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1 PLANT AND PROCESS DESCRIPTION 

1.1 General 

At the beginning of the 1990s, THERMOSELECT developed a process for thermal 

treatment of waste, aimed at achieving the highest possible quantity of recycled raw 

materials with the lowest possible emissions. THERMOSELECT began testing the 

process in 1992 in a 100 tonnes (Mg) per day industrial scale test plant in Fondotoce, 

Italy. 

 
The first commercial plant was built in Karlsruhe, Germany in 1997/1998 and 

commissioned in 1999. The plant is comprised of three parallel processing lines with a 

total of 720 tonnes (Mg) per day. 

 

In 1997 Kawasaki Steel Corp., Japan, today JFE Eng., acquired the licence for the 

THERMOSELECT-process. During the same year an order was received for the 2-line 

plant “Chiba Works”, having a throughput of 300 tonnes (Mg) per day. This plant was 

commissioned in September 1999. 

 

The general overview of a THERMOSELECT plant is shown in Figure 2- 1. The 

THERMOSELECT process differs substantially from the traditional processes for 

thermal waste treatment. 

 

With the classic grate firing process, the energy contained in waste is transformed into 

thermal energy, i.e. hot flue gas, which is subsequently cooled down in heat 

exchangers and thus made usable. Ashes and filter dusts remain as residues. 

Depending on the process involved, dioxins and furans are produced in the exhaust 

gas by means of de-novo synthesis. Also nitric oxides contained in the exhaust gas 

require an expensive gas treatment.  

 

In the THERMOSELECT process, on the contrary, the energy contained in the waste is 

mostly converted into chemical energy, synthesis gas (syngas). Many advantages of 

the THERMOSELECT process result from this substantial process difference. 
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Figure 2- 1 General overview 

While the organic waste components are transformed into syngas, which can be used 

for power generation or as a base material for chemical synthesis, the inorganic waste 

components are converted by means of process integrated melting into directly usable 

mineral substances and metals. The THERMOSELECT process does not produce any 

ash, slag or filter dust. 

 

The scrubbed syngas can be used for power or heat generation, or as raw material for 

methanol or other hydrocarbon compounds. Future possible applications also include 

the extraction of hydrogen as alternative fuel for drive systems or fuel cells (see Figure 

2- 2) 
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Figure 2- 2: Possible chemical products derived from syngas 

 

The water condensed during the different phases of the gas treatment is led into the 

process water treatment. The process water undergoes a multiple stage treatment. 

Subsequently it is used for cooling purposes. The THERMOSELECT process does not 

produce any wastewater. 

 

 

Figure 2- 3: Mass balance for the treatment of municipal solid waste 

 

The products of the waste treatment are syngas, sulphur, zinc and salt, which all can 

be used in other industrial processes (see Figure 2- 3). 
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1.1.1 Division in process units 

The general process flow chart (see attached) gives an overview over the process. 

The THERMOSELECT plant is divided into 9 process units: 

 

Process unit 1 Waste reception and storage 
 

Process unit 2 Thermal waste treatment 
Waste press 

Degassing channel 

High temperature reactor 

Granulate discharge  

 

Process unit 3 Syngas scrubbing 
Quench with acid scrubber and peripheral equipment 

Condensation scrubber 

Dust removal 

Desulphurisation 

Fine dust removal 

Gas-reheating 

 

Process unit 4 Process water cleaning and evaporation 
Sedimentation 

Hydroxide precipitation A 

Hydroxide precipitation B 

Lime precipitation 

Neutralisation 

Ion exchanger 

Evaporation facility 

 

Process unit 5 Syngas utilisation, flare, stack 
Energy utilisation 

Flare 
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Flue gas path and chimney 

 
Process unit 6 Process water system, water supply and disposal 
 

Process unit 7 Ancillary units, operation material, fire protection 
Air separation unit 

Nitrogen supply 

Compressed air supply 

Natural gas supply 

Fuel supply 

 

Process unit  8 Electric power supply 
 

Process unit 9 Control equipment (DCS) 
 

 

Figure 2- 4: Fondotoce, the THERMOSELECT test plant (4.2 tons/hour) 
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1.2 Description of the process units 

1.2.1 Process unit 1: Waste reception and storage 

The waste receival and storage consists of the following facilities: 

· Delivery 

· Waste storage 

· Bunker ventilation 

 

1.2.1.1 Delivery 

All relevant mass streams in and out of the plant are controlled and weighed at the 

gate. At the gate there are scales for trucks entering and exiting the plant.  

 

1.2.1.2 Waste storage 

The waste bunker consists of one pre-bunker and one main bunker. The pre-bunker is 

separated from the main bunker with a midlevel concrete wall. The bunker area is 

serviced with a grapple crane. 

 

The task of the bunker grapple crane is to move the delivered waste away from the 

tipping area of the bunker, to even out the fill level of the bunker, mix the waste and 

supply the areas where the press feeding cranes are operating. Press feeding cranes 

are charging the press connected to each thermal line. 

 

The fire detection system includes surveillance cameras monitored from the control 

room. Fire fighting equipment includes water cannons and a deluge sprinkler system. 

