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The steam gasification of pure Biomedical waste (glucose plastic bottle, syringe) and Indian 

palm kernel shell is gasified in fluidized bed gasifier and the result is compared with the 

different mixture of PKS and BMW co-feeding(100%pks,25%bmw,50%bmw, and 100%bmw) 

using olivine as the primary catalyst. The influences of co-feeding of BMW with PKS on the gas 

yield, char yield, tar yield, carbon conversion efficiency, tar composition, and gas composition 

are investigated. 
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Nomenclature 

A/F    Air-to-fuel ratio 

BMW   Biomedical Waste 

CCE             Carbon Conversion Efficiency 

CGE            Cold Gas Efficiency 

EP   Electrostatic precipitator 

ER    Equivalence Ratio 

FBG    Fluidized Bed Gasifier 

GC-FID  Gas chromatography-flame ionization detector 

GC-TCD  Gas chromatography-thermal conductivity detector 

GR    Gasifying ratio 

HDPE  High Density Polyethylene 

HHV   Higher heating value 

LHV    Lower heating value   

PAH   Polycyclic Aromatic Hydrocarbons 
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PE   Polyethylene 

PKS   Palm Kernel Shell 

PP   Polypropylene 

T1   Thermocouple-1 

T2   Thermocouple-2  

TEM            Transmission electron microscope 

TG    Thermo gravimetric 

TGA    Thermo gravimetric analyzer 

TG-MS   Thermo gravimetric-mass spectrometric 

TRE   Tar removal efficiency 

1. INTRODUCTION 

India with 1.21 billion populations is the second country next to China. Around 7 million tons of hazardous wastes 

generated in India every year. The hazardous waste is a hospital and industry wastes [1]. The biomedical waste 

consists of blood components, sharp objects, specimens, vials, cotton, glucose bottle, syringe, and chemicals, etc, 

which are from health care institutions, hospitals, dentists, officers of physicians, medical research laboratories, 

nursing homes, veterinarians and clinics. There are various technologies are used for the treatment of BMW. They 

are autoclaving, incineration, landfilling, plasma pyrolysis and microwaving [2]. The waste product produces 

environmental pollution and also hazards so it should be properly treated. For this experiment plastic glucose 

bottles and syringes are taken for gasification. Increase in demand for transportation and electricity generation due 

to the population growth, civilization, and modernization. Due to human activities, most of the warming observed 

over the last 50 years [3-4].  

The global population and highly developed industries dependent on fossil fuels. The burning of fossil fuels 

produces energy and a lot of CO2 which is considered as the greenhouse gas into the earth’s atmosphere. The field of 

renewable energy has become important due to global warming, climate change, declining availability of 

conventional fossil fuels and led towards the use of alternative energy sources like solar, wind, hydropower, 

geothermal and biomass. The consumption of fossil fuels gives out billions of tonnes of CO2 gases annually to the 

ecosystem. To ensure sustainability, energy conservation programs and efficient energy utilization methods should 

be considered. The economic activity is affected by the rise in fuel prices recently. People are now gaining more 

awareness and knowledge about the renewable energy source. Renewable energy is now becoming important 

because due to the issue of global warming and also the attempt to meet the world’s energy demand [5]. 

 Kyoto protocol has been introduced in 1997 came into enforcement in 2005 due to the increasing contribution of 

fossil fuels to global warming and climate change [6]. The main feedstock of the biomass such as municipal 

residues, agricultural, forestry, and wastes. Biomass is one of the substitutions of coal, oil and natural gas. The 

various energy services of biomass are transportation, electrical energy, and heat. Biomass has the highest potential 

to contribute to the world's energy needs. For cooking and heating, mostly traditional biomass is used. Biomass can 

also reduce CO2 emission, sulfur and heavy metals in the atmosphere. Biomass gasification also used for the 

production of chemical products via the Fisher-Tropsch process [7].  

Biomass categorized as woody plants, herbaceous plants/grasses, aquatic plants, and manure. Biomass contains 

varying amounts of cellulose, hemicelluloses, lignin and a small number of other extractives. About 40-50 wt% of 

the biomass, represented for cellulose which is the largest fraction. The hemicelluloses portion represents 20-40 

wt% of the material. The intrinsic and extrinsic are the two forms of moisture content in biomass. Extrinsic 

moisture is the moisture content of biomass influenced by the prevailing weather conditions during harvesting. 

