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Abstract: Gasification of biomass is always accompanied with the generation of highly loaded wastewater. Those 
streams are formed during cooling and cleaning of process gas and comprise of tars, condensed water vapor and  
a range of organic and inorganic compounds. Nowadays, there are no treatment systems of those wastewater, 
especially dedicated to small and medium size gasification plants, what is the main limitation in the technology 
popularization and industrial commercialization. On the other hand, conventional methods proposed for the 
treatment characterize with the narrow spectrum of action dedicated, mainly to the removal of tar substances. In 
the presented paper the possibility of utilization of biomass gasification wastewater by means of membrane 
processes is proposed. The technology was based on the two stage treatment system enabling the separation of tars 
by spontaneous sedimentation/floatation and low pressure drive aqueous phase filtration. Polymeric, ultrafiltration 
membranes of various cut off were investigated due to the contaminants removal effectiveness and capacity. It was 
shown, that the use of membrane processes assures the concentration of soluble organic contaminants to the rate 
enabling their recycle to the gasifier. The filtrate obtained during the process characterized with much decreased 
load of contaminants and after the proper polishing could be directly deposited to the environment. 
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Introduction 

The process of biomass gasification is energetically efficient and economically 
attractive thermal operation, which is regarded as one of the most promising method for 
renewable energy production [1-4]. The process comprises of several stages, which usually 
occur in one reactor, called gasifier, organized in co-current or counter-current flow, which 
is schematically presented in Figure 1. 

The mechanism of gasification process can be defined as a series of thermochemical 
reactions, which occur during pyrolysis and combustion. As a results of those reaction and 
at the use of a proper gasification agent (air, oxygen, water vapor, hydrogen, carbon 
dioxide, etc.) and increased temperature (above 800°C) the conversion of solid substrates to 
combustible gaseous products, which is a mixture of carbon oxide and dioxide, hydrogen, 
methane and water vapor, takes place [5-7].  

The gas obtained during the gasification process, except of the gaseous products, 
contains also a range of contaminants, which need to be removed in case, when further gas 
processing, e.g. in chemical synthesis or cogeneration, is predicted. Two gas cleaning 
methods are used for this purpose i.e. wet and dry. In the former method, the contaminants 
are usually washed out from the gas by means of water or oil absorption in scrubbers and 
the simultaneous cooling of gas due to its contact with the scrubbing medium occurs. In the 
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latter method, the condensable contaminants present in gas stream appear in the form of 
aqueous-tar mixture, while solids (dusts and ashes) are usually removed on filters [8-10]. 

 

 
Fig. 1. Fixed bed reactor for biomass gasification: A - counter-current mode, B - co-current mode 

 

 
Fig. 2. Places of formation of wastewater streams generated during biomass gasification process 

 
Regardless of gas cleaning method, the highly loaded wastewater containing tars and 

aqueous stream contaminated with water soluble organic compounds is formed (Fig. 2). 
The proper management of the stream is said to be one of the most important condition for 
popularization of biomass gasification, especially in case of medium and small systems. 
Nowadays, only large installations equipped with technologically complete wastewater 
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treatment plants are found to be commercially available, and the lack of the method for 
proper utilization of smaller amount of wastewater is one of the main reason [11, 12]. 

In the paper, the technique for the treatment of biomass gasification wastewater 
obtained during the dry cleaning of gas (i.e. tar-water condensate) is discussed. The system 
was based on the membrane separation, and different types of membranes were used. 

Methods 

The process of membrane filtration was carried out in the laboratory installation by 
KOCH Membrane Systems, model KMS Cell CF1. The device is equipped with the feed 
tank of volume 0.5 dm3 and two membrane cells arranged in a series of common separation 
area of 56 cm2. The construction of the device enables to run the process in the cross flow 
mode. The scheme and the photography of the installation is shown in Figure 3.  

 

 
Fig. 3. The scheme and the photography of laboratory installation for membrane filtration KMS Cell CF1 

 
In the study two types of membranes differ in membrane material and molecular 

weight cut off, i.e. polyether sulfone membrane of cut off 5 kDa (UF-PES-5) and composite 
membrane of cut off 1 kDa (UF-K-1), were used. The filtration of gasification condensate 
was preceded by both, membrane conditioning and characterization with deionized water at 
transmembrane pressure of 0.1 MPa as well as with removal of tars from the treated 
medium by means of spontaneously occurring sedimentation and floatation of the fraction. 
Next, the filtration of the aqueous phase of the condensate was carried out at 
transmembrane pressures equal to 0.2 MPa for UF-PES-5 and 1.0 MPa for UF-K-1. The 
difference in process pressures resulted of the dependences observed during the membrane 
conditioning. Both process were carried out until 80% of the feed volume was recovered in 
the form of permeate. After the process, the stream of deionized water was again measured, 
in order to evaluate the character of fouling of the membrane and possible interactions 
between membrane materials and contaminants present in the treated wastewater. 

