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1 SCOPE AND OVERVIEW 

This deliverable summarises the progress achieved when applying a fluidized bed gasifier and tube 
reactor for Fischer-Tropsch synthesis. The equipment and the direction taken in the experimental work 
aims at a flexible biomass input. 
 
Complementary work can e.g. be found in this WP in Del 2.4.1 where a different kind of gasifier and 
reactor were optimised for wood as feed material. In fact in the RENEW project four different concepts 
were developed and improved, each of them aiming at technical optimisation under different boundary 
conditions. 
 
The overall picture – a comparison of the methods with respect to their environmental impact  – is given 
in WP5. It delivers e.g. criteria for process optimisation beyond the technical aspects considered in 
WP2.4. 
 
The process steps of the CUTEC BtL-plant examined consist of the 
 

- fluidized bed gasifier 
- gas cleaning system 
- FTS-reactor 

 
The FT-reactor is a fixed bed tube reactor using a side stream of the syngas from the 400 kWtherm cfb-
gasifier. Both apparatus are designed at the minimum size required for reliable scale-up and can be 
operated independently from each other. 
 
Successful operation of this process chain critically depends on the quality of the syngas. Obviously, it 
must be sufficiently clean to prevent poisoning of the FT-catalyst but another key issue is the hydrogen to 
carbon monoxide content of the syngas. The H2/CO-ratio required for a sufficient chain growth 
probability on a state-of-the-art cobalt based FT-catalysts is rather high and therefore one aim of this 
project is the optimisation of the cfb-gasifier for, both, high conversion efficiency and high H2/CO-ratio. 
Six different kinds of biomass were tested successfully, including straw, which usually is considered as 
difficult to handle. 
 
The high demands of the modern FT-catalysts are rewarded by its high selectivity. This leads to a pure 
product and also to a certain tolerance for methane and carbon dioxide in the syngas. Accordingly, 
examining the dependence of BtL-quality on syngas composition was another central part of the 
experimental work at the FT-reactor. 
 
Both of these lines of work were successfully united in the production of BtL-samples from wood and 
straw. Thus a decentralized concept was demonstrated which aims at the flexible conversion of biomass 
to FT raw product as high quality input for refineries. 



 

2 PREPARATION OF BIOMASS 

BtL plants have a very high demand for biogenous fuel due to the complex process of synthesis gas 
purification with subsequent Fischer-Tropsch synthesis and the processing of the products. The material 
has to be brought in over great transport distances from an area with an estimated radius of 50 to 80 km. 
The transport density should be as high as possible. Stalk materials, such as straw, however, which results 
from cereal production as a by-product, have an energy density far below that of fossil fuels (s. Fig. 1) 
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Figure 2: Specific mass and storage space requirements of various energy sources [1] 
 
It is the task of shaping procedures to increase transport density. Methods such as pelleting work with 
small particle diameters. In this context, it has to be considered that the energy requirement increases 
drastically if particle size falls below about 2 mm (s. Fig. 2). 

The significance of the water content of the straw can also be seen in the diagram. Depending on the 
weather conditions during harvesting and storage, it can contain 10 to 25 % by weight of water. Sufficient 
air drying reduces this to a value of approx. 15 %. This value is very desirable from the perspective of 
energy consumption. Utilization of some of the waste heat for fuel drying in order to save electricity 
could be well worth considering for the operators of BtL plants if stalk material is used. 
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Figure 2: Energy requirement of hammer and cutting mills depending on the sieve diameter and water 
content [2] 
 
 



3 GASIFICATION IN THE CIRCULATING FLUIDIZED BED 

In the development of the gasification process in Clausthal, the basic idea was to put into use a biomass 
gasification apparatus that is suitable for the combustion of a wide range of input materials. This was 
done by determining suitable process conditions. The Circulating Fluidized Bed (abbrev. CFB) type was 
selected. 

In the course of the past few years, various materials have been utilized. These ranged from plant-based 
materials arising in a dry form, such as wood, straw, rape shred etc., via pressed and dried silage up to 
such hydrocarbons that do not belong to the large group of biomass materials. Fig. 3 shows the list in a 
graphical form. 
 

 
 
Fig. 3: Types of biomass utilized in Clausthal since 2004 
 
The gasifier showed the hoped-for variability of application options. It turned out, however, that even 
with similar process parameters, such as temperature, and steam-oxygen ratios and amounts etc., different 
synthesis gas properties arise depending on the type of biomass used (s. Fig. 4). 

