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Methanation - Pilot Plant 

ADAM I (NFE Proiect) 

and other Methanation Pilot Plants 

by 

B. Höhlein 



The present paper is a result of the joint project on NUCLEAR LONG­

DISTANCE ENERGY (Kernforschungsanlage Jülich GmbH, Jülich / 

Rheinische Braunkohlenwerke AG, Köln), sponsored by the Federal 

Republic of Germany. 

This joint project is designed to develop a heat transportation process 

on the basis of chemical energy of a methane-steam-reforming / 

methanation system. 
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ABSTRACT 

According to tOday' s energy forecasts. the energy market requires a 

considerable percentage of low temperature energy. and NUCLEAR 

LONG-DISTANCE ENERGY represents a promising alternative source 

for this energy. 

In connection with nuclear coal gasification. the NUCLEAR LONG­

DISTANCE ENERGY SYSTEM provides an open gas circuit system for 

both the transportation of chemical energy and the supply of raw gas for 

various purposes. In this context. it appears to be reasonable to consider 

a cyclic system with a high temperature nuclear re3.ctor as heat source 

for the methane steam reforming process at one side and the methanation 

process wi th heat utilization at the other. 

Together with the Rheinische Braunkohlenwerke AG. Köln. the Kernfor­

schungsanlage Jülich GmbH is building a pilot plant. ADAM I. in order 

to study the heterogeneously catalysed methanation reaction. to develop 

a flexible. consumer-oriented heat utilization. and to test the cyclic 

system with the helium-heated steam reforming plant EVA 1. 

This report describes the pilot plant ADAM I. points out the fundamental 

problems involved in the methanation process. and indicates possible 

solutions. The experimental results achieved with the pilot plant ADAM I 

and the results of catalyst tests will contribute considerably to the 

optimization of the methanation process within the NUCLEAR LONG­

DISTANCE ENERGY SYSTEM. 

In addition. the report indicates that many of the experiences achieved 

so far with other methanation pilot plants as part of SNG production 

processes will be helpful to the research work carried out within the 

framework of the NUCLEAR LONG-DISTANCE ENERGY PROJECT. 
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1. INTRODUCTION: ENERGY SITUATION 

Today' s energy forecasts and the situation on the energy market call for 

an alternative source of energy. This is particularly true for that part of 

the energy market in which energy is consumed at low temperature levels 

/1/. These energy requirements which amount to more than 70 % of the 

total energy consumption in the Federal Republic of Germany. are largely 

met by natural gas and oil /2/. Both sources of energy. however. are 

liable to future shortage and increasing prices. In view of this situation. 

two developments would be desirable: 

the increase in energy consumption should be slowed down. 

and 

the impending energy shortage and the price increases to be 

expected for natural gas and oil should be overcome by technical 

innovations. 

While the first argument has to undergo careful political and social analy­

ses. the second idea will be the starting point of this paper. 

2. HIGH TEMPERATURE REACTOR (HTR) 

and 

NUCLEAR LONG-DISTANCE ENERGY SYSTEM (NFE) 

The High Temperature Reactor with its heat production at high tempera-

ture levels (see: Special Issue of "Nuclear Engineering and Design /3/) and 

an appropriate gas system for the transportation of chemical energy /4/ 

would constitute an important alternative for the supply of heat energy. 

Among the possible methods of heat transportation using a chemical circuit 

in which an endothermic reaction occurs at the HTR side and an exothermic 

re action at the heat consumption side. a gas system involving a combination 

of the endothermic methane steam reforming process with the exothermic 

methanation process appears to be a preferable solution /5/. This so-called 
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NUCLEAR LONG-DISTANCE ENERGY SYSTEM (NFE System)~ described 

in many papers /1/. /2/. /6/. /7/. /8/~ /9/. meets the requirements 

with regard to stable supply conditions. profitability. and environmental 

aspects. 

This report will not include details as to when~ under which conditions. 

and at which price this new application potential for the heating market 

might be available in the near future, since such a discussion is the sub­

ject of economic research. Rather~ the following description will explain 

the NFE System from the engineering point of view. discuss some funda­

mental problems involved in the methanation process~ and indicate possible 

solutions in connection with the pilot plant ADAM 1. 

