
REMARKS TO AND NEW PROPOSALS FOR THE APPLICATION OF
VERY CO2-RICH NATURAL GAS FROM THE NATUNA GAS FIEUD
IN INDONESIA

Illllllllll
H. BARNERT XA9743485
Kemforschungsanlage Julich,
Germany

Abstract

As a contribution to the discussion initiated in the HTR team of Indonesia on the application of

gas from the NATUNA Gas Field remarks are made and new proposals. The new proposals

are derived from variations in products and from additional feed-energy coal, with the result

that in principle only heat energy is needed for the conversion processes. A new proposed

product is Formic Acid CH2O2.

1. Overview on the Remarks and New Proposals

1.1 In summary: For economic reasons it is important that the conversion processes for gas

from the NATUNA Gas Field consume only heat energy. This requirement is fulfilled by the

new proposals: The new product Formic Acid CH2O2, and by the application of coal as

additional feed-energy for the production of various products of gaseous and/or liquid physical

state.

1.2. In detail on the various conversion processes and the differentiation of feed energy:

1.2.1. Gas from the NATUNA Gas Field in Indonesia has a very high content of

carbondioxide CO2; it is 71 %. The rest is methane CH4, as well as some higher alcanes, and

some nitrogene. For simplicity and convenience it is assumed in the following that such gas can

be described by NA — 3 CH4; 9 CO2 with the concentration of carbondioxide CO2 of 75 %,

table 1.

1.2.2. For economical reasons it is necessary to differentiate conversion processes into those

which need in principle electricity - for example via electrolysis of water -, and those which

need in principle heat only. The reason is: electrolytic hydrogene is a by a factor of 3 to 5 more

expensive than other fossil fuels. Therefore in table 1 the type of feed-energy is indicated on

the left-hand side of each chemical reaction.

1.2.3. The proposals 1, 2, 3, table 1, line 1 to 3, have been discussed before, lit.: RUSLI-

1995, and the proposals 4 and 5, table 1, line 4 and 5, are variations of 1, 2, 3. The proposal 2

includes the "reforming of CH4 with CO2", equivalent to CH4 + CO2 = 2 H2 + 2 CO, as

described in lit. FEDDERS-RIENSCHE-1985, p. 26, 27 for the calculation and p. 39 to 45 for

a semi-technical experiment. The proposals 3 and 5 consume much electricity because they
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TABLE 1

Application of very CO2-rich natural gas
natural gas from the NATUNA Gas Field in Indonesia

N chemical reactions

products

1 NA +s - 3 CHL,; (9CO2) I

2 NA+ h - 6 H2+6CO+6CO2

3 NA+ h +el +18H2O = 9 CH3OH+3CH4+13.5O2

4 NA+ h + 2 H2O = 4 CH3OH ; (8CO2) |

5 NA+ h+el +16H2O = 12CH3OH+12O2

6 NA+ h + 6 H2O - 12CH2O2

7 NA+ h +9CH = 3 CH4+18CO+4.5H2

8 NA+ h +6CH = 4,5CH3OH+13.5CO

9 NA+ h +6CH+13,5H2O = 4,5CH3OH+13.5CH2O2

n

phs

1 g

1 g

3 I,g

1 I

2 I,g

1 I

1 g

2 l,g

2 1,1

Explanation:

NA= (3CBL,; 9CO2) gas from NATUNA Gas Field, simplified form
CH= coal, simplified form
s = separation energy ^
h = heat energy \ from exogenous sources, e.g. HTR
el - electricity J

n = number of products
phs= physical state of products: g = gasious, 1 = liquid

Remarks:

1) Lit.: RUSLI - 1995 , p.2 for the principle

2) includes reforming of CBU with CO2

CBU+3CO:+3H2O = 2H2+2CO+2CO2+3H2O
Lit.: FEDDERS - RDENSCHE - 1985, p. 26, 27, 39-45

3) includes gasfication of caal with CO2

CH+CO2 = 2CO+0.5H2

remark

1

1,2

1

3

3

3

338



include the reverse combustion reaction of methanol via electrolysis of water, table 2, lines 4

and 4.1.to 4.3.