Intrinsic moisture is the moisture content of the material without the influence of weather effects [8]. 
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The biomass converted into gaseous components by a thermochemical process in gasification. The various 

applications are for gas turbines, engines, fuel cells, production of methanol and hydrocarbons as well as the 

production of synthetic gas. The result of gasification is the producer gases, containing carbon monoxide, hydrogen, 

methane, and some other gases. The various fuel properties which influence the gasification are size, surface, shape, 

moisture content, volatile matter and carbon content of biomass [9]. 

The PKS as the main resource for brick baking process application; this due to syngas having an HHV of 5.0 

MJ/Nm3 used by co-gasification of PKS-SubA coal in fluidized bed gasifier [10].A medium-scale downdraft gasifier 

is used in PKS gasification for commercial power generation [11]. About 25 MJ/kg HHV of bio-coal is obtained in 

torrefaction of PKS in a batch feeding reactor at 300°C under the flow of 300mL/min nitrogen gas for 20 min, 

which can be used as coal in a coal-fired power plant [12]. High calorific value and low ash content solid fuel 

briquettes produced from palm kernel shell biochars [13]. During palm kernel pyrolysis various products are 

formed, a higher yield of biochar, higher phenols and higher bio-oil productivity [14-16]. 

The modified thermodynamic equilibrium model provides better syngas composition and also highest H2 

production is targeted in gasification of PKS (28.48 g H2/kg PKS) followed by coconut shell (24.78 g H2/kg coconut 

shell), rice husk (21.62 g H2/kg rice husk) and bagasse (20.96 g H2/kg bagasse) [17].  

Low tar yield, low char yield, and high gas yield are produced for co-gasification of torrefied, preheated PKS and 

MB coal [18]. During the co-gasification of PKS and coal in fluidized bed gasifier, reduces the fluid dynamic issues, 

gap flow, and large bubbles plug flow and increases the syngas yield, CO and H2 yield [19]. The effect of reaction 

temperature, steam/feedstock ratio, polyethylene waste/biomass ratio on syngas production is investigated and 

optimized via the Taguchi design of the experiment. The total syngas yield 422.40 g syngas/kg feedstock and 

hydrogen yield 135.27 g H2/kg feedstock for the optimized condition of 800°C, P/B ratio: 0.3 w/w and S/F ratio: 1 

w/w [20]. 

Pyrolysis gasification of plastic from municipal solid waste produces an increased value of hydrogen and total gas 

yield [21]. During gasification of polyethylene in atmospheric argon steam plasma, waste plastic is converted into 

synthesis gas like H2, CO, CO2 and CH4 [22]. At temperature 900°C in the presence of  NiO/g-Al2O3 catalyst 

produces high syngas yield(64.35 mol%), H2 yield (36.98 mol%), CO yield (27.37 mol%), carbon conversion 

efficiency and decreasing char, liquid yield is produced for waste polyethylene from municipal solid waste [23].   

The combination of PET, PS, PP, PE for steam gasification produces H2, CO, CH4, C2H4 and also increases the 

gasification process [24-25]. The co-gasification of a mixture of coal, plastics and wood, with the effect of oxygen-

enriched air during fluidized bed gasification and by increasing the bed temperature, there is no remarkable effects 

are obtained in term of tar reduction, but PAH and the syngas specific yield decreased by O2 enriched air [26]. The 

microplastics and biomass gasified at a temperature at 1200°C, produces CO, H2 are increased and the reduced 

content of CO2 and N2 [27]. 

The medical waste classified into four bags, white, blue, red, and yellow color bags according to biomedical waste 

management rule in 2016. The red color bag consists of glucose bottles, syringes, tubes, gloves, and other plastics. 

Two sample material glucose plastic bottles, the syringe is selected from the red color bag for gasification. The 

gasification process is conducted with 100% PKS, 25% BMW, 50% BMW, 100% BMW of blended samples.  

2. MATERIALS AND METHODS 

2.1. Indian palm kernel shell 

For co-gasification, the palm kernel shell and biomedical waste  are used. The palm kernel shell is collected from 

Godrej Agrovet Ltd. of Ariyalur, Tamilnadu, India [28]. It is shown below in Fig.1.  
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Fig.1.Palm Kernel Shell 

The dust present in biomass is washed with water and dried in sunlight for 4 days and also dried in an oven to 

remove moisture after it is sieved to 400µm as shown below in Fig.2. The ultimate and proximate analysis of palm 

kernel shell is shown in Table 1.  

 

Fig.2. Material preparation 

2.2. Biomedical waste 

The biomedical waste, the glucose plastic bottle; syringes are taken for the experiment are collected from the 

hospital. The glucose bottle is made of HDPE and the syringe has two components outer PP barrel and inner PE 

plunger. 

