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ABSTRACT  ARTICLE INFO 

Biomass, one of many renewable energy sources, has received increasing attention in 

recent years, not only for heating applications but also for generating electricity. A 

biomass-based gasification power plant is a promising energy conversion system for 

rural energy sustainability. The present work aims to design and develop, and to 

perform an evaluation of a small-scale biomass gasification power plant with a 

capacity of 5000 watts. The plant consists of a downdraft gasifier, an impinging 

scrubber, a biofilter, a 5000-Watt generator set, and a suction blower. In the present 

work, the plant is tested using rice husk, wood scrap, and a rice husk-wood scrap blend 

as feedstocks. The gasifier temperature and tar removal by the impinging scrubber are 

observed and analysed. The results show that rice husk biomass, wood scrap, and their 

blend have good potential as feedstocks for a biomass power plant.  The biomass 

gasification power plant can generate electricity without any problem on the generator 

set. The water-impinging scrubber can be used to reduce tar in the producer gas prior 

to its supply to the generator set. 
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1. Introduction 

Energy sustainability cannot be achieved if global energy demand is met solely by fossil fuels. Fossil 

fuels have been depleted and have become a hot issue to be encountered in order to obtain energy 

sustainability. Many sources of renewable energy have been explored for their potential for fossil fuel 

substitution. Biomass, one of many renewable energy sources, has received increasing attention in recent 

years, not only for heating applications but also for generating electricity. Nearly 1/7 world’s energy 

demand were supplied by biomass energy [1]. Indonesia has a biomass energy potential about 33 GW. 

Unfortunately, only about 1.6 GW of Indonesia's biomass potential has been used as a useful energy 

source [2]. In order to expand the utilization, biomass could be used as feedstock of gasification-based 

power plant. Combustion of producer gas from biomass gasification is cleaner than direct combustion 

of the biomass [3].  

Gasification is a thermochemical process of converting solid biomass into combustible gas “producer 

gas” in the reactor called a gasifier. Sequence processes, starting from the top to the bottom of the 

downdraft gasifier, are drying, pyrolysis, oxidation, and reduction. Reduction process which involves 

Bouduard (R1), Water-Gas (R2), Water-Gas Shift (R3), and Methane formation (R4) reactions forms 

combustible gas CO, H2, and CH4 [4]. 
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𝐶 + 𝐶𝑂2 → 2𝐶𝑂 + 172 𝑘𝐽/𝑚𝑜𝑙   (R1) 

𝐶 + 𝐻2𝑂 → 𝐶𝑂 + 𝐻2 + 131 𝑘𝐽/𝑚𝑜𝑙  (R2) 

𝐶𝑂 + 𝐻2𝑂 → 𝐶𝑂2 + 𝐻2 − 41.2 𝑘𝐽/𝑚𝑜𝑙  (R3) 

𝐶 + 2𝐻2 → 𝐶𝐻4 − 74.8 𝑘𝐽/𝑚𝑜𝑙   (R4) 

Besides producing producer gas, gasification also produces a contaminant called tar. Tar in the 

producer gas must be removed when it is used as fuel for internal combustion engines [5-7]. Tar is a 

blend of condensable HC, counting aromatic compounds with up to 5 rings as well as PAHs [8, 9]. Milne 

[10] stated that tar content of the producer gas for IC engine application should not exceed 100 mg/Nm3. 

There are primary and secondary methods for tar removal from producer gas. When tar removal takes 

place in the gasifier, the method is called the primary method. In contrast, tar removal occurs outside 

the gasifier in the secondary method [11, 12]. Since the secondary method is easier to perform than the 

primary method, the secondary method is preferred in gasification systems. The most popular secondary 

method is scrubbing method, either wet scrubber or dry scrubber. Wet scrubber uses liquid adsorbent, 

such as water [13, 14], waste palm oil [15], and engine oil [16]. Meanwhile, dry scrubber uses solid 

adsorbent, such as zeolite [17]. 

Many biomass power plants have been developed and reported so far. However, typically those plants 

have a huge capacity that is not suitable for rural and remote areas. Thus, the small scale of 5000 Watt 

of biomass gasification power plant is designed and developed in the present work. The plant is tested 

its performance using rice husk feedstock. The 5000-Watt plant can provide electricity to up to 10 

households in a rural area for 8 hours at night. This biomass power plant also provides a benefit of 

biomass utilisation in waste management.  