The feed and the filtrates obtained during the process were characterized due to the 
value of pH, specific conductivity, chemical oxygen demand, ammonia nitrogen and dry 
mass content. pH and specific conductivity were measured with the use of dedicated 
probes, chemical oxygen demand and ammonia nitrogen were indicated by means of 
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HACH Lange methodology, while dry mass content was analyzed by means of 
conventional thermal method at 105°C temperature. 

Results and discussion 

In Figure 4, the capacities of clean membranes expressed as the volumetric deionized 
water flux at 0.1 MPa transmembrane pressure are compared.  

 

 
Fig. 4. The comparison of capacities determined for clean membranes 

 

 
Fig. 5. The capacity of membranes obtained during biomass gasification wastewater filtration 
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It was noticed, that despite the small difference between particular membranes cut off 
(5 kDa and 1 kDa), the difference in their capacities was significant. It was explained by the 
hydrophilicity of particular membrane materials, which was found to be higher for 
polyether sulfone membrane. 

In Figure 5 the results of biomass gasification wastewater filtration at 0.2 MPa pressure 
for UF-PES-5 and 1.0 MPa pressure for UF-K-1, as well as fluxes recalculated for 0.1 MPa 
transmembrane pressure are shown. 

The much higher capacity at both, process and 0.1 MPa pressure, was obtained for  
UF-PES-5 membrane. However, when values of relative permeate fluxes, calculated as the 
ratio of the permeate flux to the deionized water flux, were compared, it was noticed that 
UF-PES-5 membrane operated at 0.25 of initial capacity, while UF-K-1 membrane  
at 0.87 of the initial capacity. The phenomenon was explained by both, membrane cut off 
responsible for fouling and membrane material hydrophilicity and affinity to compounds 
present in the treated membrane. The former reason resulted of the blockage of pore 
membranes, as probably they were wide enough, in case of UF-PES-5, to enable only the 
entrance of the contaminant and its remaining inside the pores. The latter reason resulted of 
the deposition of contaminants on the membrane surface, which protected membrane pores 
from the entrance of smaller particles inside the membrane. Hence, forming the washable 
filtration cake layer was formed. In order to confirm the described phenomena, the 
investigation of the change of deionized water flux was made. The results are shown in 
Figure 6. 

 

 
Fig. 6. The comparison of water fluxes and relative water fluxes measured for UF-PES-5 and UF-K-1 after the 

process 
 
It was noticed, that despite higher capacity revealed during the wastewater filtration, it 

was UF-PES-5 membrane, capacity of which decreased by 63% after the process. Hence, 
the conclusion on the penetration of membrane pores by contaminants present in the treated 
medium and irreversible fouling occurrence was confirm. On the other hand, and 
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interesting observation was made for UF-K-1 membrane, for which 175% of initial capacity 
was noted. It was explained by the fact, that the presence of the filtration cake, which 
formed on the membrane surface during the wastewater treatment, modified the membrane 
material and increased its hydrophilicity. 

The operation of membranes was also evaluated due to the rate of contaminants 
removal. In Table 1 the comparison of parameters analyzed in feed and particular process 
filtrates is shown, while in Figures 7 and 8 the photography’s of process streams and 
membrane after process are shown. 

 
Table 1 

The values of parameters of process streams and removal rates of contaminants 

Parameter Unit Feed 
UF-PES-5 
permeate 

UF-K-1 
permeate 

UF-PES-5 
removal rate 

UF-K-1 
removal rate 

pH - 3.51 7.63 7.61 - - 
Specific 

conductivity 
[mS/cm] 4.01 3.08 2.33 23.2 41.9 

COD [mg O2/dm3] 67 000 1049 896 65.7 70.3 
N-NH4 [mg/dm3] 610 209 181 93.3 94.2 

Dry mass [mg/dm3] 593 5 2 99.5 99.7 
 

 
Fig. 7. Feed, permeate and concentrate and membrane after the process - UF-PES-5 membrane filtration 

 

 
Fig. 8. Feed, permeate and concentrate and membrane after the process - UF-K-1membrane filtration 