 

 

1.2.1.3 Bunker ventilation and air evacuation 

To maintain a slightly negative pressure in the waste bunker and to prevent odours 

from spreading, the bunker atmosphere is evacuated and used as combustion air in 

the steam boiler.  
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1.2.2 Process unit 2: Thermal waste treatment 

The thermal waste treatment consists of the following parts (see Figure 2- 1): 

· Compression 

· Degassing 

· Gasification 

· Melt down 

 

The following description refers to one thermal waste treatment line. 

 

 

1.2.2.1 Compression 

The waste is fed with a charger grapple crane to the funnel leading to the press. 

 

The press chamber comprises of a rectangular cross section bounded by a swivel 

shutter on the top, the hydraulic ram at the back, which pushes against a sliding 

compression block on the front and on the static chamber walls on the vertical sides 

and floor. When actuated the swivel shutter closes on the waste in the chamber and 

the hydraulic ram compresses the waste against the sliding compression block. Dense 

waste plugs are thus formed, which are fed one after the other through the degassing 

channel into the high temperature gasification reactor. These waste briquettes also 

form the seal of the reactor inlet.  
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1.2.2.2 Drying and degassing 

The press is connected to the degassing channel (see Figure 2- 5) with a flange 

connection. The high temperature reactor is the anchor point for the thermal linear 

expansion of the degassing channel. The press and the degassing channel are 

therefore located on armoured reels to take the thermal dimension variations in their 

direction.  

 

The degassing channel is coated with a high temperature resistant sound proofing and 

is steel plated. The waste briquettes are pressed through the channel towards the high 

temperature reactor by the newly compressed waste briquettes entering from the 

press. The waste is heated by radiation from the high temperature reactor. The water 

contained in the waste is evaporated and the organic compounds are partly gasified. 

The channel cross sectional area increases slightly as the high temperature reactor is 

approached, which eases the movement of waste plugs and the transportation of the 

gases (evaporated water, pyrolysis and syngas) from the waste into the reactor. 

 

 

 

Figure 2- 5: Degassing channel 

 

Just before the waste enters the reactor, sludge from precipitation A and carbon sludge 

is fed-back into the gasification process. 

 

 

1.2.2.3 Gasification 

The high temperature reactor consists of the following parts 
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· Homogenisation reactor 

· Lower reactor section 

· Upper reactor section 

· Gas outlet to quench 

 

 

Figure 2- 6: High temperature reactor 

 

  

The reactor is made of HII boiler plate (P265 GH, German coding) coated with fireproof 

refractory lining for high temperature protection and heat insulation. The highly 

stressed sections of the refractory lining are cooled by water-cooling elements. This 
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cooling system together with the cooling for the burners and lances is connected to a 

cooling circuit. 

 
 

Figure 2- 7: Details of the reactor wall and lining cooling system 

 

The temperature in the cooling water is monitored. In addition the flow in both cooling 

circuits is monitored and an alarm signal goes on when the flow is lower than the set 

lower limit. Through the above-described monitoring of the cooling circuits, failures like 

breakdown of a water pump or leakages are detected.  

 

 

1.2.2.3.1 Burners / lances 

The energy and oxygen feed for the melt down and gasification in the high temperature 

reactor consists of combined natural gas burners and oxygen lances. There are three 

different levels of burners in the high temperature reactor: 
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· H – burner / lances in the homogenisation reactor for the melt down 

· R – burners / lances in the lower reactor part for melting and gasification 

· S – burners / lances in the upper reactor part for stabilising the gas 

composition 

 

 

Figure 2- 8: High temperature reactor 

 

The digital control system (DCS) controls the burner starts and initiates the safe closing 

of the natural gas and oxygen valves in case of a malfunction. 

 

All burners / lances are equipped with a flame monitor that controls the gas valve. If the 

flame extinguishes, the automatic control system reignites or restarts the burner and 

controls.  
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The high temperature reactor can be purged with nitrogen for the purpose of 

inertisation.  

 

The carbon in the waste reacts with the oxygen and energy is produced, leading to 

temperatures of up to 2000ºC. The energy is used for smelting of the inorganic matter 

and gasification of the organic matter. 

 

The syngas mainly consists of CO, H2, CO2 and H2O. It flows out of the high 

temperature reactor to the quench at a temperature of about 1200ºC and with a 

pressure under 350 mbar. The impurities in the raw syngas such as molten inorganic 

compounds and gaseous heavy metals, non-metals or their compounds, are removed 

in the following cooling and gas scrubbing steps. 

 

Ammonia is instable at high temperatures and forms nitrogen and hydrogen or reacts 

with NOx forming nitrogen and steam. The fraction of HCN or NH3 is very low. Due to 

the reducing conditions, i.e. the conditions caused by the low content of oxygen in the 

reactor, sulphur exists mainly as H2S.  

 

 

1.2.2.4 Mineral and metallic melt down 

Silicon, aluminium and iron and their compounds as well as the oxides of manganese, 

chromium, calcium, magnesium and other oxides in the waste form a mineral melt at 

the bottom of the high temperature reactor.  
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Figure 2- 9: Homogenisation reactor 

 

The melt flows through the homogenisation reactor and exits at a temperature of about 

1’600ºC. The mineral melt is shock cooled with water and a granulate forms and falls 

into the granulate basin. From the granulate basin it is discharged with a bucket 

elevator and a vibrating conveyor. 
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Figure 2- 10: Homogenisation reactor 

The granulate falls into the granulate basin via a diving pipe being 7 meters immerged 

into the water in order to seal off the high temperature reactor. By direct water injection 

into the melt flow the latter is cooled down and granulated. A certain amount of steam 

emerges through the shock cooling of the granulate and flows up into the high 

temperature reactor where it takes part in chemical reactions.  