2.1 NFE System 

The NUCLEAR LONG-DISTANCE ENERGY CIRCUIT is mainly determined 

by the following re action: 

the endothermic steam reforming of methane. which requires a 

large amount of energy at a high temperature level (HTR level): 

800
0

C 
.... CO + 3 H

2 

~H298 K = + 205 KJ /mol 

and the reverse exothermic methanation reaction where heat is set 

free over a wide range of temperature: 

300 0
C 

CO + 3 H 2 
--, ..... - CH4 + H

2
0 

AH
298 

K = - 205 KJ/mol 

This reaction is well-known; it takes place. together with the water­

gas shift reaction. in heterogeneous catalytic systems. 
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our ss conditions. the BOUDOUARD re action can be neglected 

low reaction rate. While the endothermic steam reforming 

at high temperatures leads to the formation of a synthesis gas 

a favourably high CO/H
2 

content, the exothermic methanation re action 

parts 

and 

at low temperatures results in a product gas with a high 

content. 

LONG-DISTANCE ENERGY CIRCUIT thus consists of three 

1) : 

Temperature Reactor (HTR) as heat source. 

steam reforming plant, 

methanation plant. 

HTR Methane -Steam-Reforming. Methanation 
600°C 

60 

3500C 
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On the other hand. an open system using nuclear coal gasification as a 

source of carbon is required if. in addition to the purposes mentioned 

above. the synthesis gas line is utilized for methanol synthesis. hydrogen 

production. oxosynthesis. and direct reduction of iron-ore. and/or~ if the 

natural gas pipe-line is utilized for plants producing heat by combustion 

for periods of peak loads. 

The process. modified to include co al gasification. is shown schematically 

in Fig. 2. The gasification can be carried out either by 

steam gasification. using nuclear heat. 

or by 

hydrogasification. using hydrogen taken from the synthesis gas line. 

2. 2 NFE Methane Steam Reforming Process 

The process shown in simplified form in Fig. 1 indicates that the conditions 

for the steam reforming of methane are largely determined by the tem­

peratUI-e and pressure conditions prevailing in the HTR cooling-circuit. 

Thus. methane steam reforming takes place at a process pressure of 30 

to 40 bar. and. with a maximum helium temperature of 950 °C~ it is 

possible to achieve a process gas outlet temperature of 800 °c to 850 °c. 

Under these conditions. the dry product gas of the methane steam reform­

ing process contains more than 90 % of the products CO. CO
2

• and H
2

. 

For the transportation of energy. a high percentage of products - i. e. a 

low percentage of methane - is preferable; with methane steam reforming. 

however. this result can only be achieved by means of a high H
2
0/CH

4 
ratio at the reformer inlet~ and this would reduce the efficiency of the 

process. Before the synthesis gas is fed to the transportation system. it 

is pressurized to 60 - 70 bar. 
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Within the framework of the joint NFE project of the Kernforschungsanlage 

Jülich GmbH, and the Rheinische Braunkohlenwerke AG, Köln, several 

research activities are being carried out in connection with the steam re­

forming part of the energy system: 

single tube reformer pilot plant .. EVA I (total heat: 1 MW) /11/. /12/ 

test plants for catalyst experiments /12/ 

mathematic models /13/, /14/ 

and 

construction of a multitube reforming pilot plant, EVA II (30 reformer 

tubes~ total heat: 10 MW). 

2.3 NFE Methanation Process 

The design of the methanation plant at the consumption end of the system is 

determined by the form of heat consumption required and by the parameters 

of the NUCLEAR LONG-DISTANCE ENERGY SYSTEM. The task of this 

methanation unit is to recover heat at different temperature levels. for the 

production of electricity and process steam and for heating purposes. as 

well as to produce agas with a high methane content which can then be fed 

back to the HTR. 

Only an adequate cost and consumption analysis will determine which form 

of heat consumption - electricity. steam, or heating - is to be preferred 

in the individual plant; it is the form of heat required by the consumer 

which will specify the design parameters of the methanation plant and 

determine the efficiency of the process and the energy price to be paid 

by the consumer. 