 

Fig.3.Biomedical waste 

The glucose plastic bottle and the syringes are washed with water and dried in sunlight for 5 days to remove 

moisture. By using a plastic scrap grinding machine the plastic glucose bottle and syringe are crushed to 2 mm as 

shown below in Fig.3. The ultimate and proximate analysis of polypropylene & polyethylene is shown in Table 2. 
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Fig.4. Material preparation 

Table 1 Proximate and ultimate analysis of palm kernel shell 

Property                                                                            Value 

Proximate analysis (wt%, dry basis) 

Volatile matter                                                                  81.02 

Fixed carbon                                                                     14.58 

Ash content                                                                         4.40 

Moisture content (wt%)                                                      9.4 

Ultimate analysis (wt%, dry basis) 

C                                                                                       49.70 

H                                                                                         5.98 

N                                                                                         0.56 

S                                                                                          0.45 

O (by difference)                                                               43.32 

Higher heating value, HHV (MJ/kg)                                 18.30 

 

 

Table 2 The proximate and ultimate analyses of polypropylene & polyethylene 

Property                                                                               PP               PE 

Proximate analysis (wt%, dry basis) 

Volatile matter                                                                  98.87         99.86 

Fixed carbon                                                                       0.0             0.0 

Ash content                                                                         0.4             0.13 

Moisture content (wt%)                                                      0.01           0.02 

Ultimate analysis (wt%, dry basis) 

C                                                                                       86.23          85.73 

H                                                                                       12.03          13.50 

N                                                                                         0.70            0.13 

S                                                                                          0.16            0.05 

O (by difference)                                                                 0.01            0.0 

Higher heating value, HHV (MJ/kg)                                 44.05          46.55 

 

  

2.3. Catalytic materials 

Olivine is used as bed material. The particle size of the bed material is 400µm. olivine is used as bed material due to 

better performance in the tar removal for biomass and plastics and also a high potential for the production of 

hydrogen [29]. The olivine property as shown in Table 3. 
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Table 3 Catalyst properties 

Chemical composition (wt %) 

MgO                                                    48.1 

CaO                                                        - 

SiO2                                                      42.3 

Al2O3                                                                 0.46 

Fe2O3                                                                 7.5 

Cr2O3                                                    0.2 

NiO                                                       0.1 

 

Physical properties 

BET surface area (m2 /g)                       nd 

Total pore volume (ml/gr)                     nd 

Total pore area (m2 /gr)                         nd 

Average pore diameter (A)                   0.55 

 

3. EXPERIMENTAL WORK  

Steam co-gasification is conducted in 100 kW capacity of fluidized bed reactor using olivine as bed material. An 

atmospheric lab-scale bubbling fluidized bed reactor of 45mm internal diameter and 1000mm height of circular 

shape of material stainless steel is used. The setup consists of a fluidized bed reactor, steam generation system,   

superheater, biomass feeding system, cyclone separator, wet scrubber, water separator and gas analyzing system. 

The experimental setup of the schematic drawing is shown in Fig.5. Along the axis of the gasifier, thermocouples T-

1, T-2, are provided to measure and to control the temperature of gas particles both in the freeboard and bed. 

(Thermocouples of type K are used).  

The outer surface of the gasifier has an electric furnace, is used to heat the reactor which is controlled by the PID 

control units. The pressure transducer is placed inside the reactor to monitor to determine the pressure and 

fluidization velocity. Biomass from hopper continuously fed into the reactor bed by using a screw feeder which is 

controlled by a speed controller. At a feed rate of 5 g/min, the bed material and feedstock is heated by the LPG gas 

till the bed temperature of 700°C. When the temperature within the gasifier reaches 900°C, gasification starts. The 

backflow of the biomass is prevented by using nitrogen gas from a cylinder which is measured by using the 

rotameter. By using steam generator the steam is provided into gasifiers at saturated conditions.  

The saturated steam is converted into superheated steam from the steam generator is supplied into the gasifier. The 

chronometer and precision weight scale were used to measure the discharged mass and mass flow rate of the steam. 

The hydrogen formation is increased when steam is used as a gasifying agent. In the distributor plate, the holes are 

arranged in a circular pattern with 50 holes with a 1 mm diameter. The wind box is used to makes the steam 

supplied at the bottom of the gasifier. At the top side of the gasifier, the cyclone is attached, in which the solid 

particles present in the product gas is removed by the cyclone. The various gases like CO, CO2, H2, O2, and CH4 are 

analyzed in the gas analyzer. The entire setup is controlled by the following system, temperature control, pressure 

control, feeding control and flow control of FBG. 