 
It was observed, that in both cases membrane filtration resulted in the efficient removal 

of organic contaminants indicated as chemical oxygen demand. The obtained removal rates 
were 98.4 and 98.7 for UF-PES-5 and UF-K-1 membranes, respectively. The membrane 
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filtration also enabled the removal of suspended contaminants, as the dry mass content in 
the permeates was 5 and 2 mg/dm3, for UF-PES-5 and UF-K-1 membranes, respectively, 
what corresponded to the removal rates above 99%. The content of ammonia nitrogen was 
also decreased, but only by 70 and 65%, while specific conductivity was reduced by 23 and 
42%. Additionally, the pH of permeates was much higher, that the one noted for the feed, 
what suggested, that acidic contaminants present in the wastewater were rejected by the 
membranes and remained in the concentrate.  

Considering both, membrane capacity, its affinity to fouling and effectiveness of 
contaminants removal, it is suggested, that the treatment of aqueous phase of biomass 
wastewater should be carried out at UF-K-1 membrane. The obtained permeate can be 
directed to municipal sewage system, or after polishing, by means of e.g. activated carbon 
absorption, it can be directly deposited to the environment. The retentate generated during 
the process, as an aqueous stream highly loaded with soluble organic compounds, can be 
recycle to the gasifier in order to assure both, the proper humidity of the gasified biomass 
and thermal decomposition of the remaining contaminants. 

Summary and conclusions 

The wastewater generated during biomass gasification, equipped with the dry gas 
cooling and cleaning system, is a highly loaded tar-aqueous mixture of a wide range of 
contaminants. The proper management of the stream is said to be crucial for popularization 
and commercialization of small and medium biomass gasification system. In this paper,  
a study on the treatment of aqueous phase of the stream by means of membrane filtration is 
discussed. The feed to the membrane process was the water fraction of the tar-water 
condensate, from which tar fraction was removed by means of spontaneous sedimentation 
and flotation. Two types of ultrafiltration membranes were used, polyether sulfone 
membrane of cut off 5 kDa and composite membrane of cut off 1 kDa. It was found, that 
both membranes effectively removed contaminants present in the process stream, and the 
obtained permeates could be deposited to the municipal sewage systems, or, after a proper 
polishing, directly deposited to the environment. Nevertheless, considering the capacity of 
the process and the affinity of membranes to fouling, it was concluded, that the process 
should be carried out at the composite membrane. 
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WYKORZYSTANIE TECHNIK MEMBRANOWYCH W UTYLIZACJI ŚCIEKÓW 
POWSTAJĄCYCH W PROCESIE ZGAZOWANIA BIOMASY 

Instytut Chemicznej Przeróbki Węgla, Zabrze 

Abstrakt: Proces zgazowania biomasy wiąże się z powstawanie wysoko obciążonych ciekłych strumieni 
odpadowych. Wody te formowane są podczas chłodzenia i oczyszczania gazu procesowego i stanowią mieszaninę 
smół, skroplonej pary wodnej oraz szeregu związków organicznych i nieorganicznych. Brak odpowiednich 
rozwiązań systemowych, przede wszystkim w przypadku małych i średnich instalacji, powoduje, że ich 
popularyzacja i komercjalizacja na skalę przemysłową są znacznie ograniczone. Obecnie proponowane metody 
utylizacji ciekłych strumieni odpadowych charakteryzują się zawężonym spektrum działania, skupiając się na 
jednym z aspektów problemu, jakim jest obecność substancji smolistych. W niniejszej pracy zaproponowano 
możliwość zagospodarowania ciekłych strumieni odpadowych z procesu zgazowania biomasy z wykorzystaniem 
technik membranowych. Rozwiązanie oparto o dwustopniowy system oczyszczania umożliwiający separację smół 
poprzez samoistnie zachodzące procesy sedymentacji i flotacji oraz niskociśnieniową filtrację membranową.  
W badaniach wykorzystano polimerowe membrany ultrafiltracyjne o różnych granicznych masach molowych. 
Wykazano, że zastosowanie procesów membranowych umożliwia zatężenie rozpuszczonych związków 
organicznych w stopniu pozwalającym na ich zawrócenie do reaktora oraz powstawanie filtratu o znacznie 
obniżonym ładunku zanieczyszczeń, który po odpowiednim podczyszczeniu może zostać odprowadzony 
bezpośrednio do środowiska.  

Słowa kluczowe: ścieki, smoły, zgazowanie, membrany 