Surprisingly, under optimal conditions such as those developed using straw, an H2 : CO ratio could be 
obtained that is sufficient for FTS. The net heating value of the gas can amount to up to 10 MJ/kgdry. 
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Fig. 4: Synthesis gas properties as a function of the type of biomass 
 
In gasification processes, the tar content in the raw gas always deserves particular attention. The group of 
tar compounds, with its long-chain fractions, condenses below around 300 °C and is a problem for the 
affected devices and fittings. In the CFB, low tar concentrations of around 1 to 10 g/Nm3

dry can be 
achieved under optimal conditions (s. Fig. 5).  
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Fig. 5: Tar and water content in the raw gas 

Note.: Straw = Wheat straw, Rape = Rape shred, Sbc = Sugar beet chips, Sb = Sunflower husks 



 
All the previously presented results aim a) at an optimization of the synthesis gas properties for the FTS 
and b) at gaining experience with different kinds of biomass. 

One of the process parameters of the CFB is the additive, the variation of which was conducted in 
WP 2.2. So far, all the statements have referred to quicklime. If the material is changed to other calcium 
and magnesium-based substances, the synthesis gas properties change significantly. First of all, the 
different composition of the permanent gas under similar process conditions is striking (s. Fig. 6). 
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Fig. 6: Composition of main gas components in synthesis gas. Input = wood pellets. 

 
In this context, the H2 : CO ratio is the parameter that is essential for the FTS (s. Fig. 7). Good values 
could be achieved with wood as a fuel and the additives lime or dolomite. The other materials tested 
showed a decrease in the ratio which was considerable in some cases. 

When other types of biomass are used, higher values can generally be expected (see above). 
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Fig. 7: Molar H2/CO ratio in synthesis gas. Input = wood pellets 



The significantly better effect of the two named additives on synthesis gas quality is reflected in the tar 
content of the raw gas. The level is considerably lower in comparison with the "competing" materials 
(s. Fig. 8). 
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Fig. 8: Tar concentration in raw synthesis gas 

 
In conclusion, it can be stated that the results obtained in WP 2.1 and 2.2 gave valuable indications as to 
how to set up optimal synthesis conditions. For an industrial-scale plant, it is a particularly favourable 
circumstance that a shift stage to produce an H2 : CO ratio of about 2:1 is probably unnecessary if 
optimized process conditions are used. 
 



4 SYNTHESIS GAS PURIFICATION  

The ArtFuel plant at the CUTEC institute has a simple synthesis gas purification system. Because non-
recyclable residues arise, e.g. in the water-based scrubber or the activated charcoal filter, the method 
cannot be transferred to commercial plants. However, the separation efficiency of the individual stages 
deserves to be investigated. For this purpose, analyses were conducted at various measuring points as part 
of the programme of experiments (s. Fig. 9) 
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Fig. 9: Gas sampling points in the pilot plant 
 
In the first stage, the hot gas filter, the dust is removed from the raw gas flow. REM images reveal very 
fine-grained particles in the μm range (s. Fig. 10). Any residual carbon in the filter ash can usually be 
seen in the form of elongated rods. 
 
 

Fig. 10: Filter ash from straw gasification at 
800 °C 

 
 
 
 
 
 
 
 
 
 
 
 
 



Due to the fine-grained morphology, water-soluble substances such as the alkali and the alkaline earth 
metals, as well as chlorine, are easily leachable (s. Fig. 11 using the example of potassium). With 
phosphorus, no good results could be obtained. There is need for further investigation here. 
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Fig. 11: Comparison solid conc. – eluate conc. (potassium)  
 
Among the FTS catalyst poisons, NH3 can easily be removed in the water stage (s. Fig. 12). The chlorine 
content was close to the detection limit, presumably due to its binding as a partner of the alkali and 
alkaline earth metals in the hot gas filter ash. 
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Fig. 12: Cleaning efficiency for FTS-CAT-Killers. Input = wheat straw 
 
Sulphur, however, deserves attention. Satisfactory removal could be achieved neither by means of 
quicklime nor in the scrubbers. Only the activated charcoal filter, as the last stage of the purification 
process, could protect the FTS catalyst. 
 