Within the framework of the NFE project discussed above. two methana­

tion plants are being built which serve for studying the NUCLEAR LONG­

DISTANCE ENERGY SYSTEM in connection with methane steam reforming 
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plants. The larger of these two pilot plants is designed to recover methane 

for use in the helium-heated multitube steam reforming plant EVA II~ where­

as the smaller pilot plant will serve the special purpose of testing the 

methanation process. In the following section~ this smaller pilot plant will 

be described in detail. Its name is IIADAM 111 because it is connected with 

the helium-heated steam reforming plant IIEVA 111 which has been in opera­

tion since 1971 in the IIInstitut für ReaktorbauelementeIl (KFA JÜlich). The 

pilot plant ADAM I will go into operation in the summer of 1978. 

3. PILOT PLANT: EVA I - ADAM I (Fig. 3) 

When started~ the interconnecting system between the pilot plants EVA I 

and ADAM I will be fed with Dutch natural gas at a rate of 200 Nm 
3 
/h. In 

the heat exchanger E 3, the natural gas / steam-mixture~ with a ratio of 

1 : 3, is preheated to the process gas inlet temperature of 450 °C. In the 

reformer D 1~ the process gas is catalytically reformed so that~ after 

condensation of the surplus water in the cooler E 6, there is agas mixture 

at the reformer outlet with 10 % CH
4

, 10 % CO, 10 % CO
2

, and 65 % H
2 

(rest N ). The heat from the helium circuit is transferred to the catalyst 
2 

bed inside the reformer tube via an annulus around the tube. 65 % of this 

heat is used for the re action. 

In this pilot plant, the function of the HTR is simulated by the electric 

helium heater E 5. The production of process steam in the gas-fired 

steam generator E 1, the preheating of natural gas in the heat exchanger 

E 2, and the cooling of the product gas in the heat exchanger E 6 serve 

only the purpose of determining reasonable parameters for the experi­

ments; this plant is not meant to demonstrate the profitability of heat 

utilization. 

The reaction tube. which is filled with a conventional reforming catalyst~ is 

of industrial size and has a hea ted length of 10m and an inside diameter 

of 100 to 200 mm /12/. 
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If~ as is planned within the NFE project. the steam reforming plant EVA I 

and the methanation plant ADAM I are interconnected~ the cold~ dry prod­

uct gas (about 600 Nm 3 /h) from the steam reforming plant flows into the 

methanation plant where it is preheated in the electric preheaters H 101 

and H 102 to the starting temperature of the heterogeneous catalytic 

methanation reaction of about 300 °c. The plant is designed for a three­

stage methanation procedure. each stage being equipped with heat ex­

changers for the heat removal. 

The gas flows through the three reaction stages; after each stage. it is 

cooled to the starting temperature of the next stage. At the end of the 

procedure. the reaction water (about 40 % by mass) is removed from the 

product gas in the condensate separator B 101. The dry product gas with 

a methane content of 81 % can be fed back to EVA I by means of a compres­

oor so that it is no longer necessary to supply additional natural gas. Thus. 

the circuit operates without gas consumption. apart from leakages and loss 

of gas dissolved in the condensate. Again. the heat exchanging units serve 

for determining the parameters of the experiment. not for demonstrating 

profitable heat utilization. 

The three reaction stages are designed as adiabatic systems with catalytic 

fixed beds. the design pressure being 40 bar. An independent internal cir­

cuit with the compressor K 104 is used to supply the methanation stages 

with 

nitrogen for starting the plant. 

and with 

hydrogen for reducing the methanation catalysts. 

After this rough description of the pilot plant~ the two parts - especially 

the methanation part - will be examined more closely in order to point out 

some problems in connection with the NUCLEAR LONG-DISTANCE 

SYSTEM. 
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The methane steam reforming process has been practiced in industry since 

1930. Accordingly, the problems occuring in this part of the pilot plant are 

largely limited to two areas: 

the heat transfer from the HTR-cooling-gas to the steam reforming 

system, 

and 

the optimization of the procedure for the inclusion of this system 

within the containment of a nuclear reactor. 