3.1 Product analysis 

This is done in GC-TCD and GC-FID as described elsewhere [30]. The methods of analysis and tar extraction are 

given elsewhere [31] 

3.2 Experimental conditions 

Bed material      olivine 

Bed material particle size (µm)   400 

Gasification agent     steam 
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Biomass sample     PKS and BMW 

Feeding system     over bed water-cooled screw feeder 

Feeding rate of the screw feeder (g.min-1) 4 

Range of bed temperatures (°C)   700-950 

Biomass feed rate (g.h-1)    300 

N2 to biomass feed system (L.min-1)  1.69  

Steam to fuel ratio     1 

 

Figure 5.Scheme of the experimental system 

4. RESULT AND DISCUSSION 

4.1. Product Yields 

The mass unit of the mass flow rate in the feed (pks+bmw) by which the yields are calculated. Gas yield, tar yield, 

and Char yield are shown below for different proportions of PKS/BMW. It is seen from the Fig.6, the gas yield 

formed in the steam gasification of BMW is higher than that of the gasification of PKS. It is observed from the Fig.7, 

the tar content in the gaseous stream is lower for the gasification of BMW (3.6 g Nm-3 on the dry basis) when 

compared to that of the gasification of PKS (53.56 g Nm-3 on a dry basis). It is founded from Fig.6, the char yield is 

lower in the gasification of BMW (0.4 wt %) and the char yield is higher in the gasification of PKS (4.9 wt %). 

The different chemical gas composition takes place through the following endothermic and exothermic reactions of 

co-gasification of PKS and BMW: 

PKS pyrolysis: PKS → gas + tar + char.        (1) 

BMW pyrolysis:  (CH2) m   → m/nCn H2n → tar.       (2) 

Tar cracking and reforming:  tar +n1 H2O → n2H2 + n3CO       (3) 
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Boudouard reaction: C + CO2 → 2CO                   (4) 

Char steam gasification: C + H2O → CO + H2                  (5) 

Water-gas shift reaction: H2O + CO → H2 + CO2         (6) 

Olefins steam reforming: CnH2n + nH2O → 2n H2 + nCO       (7) 

Methane steam reforming: CH4 + H2O → CO + 3H2       (8) 

The olivine catalyst makes the HDPE, PP, and PE of biomedical waste tar in the syngas to increase the reaction rate 

of the gas fraction by the process of high temperature thermal decomposition. The use olivine catalyst for 

gasification of polyethylene in bench-scale downstream fixed bed reactor at temperature 900°C with ratio of 1 

includes  increase tar cracking, carbon conversion efficiency, gasification efficiency, product gas yield and decrease 

char, liquid yield [23]. 

Three main processes occur in the gasification of biomass. (a)  A volatile matter and char residue are formed at low 

temperatures during the pyrolysis process. (b) Tars are formed at high temperatures. (c) Char gasification [20]. For 

BMW there is no devolatilization step. BMW molecular structure breakdown into small molecular radicals and 

atoms at a high temperature which involved in various reactions [32]. Due to steam gasification reaction and 

catalytic reaction, lead to syngas production. In the gasification process, the cracking of PKS takes place which 

yields gases, tars, and chars (Eq. (1)). The pyrolysis of biomedical waste at high temperatures gives out light olefins 

and aromatic hydrocarbons (Eq. (2)). The lighter products are formed due to the thermal cracking of tar at 600 to 

1200°C [33]. (Eq. (3)) give way to homogeneous reforming and cracking of tars in which multiple rings aromatic 

structures are formed with tar forms smaller gaseous molecules. (Eq. (4) and (5)), is the limiting step in biomass 

gasification, in which reaction rate is slower than that of pyrolysis. (Eq. (6)) the water–gas shift (WGS) reaction. 

(Eq. (7) and (8)), for steam/feedstock mass ratio of 1 and temperature 900°C, the H2 yield increases due to the 

enhancement of secondary cracking and shift reactions. From Le Chatelier’s principle, an endothermic reaction is 

formed at a higher temperature, in which reforming reactions makes to increase the in syngas composition and a 

decrease of CO2 content and hydrocarbons. Methane reforming and water-gas shift reactions are formed due to 

using steam as the gasifying agent which increases the syngas production. 

4.2 Gas yield 

Fig.6 shows the variation of gas yield with respect to the different proportions of BMW. 

 

Fig.6. Gas yield for the co-feeding of different proportions of BMW. 
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The gas yield for the steam gasification of 100%BMW is 2.2 times higher than that of the gasification of 100%PKS. 