TABLE 2

Thermodynamics of ,,Splitting" for Energy carriers

N chemical reaction

1.1 H2O, = H2+0.5O2

1.2 H2Og = H2+O.5O2

2.1 CO2 = CO+O.5O2
2.2 CO2 = C + O2

3.1 CO2+2H2Og = 2H2+CO+1.5O2

3.2 CO2+2H2O, = 2H2+CO+1.5O2

3.3 CO2+2H2O, - CH3OH!+1.5O2

4 CO2+2H2Oi - CH3OHi+1.5O2; xl/3
4.1 H2O, - H2+O.5O2
4.2 CO2+H2 - CO+H2O ;xl/3
4.3 2H2+CO - CH3OH ;xl/3

5 CO2+2H2O, = 1/6C6H1 206+H2002

5.1 2H2O, +A = A* + O 2

5.2 CO2 +A* - A + 1/6C6H2O6+H2O

A* - 2NADP+ + 3(ADP+P)
A = 2(NADPH+H+)+3ATP

6 H2O, - H2+0.5O2

6.1 H2O, +A = B +H2

6.2 B = A +0.5O2

AH

mol

AG
M
mol

AS
J[
Kmol

25°C

285
242

282
393

766
852
724

241

507

237
229

257
394

715
731
702

234

486

164
45

87
-3

176
413
80

27

174

K

1743
5438

3260
00

4365
2060
3938

3938

2913

AH, AG, AS Reaction ValuesrEnthalpy, Free-Enthalpy, Entropy at 25°C

TAG=o = AH/AS Minimum T of Heat Source

NADP+ = Nicotin amid-Adenin-DinucIeotid-Phosphat

ADP = Adenosin-Di-Phosphat

ATP = Adenosin-Tri-Phosphat
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1.2.4. The new proposals 6 to 9, table 1, line 6 to 9, are in general characterized by the fact,

that they in priciple do need only heat energy for the conversion process. This is achieved by

the variation in the products for the proposals 6 and 9 and by the edition of coal as feed-

energ>(in the proposals 7 to 9. Proposal 9 is a combination of proposals 6 and 8.

1.2.5. It is impossible to convert all C-atoms of the gas from the NATUNA Gas Field into

methanol, even if coal is used as additional feed-energy, if only heat energy - and no electricity

- should be used in the conversion process. The maximum production of methanol in a heat

conversion process is achieved in proposals 8 and 9, table 1, line 8 and 9, with additional feed-

energy coal.

1.2.6. The new proposed product Formic Acid CH2O2 is the only product, in which all C-

atoms of the gas from the NATUNA Gas Field are converted into a liquid product with the

condition that only heat energy is used in the conversion product. Formic Acid CH2O2 is an

industrial product for chemical industry, it may be of interest in future as a fuel for fuel cells.

1.3. In extension on a hypothesis

1.3.1. The simple stochiometry of the reaction of proposal 6, table 1, line 6, 3 CH4 + 9 CO2

+ 6 H2O - 12 CH2O2 leads to the hypothesis, that the gas of the NATUNA Gas Field might

have been formed by a decomposition of Formic Acid or other Organic Acids, which are - of

course - natural products in the biosphere.

2. On the Thermodynamics of "Splitting"of H2O and COj

2.1 In summary: In the R & D work on thermo-chemical cycles for the splitting of base

materials to produce secondary energy carriers from heat energy of high temperature the

"splitting of carbondioxide CO2" should also be considered in parallel to the "splitting of water

H2O11, because it might be easier.

2.2. In detail on the various splitting reactions and thermochemical cycles:

2.2.1. Recently it has been proposed by Dr. A. Rusli, Nuclear Technology Assessment Centre,

HTR teanyo use the "reverse combustion of methanol", CO2 + 2 H2O1 = CH3OH1 + 1.5 O2,

here table 2, line 3.3;as a "direct" process for the application of carbondioxide CO2 from the

gas of the NATUNA Gas Field, lit. RUSLI-1995, p. 6, eq. (10). This proposal includes the

following question: Would such reaction (as the total reaction) be an "easier" thermo-chemical

cycle than the thermo-chemical cycle for the "splitting of water", H2O = H2 + 0.5 O2?