 

The emerged mixed mineral and metal granulate settles in the granulate basin and is 

transported with the bucket elevator and vibrating conveyor to a storage outside the 

building. 

 

Underneath the water cooled level of the melt exit, there is a hydraulic chopping device 

(“lever chopper”) in a gas tight, water-cooled housing. This device cuts off melt cones 

of material that eventually accumulates. 
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The water fill level is monitored in order to keep it above a set minimum level. The feed 

water to the granulate basin is supplied from the process water circuit. The quality of 

the granulate basin water is indicated by its conductivity value. 

 

 

1.2.2.5 Process control of the thermal waste treatment 

The essential information for the process control comprises: 

· Melt flow 

· Fill level 

· Gas exit pressure 

· Gas exit temperature 

· Quench exit temperature 

· Syngas oxygen content 

 

The melt flow out of the homogenizing reactor is monitored from the control room with 

a surveillance camera. For normal waste compositions the gasification of carbon with 

oxygen results in a sufficiently high temperature for melt down. 

 

The fill level in the high temperature reactor is monitored with a radioactive fill level-

measuring device. Through the fill level measurement, the waste feed of the high 

temperature reactor is controlled and the waste fill level kept within set limiting values. 

 

The gas exit pressure is monitored and equipped with two alarm levels. At a first 

alarm level of 350 mbar, appropriate countermeasures are undertaken in an attempt to 

prevent the opening of the water lock with subsequent syngas combustion in the 

emergency flare (e.g. reduction of waste throughput in the reactor, reduction of the 

burners / lances throughput). If, however, the pressure rise is too sharp and 500 mbar 

are exceeded, the gas is led through the water lock to the flare. 

 

The gas exit temperature, an important signal, is measured in the exit duct of the high 

temperature reactor and held at about 1200ºC by controlling the burners / lances. At a 

temperature of more than 1300ºC the burners / lances are turned off. 
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The quench exit temperature is monitored and at a first high temperature alarm level 

the lances are shut off. At the second high temperature alarm level the emergency 

quench water system is put into operation and the waste press is stopped. At the third 

level the syngas scrubbing is bypassed and the gas burned in the flare. By this three 

level alarm procedure the use of the flare is minimized and the gas scrubbing is 

protected from too high temperatures. 

 

As a security measure the oxygen content is measured. If the oxygen content 

exceeds 1.5 %, the feed of the oxygen lances is lowered.  

 

The amount of syngas is dependant on the waste conversion in the high temperature 

reactor, which in turn depends on the availability of gasification agents. The high 

temperature reactor is controlled by the syngas temperature, flowrate and the waste 

throughput. 

 

The syngas exit temperature controls the S – oxygen lances. The R – oxygen lances 

are controlled by the waste throughput.  Natural gas is mainly needed for the start-up of 

the reactor, as waste feeding initiates only as soon as a sufficiently high temperature is 

reached. During normal operation, the natural gas supply is stopped to the S and R – 

burner / lances and substituted by a small amount of nitrogen to prevent clogging of the 

burner nozzles.  

 

The H – burners / lances are run with a fixed value for the flow of oxygen and natural 

gas. Natural gas is here continuously required as the heat losses must be 

compensated and no syngas is produced in the homogenization section. 

 



 

 THERMOSELECT

Plant and Process Description 19.1.2005

 

 
C:\Documents and Settings\drostuw\Desktop\2005-01-14 Verfahrensbeschreibung.doc 19 (47)
 

1.2.3 Process unit 3: Syngas cleaning 

Besides the main components CO, CO2, H2 and H2O the raw syngas also contains HCl, 

HF, H2S, dust and metal compounds as the most important impurities. 

 

The syngas cleaning is aimed at  

· Quenching the hot syngas from the high temperature reactor (HTR) 

· Pre-cleaning by acidic scrubbing 

· Dust removal 

· Desulphurisation 

· Fine-dust removal by wet-EP 

· Gas-reheating 

 

The quench scrubber has the following tasks for the conditioning and cleaning of the 

raw syngas: 

· Quenching 

· Scrubbing and separation of solid particles 

· Scrubbing of metals and their compounds 

· Proportional separation of the slightly soluble sulphides 
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  Figure 2- 11 Quench 
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Figure 2- 12: Syngas scrubbing 



 

 THERMOSELECT

Plant and Process Description 19.1.2005

 

 
 C:\Documents and Settings\drostuw\Desktop\2005-01-14 Verfahrensbeschreibung.doc 22(47) 

 

 

The syngas fine cleaning includes the following steps: 

· Particle removal 

· Desulphurisation with an iron chelate solution with separation of 

elementary sulphur thus formed by partial oxidation 

· Fine dust removal 

 

All cleaning steps are operated by controlling temperature and fill level. The 

differences in pressure (input/output) are measured as operation values. 

 

All devices containing syngas are under a small over-pressure of up to 350 mbar, 

in order to prevent any air penetration from the outside. This prevents the 

formation of explosive gas mixtures inside the system. 

 

The water lock is also included in these parts of the plant. It acts as safety unit of 

the whole thermal system and protects the syngas cleaning against 

overpressure. 