This is due to the aliphatic molecular structure makes the formation of radicals when 100%BMW used which 

increases gas yield. The BMW mixed with PKS the gas yield content increases. Thus, the gas yield corresponding to 

the mass of 25% BMW increased to1.9Nm3/kg for 50% BMW, increased to 2.8 Nm3/kg. This is due to olivine 

catalyst plays a significant role when higher BMW is present in the mixture. By using the catalyst Ni the value of gas 

yield is increased [34]. For 100%PKS, the lower gas yield is obtained, for the highest temperature. The gasification 

of 100% PKS led to gas yield to lower when compared to that of 25%BMW, this is due to easy to gasify BMW than 

PKS, and hence the increase of temperature easily cracks the polymeric structure of BMW [32]. The co-feeding of 

BMW with the PKS, increase the gas yield, due to BMW in the co-feeding increased the conversion of solid 

feedstock to gases[35].  

4.3 Tar Yield 

On dry based the tar is defined as the tar mass per syngas volume unit. Fig.7 shows the variation of tar yield with 

respect to the different proportions of BMW. 

 

Fig.7. Tar Yield for the co-feeding of different proportions of BMW. 

It is seen from the Fig.7, the tar yield decreased to 3.6 gNm-3 for 100%BMW due to the increase of temperature and 

the enhancement of thermal cracking of BMW when compared to PKS. Tar yield of 30.6 gNm-3 is produced for the 

gasification of 25% BMW and 9.5  gNm-3 are formed for 50% BMW. Tar is cracked of waste plastic by using steam 

and air as a gasification agent due to the positive effect of high temperature. And also tar cracking formed by the 

residence time of the tar in the gasifier [36]. 

4.4 Char Yield 

Char yield is defined as the mass percentage of the char produced per biomass mass unit.Fig.8 shows the variation 

of char yield with respect to the different proportion of BMW 

 

Fig.8. Char Yield for the co-feeding of different proportions of BMW. 
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Char yield of 4.9 wt% is formed for 100%PKS, 2.8 wt% produced for 25%BMW, 0.8 wt% for 50%BMW and 0.4 wt % 

for 100%BMW [37]. 

4.5 Carbon Conversion Efficiency 

The carbon conversion efficiency (CCE) is determined by the ratio between the mass of carbon present in the 

produced dry gas and the mass of carbon present in the solid fuel fed to the reactor. 

The carbon conversion efficiency = Carbon content in the producer gas/ Carbon content in the biomass feed.  

Fig.9 shows the variation of carbon conversion efficiency with respect to the different proportions of BMW. 

 

Fig.9. Carbon Conversion Efficiency for the co-feeding of different proportions of BMW. 

The carbon conversion efficiency for 100%PKS is 78.7%, 82% for 35%BMW, 95.8% for 50%BMW and 98% for 

100%BMW. From Eq. (3), (4), (5), the carbon and steam converted into gas due to the decomposition of char and 

secondary reaction of the tar vapors. So the carbon conversion efficiency increased and char decreased. From [38] 

the carbon conversion efficiency favored due to higher temperature and presences of the catalyst. About 88.5 to 

91.8% carbon conversion efficiency is formed at 720°C to 855°C for rice husk in FBG. Due to the increase of gas 

formation and the catalytic gasification of polyethylene conversion which makes to increase carbon conversion 

efficiency. 

4.6 Gas Composition 

Fig.10. shows the variation of gas composition with respect to the different proportions of BMW. 

 

Fig.10. Effect of BMW co-feeding on the gaseous product composition. 
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The co-feeding of different proportion percentages of 25, 50 BMW are carried out with PKS, along with a single feed 

of 100%PKS and 100%BMW for gasification. The various gas compositions such as CH4, CO, CO2, and H2 are 

formed in the product gas and some aromatic hydrocarbons along with benzene are formed. Fig.10 shows the 

various composition of syngas formed for the co-gasification of PKS and BMW at different proportion ratios. 

4.6.1 H2 

It is observed from Fig.10, 62.56 vol% H2 gas formed for 100%PKS due to the low ash content, moisture content, 

high proportion of fixed carbon and volatile matter [39]. For 50%BMW the hydrogen yield is lesser when compared 

to that of 100%BMW and for the hydrogen produced by 100%PKS is higher than 25%BMW. The higher percentage 

of PKS gives more hydrocarbons and volatile matter for the pyrolytic reactions [28]. This also a preferred feedstock 

for H2 production via the gasification process due to its high proportion of fixed carbon and volatile matter, low ash 

and moisture content. For 100%BMW the H2 content is increased to 60.87 vol%. For 25%BMW the H2 content is 

56.67 vol% and for 50%BMW the H2 content is 59.01 vol%. The increased content of H2 is due to the presence of the 

steam in gas-phase reaction. The result is similar to the gasification of polyethylene in bench-scale downstream 

fixed bed reactor at temperature 900°C with steam, when increased H2, and CO contents, while CO2, CH4, C2H4, 

and C2H6 contents decreased [23]. 