The major problem occuring within the exothermic methanation process 

can best be illustrated by describing the dependence of the equilibrium 

methane formation on the equilibrium gas temperature (Fig. 4); the prob­

lem arises because of the difficulty of combining a highly exothermic 

methanation reaction with the low outlet temperature required for a high 

methane content in the product gas. 
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The data shown in Fig. 4 are based on a product gas resulting from the 

steam reforming of natural gas with a H
2
ü : CH4 - ratio of 3 : 1 1 at a 

reformer outlet temperature of 800 oe and apressure of 30 bar /15/. 

In the following discussion, these conditions are described as the reference 

case. The relatively high methane content of the gas (10 %) when leaving 

the reforming plant results from these parameters; it should also be 

recognized that the Dutch natural gas supplied to EVA I contains 14 % 

nitrogen. 

3. 1 Adiabatic Methanation Process 

Since the formation of methane and the removal of heat takes place over 

a temperature range from about 800 oe to 300 °C 1 it appears to be reason­

able to start the methanation reaction in an adiabatic fixed bed at atem­

perature of about 300 oe. A process gas inlet temperature of considerably 

less than 300 oe is not possible because of the carbonyl formation result­

ing from areaction between the carbon monoxide of the process gas and 

the catalyst meta!. The reaction heat liberated heats the gas up to 785 °C; 

at this temperature l thermodynamic equilibrium conditions are achieved. 

This adiabatic temperature level can easily be increased up to 850 °c if 
the reforming conditions are changed. Even higher temperature levels are 

possible if the nitrogen content in the natural gas is reduced or if the in­

let temperature in the methanation stage is raised. 

The heat flow diagram (Fig. 5) - with the process gas temperature ln °c 
on the ordinate and the heat flow in KJ / s on the abscissa - illustrates this 

ca se for the EVA I reference data mentioned above. This heat flow dia­

gram is based on equilibrium conditions l depending on the process gas 

temperature /16/. If the gas is cooled from 785 °c to 300 °C
1 

it is' 

possible to recover heat at a rate of about 120 KJ / s. In a second adiabatic 

stage l a temperature of T = 659 oe is achieved and this. by means 01 a 

second he at exchanger l gives rise to a heat removal rate of 90 KJ/s. The 
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continuation of this procedure results in a five-stage process with a total 

rate of he at removal of 277 KJ / s. Taking into account the amount of heat 

used for preheating the feed gas and an outlet temperature of no less than 

70 °c. 35 % of the recoverable heat can be removed after the first stage. 

The overall curve in Fig. 5 connects all the adiabatic stages at the highest 

adiabatic temperature level. 

In the light of existing technology. however. this " s traight-through methan­

ation" has to be viewed rather critically. In particular. there is no appro­

priate catalyst available on the market which shows sufficient activity at 

low temperatures (about 300 °C) and which. at the same time. is sufficient­

ly economical with regard to loss of activity and strength. so that it can be 
o 0 

used for the whole temperature range from 300 C to 800 C. 

3.2 Adiabatic Methanation Process with Product Gas Recycling 

The concept of utilizing the NUCLEAR LONG-DISTANCE ENERGY SYSTEM 

under certain circumstances involves the minimum requirement that steam 

for electricity production is supplied at a temperature of T = 540 °c and 

at apressure of P = 110 bar. Considering the heat transfer for the steam 

generation process. this means a minimum process gas temperature of 
o 

600 C. Thus. a procedure has to be found which allows temperature 

control up to this level. 

There seems to be sufficient evidence that a temperature range for the 

methanation stage between 300 °c and 600 °c is technically feasible. using 

appropriate catalysts with economic performance. 

These arguments led to amethanation system which is based only in part 

on the five-stage "straight-through methanation" process described above. 

In this new system. the first stage is characterised by a maximum tem­

perature of 600 °c which could be obtained by using one of the following four 

procedures: 



a kinetic procedure. 

an internal cooling system. 

steam addition. 

product gas recycling. 
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Certain problems will have to be taken into account in connection with 

these: 

The kinetic procedure. in which the re action does not lead to equilibrium 

conditions at the end of the catalytic reaction bed. will give rise to difficul­

t:ies when the system is to be regulated or when the catalyst is ageing. 

The internal cooling system is likely to be difficult to control because of 

changeable heat transfer conditions brought about by the migrating re action 

zones caused by catalyst ageing. This means that the regulation of the 

system and the control of the temperature peaks in the catalyst bed are 

likely to be rather difficult. 