2.2.2. The answer on this question is very interesting (and encouraging): yes, it is an "easier"

thermochemical cycle, because the "chemical equilibrium temperature" T (AG — 0) for the

formation of synthesis gas, 2 H2 + CO, for the production of methanol CH3OH, table 2, line
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3.1, is by about 1 000 K lower than that one for the splitting of water, table 2, line 1.2 (the

difference of the two chemical equilibrium temperatures is 5 438 K - 4 365 K = 1 073 K). The

comparative "easier" is ment here in the sense that production of heat-energy from a heat

source is less difficult, if the temperature level for the produced heat is lower.

2.2.3. The proof for that conclusion is that the total reaction for the production for synthesis

gas for methanol, line 3.1 in table 2, is a linear combination of the two splitting reactions for

water H2O and carbondioxide CO2, lines 1.2 and 2.1 in table 2, and that the chemical

equilibrium temperature T(AG = 0) for the splitting reaction of carbondioxide CO2 is by aj>out

2 000 K lower than that for water in the gaseous physical state (difference between the two

chemical equilibrium temperatures is 5 438 K - 3 260 K = 2 178 K). In short-hand:

carbondioxide CO2 can easier be split into carbonmonoxide CO plus oxygen 0.5 O2 than

water in the gaseous physical state H2O into hydrogen H2 plus oxygen 0.5 O2, because the

splitting temperature is much lower.

Remark: For this kind of comparisons the reacting components must be taken in the relevant

physical state, that is at higher temperatures - of course - the "gaseous" physical state. The

values for the liquid physical state of water respectively of methanol, lines 1.1, 3.2 and 3.3. in

table 2, have only been added for completeness, but are not relevant for comparisons of the

chemical-equilibrium-temperatures of high temperature reactions.

2.2.4. The conclusion is: In the R & D work on thermo-chemical cycles for the splitting of

base materials to produce secondary energy carriers from heat energy of high temperature the

"splitting of carbondioxide CO2" should also be considered in parallel to the "splitting of water

H2O11, because its chemical equilibrium temperature is lower and therefore it might be easier.

2.2.5. For a direct comparison of the reaction values of the "reverse combustion reaction of

methanol" with the splitting reactions of water and carbonmonoxide the reverse combustion

reaction of methanol has been formulated for the "same number of mole of oxygen (1.5 O2 x

1/3 ™ 0.5 O2) in line 4, table 2, with e.g. a reaction enthalpy AH = 241 kJ/mol. The practical

formation of the overall reverse combustion reaction of methanol could consist of three basic

processes: The electrolysis of water, line 4.1, the reverse-shift-reaction, line 4.2 and the

methanol synthesis reaction, line 4.3 in table 2. In that case the energetic requirements for the

overall reaction of the reverse combustion reaction of methanol, line 4 in table 2, are about the

same as for the splitting of liquid water, line 1.1, table 2: much electricity is needed.

2.2.6. In contrary to the above conclusion on the splitting of carbondioxide it can be learnt

from nature in the fotosynthesis of biomass (expressed in terms of RUSLI-1995: the reverse

combustion reaction of glucose), line 5, table 2, that water is split into hydrogen and oxygen,

and carbondioxide is used for the formation of glucose with the result that the oxygen comes

from the water and not from the carbondioxide. The difference to the above given

341



argumentation and conclusion is of course that the fotosynthesis of biomass is operated by the

light-energy of the sun at about room temperature and not by heat-energy.

2.2.7. A thermochemical cycle for the splitting of carbonioxide CO2 into carbonmonoxide CO

plus oxygen 0.5 O2 can in prinicple be formulated as given in line 6, and lines 6.1 and 6.2 of

table 2 with A and B being reaction partners to be identified by research and development.

2.2.8. The goal of R and D on thermochemical cycles is - at first - to be economically

competitive to the thermodynamical cycle (conversion of heat into electricity), that is to

electricity and electricity-derived products, and - at second - to be economically competitive to

other fossil fuels (which is vey difficult).
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