4.6.2 CH4 

For 100%PKS the methane is 2.4 vol%, for 25% BMW the methane produced is 4.12 vol%, for 50%BMW co-feeding 

the methane is 5.1 vol% and for 100%BMW is 7.5% vol%. The value of CH4 gas is increase due to the BMW (PP, PE, 

and HDPE) contains low ash content, high volatile matter, and absence of fixed carbon when compared to PKS. 

4.6.3 CO2 

The CO2 content of 100% PKS, 25% BMW, 50% BMW, and 100% BMW are 21.3 vol%, 14.6 vol%, 7.8vol%, 5.8vol%. 

The CO2 gas decreased gradually due to the endothermic reaction of the Boudouard reaction at high temperature. 

4.7 Tar Composition 

For different co-feeding gives various tar composition as shown in Fig.11. According to [40] the classification of tar 

compounds given by 

 (i) Class: 1 (C1), GC-undetectable, such as heavy tars, cannot be detected by GC.     (ii) Class: 2 (C2), Heterocyclic, 

such as cresol, phenol.  

(iii) Class: 3 (C3), Light aromatic, such as Toluene, Xylene.  

(iv) Class: 4 (C4), Light polyaromatic hydrocarbon (PAH) compounds, such as    Naphthalene, Biphenyl.  

(v) Class: 5 (C5), Heavy PAH compounds, such as Fluoranthene, Pyrene. 
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Fig.11. Tar composition for the co-feeding of different proportions of BMW. 

4.7.1 Heterocyclic compounds 

The co-gasification of PKS and BMW reduces the tar fraction. During gasification, the compound heterocyclic 

reduces gradually. At temperature 900°C the heterocyclic compounds changed into stable aromatic compounds. 

The light aromatics, heterocyclic compounds, and heavy polyaromatics are also decreased. When compared to light 

PAH the compound heterocyclic aromatics are very less [41]. 

4.7.2 Light PAH 

1. At 900°C the light aromatic decreases to 3.5 wt% but the light PAH increases to 79.5 wt%. These results confirm 

that tar decomposition reactions (cracking and reforming) are endothermic and, therefore, favored by increasing 

the temperature. 

2. PAH tar compounds are formed from N-based tar, toluene, and phenol which are the light tar compounds due to 

the increase in the temperature by which tar yield decreases. On comparing to Heavy PAH, Light aromatic and 

heterocyclic compounds, Light PAH has become the increased value at 800°C [40] 

4.7.3 Heavy PAH 

For 25%bmw in feed, the heavy PAH is very less. This is due to the increase in temperature the amount of tar is less 

so the heavy PAH compound decreases gradually. These results are similar for [42] in which the light aromatics, 

heterocyclic compounds, heavy polyaromatics are decreases for 25% of HDPE. 

4.7.4 Phenol 

The presence of aromatic hydrocarbons in the tar reduces the phenol compounds, with the PAH and aromatic 

compound are about 90% when compared to phenols 10% 

5. CONCLUSIONS 

The main conclusions of this study are: 

1. The conversion of BMW products into useful product gas yield by the olivine catalyst, steam gasification of 

polyethylene, polypropylene, PKS. 

2. The H2 and CO content increase 100%BMW but CH4, CO2, C2H4 content decreases due to the usage of steam as a 

gasification agent. 

3. The process efficiency and gas composition increase due to the use of BMW, PKS catalytic co-feeding. 

4. During the co-feeding at 900°C strongly decreases the monoaromatic tars and yield of light hydrocarbons and 

increasing PAH and benzene. 
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5. A positive synergetic effect in the biomass gasification by co-feeding BMW. 

From the experiment, by steam gasification process with olivine as catalyst produces syngas form biomedical waste 

and Indian palm kernel shell. The higher hydrogen content in plastics makes biomedical waste into useful syngas 

generation throughout the year which solves the plastic disposal issues into value-added products. 

REFERENCES 

[1] Rajor A, Xaxa M, Mehta R, Kunal. An overview on characterization, utilization and leachate analysis of 

biomedical waste incinerator ash. Journal of Environmental Management.2012; 108:36-41. 

[2] Messerle VE, Mosse AL, Ustimenko AB. Processing of biomedical waste in plasma gasifier. Waste 

Management.2018; 79:791–799. 