Steam addition requires considerable investments since. for example, the 

adiabatic maximum gas temperature of 785 °c can be reduced to 650 °c 
only if at least 300 kgJh of steam are added to 300 kgJh of ADAM I feed gas. 

In addition. the steam sensitivity of the catalysts needed might also be a 

problem. 

Product gas recycling is a possible procedure for controlling the tem­

perature in the first stage, although such a system requires the additional 

installation of a compressor. 

Such a methanation system with product gas recycling from the first stage 

and two subsequent adiabatic stages, each with intermediate cooling, is 

intended as a first design for ADAM I. Later, there will also be a possi­

bility to test one of the other procedures or combinations of these. 
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In the heat flow dia gram (Fig. 6), this methanation system (Fig. 7) shows 

the following characteristics: 

About 600 Nm 3 /h of dry feed gas are mixed with about 1 000 Nm 
3 
/h of the 

product gas from the first stage so that the heat production is restricted 

to an increase in temperature from 300 oe to 600 oe in the first adiabatic 

reactor (R 101). With subsequent heat removal. it is already possible to 

set free more than 50 % of the recoverable heat. Thus, the next two adia­

batic re action stages without recycling (R 102, R 103) areessentially de-

signed for final methanation. In the second and third stage, the maximum 

temperature levels are 436 oe and 302 oe respectively. 

Typical data are shown in the following table for the reference case, both 

for the steam reforming side and for the methanation side with recircula-

tion from the first stage. 

Tab. 1 EVA I - ADAM I /16/ 

EVA I ADAM I 

D1 D1 Product R 101 R 101 R 102 R 103 Product 
in out in out out out 

3 
Gas/Nm /h 688 915 592 1550 1369 382 373 215 

Press./bar 31 30 29 27.5 27 26 25 25 
0 

Temp. / e 450 800 30 300 600/ 436/ 302/ 30 
270 250 190 

H20/Mol % 69.83 35.25 18.63 30.18 39.12 42.61 

eH4/Mol % 25.51 7.16 11. 06 27.59 37.82 44.68 47.09 82.05 

CO /Mol % 6.67 10.31 4.67 118 .05 

e0
2

/Mol % 0.60 5.92 9.14 6.51 4.88 2. 57 142 2.47 

H
2 /Mol % 4191 64.73 36.55 19.10 6.19 132 2.29 

N
2 

/Mol % 4.07 3.09 4. 76 6.05 6.84 7.38 7.57 1:3. 18 

Heat/KJ/s 250 40 20 133 
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dynamics of the methanation process as a function of the make up 

gas quality. inlet temperature. and process pressure; 

dynamics of the NFE system as a function of different methane 

steam reforming conditions and decreased total gas. flow. 

5. METHANA TION CA TALYSTS 

Methanation catalysts have been in use for more than 25 years in connec­

tion with ammonia synthesis. At present, attempts are being made to 

develop these catalysts for use in the production of Substitute Natural Gas 

(SNG) based on rich gas and coal gasification as well as for use in the 

NFE system. 

In case of hydrogen production for ammonia synthesis on a steam reform­

ing basis, the dry steam reforming product gas still contains about 0.5 % 

carbon monoxide. The removal of this rest of carbon monoxide before the 

ammonia synthesis requires a catalytic methanation at temperatures of 

less than 300 °c with subsequent gas purification. In this case, the result­

ing heat production is very low. There are available many catalysts which 

are appropriate for the process characterised by low CO content in the 

feed gas and low temperature levels. However, the situation is slightly 

different if agas with high methane content is produced on the basis of 

rich gas (CRG - SNG), 

gas from coal gasification (C - SNG). or 

gas from synthe sis gas (NFE) 

via a methanation process. In these cases, the CO /C0
2 

content in the feed 

gas is higher than 10 Vol %. andthis means both more heat production in. 

the catalytic reaction system and higher temperature levels. 
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Considering this new field of catalyst development. many projects have 

recently been initiated to develop catalysts with the following character­

istics: 

carbon and sulphur stability; 

high temperature stability 

SNG: T, 500 °c 
NFE: T ~ 650 0 C ; 

stability in steam atmospheres; 

stability of mechanical strength. 