 



The tar compounds are removed in both scrubbers. In the experiments, the RME scrubber turned out to be 
very effective for the order of magnitude of approx. 5 g/Nm3

dry that is present here (s. Fig. 13). 
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Fig. 13: Condensate in gas purification system. Input = wheat straw 

 
 



5 DESCRIPTION OF THE FT-PLANT 

As can be seen in Fig.  114 the FT-plant consists of a tubular reactor and several product separators. The 

syngas flow is either mixed from gas bottles or alternatively taken from a pressure tank acting as a buffer 

between gasifier and reactor. In the reactor the syngas flow reacts at the surface of the fixed bed catalysts 

producing hydrocarbons, part of which form a film flow downwards. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  14 Schematic of the FT-reactor and its periphery 

 

Outside the reactor high and low pressure separators are applied to retain a high boiling and a low boiling 

fraction, for brevity denominated “wax” and “gasoline”. The remaining gas consisting of non-converted 

syngas and short chain products is transferred to a flare. 

 

Fig. 1515 gives a view of the reactor room. The tubular reactor used in the experiments has an inner 

diameter of 30 mm and a length of 2.5 m. Different from industrial design it has four independent 

heating/cooling jackets allowing for precise control of heat transfer. The resulting axial temperature 

profile is measured with 20 thermocouples placed in a rod at the tube centre. The small diameter is a 

consequence of the large amount of heat released in the reaction requiring sufficient surface area for 

cooling. Therefore it cannot be enhanced during scale-up. 

 



Thus, with the exception of the additional experimental tools, the single reactor tube examined is quite 

similar to each of those used in large numbers inside conventional tube bundle reactors. A Scale-up 

“only” affects the cooling system. 

 

The fundamental limitations imposed on tube diameter are the reason for applying other reactor types 

such as the slurry reactor also examined in the RENEW project. However, the advantages of the tubular 

reactor such as simplicity and flexibility made it the better choice for this subproject. 

 

 

  
 

Fig. 15   View of the reactor room 

 



6 FT-SYNTHESIS 

Fischer-Tropsch Synthesis takes place according to the following net equation: 

 

CO + 2H2  (-CH2-) + H2O   with ΔH = - 155 kJ/mol   (1) 

 

The -CH2- elements grow at the surface of the catalyst to hydrocarbon chains, the lengths of which show 

a rather broad statistical distribution. The simplest model for this process is the ASF distribution 

depending only on a single parameter, the chain growth probability α.   

 

In long paraffinic chains the molar ration of H/C approaches 2. However, this value considers only the 

composition of the desired product; stoichiometry of Eq. (1) actually demands a molar ration H2/CO of 2 

corresponding to H/C equal to 4. In typical biomass the H/C is only about 1,5 and therefore control of the 

shift reaction according to Eq. (2) is an essential feature of the gasification process. 

 

CO + H2O  CO2 + H2         (2) 

 

 

 

 

7 CATALYST 

The FT-reaction requires iron or cobalt based catalysts for increase of, both, reaction rate and selectivity 

towards the main reactions summarized by Eq. (1). Other possible reactions are e.g. the water-gas-shift, 

the formation of double bondings (in alkenes) and oxygen-containing products. A modern cobalt-based 

catalyst has a selectivity beyond 90% for the production of alkanes ( = paraffins) and it does not support 

the shift reaction according to Eq. (2). Rather the opposite is true for an iron catalyst. It supports the shift 

reaction so that the demands on the H2/CO ratio are less stringent but at the same time it provides less 

selective for the main reaction. 

 

In the RENEW project a decision was made for optimum product quality therefore a cobalt catalyst was 

used. Purchasing this type of catalyst turned out to be an unexpectedly difficult and time consuming task 

which eventually was successfully completed. 



 

The choice of a cobalt-based catalyst puts high demands on syngas quality: 

- Sulphur content must be below 10 ppb (information of the manufacturer) 

- H2/CO ratio of about 2 is required, optimally 2.1 to 2.2 

 

The desired sulphur content of the syngas is about a factor of 10 lower that the detection limit of good 

laboratory equipment. If this level of desulphurization can be achieved the resulting diesel will be 

“sulphur” free without addition treatment. 

 

The high selectivity of the catalyst had another positive side effect. As show below it turned out that it 

tolerated high levels of CH4 and CO2 in the syngas. Thus within the scope of this project it could be 

avoided operating a RECTISOL or a SELEXOL washer.  