 

1.2.3.1 Quench scrubber 

The quench scrubber consists of the following units: 

· The shock cooling, where the quench is coupled with the acidic scrubber 

and a sluice to remove solids to a separate tank. 

· The cleaning unit for the transition between the reactor and the quench 

scrubber (the so-called Quench scraper) 

· The sedimentation vessel 

· The quench circuit with redundant pumps and redundant filters.  

· The connection to the evaporation unit, where a part of the quench heat is 

used. 

· The emergency cooling by means of the emergency quench vessel. 

· The quench scrubbing unit with redundant pumps and heat exchangers. 
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Quench 

The syngas leaving the high temperature reactor with a temperature of about 

1200°C is cooled down with water to a temperature of < 95°C. Entrained 

particles, for example graphite and mineral dust, are removed. 

 

 

Figure 2- 13: Quench 

The quench consists of a graphite cylinder with spraying nozzles. A cleaning 

device operated hydraulically, the quench scraper, is mounted above the quench. 

 

Quench scraper 

A mechanical cleaning device working automatically with a hydraulic drive unit is 

installed at the gas exit of the high temperature reactor. This device periodically 

removes deposits of solid material in the transition region between the reactor 

and the quenching unit. The whole device is water-cooled. The cleaning tool, a 

crown shaped scraper, is constructed in a manner to guarantee an unobstructed 

gas passage even during the cleaning process.  
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The minerals sheared off by the quench scraper fall into the sump of the quench 

scrubber above the first sliding gate of the solid materials discharge. The 

elimination of the solid components takes place by means of two sliding gate 

devices for the discharge into solid discharge tanks. The solid materials are feed 

back into the waste tipping pit and are thus re-circulated into the thermal system. 

 

Quench circuit with inclined plate settler and emergency cooling 

A branch current of the quench water with suppended small solid particles is fed 

into a inclined plate settler. Due to the small flow velocities in the lamellas the 

particles can be separated and collected in the cone bottom of the tank. The 

settled particles (carbon sludge) are fed with a pump to the process water 

treatment. 

 

The quench pumps circulate the quench water back to the quench. Automatic 

strainers installed downstream of the quench pumps protect the quench nozzles 

from clogging. The filters are backwashed frequently. 

 

The syngas is cooled in the quench circuit by water evaporation to its saturation 

temperature of approximately 90°C. The quench system is refilled by water from 

the quench scrubber circuit. 

 

The liquid level in the quench feed tank is controlled. The excess water – 

originating from the waste moisture content and the oxidation of hydrogen in the 

gasifier – is transported to the Process Water Treatment (PWT). 

 

In case of failure of the circulation pumps in the quench circuit, a sufficient 

cooling of the syngas is secured by means of the emergency quench vessel. 

 

 

1.2.3.2 Acidic gas scrubbing – Condensation scrubber 

In the condensation scrubber – being equipped with several levels of water spray 

nozzles – the syngas is cooled down from app. 90°C to app. 45°C. A large 
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fraction of the water evaporated in the quench as well as the original moisture 

content of the syngas is thus condensed and returned into the quench water 

circuit.  

  

In the condensation scrubber the syngas is cooled down in two steps. The heat 

recovered in the first step at a sufficiently high temperature level is used in the 

evaporation unit of the process water treatment to desalinate the process water.  

The heat removed in the second step is dissipated via the plant cooling towers, 

as its temperature level is too low for any reuse. 

 

Due to the chlorine and fluorine content in the waste, the formation of HCl and 

HF and/or their volatile salts takes place in the high temperature reactor. They 

are dissolved in the quench and in the acidic scrubbing, thus reducing the pH-

value of the circuit.  

 

As the pH-value of the washing liquid is lower than 2, the heavy metals in the raw 

syngas are dissolved as chlorides and/or fluorides and therefore scrubbed from 

the raw syngas. Traces of ammonia are bound as ammonia chloride (NH4
+Cl-). 

 

Weaker acid forming components like H2S and CO2 cannot be dissolved at this 

pH-value. A concentration of the dissolved heavy metal chlorine in the quench 

circuit is avoided by removing the water surplus to the process water treatment. 

 

The great liquid quantity in the quench water circuit ensures a high buffer 

capacity of the water. In case the pH-value of waste is too high due to a low 

chlorine content, an HCl solution is added to the quench circuit to adjust the pH-

value. 

 

A syngas valve (nitrogen pressurized double isolating valve) is installed after the 

condensation scrubber. In case of a malfunction in the syngas production or of a 

failure in the syngas scrubbing train, this flap valve closes the path to the syngas 

scrubbers and the syngas is led to the emergency flare. The gas butterfly valve is 
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also operated in case of a high oxygen concentration after the high temperature 

reactor, excessive temperatures after the quench, or an emergency shut down. 

 

 

1.2.3.3 Water lock 

The main safety device for the gas scrubbing equipment is the water lock. It 

opens in case of a pressure increase in the system and contemporary failure of 

other control and safety devices and deviates the partially cleaned syngas to the 

flare. The connection to the water lock is located downstream of the 

condensation scrubber. 

 

The filling level of the water lock is kept constant by means of a level controlling 

device, in order to guarantee a constant counter pressure. 

 

The water lock can also be bypassed. The valve in the bypass line is opened by 

the safety control system in the following cases:  

· Emergency shut down 

· Oxygen content at the measuring point after the quench scrubber > 

3.5 Vol.% 

· Excess temperature excess after the quench  

 

The gas line between the water lock and the flare is continuously kept inert with 

nitrogen. 