Within the framework of these requirements. the following catalyst devel­

opments have been initiated or continued: 

metaIon a support material (see patent literature); 

Raney Nickel (Bureau of Mines~ USA); 

metal from Ni (CO 4)-decomposition /12/. 

The results achieved so far are included in the literature on the pilot plants 

for SNG production on the basis of rich gas and coal gasification (see 6.). 

Because of the higher temperature level required for the methanation 

process within the NFE system (in order to produce superheated steam); 

the catalyst development for the NFE project encounters particularly 

complex problems which - especially as far as the influence of temperature. 

steam or carbon formation on the ageing process of the catalysts is con­

cerned - go far beyond the difficulties to be solved with regard to catalyst 

parameters for SNG production. 
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METHANATION PROCESSES 

world, there are various methanation pilot plants based on 

gas and eoal gas whieh are either on stream or still under 

projeet involves different parameters with 

composition, heat removal. and temperature level. some of 

eompared with the NFE system (see Table 5). 

Hydrogasifieation /18/ 

development in the production of substitute natural gas is the CRG 

ss. which Gas Couneil is now offering for eommercial use /1 7/. 
s. CRG reactor is followed either by a hydrogasifier and 

one methanator or by two methanators with subsequent CO
2 

removal. Fig. 8 

shows the double methanation process (on Naphtha basis) with a tem-

perature of 88°C in the first methanator (300°C - 388 oe) and 

°c in the second methanator (300 - 340 °C). The catalyst used in the 

methanation stages is identical with the CRG catalyst used in th-e CRG 

t 0 °c - 5 °C). T bl 2 h reac or a e s ows some typical methanation data: 

25 

37.25 

o/a 0.9 

o/a 13. 1 

10.05 

- Pilot Plant - Methanation data /19/ 

I, Stage 2. Stage 
in out in out 

300 388 252 292 

37. • 3 68.7 72.5 

0.9 0.15 0.25 

13. 1 

10.05 

12.2 

2.65 

• 70 

20,35 20.25 

4.45 0.5 

6.25 6. 

Product 
dry CO~ut 

30 30 

77.75 98.3 

21. 70 

0.55 

1.0 

0.7 



/1 / 

6. . 2 



/ 

(3 



1. 
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6.2.2 1J .... r\.noss /23/ 

South African Coal, Oil and Gas Corporation designed and erected 

a to demonstrate the overall process for the production of SNG by the 

re 

gas from coal pressure gasification. 

the methanation pilot plant with two methanators, cold gas 

from the first stage, and steam addition to both methanators. 

first and second stage reactors has been kept with­

limits of 300 - 450 °c for the first 1500 operating hours 

260 - 450 °c for the second operating period up to 4000 hours. For 

S, a special methanation catalyst was developed by BASF. Table 4 

some typical methanation data. 

___ 4_ Lurgi - Pilot Plant - Methanation data /23/ 

/ 
/ 

2 

Make up 
Gas 

20 

270 

18 

9.8 

10.7 

15.9 

62.5 

0.9 

1. Stage 
in out 

105.4 99.2 

300 450 

51. 6 66.8 

3.2 0.4 

19.8 21. 2 

23.6 9.6 

1.7 2.0 

O. 0.58 

2. Stage 
in out 

8.6 

300 

66.8 

0.4 

21. 2 

9.6 

2.0 

0.04 

8.5 

365 

75.1 

0.05 

21. 2 

1.7 

2.0 

0.08 

Product 

7.8 

30 

75.1 

0.05 

21. 2 

1.7 

2.0 
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ZftO IllACTOR MlTlfli .. liTIO .. RlliCTOR IlEPAllliTOR IIPlillATOR MlTHAliATICtlßIrAClOIl 

STllTHl:SlSGAS STEAM 

STEAM 

IIITIIOOEN 

Lurgi - Methanation process (Pilot plant /23/) 

6. 2. 3 Process /24/ 

The process designed production 

by coal gasification and final methanation. The 

tested in Homer City by the gasification of 5 t coal/h. 