 

2. Materials and methods 

As shown in Fig. 1, the present work starts with the design of the plant, followed by fabrication and 

installation. Once the experiment is set up, the test of the plant is performed using 5 kg of the feedstock, 

i.e. rice husk (RH), wood scrap (WS), and rice husk-wood scrap blend (RH-WS). Data taken during the 

test include the gasifier temperature (TR), producer gas temperature (TG), adsorbent temperature (TA), 

and exhaust gas temperature of the generator set (TEx). Other data taken include the temperature of the 

water adsorbent (TA) in the impinging scrubber and the temperatures of the producer gas entering (TG1) 

and leaving (TG2) the scrubber. The producer gas sample is analysed using a gas chromatograph to 

determine the percentages of CO, H2, and CH4. The results are then analyzed to figure out performance 

of the plant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Flow diagram of the work 
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Meanwhile, Fig. 2 displays the experimental setup of the 5000-Watt biomass power plant. The plant 

has the main components of a downdraft gasifier, an impinging scrubber, a bio-filter, a suction fan, and 

a 5000-Watt generator set. 

 
Fig. 2. Schematic diagram and photograph of the 5000-Watt biomass power plant 

 
HHV of the producer gas is calculated using Eq. (1), tar content in the producer gas before and after 

the impinging scrubber is gravimetrically analysed to obtain tar removal efficiency (𝜂) of the scrubber, 

which is calculated using Eq. (2), and heat absorption rate (Q) by the water adsorbent is calculated using 

Eq. (3) 

𝐻𝐻𝑉 =
[(𝑥1.𝐻𝐻𝑉)𝐶𝑂+(𝑥2.𝐻𝐻𝑉)𝐻2+(𝑥3.𝐻𝐻𝑉)𝐶𝐻4]

100
      (1) 

where, x1 denotes CO volume fraction, x2 denotes H2 volume fraction, x3 represents CH4 volume fraction 

[18]. Following Prasad et al. [19], gross heating values of CO = 12.71 MJ/Nm3, H2 = 12.78 MJ/Nm3, 

and CH4 = 39.76 MJ/Nm3.  

𝜂 =
𝑇𝑎𝑟1−𝑇𝑎𝑟2

𝑇𝑎𝑟1
× 100%         (2) 

where Tar 1 and Tar 2 are the gravimetric tar in the producer gas at the inlet and outlet of the impinging 

scrubber 

𝑄 =
𝑚×𝑐𝑝×(𝑇𝐴1−𝑇𝐴2)

𝑡
           (3) 

where m is the mass of the water (50 kg), TA1 and TA2 are the initial and final temperatures of the water 

(C), and t is the running time (minute). 

 

3. Results and Discussion 

The following section discusses the performance of main component of the power plant, i.e. a gasifier 

and an impinging scrubber.   

3.1. Performance of a Gasifier 

Fig. 3 shows the temperature profile of the gasifier for feedstocks of rice husk, wood scrap, and a 

rice husk-wood scrap blend. The graph indicates that the oxidation zone is TR3, which has the highest 

temperature, while the reduction zone is at TR4. The reduction zone is the location where combustible 

gases (CO, H2, and CH4) are formed. Basically, the reduction process is the gasification process itself.  
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In the present work, gasification of rice husk occurs at a gasification temperature of about 800-900 

°C, whereas TR1 and TR2 indicate the drying temperature and pyrolysis temperature, respectively. The 

trend of the temperature profile is in good agreement with the theoretical temperature profile of biomass 

gasification in a downdraft gasifier. 

 

 
(a) Rice husk (RH) feedstock 

 
(b) Wood scrap (WS feedstock 

 
(c) Rice husk-wood scrap blend (RH-WS) feedstock 

 

Fig. 3. Temperature profile of the gasifier 
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Fig. 4 compares gasification temperature, i.e. reduction temperature (TR4) for using feedstocks of 

rice husk (RH), wood scrap (WS), and rice husk-wood scrap blend (RH-WS). The graph shows that the 

gasification temperatures for RH, WS, and RH-WS are 800-900 C, 700-850 C, and 600-700 C, 

respectively. The graph also shows that the reduction temperature of RH gasification is the least 

fluctuating among other feedstocks. This indicates stable gasification occurs when using RH feedstock. 

The chemical energy of the syngas is formed in this situation by converting the sensible heat of the gases 

and charcoal [20]. Numerous reduction processes occur in the temperature range of 800–1000 °C in the 

absence of, or in the sub-stoichiometric presence of, oxygen [21].  

 

 

Fig. 4. Temperature of gasification 

 

Fig. 5 presents tar content of the producer gas obtained from rice husk, wood scrap, and their blend 

at the exit of the gasifier. The graph shows tar content of the producer gas at the exit of the gasifier. Tar 

content of RH producer gas, WS producer gas, and RH-WS producer gas are 101.33 g/Nm3, 188.04 

g/Nm3, and 228.71 g/Nm3, respectively. The higher and more unform reduction temperature, the more 

tar is converted into producer gas [22] hence less tar content in the producer gas.  