 

 

1.2.3.4 Particle separation 

De-dusting scrubber 

In the de-dusting scrubber – being a water jet pump device  – dust and carbon 

particles are removed from the syngas. 

 

This scrubber is provided with a water washing circuit, with heat exchangers and 

a re-circulation pump.  
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In the dust separator further condensation occurs by further cooling of the 

syngas. The condensation is important to obtain a constant blow-down flow from 

the scrubber circuit. Otherwise the dust in the washing liquid would accumulate. 

 

The heat exchangers have following functions: 

- cooling of the scrubbing stage to obtain additional condensation 

- discharging the heat generated by the circulating pumps 

 

 

1.2.3.5 Desulphurisation 

Desulphurisation scrubber 

The desulphurisation of the syngas takes place through the adsorption of H2S 

and the partial oxidation to elementary sulphur. 

The syngas flow is sprayed with a solution of iron chelate. The trivalent iron of the 

chelate oxidizes H2S and is reduced to bivalent iron. The complex formation of 

iron as chelate prevents the deposition of iron hydroxide or iron sulphide. 

 

This reaction produces elementary sulphur and water.  

 

The iron chelate solution is kept at a temperature of 45 °C in the circuit. This 

temperature is required in order to avoid water condensation in the scrubber. 

 

The pH-value of the washing circuit is controlled and is kept constant by adding 

NaOH to the solution (nominal pH value about 5-7). 

 

The bivalent iron (Fe2+) that is reduced during the transformation of H2S to 

sulphur (S), has to be regenerated into trivalent iron (Fe3+) through oxidation. 

Moreover, the resulting sulphur has to be separated from the washing medium. 

For this purpose a constant quantity of the washing liquid is discharged to the 

regeneration facility. 

 



 

 THERMOSELECT

Plant and Process Description 19.1.2005

 

 
 C:\Documents and Settings\drostuw\Desktop\2005-01-14 Verfahrensbeschreibung.doc 28(47) 

 

Chelate regeneration  

In the regeneration, the bivalent iron (Fe2+) in the iron chelate solution is oxidized 

by oxygen from the air. 

 

2 Fe2+ + ½  O2 +2 H+  ⇒  2 Fe3+ +H2O 

 

Air is therefore injected at the bottom of a regeneration column. The regenerated 

chelate containing elementary sulphur as a suspension flows into the sulphur 

sedimentation vessel.  

The regenerated iron chelate is pumped from the sedimentation tank back to the 

desulphurisation scrubber. 

 

The sulphur in the sulphur sedimentation tank settles down and is led as sulphur 

chelate mixture to the sulphur sludge pump. This pump transports the sulphur 

sludge to the sulphur filtration. 

 

Elementary sulphur is separated from the chelate solution in the filter. The filtrate 

flows into the sulphur sludge filtrate tank. From there the filtrate is transported 

back to the sulphur sedimentation tank. 

 
The chelate lost with the sulphur cake of the filtration is replaced by fresh chelate 

from the storage tank. 

 

 

1.2.3.6 Fine dust removal 

If the downstream syngas utilization requires a very low dust concentration, a wet 

electrostatic precipitator (wet EP) is installed. 

 

Before entering the wet-EP, the syngas humidity is raised by direct water 

injection to optimize the subsequent particle separation in the electrostatic field. 
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The wet-EP consists of two gas passages. During a washing cycle of one 

passage, the passage is shortly taken out of the syngas circuit and the full 

syngas amount passes through the second passage. 

 

In the EP-zone the water moisturizes the walls, yielding a constant downward 

flow to remove the separated solid particles. 

 

Oxygen measurements at the exit of the high temperature reactor ensure that the 

syngas in the wet-EP is oxygen free. An explosion proof design is therefore not 

required. 

 

1.2.3.7 Gas reheating 

After the wet-EP the temperature of the syngas is raised by approx. 5 °C to avoid 

water condensation in the downstream equipment. 
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1.2.4 Process unit 4: Process water treatment 

The treatment of the process water takes place in this unit.  

The process water of two thermal lines is treated in a single process water 

treatment facility. 

 

Raw water buffer

BuildingBlow-down de-
dusting scrubber

Blow-down
 wet-EP

Precipitation A

Precipitation B

Precipitation C

Neutralisation

salt water buffer

Evaporation unit

Blow-down 
quench ciruit 

Granulate basin

Conditioning
C-sludge-
separation

Settler B

Settler B

Settler C
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Zn-separation Zink-
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Heat 
exchanger

Regenerate-
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Oxidation
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Ion exchanger

Settler

Salt-separation Mixed salt

 

Figure 2- 14: Process water treatment overview 
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The main process stages in the process water treatment are: 

· Oxidation with H2O2 

· Two stage precipitation and filtering of the metal hydroxides 

· Lime precipitation, neutralisation and ion exchange 

· Evaporation and salt crystallisation 

 

This results in the following products: 

· Zinc concentrate 

· Mixed salt 

 

The cleaned process water is used as make-up water in the plant cooling towers, 

where it is evaporated. 

 

The process water primarily consists of water vapour condensed in the 

condensation scrubber.  

