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Abstract: This experimental study investigates the use of an integrated downdraft gasifier for heating and 

power applications, using segregated dry municipal solid waste (SDMSW) and biomass blends. The study aims 

to evaluate the gasification performance and to develop an efficient gas-cleaning system to achieve tar-free 

producer gas. 
Background: The proper management of solid waste has become a critical concern in modern times due to its 

significant impact on the environment and human health. Segregated Dry Municipal Solid Waste (SDMSW) is a 

type of solid waste that has potential as a renewable energy resource, but its management and disposal have 

been a challenge for municipalities. The integration of SDMSW with biomass in a downdraft gasifier has been 

suggested as a viable solution for waste management and renewable energy production. 

Materials and Methods: The gasifier was designed, fabricated, and installed with the gas-cleaning system. The 

SDMSW and biomass blends were gasified at different operating conditions, and the results were analyzed. 

Results: The study found that the gasification efficiency increased with increasing biomass blending ratio. The 

gas-cleaning system effectively removed tar from the producer gas. The study also demonstrated that the 

produced gas could be used for heating and power applications, indicating the potential for sustainable waste 

management and energy generation. 

Conclusion: A gasification plant processed a blend of SDMSW and biomass, producing producer gas with an 

efficiency range of 24.83% to 68.78%. The 50/50 blend provided a relatively good efficiency of 48.09%. 
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I. INTRODUCTION 
Access to water and energy is crucial for sustainable development, especially in the face of energy 

crises and increasing global population
1
. Alternative sources of clean and renewable energy are needed, and 

municipal solid waste (MSW) is a promising option for energy production
2,3

. Gasification technology, 

specifically Integrated Downdraft Gasifiers, can convert MSW and biomass into producer gas, clean and high-

quality gaseous fuel for heating applications
4,5

. This paper provides an overview of gasification technology and 

the benefits of using MSW and biomass for heating purposes. The downdraft gasifier operates at low 

temperatures and pressures and converts organic matter into producer gas through pyrolysis and reduction
6,7,8

.  

Three stages of pyrolysis, combustion, and gasification result in the production of producer gas, which 

can be generated from MSW and any type of biomass regardless of its chemical composition
9,10,11,12

shown in 

Figure 1. With a 30 percent efficiency and minimal environmental impact, the proposed gasifier has shown 

potential. Researchers have suggested various design modifications to gasifiers to process SDMSW along with 

biomass, and several methods, including syngas cleaning systems, are available to limit tar formation and 

generate high-quality gas with the required composition
13,14,15

. A fixed bed downdraft gasifier is the most 

straightforward technique to construct and operate for the co-gasification of SDMSW and biomass, making it an 

attractive option for heat and power generation in remote rural communities
16,17,18,19,20

. 

Despite the potential benefits of using SDMSW as a feedstock for gasification, there are still some 

significant challenges that need to be addressed in order to optimize the efficiency of the process. 
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Figure 1. Downdraft gasifier with various zones 

 

In this work, an experimental setup was designed and developed at MVSR Engineering College, 

Hyderabad, to investigate the performance of an integrated downdraft gasifier in processing segregated dry 

Municipal Solid Waste (SDMSW) and biomass blends
19

. The study focuses on the efficiency of a redesigned 

gasification plant that processes a blend of segregated dry municipal solid waste (SDMSW) and biomass to 

produce producer gas.The goal of this research is to optimize the operating parameters of the gasifier to achieve 

maximum gas production while ensuring high gas quality and efficiency. 

 

II. Materials and Methods 
The experimental setup was established on the college campus for the co-gasification of SDMSW and 

biomass. This approach is novel in its processing of dry leaves and carpentry wood waste through co-

gasification. The experimental setup incorporates a cleaning system to purify the producer gas produced in the 

gasification process, shown in Figure 2. 

 

Figure 2. The schematic layout of the experimental setup with the cleaning system 

 

Various parts of the experimental setup are (1) a support stand for the air blower, (2) the air blower, (3) the 

airflow regulator, (4) the gasifier, (5) feedstock, (6) the fire door, (7) gas blow-off pipe, (8) gas outlet pipe, (9) 

ash collection unit, (10) cyclone separator, (11) wet scrubber, (12) gas flow meter, (13) manometer, (14) gas 

burner. 