 

 

8 CHEMICAL ANALYSIS 

Dedicated gas analyzers allowed measurement of the main components of the syngas and of the product 

gas. 

 

Small samples of the FT-product were withdrawn at regular intervals and analysed with a few hours delay 

at CUTEC with a gas chromatograph (GC). Later the results were re-evaluated to obtain the equivalent of 

a “simulated distillation”-boiling boiling curve. 

 

 

A typical GC chromatogram of CUTEC FT-wax is shown in Fig. 16. All the large peaks refer to alkanes. 

 

 

The FT-product obtained was distilled in order to achieve the straight run diesel fraction, which was sent 

to the project partner ITN for detailed fuel analysis. The ITN data include effects (and possibly also 

errors) of the distillation carried out at CUTEC. 
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Fig. 16  Gas chromatogram of CUTEC FT-wax 

 

 

The composition of “diesel” is rather indirectly defined by standards defining its combustion-related 

properties. Due to its boiling range it typically contains alkanes from C12 to C18, which is only a small 

fraction of the FT raw product with a range from C6 to about C80 and higher. Therefore the boiling 

curves measured at CUTEC and ITN are complementary to each other. The CUTEC data characterize the 

FT raw product in the range from about C10 to C40 while ITN applies a standardized method especially 

to the diesel fraction. The former serve as a tool to optimise the process, the latter describe the product 

fraction with the highest priority in this project. 

 

 



9 REACTOR STABILITY RANGE 

 

The FT reaction is a highly exothermic reaction. It increases with temperature, which in turn results in an 

increase of reactor temperature. Depending on the overall efficiency of cooling system this process 

stabilises itself at an elevated temperature or is the beginning of a run-away process. So, generally 

speaking, a reasonable compromise between safety and productivity has to be found. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17 View of the control panel of the reactor; the red bars indicate reactor temperature   

      

Example of a hot spot temperature profile (left)      

 and of a nearly constant axial temperature profile (right) 

 

 

Fig. 17 gives a closer look at temperature inside the reactor as it is indicated on the control panel.  The 

exothermal reaction starts at the reactor inlet (top) and leads to a typical “hot-spot” profile. There, too 

high temperature might damage the catalyst or diminish its selectivity towards the desired product range. 

On the other hand, the reactor volume outside the hot spot is not very productive. 

 



The CUTEC reactor with its four independent heating zones allowed for a nearly constant axial 

temperature profile. The graph on the right hand side of Fig. 17 shows this profile at moderate reaction 

temperature around 200°C and ideal composition of H2/CO ≈ 2. These parameters were chosen as 

reference conditions. 

  

Typically, the FT-reaction started at about 170°C and became unstable above 220°C.  An example of this 

can be seen in Fig. 18 showing the temperature measured by the thermocouple at a position 0.5 m from 

inlet. The onset of instability is characterised by a rapid temperature increase accompanied by a 

corresponding increase of CH4-concentration and CO2-concentration, i.e. a loss of catalyst selectivity. 

 

Since axial and radial (convective) heat transfer depends on gas velocity a reduction of flow rate by 50% 

allowed for a maximum reactor temperature of only 190 °C. 

 

Two experiments – one at elevated temperate and one at reduce flow rate – were run for intervals long 

enough to withdraw samples for detailed analysis. They will be discussed together with other parameter 

variations in the following section. 
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Fig. 18 Temperature in the hot spot region and off-gas composition as a function of time 



10 EFFECTS OF PARAMETER VARIATION 

Tab.  1 gives an overview over the parameter range of those long-term experiments, which could be 

evaluated according to the same scheme. They lasted between 24 and 105 hours. 

 

In Tab. 2 the data in the first row describe the reference conditions, the second row a run at elevated 

temperature and the third row a run at reduced flow rate. 

The fourth to seventh rows contain the data of experiments with different gas mixtures. 

 

In all the cases artificial syngas was mixed from gas bottles so that no effects from additional trace gases 

were to be feared. The critical H2/CO ratio was kept constant at the optimum value of 2 and also (with a 

single exception) their concentration was kept constant. Reactor pressure was 25 bar. 

 

The term “conversion efficiency X” in the following is understood as the fraction of the incoming 

reactants (“educt”) that react according to the FT-reaction given in Eq. (1). As shown Fig. 18 at extreme 

conditions a methanation seems to take place contributing to the CO and H2-consumption and accordingly 

the data from these gas sensors would be biased. It was therefore decided to calculate conversion not from 

gas consumption but from the mass of the liquid product samples obtained plus an ASF-based correction 

for the undetected gas phase products. 