 

The water streams conveyed to the process water treatment have the following 

sources: 

· Quench circuit 

· Condensation scrubber 

· Wet-EP 

· Granulate cooling 
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Figure 2- 15: Process water treatment 

 

 
1.2.4.1 Oxidation with hydrogen peroxide 

The water coming from the de-dusting scrubber and the wet EP is conveyed to 

the oxidation vessel. 

 

Depending on the redox-potential in the oxidation vessel, a 25% H2O2-solution 

from the hydrogen peroxide storage container is added to the oxidation vessels, 

thus oxidizing the H2S dissolved in the water. This prevents degassing of H2S 

during the subsequent acidification. A stirrer ensures proper mixing during the 

oxidation. From the oxidation step the liquid flows to the raw water vessel 
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1.2.4.2 Carbon sludge recycling 

The conditioning vessel of the carbon (C) sludge recycling is supplied with 

carbon sludge from the inclined plate settler of the quench circuit, the iron and 

aluminium hydroxide sludge from the hydroxide precipitation A as well as the lime 

sludge from the lime precipitation C. A stirrer in the vessel prevents the 

sedimentation of particles. The content of the conditioning vessel is extracted 

from the sump and transported to the C-sludge filter. 

 

The C-sludge is pumped back to the high temperature reactor and conveyed into 

the thermal system through the joint piece of the degassing channel, whereas the 

filtrate is returned into the raw water buffer. 

 
The sludge mixture (approx. 20% dry matter) mainly consists of carbon, iron and 

aluminium hydroxide.  

 
1.2.4.3 Raw water buffer  

The loaded process water (raw water) from the quench circuit, the filtrate of the 

C-sludge separation, the oxidation vessel and other process water, which has to 

be cleaned in the process water treatment, is collected in the raw water buffer. 

From the raw water buffer the following hydroxide precipitation A is fed. 

 

 

1.2.4.4 Hydroxide Precipitation A and Sedimentation 

The hydroxide precipitation A is divided into two steps: First the water flows into 

the hydroxide precipitation vessel A, where it is mixed with NaOH and H2O2, and 

then the water flows into the sedimentation vessel A, where the solids (hydroxide 

flocks and carbon particles) settle.  

 

The water from the raw water puffer is continually mixed with H2O2 and NaOH. A 

stirrer is installed in the hydroxide precipitation vessel A in order to ensure 

intensive mixing. The H2O2 is used to oxidize Fe2+ to Fe3+ and Al2+ to Al3+. This is 
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necessary for the formation of iron and aluminium hydroxides. The NaOH flow is 

controlled in order to set the pH at 5.5.  

 

From the sedimentation vessel the settled hydroxide and carbon sludge is 

pumped to the conditioning vessel and the cleared water flows to the precipitation 

B. 

 

 

1.2.4.5 Hydroxide precipitation B and Sedimentation 

Similar to the precipitation A, the precipitation B consists of a mixing vessel 

(hydroxide precipitation B vessel) for pH adjustment and hydroxide formation and 

a sedimentation vessel, where the hydroxides flocks settle. 

 

In the precipitation B vessel, the water from precipitation A is continually mixed 

with NaOH. A stirrer is installed in the hydroxide precipitation vessel B in order to 

ensure an intensive mixing.  

The NaOH flow is controlled in order to set the pH at 8.5. This pH-value is optimal 

for the formation of the hydroxides of heavy metals. Depending on the waste inlet 

composition, the dominant element in the metal hydroxide is usually Zinc. The 

sludge is therefore also called zinc/Zn-sludge. 

 

From the sedimentation vessel the settled hydroxide sludge is pumped to the 

zinc sludge treatment and the cleared water flows to the lime precipitation. 

 

 

1.2.4.6 Zinc sludge Separation  

In the zinc sludge treatment, the zinc sludge from precipitation B is filtered and 

washed. A concentrated metal hydroxide cake (Zn-concentrated) and a filtrate 

are the products of this separation step.  

The filtrate is pumped back to the precipitation vessel B and the zinc-concentrate 

product is collected in a transport container, which is located under the filtration 

unit. 
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1.2.4.7 Lime Precipitation (Precipitation C) 

Ca-ions, which are not removed in the previous precipitations, can be removed 

either in an ion-exchanger unit or in a lime precipitation. As the Ca-concentration 

can be relatively high in the process water, an ion-exchanger unit would have to 

be regenerated very frequently and the consumption of chemicals would 

increase.  

 

As there is exhaust gas with a high CO2-concentration available, a lime 

precipitation unit is installed.  

 

The lime precipitation consists of a mixing vessel and a sedimentation vessel, 

where the lime flocks settle. The exhaust gas is transported with a liquid ring 

compressor.  

 

In the lime precipitation vessel, CO2 -rich exhaust gas is injected into the process 

water by means of nozzles, installed in the bottom of the vessel. Because of the 

gas bubbles there is a high contact surface between gas and liquid phase. With 

CO2 the Ca forms CaCO3, which settles in the sedimentation vessel.  

 

From the sedimentation vessel the settled lime sludge is pumped to the 

conditioning vessel and the cleared water flows to the neutralisation unit. 

 

 

1.2.4.8 Neutralisation and Ion exchanger unit 

The ion exchanger unit removes any trace residual concentrations of multivalent 

ions such as zinc and other heavy metals. The metal ions are exchanged for 

sodium ions. 