 

The gasification process involves a Single Thorat Downdraft Gasifier fed from the top, that introduces 

SDMSW and biomass pellets. The process starts by igniting the pellets in a rich oxygen environment, with a 

blower providing air to enhance gasification. The pellets undergo thermochemical degradation in four stages, 

with drying occurring in the first stage, followed by pyrolysis in the second stage. The resulting producer gas is 

cooled and cleaned before being collected in balloons at the outlet vent. The third stage involves the combustion 

of the pellets, leading to a reduction in mass. Tar and ash are extracted as byproducts in the final stage. The 

calorific value of the collected producer gas is measured and tested for quality checks, with a flow meter 

installed at the outlet to measure the flow rate of producer gas. 
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One of the key components of the cleaning system is a cyclone separator. This device is used to remove 

particulate matter from the producer gas, thus ensuring that the gas is clean and safe for use in heating 

applications
21,22,23

. The design of a cyclone separator is a crucial aspect of the cleaning system, as it requires 

careful consideration of various factors such as the size and shape of the cyclone, the flow characteristics of the 

producer gas, and the type of particulate matter to be removed. 

The wet scrubber is an important component in gas cleaning systems, as it effectively removes 

pollutants from exhaust streams. Its efficiency, low cost, and easy integration make it a popular solution for many 

industrial processes
24,25

. 

 
A. Design and fabrication of multi-fuel downdraft gasifier 

A downdraft gasifier capable of processing both biomass and SDMSW at a rate of 30 kg/hour was 

developed, utilizing a multi-fuel processing design. The proposed gasifier's schematic layout is illustrated in 

Figure 2, and Table 1 outlines the modified gasifier's specifications. 

The flow rate of the producer gas is calculated from the flow rate equation (1).  

Qg=AV m
3
/s           (1) 

Where, Qg=Flow rate of gas, m
3
/s 

A= Cross-sectional area of the outlet pipe, m
2 
 

V= velocity of producer gas, m/s 

Mass of biomass/SDMSW pallet, M= Density of pallet x Volume of pallet, kg 

Mass of the gas = Density of the gas x volume of the gas, kg 

The Efficiency of the gasifier can be calculated from equation (2) 

η= (mass of gas×calorific value of gas)/(mass of pallet×calorific value of pallet)    (2) 

 
Table 1: Design specifications of gasifier 

Parameter Dimension 

Length (L)  1827 mm 

The thickness of the gasifier   (t) 3 mm 

Flang dia (D0) 342 mm 

Shell external dia (D1)               275.4 mm 

Shell internal dia (D2) 269.4 mm 

The volume of gasifier (v)           0.154 m
3
 

 

B. Preparation and characterization of biomass/SDMSW pallets 

High-quality producer gas production heavily relies on proper biomass/SDMSW pallets preparation. 

The process begins by collecting carpentry waste wood for use as biomass, which is then transformed into 

pallets. To prepare the desired raw materials, dry organic Municipal Solid Waste is collected from various 

locations on the college campus, separated, and left to sun-dry for 3-4 hours
26,27,28

. In accordance with ASTM 

D5231, eleven different compositions of biomass and SDMSW pallets are created, as listed in Table 5, and fed 

into the gasifier, as shown in Figure 3 

 

 
Figure 3 combination of SDMSW and wood 
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A two-stage gas purification system has been implemented in the experimental setup of a downdraft 

gasifier to process SDMSW and biomass feedstocks as shown in Figure 4. 

 

 
Figure 4 Photograph of the experimental setup 

 

A 2D2D cyclone separator [15] is designed, fabricated, and employed in a downdraft gasifier for 

effective dust and tar cleaning from the producer gas
26

. Also, a wet scrubber is fitted after the cyclone separator 

to remove tar presented in the producer gas
30

. 

 

 
Figure 5. fabricated cyclone separator and wet scrubber for the experimental setup 

 

C. Experimentation 

The experiment was conducted using the setup shown in Figure 4. The process involved feeding 

individually composed pallets into the gasifier, which underwent the gasification process. Once the gasification 

process was completed, the producer gas was collected at the third stage and underwent cooling and cleaning. 

To determine the amount of producer gas produced for each sample composition, a venturi meter was utilized, 

and the speed of the producer gas was measured using an anemometer. The effectiveness of the gasifier was 

then calculated using equation (2), and the results were recorded in Table 5. 