 

In Tab.  1 the carbon conversion rate X of all these experiments is summarized. It can be seen that the 

reactor with its length of 2.5m without any gas recirculation achieved a conversion efficiency of about 

20% when operated close to its stability limit. Under “safe” reference conditions the replacement of 

nitrogen by CH4 or CO2 had rather little effect on conversion rate. 

 

Obviously, these data were very encouraging for use of the syngas from the gasifier:  The insensitivity of 

conversion efficiency to gas composition meant that there was no strict reason to wait for the completion 

of a SELEXOL washer for CH4 and CO2 removal. 

 

 

 

 

 

 

 



 

Tab.  1 Experimental parameters 

 

H2 

[Vol%] 

CO 

[Vol%] 

CO2 

[Vol%] 

CH4 

[Vol%] 

N2 

[Vol%] 

ÝVges 

[m3/h] 

TReaktor, 

stable 

[°C] 

pCO 

[bar] 

Xcalc 

[%] 

33.3 16.7 0 0 50 3.0 195 4.175 9.8 

33.3 16.7 0 0 50 3.0 210 4.175 17.2 

33.3 16.7 0 0 50 1.5 190 4.175 19.5 

33.3 16.7 5 0 45 3.0 195 4.175 9.2 

33.3 16.7 25 0 25 3.0 195 4.175 9.6 

33.3 16.7 50 0 0 3.0 195 4.175 9.1 

26.7 13.3 0 10 50 3.0 195 3.325 7.1 

 

 

With respect to a future full-scale plant these findings do not exclude long-term effects, but they prove 

that there is an important optimization potential. 

 

So far only product quantity has been considered. In the following results of wax and diesel analysis will 

be discussed. 

 

 

 

 



11 FT WAX BOILING CURVE 

As can be seen in Fig.  reactor conditions had a systematic effect on the product’s-boiling curve. High 

temperature and long residence time resulted in a low boiling curve while the presence of CO2 enhanced 

chain length and thus boiling temperature. The range of these variations characterised by T50% is abut 

35 °C. Since the GC sample is taken directly from the reactor there is no risk of handling mistakes during 

distillation influencing the results. 
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Fig. 19  Boiling curve of FT product calculated from GC data 

 

From the GC chromatogram in Fig.  the alkane chain growth probability can be calculated according to 

the (simplistic but efficient) ASF-theory. The typical value of alpha is 0.83 and it was used to extrapolate 

the alkane GC chromatogram beyond the measured range. 

 

From a practical point of view the shift of the boiling curves shown in Fig. 19  indicates that even for a 

given reactor and catalyst the distribution of products can to a certain extend be adjusted to market 

demands. 

 

 



12 DIESEL FROM WOOD AND STRAW  

Since the CUTEC gasifier operates only for a few days per month it takes some time to reach and keep 

stabile conditions. Stabile FT reactor operating parameters with a wider safety margin were therefore 

preferred to more efficient but less tolerant ones. 

 

 

In addition the feed material was heterogeneous and that especially the second lot allowed for excellent 

H2/CO – ratios of around 2.2. 

 

The boiling curves of the FT raw product obtained from biosyngas are shown in Fig. 2020 together with 

some of the curves already shown in Fig. 19. These GC derived data do not indicate much of a difference 

between the FT product made from biosyngas or gas mixtures from bottles, respectively. 
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Fig. 20  Boiling curve of FT raw product from gasified wood and straw 

 

 

 

 

 



However, detailed analysis of the diesel fraction by ITN leads to different results. In this case the FT 

samples from biomass have a much higher boiling point. Since this trend is obtained – to a different 

extent – for both wood and straw it is not very likely that the deviation is caused by accidental damage of 

the CUTEC distillation apparatus. So far no systematic problem could be localized. 
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Fig.  21  FT diesel boiling curves 

 

 

 

 

ITN also carried out chemical analysis of the fuel applying standardized methods. Some of the data have 

been summarized in Tab. 2. 