 

Prior to the ion exchange a neutralisation takes place, which prevents the 

formation of deposits in the ion exchanger unit. The water from the lime 
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precipitation is transferred to the neutralisation vessels. A stirrer mixes the 

solution. A pH-measurement unit sets the pH-value through the addition of HCl. 

The neutralised solution is conveyed with pumps to the ion exchanger unit. The 

cleaned water flows into in the evaporation unit. 

 

The regeneration of the ion exchanger unit is periodically actuated. The ion 

exchanger bed in regeneration is temporarily bypassed. During regeneration the 

metal ions previously separated, mainly zinc and copper, are released by means 

of regeneration with hydrochloric acid and flow as regenerated liquid into the 

regeneration buffer vessel. The regeneration water is pumped back 

discontinuously to the raw water buffer.  

After the regeneration with hydrochloric acid, a conditioning of the ion exchanger 

bed takes place. Through this process the sodium ions are incorporated in the 

resin and the exit of the ion exchange unit is kept neutral. 
 

 
1.2.4.9 Evaporation and Crystallisation 

The process water from the ion exchanger flows to the evaporation unit.  

The salt solution is pumped into the circuit of the first evaporator stage. The 

mixed solution and the freshly added solution are heated with the hot water of the 

quench circuit to a temperature of 65°C. Through the evaporation of water, the 

remaining solution is concentrated in the first evaporation vessel. A portion of the 

solution is drawn from the evaporation circuit and conveyed to the crystallisation 

stage to avoid salt formation in the evaporator.  

 

Further evaporation of water in the crystallisation unit increases the salt content 

in the circulated crystallisation brine to over-saturation and salt crystal formation. 

The crystallisation unit is as well heated with heat from the quench circuit.  

 

A constant blow down stream is extracted from the lower sector of the 

crystallisation unit to the salt centrifuge where the salt is dewatered (usually the 

water content in the salt is less than 10%).  
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 Process unit 5: Synthesis Gas Utilisation 

This part of the plant includes: 

· Syngas utilisation (electricity and/or heat production with exhaust gas 

discharge) 

· Safety device to eliminate the syngas in case of malfunction. 

 

There are four main options for using the synthesis gas: 

 

− Gas engines for electrical power generation. 

− Steam boiler and turbine for electrical power generation. 

− Saturated steam or hot water boiler for heat generation. 

− Direct delivery over fence, compressed or not. 

 

1.2.4.10 Gas engines for electrical power generation 

The choice of large, high efficiency gas engines is an ideal complement to the 

THERMOSELECT high temperature gasification process (see Figure 2- 16, 

Figure 2- 17). With these proven and utterly robust aggregates electrical power 

generation efficiency of up to approx. 40% can be reached. The electrical power 

generation capacity per engine is up to 8.6 MW. 
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Figure 2- 16: An example of a gas engine 

 

 

Figure 2- 17: Typical layout of a gas engine with ancillary equipment 
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The purified syngas is mixed with air, compressed with turbo compressors and 

fed to the engine. The turbo charger consists of the turbo compressor and the 

exhaust gas turbine, which are mechanically coupled.  

The gas engines are four stroke engines. The igniting of the gas-air mixture is 

secured by a small diesel ignition jet. Sparks are not required, which leads to an 

increased service time. 

 

The exhaust gas is discharged from the engines through the turbo charger which 

drives the turbo compressor at the inlet. Thereby the energy in the off gas is used 

for the compression of the gas air mixture at the engine inlet. Each engine has its 

separate automatic control equipment.  

The exhaust-gas leaves the engines at a temperature of about 390 ºC. This 

temperature ensures optimal operation of the NOx removal and oxidisation 

catalysts. 

A Selective Catalytic Reduction (SCR) system is used to reduce the NOx-

emissions.  

 

In a definite temperature range and in presence of a catalyst, ammonia, as a 

reducing agent (ammonia water or urea solution), reacts with the nitric oxides of 

the exhaust gas to nitrogen and water, according to the following equations: 

 

4 NO  +  4 NH3  +  O2  ⇒   4 N2  +  6 H2O 

6 NO2  +  8 NH3    ⇒   7 N2  +  12 H2O 

NO  +  NO2  +  2 NH3   ⇒   2 N2  +  3 H2O 

 

For other nitric oxides, there are similar equations valid.  

 

To cope with the required CO level in the off gas, there is an additional oxidation 

catalyst installed, where CO is oxidized to CO2.  

 

The engine is designed in a way that enables it to run on 100% diesel. 
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The gas engines are fed with air from the waste pit to prevent odorous emissions 

from the plant. If needed ambient air can be used. 

 

Heat from the engines can be used as process heat for district heating. 

 

The exit gas temperature after the exhaust gas heat exchangers is 130ºC. This is 

the optimal temperature for running an optional dry adsorption plant, which 

separates residual traces of SO2 and mercury, if required 

 

1.2.4.11 Steam Boiler and Turbine for Electrical Power Generation 

 

Figure 1-1: A steam boiler in the Karlsruhe plant 

 

See Figure 1-1 for an example of a steam boiler. The cost for this option is 

substantially lower than the gas engine option.  

 



 

 THERMOSELECT

Plant and Process Description 19.1.2005

 

 
 C:\Documents and Settings\drostuw\Desktop\2005-01-14 Verfahrensbeschreibung.doc 42(47) 

 

The boiler contains burner lances, mounted on the front side of the boiler. These 

burners are assigned to ignite purified synthesis gas. In order to even out calorific 

value fluctuations in the synthesis gas during start up and shut down of the boiler, 

natural gas is used. In normal operation the boiler runs solely on synthesis gas. 