[3] Dhar S, Pathak M, Shukla PR. Transformation of India's transport sector under global warming of 2 °C and 1.5 

°C scenario. Journal of Cleaner Production.2017. 

[4] Dash DP, Sethi N, Bal DP. Is the demand for crude oil inelastic for India? Evidence from structural VAR 

analysis. Energy Policy.2018; 118:552–558. 

[5] Barreto R A. Fossil fuels, alternative energy, and economic growth. Economic Modelling. 2018; 75: 196-220. 

[6] Kuriyama A, Abe N. Ex-post assessment of the Kyoto Protocol – quantification of CO2 mitigation impact in both 

Annex B and non-Annex B countries. Applied Energy.2018; 220:286–295. 

[7] Xu G, Li M, Lu P. Experimental investigation on flow properties of different biomass and torrefied biomass 

powders. Biomass and Bioenergy; 2019; 122: 63–75. 

[8] Gu C, Yuan Z, Sun S, Guan L, Wu K. Simulation investigation of drying characteristics of wet filamentous 

biomass particles in a rotary kiln. Fuel Processing Technology. 2018. 

[9] Kamble P, Khan Z, Gillespie M, Farooq M, Calmont J M, Donnison I, Watson I, Biomass gasification of hybrid 

seed Miscanthus in Glasgow’s downdraft gasifier testbed system. Energy procedia. 2019; 158: 1174-1181. 

[10] Valdes CF, Chejne F, Marrugo G, Macias RJ, Gomez CA, Montoya JI, Londono CA, Cruz JDL, Arenas E. Co-

gasification of sub-bituminous coal with palm kernel shell in fluidized bed coupled to a ceramic industry 

process. Applied Thermal Engineering.2016.107:1201–1209. 

[11] Ariffin MA, Mahmood WMFW, Mohamed R, Nor MTM. Performance of oil palm kernel shell gasification using 

a medium-scale downdraft gasifier. International Journal of Green Energy 2016; 13: 513–520. 

[12] Asadullah M, Mohammad Adi A, Suhada N, Malek NH, Saringat MI, Azdarpour A. Optimization of palm kernel 

shell torrefaction to produce energy densified bio-coal. Energy Conversion and Management 2014. 

[13] Bazargan A, Rough SL, McKay G. Fine tuning of process parameters for improving briquette production from 

palm kernel shell gasification waste.2018;39:931- 938. 

[14] Chang G, Huang Y, Xie J, Yang H, Liu H, Yin X, Wua C. The lignin pyrolysis composition and pyrolysis 

products of palm kernel shell, wheat straw, and pine sawdust. Energy Conversion and Management.2016; 

124:587–597. 

[15] Shahbaz M, Yusup S, Inayat A, Patrick DO, Pratama A, Ammar M. Optimization of hydrogen and syngas 

production from PKS gasification by using coal bottom ash. Bioresource Technology.2017. 

[16] Hussain M, Tufa LD, Yusup S, Zabiri H. A kinetic-based simulation model of palm kernel shell steam 

gasification in a circulating fluidized bed using Aspen Plus®: A case study. Biofuels.2018. 

[17] Rex T.L. Ng, Douglas H.S. Tay, Wan Azlina Wan Ab Karim Ghani, Denny K.S. Ng.’ Modelling and optimisation 

of biomass fluidized bed gasifier.’ Applied Thermal Engineering 2013. 

[18] Ahmad R, Mohd Ishak AM, Kasim NN, Ismail K. Properties and thermal analysis of upgraded palm kernel 

shell and Mukah Balingian coal. Energy 2018. 

[19] Valdes CF, Marrugo G, Chejne F, Montoya JI, Gomez CA. Pilot-Scale Fluidized-Bed Co-gasification of Palm 

Kernel Shell with Sub-bituminous Coal. Energy Fuels 2015; 29:5894−5901. 

[20] Moghadam RA, Yusup S, Uemura Y, Chin BLF, Lam HL, Al Shoaibi A. Syngas production from palm kernel 

shell and polyethylene waste blend in fluidized bed catalytic steam co-gasification process. Energy.2014; 1-5. 

[21] Wu C, Williams PT. Pyrolysis–gasification of post-consumer municipal solid plastic waste for hydrogen 

production. International journal of hydrogen energy.2010; 35:949-957. 



Journal of Information Systems Engineering and Management 
2025, 10(39s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 57 
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

[22] Sekiguchi H, Orimo T. Gasification of polyethylene using steam plasma generated by microwave discharge. 

Thin Solid Films.2004; 457:44–47. 