unit operations J one of the major steps tested a 

- the fluidized-bed reactor for catalytic 

search (BCR). The objective of 

right combination of catalyst 

conversion carbon monoxide to 

aUon reactor. Fig. 12 

fluidized-bed reactor an 

s 
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gasification to 

composition: 

CH
4 

20.0 

CO 19.3 

CO
2 

0.2 

H2 
59.5 

N
2 

0.9 

methana tion 

Mol o/a 

Mol o/a 

Mol o/a 

Mol o/a 

Mol o/a 

H
2

0 O. 1 Mol o/a 

the following 

For composition. the average temperature in the fluidized-bed 

reactor the pilot plant (PEDU) is about T ::: 500 °c. The product gas 

for one of test runs at 

T 500 °c 
86 bar 

V 67 Nm
3
jh 

CH
4 49.0 Mol o/a 

CO 3.8 Mol 0/0 

CO
2 

7.4 Mol o/a 

37.2 Mol o/a 

C
2
H

6 2.5 Mol o/a 

C
3
H

8 
O. 1 Mol o/a 

are with a methanation catalyst from Harshaw 

at aspace velocity of SV ::: 2240 -1 
h • 



:3 psig 

Nalural Gas 
C""'p,en", Ref."me, 

s 

120 psig 

hOl/cl Gen 
(ompflluo, 

Wa'e, 

Melhalla!." 



Hf? 
2 
3 KN 
4 FI ER 
5 E !< 

6 R 
7 
8 
9 

7 

8 

/25/ 
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as produet gas (see Fig. 14). 

in a pilot plant (one stage) using 

hydrogen as feedstoek. One run included aperiod 

operation. 

ethanation 

data from methana tion pilot plants as far as 

eould be obtained. 

a deseription of the methanation processes on 

mentioned, however, that there is also the 

ss 28/ /29/ for SNG production which could not 

ses produetion on the basis of eoal gasi­

following two proeesses should be 

M. Parsons Company) with 7 methanation 

more than one /30/ and the Liquid Phase 

. Systems Ine. ) operating at low tem-



.... -<C ..... 
"'" .... .... -... .... 

-
'" ... -



Table 5: Pilot Plants for Methanation Processes 

Process Process Process Process 
Make up Meth an at ion Press. Temp. Plant Inlet Plant Plant 

Company from Operation Max. Make up H2 Stages Operation Object Lit. 

bar °c Nm3/h CO+C02 

Gas Council CRG (Naphta) Wet, Dry 25 400 10 2 1968 SNG 19 ""i4 
Lurgi/BASF Gassynthan Wet, Dry 47 330 12. 2 SNG 27 

(Naphta) 
22 

IGT (USA) Hygas Recycling 70 450 430 J2. 2 1973 SNG 21/22 
C-gasif. 

12 I 
c.:l 

Sasol/Lurgi Lurgi Recycling 18 450 63 1;,:1 

20 2 1972 SNG 23 I 

C-gasif. H2O-Add. 27 

Topsoe C-gasif. Recycling 30 650 14 66 1974 SNG 26 
33 

BCR (USA) Bi-Gas Fluid.Bed. 86 530 80 60 1974 SNG 24 
C-gasif. 

20 

Thyssengas C-gasif. Fluid.Bed. 65 500 800 75 1977 SNG 25 
Didier Eng H2Q-Add. 25 

KFA Jülich CH 4- Recycling 30 600(800) 600 .22 3 1978 NFE this 20 
Topsoe Reforming 

ADAM I report 

KFA Jülich CH4- Recycling 45 650 9000 68 3 1979 NFE 20 
Lurgi Reforming 

ADAM II 
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7. CONCLUSION 

In the foregoing report. the attempt has been made to give from an 

engineering point of view a description of the NUCLEAR LONG-DISTANCE 

ENERGY CIRCUIT for the example of a combined steam-reforming / 

methanation re action system. The report describes the pilot plant ADAM I. 

at present under construction in JÜlich. and points out the fundamental 

problems involved in the methanation process within the NFE system. as 

weil as possible solutions. In addition. the report indicates that many of 

the experiences achieved so far with other methanation pilot plants as part 

of SNG production processes will be helpful to the research work carried 

out within the framework of the NUCLEAR LONG-DISTANCE ENERGY 

PROJECT. 
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