 

The burners and the gas engines are fed with combustion air via valves from the 

waste pit. If needed ambient air can be used. 

 

In the steam boiler super heated steam is generated, which is used for electrical 

power generation in a steam turbine (see Figure 1-2). The condensed steam is 

fed back to the steam boiler with steam boiler feed pumps. 

 

 

Figure 1-2: Steam turbine 

 

The combustion gas is denoxed while still in the boiler. NOx is eliminated through 

the SNCR, Selective Non Catalytic Reaction, under use of urea. The urea 

decomposes and creates ammonia, which reacts with the NOx and creates N2 

and water: 

4 NO   +   4 NH3   +   O2   →   4 N2   +   6 H2O 

6 NO2   +   8 NH3   →   7 N2   +   12 H2O 

NO   +   NO2   +   2 NH3   →   2 N2   +   3 H2O 
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Similar reactions take place for other NOx. 

 

 

1.2.4.12 Saturated Steam or Hot Water Boiler for Heat Generation 

In the boiler, during combustion of the purified synthesis gas, energy is set free 

and used to generate hot water or saturated steam. 

 

The boiler used is a fire-tube boiler. The boiler contains burner lances, mounted 

on the front side of the boiler. These burners are assigned to ignite cleaned 

synthesis gas and natural gas. In order to even out calorific value fluctuations in 

the synthesis gas during start up and shut down of the boiler, natural gas is used. 

In normal operation the boiler runs solely on synthesis gas. 

 

The burners and the gas engines are fed with combustion air via valves from the 

waste pit. If needed ambient air can be used. 

 

 

1.2.4.13 Direct Delivery of Synthesis Gas 

If a conventional power plant is situated in the near, the possibility to use the 

synthesis gas in existing gas turbines or steam boilers makes this a very 

interesting alternative for the THERMOSELECT plant. The synthesis gas then 

serves as a co-generating fuel. 

 

The synthesis gas can be delivered at ambient pressure or compressed to the 

required pressure level for the combustion device. 

 

The synthesis gas has very low concentrations of impurities, these values can be 

guaranteed by THERMOSELECT. 
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1.2.4.14 Dry Adsorption unit (optional) 

The dry adsorption process may be used, if required, to carry out an additional 

cleaning of the exhaust gases, and in particular, to further reduce the sulphur 

dioxide (SO2) and mercury emission values. 

 

2 NaHCO3 (T > 130 C)  ⇒  Na2CO3 +CO2 + H2O 

 

Under these conditions, a reaction time of a few seconds is sufficient for the 

reaction of the sulphur dioxide with Na2CO3 to form solid sodium sulphide 

Na2SO4. 

 

2 Na2CO3 + 2 SO2 + O2  ⇒  2 Na2SO4 +2 CO2 

 

Through the spraying of a mixture made of sodium bicarbonate and max. 20% by 

mass of coke, sulphur dioxide and mercury are adsorbed. The loaded adsorbing 

material is separated by means of a textile filter and subsequently taken out. In 

the dry adsorption unit only pre-mixed adsorbing material is used. Due to the 

comparably bulky density of both adsorbing agents there is no risk of relevant 

segregation.  
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Figure 2- 18: Dry adsorption unit 

 

The filter casing itself consists of the crude gas section with filter bags and the 

pure gas section with a cleaning device. The filter bags are arranged horizontally 

in the crude gas section and connected with a diaphragm wall by means of 

clamping frames. This diaphragm wall separates the crude and the pure gas 

sections from each other. 

 

The loaded residual material may be recycled to the gasifiers. 

 

The pressure drop in the filter is compensated by a speed controlled induced 

draft ventilator in the pure gas channel. This induced draft ventilation also serves 

as an induced draft fan for the steam boiler. Following the induced draft 

ventilation, the exhaust gas is conveyed to the stack, where a continuous 

emission measurement may be installed, depending on the applicable 

regulations. 
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1.2.4.15 Flare Stack 

In case of malfunctions in the process, which cannot be prevented by operational 

measures and safety devices, the syngas is diverted to the emergency flare, 

where it is safely combusted.  

 

This discharge of syngas from the gas path of the syngas treatment can take 

place: 

· After the quench scrubber (water lock or bypass)  

· Before the syngas utilisation 

 

The flare is refractory lined and the off-gas is exhausted via its stack.  
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Figure 2- 19: Flare stack 

 

The syngas pipes to the flare are constantly kept under inert atmosphere by 

means of low pressure nitrogen. This prevents the formation of flammable 

syngas / air mixtures in the lines in case of emergency flaring. 

 

1.2.5 Process unit 6: Cooling systems, water supply and disposal 

 

1.2.5.1 Water supply 

The water supply mainly consists of: 

· Service water 

· Cooling water 

· Hot water 

· Drinking water 

· Desalinated water / condensed water  

· Fire extinguishing water 

 

 

 

1.2.6 Process unit 7: Ancillary units 

There are the following ancillary units: 

· Air separation unit 

· Unloading and storage of the operating materials 

· Intermediate storage of the granulate mixture 

· Intermediate storage of products 

· Natural gas supply 

 

 

 

 