[23] He M, Xiao B, Hu Z, Liu S, Guo X, Luo S. Syngas production from catalytic gasification of waste polyethylene: 

Influence of temperature on gas yield and composition. International journal of hydrogen energy.2009; 

34:1342-1348. 

[24] Wilk V, Hofbauer H. Conversion of mixed plastic wastes in a dual fluidized bed steam gasifier. Fuel.2013; 

107:787–799. 

[25] Mastellone ML, Zaccariello L, Arena U. Co-gasification of coal, plastic waste and wood in a bubbling fluidized 

bed reactor. Fuel.2010; 89:2991–3000. 

[26] Mastellone ML, Zaccariello L, Santoro D, Arena U. The O2-enriched air gasification of coal, plastics, and wood 

in a fluidized bed reactor. Waste Management.2012; 32:733–742. 

[27] Tavares R, Ramos A, Rouboa A. Microplastics thermal treatment by polyethylene terephthalate-biomass 

gasification. Energy Conversion and Management.2018; 162:118–131. 

[28] Thiagarajan J, Srividya PK, Balasubramanian P. Thermal behavior and pyrolytic kinetics of palm kernel shells 

and Indian lignite coal at various blending ratios. Bioresource Technology Reports.2018. 

[29] Ma X, Zhao X, Gu J, Shi J. Co-gasification of coal and biomass blends using dolomite and olivine as catalysts. 

Renewable Energy. 2019; 132:509-514. 

[30] Link S, Arvelakis S, Paist A, Martin A, Liliedahl T, Sjostrom K. Atmospheric fluidized bed gasification of 

untreated and leached olive residue, and co-gasification of olive residue, reed, pine pellets, and Douglas fir 

wood chips. Applied Energy. 2012; 94: 89–97. 

[31] Wu C, Wang Z, Huang J, Williams P T. Pyrolysis/gasification of cellulose, hemicellulose, and lignin for 

hydrogen production in the presence of various nickel-based catalysts. Fuel. 2013; 106: 697–706. 

[32] Pinto F, Franco C, Andre RN, Miranda M, Gulyurtlu I, Cabrita I. Co-gasification study of biomass mixed with 

plastic wastes. Fuel. 2002; 81:291-297. 

[33] Wongchang T, Patumsawad S, Fungtammasan B. An Analysis of Wood Pyrolysis Tar from High-Temperature 

Thermal Cracking Process. Energy Sources, Part A: Recovery, Utilization, and Environmental Effects.2014. 

[34] Kim KH, Farooq A, Song MY, Jung SC, Jeon KJ, Song JH, Ko CH, Jae J, Young-Kwon Park YK. Acetaldehyde 

removal and increased H2/CO gas yield from biomass gasification over metal-loaded Kraft lignin char catalyst. 

Journal of Environmental Management.2019; 232:330–335. 

[35] Burra KG, Gupta AK. Synergistic effects in steam gasification of combined biomass and plastic waste mixtures. 

Applied Energy.2018; 211:230–236. 

[36] Erkiaga A, Lopez G, Amutio M, Bilbao J, Olazar M. Syngas from steam gasification of polyethylene in a conical 

spouted bed reactor. Fuel. 2013; 109:461–469. 

[37] Singh RK, Ruj B, Sadhukhan AK, and Gupta P. Impact of fast and slow pyrolysis on the degradation of mixed 

plastic waste: Product yield analysis and their characterization.2019. 

[38] Makwana JP, Pandey J, Mishra G. Improving the properties of producer gas using high-temperature 

gasification of rice husk in a pilot scale fluidized bed gasifier (FBG). Renewable Energy.2018. 

[39] Samiran NA, Mohd Jaafar MN, Ng JH, Lam SS, Chong CT. Progress in biomass gasification technique – With 

a focus on Malaysian palm biomass for syngas production. Renewable and Sustainable Energy Reviews.2016; 

62:1047–1062. 

[40] Zhang Z, Pang S. Experimental Investigation of Tar Formation and Producer Gas Composition in Biomass 

Steam Gasification in a 100kW Dual Fluidized Bed Gasifier. Renewable Energy.2018. 

[41] Xie Y, Su Y, Wang P, Zhang S, Xiong Y. In-situ catalytic conversion of tar from biomass gasification over 

carbon nanofibers- supported Fe-Ni bimetallic catalysts. Fuel Processing Technology 2018; 182: 77–87. 

[42] Lopez G, Erkiaga A, Amutio M, Bilbao J, Olazar M. Effect of polyethylene co-feeding in the steam gasification 

of biomass in a conical spouted bed reactor. Fuel. 2015; 153: 393–401. 

 

  

    


