 1 000 $/kWe; are typcial expected

values of the future. They are taken as relatively high, called high specific investmens S, labeled

,,High S". For nuclear energy in general, see chapter 5.

4. Estimation on Economical Competitiveness, Six Process Variants

4.1 In summary: There exists a potential of economical competitiveness for the exploitation

of the gas from the Natuna Gas Field in Indonesia, it consists in the production of energy

alcohol, mainly methanol - a liquid -, as a substitute for gasoline and diesel, from the methane

CH4 gas and from some or a little bit more carbondioxide CO2 gas from the Natuna gas field,

making use of nuclear energy in the form of high temperature heat and electricity from the

High Temperature Reactor, HTR. The reason ist that methanol, as a substitute for diesel and

for gasoline, is a readily marketable product, competing in the market for motor fuel with a

relatively high value. This is not so for methane because this is used only as a heating fuel with

a relatively low value.

4.2. In detail on the situation of competition and on the results with respect to the cost

figures for economical competitiveness, fig. 5 and 6:

4.2.1. The situation of competition of products from the exploitation of the Natuna gas allows

the differentiation into the two rather different commodities of secondary energy carriers, and

this is ,,motor fuel", in particular diesel and gasoline, and ,,heating fuel", here mainly natural

gas. For the description of the competition two values are taken for both commodities. For
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motor fuel the reasoning is: the price of gasoline in Indonesia at the gas station is 700 Rupiah

liter, lit. RUSLI-1995, equivalent to 9.6 $/GJ, minus distribution costs of assumed 1.6 $/GJ

resulting in 8 $/GJ as a lower point of the edge of the band of break-even. The price of diesel

in the European Community in 1990 is 15.3 $/GJ, lit. EU-1993, p. 34, and in BARNERT-

1995-7 p. 19, minus distribution of assumed 3.3 $/GJ, resulting in 12 $/GJ as an upper point of

the edge of the band of break-even. The reasoning for methane as a heating fuel to be

transported in the form of LNG: It is the estimated supply costs for new LNG plants under

consideration from lit. IPE-1995, p. 197, table 4, with the costs for the project Malaysia LNG-

3 of about 3 $/GJ as a lower point of the edge of the band of break-even, and the costs of the

discussed Natuna-project of about 4.5 $/GJ as an upper point of the edge of the band of break-

even. The situation of competition of the two competitors Motor Fuel and Heating Fuel in

dependence from the fraction (Mixture) of the two products methanol and methane is

described by a linear interpolation of the respective lower and upper points, forming the band

of break-even, depicted in fig. 5 and 6 with dashed lines.

4.2.2. Process 1, variants a and b, both producing methanol, are for high specific investments

S with costs of C = 4.9 and 7.5 $/GJ, and - of course - for low S with costs of C = 4.1 and 5.5

$/GJ economically competitive in comparison to the lower edge of break-even with a price of

e.g. 8 $/GJ, fig. 5 and 6. But for these variants most of the Natuna CO2 is after separation

emitted to the atmosphere. Process 1, variant c, which makes use of all Natuna-CO2 (and

therefore has zero emission of carbondioxide CO2 at the production site) is economically

competitve only to mean or even high break-even prices of e.g. 10 to 12 $/GJ at low specific

values S, fig. 5 and 6.

4.2.3. From the processes 2; 3; and 4, producing mixtures of methane and methanol and pure

methane (process 3) only process 4 with low specific investments S may be economically

competitive with C = 9.2 $/GJ against the upper edge of the band of break-even of e.g. 9.6

$/GJ (linear between 12 and 4,5 for motor fuel and heating fuel), fig. 5. All other processes 2;

3; and 4 for high S, and processes 2; and 3 for low S, are not economically competitive, fig. 5.

4.2.4. The scientific objective to make use of the Natuna CO2 to an extend, which should be

as large as possible, can be fulfilled by process 1, with low specific investments S only with

costs of 9.4 $/GJ against a middle break-even price of e.g. 10 $/GJ. But the scientific objective

is in conflict with the objective to produce products, which should be economically competitve

for a lower break-even price of e.g. 8 $/GJ, fig.5. The economical limit to the ratio CO2/CH4

for process 1 with high specific investments is about 0.7 to 1.2 for the lower to higher edges of

the break-even band resp. with low S is about R = 1.3 for the lower edge of the break-even

band; for low S there is no economical limit for R from the upper edge, that is the Natuna gas

can be used in its ratio of R = 2.67 still being economically competitive fig.6. Of course - going

to the limits - reduces the profits.
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5. In extension to HTR technology and economics:

5..1. In summary: The technical and industrial feasibility of the production and application of

high temperature heat from the HTR has been demonstrated. The economical attractiveness of

nuclear energy still exists, if capital cost are lowered. The hugh size of discussed projects for

the exploitation of the Natuna Gas Field offers the possibility of mass-production of HTR-

Moduls, an encouraging momentum in nuclear energy application in comparsion to the

historical development in electricity protection. The demonstration of the coupling needs to be

done. A technical answer to the historical cost increases of nuclear energy could be:

catastrophe-free nuclear energy technology and simplification, lit.: BARNERT-1995-11.

5..2. The main driving force for economical attractiveness of nuclear energy is the fact that

nuclear fuel is by a factor of 3 to 4 cheaper than fossil alternatives. The price of nuclear fuel in

FRG is about 3.7 US $ (90)/MWt, equivalent to 1.03 US $(90)/GJt, calculated with an

efficiency of 31 % for LWR-fuel. The over all trend fo the development of the nuclear fuel

prices in FRG is a reduction of 25 %, this is an encouraging positive fact for nuclear energy

from the historical development.

5.3. For the reason of the historical increase of the capital cost the utilities in the US and in

Europe have formulated goals (limits) for the capital costs of future nuclear plants. The

European Utility Requirements, formulated the goal for the capital cost C = 1 100 ECU/kWe

(ECU = European Currency Unit), equivalent to 1 447 US $ (95)kWe (1,8681 DM/1 ECU x 1

US$/1,42DM, Oct. 1995).

5..4. A new proposal for the concept of an advanced HTR for process heat application and

electricity production summarizes modern features of catastrophe-free design characteristics

(self-acting stabilization of power and fuel temperature by negative feedbacks, self-acting

removal of after-heat by modularization of the core, self-acting protection against corrosion by

coating of graphite surfaces, and self-acting stabilization of pressure boundary by prestressed

concrete reactor pressure vessel) with increased in- and outlet temperatures, fig. 7, lit.

DRECKER-SINGH-BARNERT-1992.

5.. 5. The huge size of the Natuna Gas Field and the size of the discussed production lines (in

this report the calculation has been done for an input of 1.2 x 109 SCFD, see paragraph

3.2.2.A) make that much nuclear energy is needed. An example indicates that: For process 1,

variant 6, the needed HTR thermal power is 3 900 MWt, see fig. 7, which represents about 20

HTR-modules, a 200 MWt. This offers the possibility of series production (for more

production lines; mass-production) of HTR-Modules, lit. BARNERT-1996, representing an

encouraging momentum in nuclear energy application in comparison to the historical

development in electricity generation.
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