 
Fig. 5. Tar content of the producer gas 

 

In addition, Fig. 6 presents combustible gas (CO, H2, CH4) composition and higher heating value 

(HHV) of the producer gas from rice husk (RH), wood scrap (WS), and blend of rice husk-wood scrap 

(RH-WS). CO percentage is the highest in the producer gas of RH-WS, and the lowest is in the RH 

producer gas. CO percentage of RH and RH-WS producer gas are 9.37% and 13.92%, respectively. In 

contrast, H2 percentage is the highest in the RH producer gas (i.e. 3,02%) and the lowest in the RH-WS 
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producer gas (i.e. 0.82%). Meanwhile, percentage of CH4 is almost similar for the three producer gases, 

i.e. about 0.5%-0,8%). The highest HHV of the producer gas is obtained with the blend feedstock, i.e. 

2.19 MJ/Nm3. Whereas, HHV of RH and WS producer gas are 1.62 MJ/Nm3 and 1.98 MJ/Nm3, 

accordingly. The highest HHV of RH-WS producer gas is due to the highest composition of CO is 

obtained in RH-WS producer gas. More amount of CO generated during blend gasification mean that 

higher char and water consumption rate occur in the reduction zone which increases CO [23].  

 
Fig. 6. Gas composition and HHV of the producer gas 

 

3.2. Performance of an Impinging Scrubber 

The water scrubber is able to reduce the tar content of the producer gas, as indicated by the decrease 

in tar content after the scrubber, as shown in Fig. 7. The tar content after the scrubber (TC2) has a lower 

value than the tar content before the scrubber (TC1). Tar removal efficiency of the scrubber is calculated 

using Eq. (2) and the result is shown in Figure 7. The result shows the water impinging scrubber has tar 

removal efficiency of about 40-50%. Cold water in the scrubber absorbs heat from the producer gas, the 

producer gas temperature reduces to the condensation temperature of the tar. Tar condenses into liquid 

tar and disperses into the water adsorbent. Since tar is removed in the scrubber, the producer gas leaving 

the scrubber contains less tar than the gas entering it.  

 

 
Fig. 7. Tar removal efficiency of the water impinging scrubber 
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Besides quantitative tar gravimetric analysis, tar removal ability of the scrubber can also be 

performed with a visual method by comparing the visual appearance of the isopropanol in the impinging 

bottle before and after the scrubber. Fig. 8 displays the photograph of Isopropanol in the impinging 

bottles before and after the scrubber. Isopropanol before impinging scrubber has a black color which 

indicates high tar content of the producer gas since condensate tar has a black color. Isopropanol in the 

after scrubbing bottle has yellowish color. This indicates less tar content in the impinging bottle after 

the impinging scrubber. By comparing those colors, it indicates that tar absorption occurs in the 

impinging scrubber. Thus, it can be stated that the impinging scrubber using water adsorbent is able to 

work properly.  

 

 

Fig. 8. Photograph of Isopropanol before and after the impinging scrubber 

 

Meanwhile, Fig. 9 presents water adsorbent temperature (TA), producer gas temperature entering 

(TG1) and leaving (TG2) the impinging scrubber during rice husk gasification. The data of TA, TG1, 

and TG2 are used to analyzed heat transfer characteristic from the producer gas and the water adsorbent 

in the impinging scrubber. Water temperature increases significantly after 15 minutes. This is due to gas 

temperature entering the scrubber start rises at that time. From Fig. 8, it can be stated that the impinging 

scrubber works properly since the gas exit temperature is lower than gas inlet temperature. This means 

heat of the gas is absorbed by the water in the scrubber. By using Eq. (3) and temperature of the water 

at initial and final state, the heat absorption rate by the water is found to be 74.9 kJ/minute which is 

displayed in Fig. 10.   

 

 

 

Fig. 9. Water and producer gas temperature of the impinging scrubber 
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Fig. 10. Heat absorption rate 

 

4. Conclusion 

The small-scale 5,000-watt biomass gasification power plant is designed and fabricated at a local 

workshop in Yogyakarta. The plant is tested using a feedstock of rice husk, wood scrap, and their blend. 

It can be concluded that the plant can generate electricity without any problem on the generator set. 

Biomass waste of rice husk, wood scrap, and their blend has a good potential as feedstock for a biomass 

power plant. The water impinging scrubber can be used for tar reduction of the producer gas prior to 

being supplied to the generator set. In addition, the small-scale 5000 Watt biomass gasification power 

plant provides benefits not only by electrifying up to 10 households but also by supporting government 

programs for renewable energy utilisation and energy sustainability.  
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