 

III. Results and discussions 
The study investigated the effect of blending ratios on the generation of producer gas, and the results 

indicate that the amount and quality of the produced gas is significantly influenced by the blending ratio. The 

volume and mass of the gas decreases as the ratio of segregated dry municipal solid waste (SDMSW) increases 

as shown in Figure 6,7 respectively. The calorific value of the gas is also affected by the blending ratio, with 

higher SDMSW ratios resulting in a lower calorific value. However, the consistency of these trends depends on 
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the quality of SDMSW and the calorific value of the biomass and SDMSW. The changes in the calorific value 

of the producer gas with different blending ratios are illustrated in Figure 8. 
 

Table 2 Experimental Results for combinations of SDMSW and Biomass 

S. No. 

Blending Ratio 

Biomass/SDMSW 
(w/w%) 

Calorific 

Value of 

Pallets, 
Kcal/kg 

Velocity, 

m/s 

Flow 
Rate, 

10-3 

m3/s 

Time, s 
Volume 

of gas, m3 

Mass 

of gas, 
kg 

Calorific 
Value of 

Producer 

gas, Kcal/kg 

Efficiency 

% 

1 100% Biomass 3499.67 2.05 4.15 1800 7.48 6.88 3498.65 68.78 

2 90:10 3479.72 2.22 4.51 1620 7.30 6.72 3478.68 67.18 

3 80:20 3459.77 2.40 4.86 1400 6.81 6.26 3461.43 62.63 

4 70:30 3439.83 2.57 5.22 1230 6.42 5.90 3442.16 59.04 

5 60:40 3419.88 2.80 5.67 1040 5.90 5.43 3418.62 54.28 

6 50:50 3399.93 3.00 6.08 860 5.23 4.81 3399.23 48.09 

7 40:60 3379.99 3.10 6.28 720 4.52 4.16 3379.99 41.60 

8 30:70 3360.04 3.30 6.69 640 4.28 3.94 3357.48 39.37 

9 20:80 3340.09 3.40 6.89 530 3.65 3.36 3339.10 33.59 

10 10:90 3320.15 3.50 7.09 445 3.16 2.90 3323.58 29.03 

11 100% SDMSW 3300.20 3.70 7.50 360 2.70 2.48 3304.19 24.83 

 
The gasification process time for 100% biomass blending is longer, taking around 1800 seconds, due to the 

higher density compared to the process time of 360 seconds for 100% SDMSW. This difference is a result of the 

greater amount of combustible components present in biomass compared to SDMSW, which plays a crucial role 

in producing producer gas during the pyrolysis process. 

Figure 6.Volume of Producer gas vs Blending ratio                    Figure7. Mass of Producer gas vs Blending ratio 
The decrease in producer gas mass as the proportion of SDMSW increases can be attributed to its lower density 

compared to biomass. The density and combustibility of the feedstock affect the thermochemical conversion of 

pallets during the pyrolysis process.  
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Fig. 8 Calorific value of Producer gas vs Blending ratioFig. 9 Efficiency of the gasifier vs blending ratio 
 

This results in a decrease in the volume, mass, and calorific value of the producer gas as the SDMSW 

proportion increases. The gasification efficiency decreases with an increased blending ratio of SDMSW with 

biomass, shown in Figure 9.  However, the flow rate and velocity of the producer gas increase as the SDMSW 

proportion increases due to the low density of SDMSW compared to biomass, which accelerates the pyrolysis 

process and reduces the time required to complete the gasification.These findings support trends reported by 

other authors
16,17,18,23,25

. however, these tendencies are not always consistent and it is dependent on the quality of 

SDMSW and the calorific value of biomass and SDMSW. 

 

IV. Conclusions 
The study used a redesigned gasification plant to process a blend of SDMSW and biomass, resulting in 

producer gas production with efficiency ranging from 68.78% to 24.83% depending on the blend ratio. The 

volume of producer gas decreased as the proportion of SDMSW increased, but the calorific value remained 

constant. A 50/50 blend of SDMSW and biomass provided a relatively good efficiency of 48.09%. The 

proposed gasification plant was effective in generating producer gas with satisfactory efficiency. A well-

designed cyclone separator can improve the gasification process performance and ensure high-quality producer 

gas production. 

Acknowledgments 

The authors are grateful for the support given by MVSR Engineering College, Hyderabad. 