Tab. 2 ITN fuel data 

 

  samples 

Parameter Unit 
Ref. 

point 

5% 

methane 

10% 

methane 

5 % 

CO2 

25% 

CO2 

50% 

CO2 
wood straw 

Density at 15 °C kg/m3 768 768.3 772 771.8 773.1 773.7 779.2 774.7 

Total aromatic 

hydrocarbon content < 0.1 < 0.1 0.3 0.6 0.7 0.8 0.9 0.5 

1-ring aromatic 

hydrocarbons     < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 

2-ring aromatic 

hydrocarbons     < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 

3-ring aromatic 

hydrocarbons %(m/m)     0.3 0.6 0.7 0.8 0.9 0.5 

Aromatic hydrocarbon 

content         1.6 1.6 1.1 1 

Olefins content 1.7 1.6 2.3 1.7 3.4 2.8 12.1 4.5 

Paraffins + 

Cycloparaffins content %(V/V) 98.3 98.4 97.7 98.3 95 95.6 86.8 94.5 

Sulphur content mg/kg < 5 6 6 5 5 5 21 33 

Copper strip corrosion 

(3h at 50°C) rating 1 1 1 1 1 1 1 1 

Lubricity, corrected 

wear scar diameter 

(wsd 1,4, at 60°C) μm 487 463 496 412 367 355 313 325 

Cloud Point  °C            13 8 

Viscosity at 40°C mm2/s 2.149  2.120 2.455 2.384 2.464 2.491 2.889 2.815 

Iodine number g I/100g 2.35 0.34 1.89 1.94 2.55 2.93 3.23 1.92 

Calorific value kJ/kg        43918 43801 43629 43986 

N-paraffin’s content- 

total – GC %(m/m) 90.4 95.5 95.5 93.44 93.41 92.7 86.34 91.26 

Distillation                   

% (V/V) recovered at 

250 °C % (V/V) 52 49 28.5 38.5 32.5 29.5 17 23 

%(V/V) recovered at 

300C°C %(V/V) 91.5 96 91 96 92 92 78 91 

 

 

 



  

In Fig. 16 it could be seen that by far the most components of the CUTEC FT diesel are alkanes 

(paraffins). The ITN data in Tab. 2 contain more details of this subject. It might be expected the ideal 

condition for the exclusive progression of the main reaction according to Eq. (1) are a mild reaction 

regime and the lack of interference by trace gases. Accordingly, the highest fraction of alkanes is found 

under reference conditions followed by synthesis with 5% of impurities added. 

 

In Tab. 2 it can also be seen that the sulphur content of diesel from wood and straw is about twice the 

value of 10 ppmw demanded by present standards. Since an absorptive did not work as specified by the 

manufacturer the reason for this problem is understood and can be solved in future runs. Regarding the 

other runs with artificial syngas it might be a little surprising that they contain any sulphur at all, but that 

fact might be attributed to the use of technical gases with a purity of 3.0. 

 

The data illustrates that from the synthesis point of view the only difference between BtL and GtL is 

educt purity. 

 

The cloud point indicates the onset of flock formation and shows whether or not the fuel can be used at 

cold temperature. Flock formation is caused by alkanes and therefore it is not surprising this FT diesel has 

bad cold flow properties. 

 

Again due to its high content of (unbranched) alkanes all the samples have a 

cetane number far out of measuring range (around 90 compared to desired values around 50). 

 

All the data show that the CUTEC FT diesel is a straight-run fraction from a cobalt catalyst, which – as 

expected – consists mostly of n-alkanes. Due to its very restricted number of components it cannot match 

some of the classical standard parameters. E.g. with respect cetane number it is much too good and at 

present there is not practical problem at all: Mixing of the FT diesel with conventional one would 

improve the ignition properties of the latter and, of course, enhance its renewable fraction. 

 

However, thinking ahead about the use of 100% BtL (or just as well 100% GtL) upgrading has to be 

considered.  

 



13 UPGRADING OF FT-PRODUCT 

Fig. 22 illustrates the complex spectrum of products that can be made from the FT raw product. In the 

sections above this raw product has been characterized by GC data (and the fuel properties of the 

(straight-run) diesel fraction were given in Tab. 2.  

 

 

Fig.  22 Overview of upgrading procedures 

 

 

For the light fraction from mineral oil upgrading of to high-octane gasoline is state of the art. New 

processes using less expensive catalysts or consuming less hydrogen (“Zeoforming”) are under 

development, but during the RENEW project no reliable information on their performance was received. 

 

On the other hand of the spectrum, the treatment of wax to high value products is also well established. 

Since increasing amounts of wax are available from GtL production research in this area will be 

continued. 



 

Neither gasoline nor wax were in the very focus of the RENEW project but, obviously, these fractions 

(and several product and energy streams ignored here for brevity) contribute to the overall efficiency and 

economy of FT synthesis. 

 

For diesel fuel there are the following options 

Blending with mineral diesel 

Upgrading of the straight-run fraction by isomerisation 

Increasing of the diesel fraction (and the gasoline fraction) by wax cracking 

  

Most modern GtL FT-synthesis plants are optimized for the production of long hydrocarbon chains, 

which then are cracked down to the desired chain lengths. Because of its important consequences for the 

optimization of the whole process wax cracking was examined thoroughly at CERTH, applying two 

different techniques and different types of catalyst. When hydrogen was present in the reactor 

(hydrocracking) diesel with good quality was obtained, while a catalytic cracking process without 

hydrogen favoured the gasoline fraction. 

 

After chain breakage not all of them rearrange themselves to straight alkanes and therefore GtL from this 

process contains significant amounts of iso-alkanes. Iso-alkanes have a low cetane number so that FT 

diesel obtained via wax cracking has moderate cetane numbers – quite in contrast to straight-run diesel. 

 

Low cetane FT diesel is of growing interest since new engine concepts delay fuel ignition to provide more 

time the mixing of fuel and air (hcci-engines). Therefore CUTEC tried the isomerisation of straight-run 

diesel. Since this process route has not yet been important for refineries there was no dedicated catalyst. 

Results with an isomerisation catalyst for shorter hydrocarbon chain were promising but not yet 

satisfactory. 

 

With respect to the optimization of the whole BtL chain even a superficial view tells that it will be 

extremely difficult to design the refining process in a decentralized manner. Therefore it was a reasonable 

decision in the RENEW project to considered a mixed concept with decentralized gasification and 

synthesis followed by centralized upgrading. 

 

In consequence, copying present GtL concepts, FT-synthesis from bio-syngas should be optimized for 

wax production followed by a centralized upgrading processes based on hydrocracking. The reference 

parameters of CUTEC FT reactor aiming at high values of α (chain growth probability) are perfectly 

consistent with this strategy.  



14 CONCLUSIONS  

 

The experiments in WPs 2.1, 2.2 and 2.3 demonstrated that for the generation of optimal synthesis gas for 

FTS there are many options available to adjust the process parameters. If a circulating fluidized bed is 

used as a gasifier, a wide range of hydrocarbons can be utilized. However, if the material needs to be 

reduced to millimetre-sized particles, there are ecological as well as economic limits to processing the 

material in order to ensure a high transportation density. 

If the type of biomass is changed, the process parameters of the gasifier cannot be kept constant. Each 

type of biomass requires its own specific set-up. 

For the steam-oxygen gasification process, it is advantageous that an additional shift stage is not required 

in order to obtain an H2:CO ratio that is sufficient for FTS, at least in the case of stalk materials.  

The hot gas filter removed biomass-derived minerals, as well as the additive fed into the gasifier, down to 

the μm range. The alkali and alkaline earth metals are leachable, and thus accessible to plants. 

In synthesis gas purification, NH3 can easily be captured by the water scrubber. Problems are caused by 

the sulphurous compounds. This will require some further measures in commercial installations. 

Tar compounds are generated in the gasifier in the order of magnitude of 1 to 10 g/Nm3dry. The utilized 

rapeseed methyl ester scrubber yielded satisfactory purification results. 

 

The stability range of the FT reactor was examined under different parameter combinations. From these 

results stabile operating points for the coupling of the gasifier and the FT-reactor were defined. 

 

The observed effects of CO2 and CH4 on the reaction were not very strong so that the requirements on 

the gas cleaning system could be lowered. 

 

In the final experiments the FT reactor worked with syngas from, both, wood and straw (pellets). The 

latter generated a synthesis gas with a H2/CO ratio much better than expected.  

 

The diesel samples obtained had generally very good properties with well understood differences from 

standard diesel, such as an extremely high cetane number.  

 

Both the gasifier and the reactor proved their flexibility and could be matched at the desired operation 

parameters. Thus with a rather simple set-up flexible BtL-production could be demonstrated. 

 

Further improvement should be directed at sulphur removal. 
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