 

References: 
[1]. Naga Sarada Somanchi, Ravi Gugulothu, Sri Lalitha Swathi Sagi, Thotakura Ashish Kumar, and Koneru Vijaya, “Experimental 

study of solar water distillation using epsom salt as phase change material”, Proceedings of 4th International Conference on 

Hydrology and watershed management with a focal theme on Ecosystem Resilience-Rural and Urban Water Requirements on 29th 
October to 01st November, 2014, pp: 470-474. 

[2]. Simone M, Barontini F, Nicolella C, Tognotti L. Gasification of pelletized biomass in a pilot-scale downdraft gasifier. Bioresource 

Technology 2012; 116: 403–12. 
[3]. Thakare S, Nandi S. Study on Potential of Gasification Technology for Municipal Solid Waste (MSW) in Pune City. Energy 

Procedia 2016;90:509–17. 

[4]. Seo Y-C, Alam MT, Yang W-S. Gasification of Municipal Solid Waste. IntechOpen; 2018. 
[5]. Rajasekhar M, Rao NV, Rao GC, Priyadarshini G, Kumar NJ. Energy Generation from Municipal Solid Waste by Innovative 

Technologies – Plasma Gasification. Procedia Materials Science 2015; 10: 513–8. 
[6]. Chommontha N, Phongphiphat A, Wangyao K, Patumsawad S, Towprayoon S. Effects of operating parameters on co-gasification 

of coconut petioles and refuse-derived fuel. Waste Manag Res 2022; 40:575–85.  

[7]. Zhao L, Giannis A, Lam W-Y, Lin S-X, Yin K, Yuan G-A, et al. Characterization of Singapore RDF resources and analysis of their 
heating value. Sustainable Environment Research 2016; 26:51–4. 

[8]. Cai J, Zeng R, Zheng W, Wang S, Han J, Li K, et al. Synergistic effects of co-gasification of municipal solid waste and biomass in 

fixed-bed gasifier. Process Safety and Environmental Protection 2021;148:1–12. 
[9]. Pio DT, Tarelho LAC, Matos MAA. Characteristics of the gas produced during biomass direct gasification in an autothermal pilot-

scale bubbling fluidized bed reactor. Energy 2017; 120: 915–28. 

[10]. Cao Y, Fu L, Mofrad A. Combined-gasification of biomass and municipal solid waste in a fluidized bed gasifier. Journal of the 
Energy Institute 2019;92:1683–8. 

[11]. Indrawan N, Thapa S, Bhoi PR, Huhnke RL, Kumar A. Electricity power generation from co-gasification of municipal solid wastes 

and biomass: Generation and emission performance. Energy 2018; 162: 764–75. 



Experimental Investigations on Integrated Downdraft Gasifier for Heating& Power .. 

DOI: 10.9790/1684-2001034046                                www.iosrjournals.org                                              46 | Page 

[12]. Bhoi PR, Huhnke RL, Kumar A, Indrawan N, Thapa S. Co-gasification of municipal solid waste and biomass in a commercial scale 
downdraft gasifier. Energy 2018; 163: 513–8. 

[13]. Lee U, Chung JN, Ingley HA. High-Temperature Steam Gasification of Municipal Solid Waste, Rubber, Plastic and Wood. Energy 

Fuels 2014; 28: 4573–87. 
[14]. Pérez JF, Melgar A, Benjumea PN. Effect of operating and design parameters on the gasification/combustion process of waste 

biomass in fixed bed downdraft reactors: An experimental study. Fuel 2012; 96: 487–96. 

[15]. Antonopoulos I-S, Karagiannidis A, Elefsiniotis L, Perkoulidis G, Gkouletsos A. Development of an innovative 3-stage steady-bed 
gasifier for municipal solid waste and biomass. Fuel Processing Technology 2011;92:2389–96. 

[16]. Heberlein S, Chan WP, Veksha A, Giannis A, Hupa L, Lisak G. High temperature slagging gasification of municipal solid waste 

with biomass charcoal as a greener auxiliary fuel. Journal of Hazardous Materials 2022;423:127057. 
[17]. Hu Y, Pang K, Cai L, Liu Z. A multi-stage co-gasification system of biomass and municipal solid waste (MSW) for high quality 

syngas production. Energy 2021; 221: 119639. 

[18]. Hu B, Huang Q, Buekens A, Chi Y, Yan J. Co-gasification of municipal solid waste with high alkali coal char in a three-stage 
gasifier. Energy Conversion and Management 2017; 153: 473–81. 

[19]. RachamalaRavi Kumar, SankeNarasimhulu and Seshu KumarA.. "Experimental investigation of Segregated Dry Municipal Solid 

Waste (SDMSW) and biomass blends in the gasification process" Energy Harvesting and Systems, 2022. 
https://doi.org/10.1515/ehs-2022-0052 

[20]. Wiyono A, Gandidi IM, Berman ET, Mutaufiq, Pambudi NA. Design, development and testing of integrated downdraft gasifier and 

multi IGCS system of MSW for remote areas. Case Studies in Thermal Engineering 2020; 20: 100612. 
[21]. Shahbaz M, Al-Ansari T, Inayat M, Sulaiman SA, Parthasarathy P, McKay G. A critical review on the influence of process 

parameters in catalytic co-gasification: Current performance and challenges for a future prospectus. Renewable and Sustainable 

Energy Reviews 2020; 134: 110382. 
[22]. Hameed Z, Aslam M, Khan Z, Maqsood K, Atabani AE, Ghauri M, et al. Gasification of municipal solid waste blends with biomass 

for energy production and resources recovery: Current status, hybrid technologies and innovative prospects. Renewable and 

Sustainable Energy Reviews 2021; 136: 110375. 
[23]. Xiang X, Gong G, Wang C, Cai N, Zhou X, Li Y. Exergy analysis of updraft and downdraft fixed bed gasification of village-level 

solid waste. International Journal of Hydrogen Energy 2021; 46:221–33. 

[24]. Soltanian S, Kalogirou SA, Ranjbari M, Amiri H, Mahian O, Khoshnevisan B, et al. Exergetic sustainability analysis of municipal 
solid waste treatment systems: A systematic critical review. Renewable and Sustainable Energy Reviews 2022; 156: 111975. 

[25]. Anca-Couce A, Archan G, Buchmayr M, Essl M, Hochenauer C, Scharler R. Modelling fuel flexibility in fixed-bed biomass 

conversion with a low primary air ratio in an updraft configuration. Fuel 2021; 296: 120687. 
[26]. Gabbar, Hossam; Aboughaly, Mohamed; Russo, Stefano. Conceptual Design and Energy Analysis of Integrated Combined Cycle 

Gasification System. MDPI, Sustainability, Volume 9, Issue 8, 2017, 1474. 

[27]. Nuno Dinis Couto, Valter Bruno Silva, Abel Rouboa. Assessment on steam gasification of municipal solid waste against biomass 

substrates. Elsevier, Energy Conversion and management 124 (2016) 92–103. 

[28]. Nuno Couto, Valter Silva, Eliseu Monteiro, Sandra Teixeira, Ricardo Chacartegui, K. Bouziane, P.S.D. Brito, Abel Rouboa. 

Numerical and experimental analysis of municipal solid wastes gasification process. Applied Thermal Engineering, Volume 78, 
March 2015, pp 185-195. 

[29]. Ratnakar Ch, Narsimhulu Sanke. Modelling and CFD analysis of an advanced biomass downdraft gasifier. National Conference on 
Advances in Mechanical Engineering (AIM-2012) 11-12 October 2012. 

[30]. Wei Ping Chan, Andrei Veksha, Junxi Lei, Wen-Da Oh, Xiaomin Dou, Apostolos Giannis,Grzegorz Lisak, Teik-Thye LimWei Ping 

Chana, Andrei Veksha, Junxi Lei, Wen-Da Oh, Xiaomin Dou, Apostolos Giannis, Grzegorz Lisak, Teik-Thye Lim. A hot syngas 
purification system integrated with downdraft gasification of municipal solid waste. Elsevier, Applied Energy 237 (2019) 227–240. 

 

 

 

 

 

 

 

R Ravi Kumar, et. al. “Experimental Investigations on Integrated Downdraft Gasifier for Heating& 

Power Applications Using Segregated Dry Municipal Solid Waste (SDMSW) and Biomass Blends.” 

IOSR Journal of Mechanical and Civil Engineering (IOSR-JMCE), 20(1), 2023, pp. 40-46. 

 

 


