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Abstract 

Anticipating the fluctuation of fuel oil cost, the management of tea plantation and 

drying plant has considered to substitute its oil consumption with producer gas 

(gaseous fuel obtained from gasification process). A tea drying unit normally 

consumes 70 Liter/hours of industrial diesel oil and is operated 10 hours per day. 

Based on energy balance calculation, this oil consumption might be replaced with 

coal of about 100 kg through gasification process. 

 

The gasification unit consisted of a downdraft fixed bed gasifier (designed 

capacity of about 100 kg/h), gas cooling and cleaning systems. The gas producer 

was delivered to the tea processing unit and burned to heat the drying air. Low 

calorific value coal 4500 kcal/kg and wood waste 4000 kcal/kg have been used 

as fuel. 

 

The gasification unit could be operated as long as 8 hours without refueled since 

the coal hopper on the top part of gasifier has a capacity of 1000 kg. Sometimes, 

the gasification process must be stopped before coal completely consumed due 

to ash melting inside the gasifier. 

 

Combustion of producer gas giving  a pale blue flame, probably due to a lower 

calorific value of the gas producer or too much excess air. Temperature of heating 

air heated by combustion of this gas producer was only up to 85 oC. To attain the 

target temperature of 102 oC, a portion of fuel oil or small oil burner was still 

used, ie 15 Liter/hours instead of the original consumption of 70 Liter/hours. Thus 

the oil replacement was about 78 percent. 

 

Key Words: gasification, gas producer, downdraft fixed bed gasifier, pale blue 

flame, oil burner 

   

 

1. INTRODUCTION 

The fluctuation in oil price have significantly influenced on the financial balance of 

many small/medium scale industries, including tea producers. Thereafter the oil 
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price has been risen from time to time and made suffer the small/medium 

industries. A typical tea drying plant usually consumes 70 Liter/hours for a daily 

drying operations of 10 hours. 

 

Prospective alternative energy source for industry at this moment is coal or 

probably biomass. These type of carbonacesous solid fuel is abundant in 

Indonesia. Through gasification process, carbonaceous solids material can be 

converted to gaseous fuel, which can be used for substitute of oil with simple 

modification on the existing furnace. 

 

Gasification process is principally reactions between carbonacesous solid 

material with air or other gasifying medium. Process principle is as follows: 

a. drying of cabonacesous solid at temperature 100 oC 

b. thermal decomposition of pyrolysis of carbonacesous solid at temperature in 

the range of 250-500 oC to produce char, tar, condensables gases, and non 

condensables (CH4, CO2, CO, etc). 

c. Reduction reaction to produce combustible gases, mainly CO and H2 

d. Oxidation of a portion of material to produce heat for the endothermic 

processes.  

 

2. EXPERIMENT 

A gasification unit with a capacity of about 120 kg/hour has been installed at tea 

drying plant. Several trial runs have been conducted using coal and wood waste 

as a feedstock (See heating value in Table 1). Based on thermodynamics 

calculation, ratio of coal or wood consumption rate to gasifying air flowrate, and 

producer gas production rate to gasifying air flowrate as seen as Table 2. 

 

 

Table 1. Heating value of Feedstock 

Feedstock Heating value   

(dry basis, 

kcal/kg) 

Coal A 6300 

Coal B 5400 

Wood waste A  4282 

Wood waste B 4153 

 

 

Table 2. Theoretical overall mass balance 

Ratio Value 

Coal/air, m3/kg 0.43-0.55 

Producer gas/air, m3/m3 2.00-2.50 
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Wood waste/air, m3/kg 0.60-0.80 

Producer gas/air, m3/m3 1.30-1.70 

 

 

 

The producer gas is used for heating the tea drying air up to 102 oC. The 

gasification unit consists of a downdraft gasifier, a series of two cyclones, a set 

filter and knocked out drum, two blowers and burner (see figure 1). This gasifier 

has a throat with a diameter of 40 m and is provided with a large bunker having 

capacity about 1000 kg feedstock for a batch operation without re-fuelling in 10 

hours. A forced draft blower is used to supply air as the gasifying agent, another 

induced blower is to drive the producer gas through pieline of about 50 m to the 

burner 

Water is sparayed into the bed of coal in gasifier to cool the internal of gasifier, 

when the unit was operated for coal. Water is also expected as a source of 

hydrogen in coal gasification.  

 

 
 

    Figure 1. Gasification Systems 

 

 

3. RESULTS AND DISCUSSION 

 

Gasification loads during trial operation was presented at Table 3. The 

gasification rates are presented as the gasifying air flowrate at figure 2a. In most 

cases, coal in gasifier brokedown into small particles resulting a high pressure 

drop of gas flow (see gasifying agent air flowrate for coal B, in figure 2a). To avoid 

this problem, the grate must be shaked frequently to push the small particles into 
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the ash bin at the bottom of gasifier. Unfortunately, this action resulted in lower 

carbon coneversion of 50-70% 

 

 

 

 
Figure 2a. Gasifiaction Rate 

 
Figure 2b. Tea drying air temperature 

 

Table 3. Gasification Performance 

Feedstock type 

and charge 

Operating 

time, 

hours 

Tea Drying air 

temperature, 
oC 

Notes 

900 kg Coal 8 - Flame in burner was stable, 

gasification temperature was very 

high and ash grate melt/broken 
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900 kg coal 4 52 Flame burner was stable, blue pale flame 

and temperature drying air decreased 

1000 kg coal 4 52 Flame burner was stable, blue 

pale flame and temperature drying 

air decreased 

900 kg coal 3.5 92 Good operation for 3 hours, gas 

quality was worsened after 3 

hours 

500 kg coal 3.5 92 Good operation for 3 hours 

800 kg coal 6 102 Good operation, reduction zone is 

very hot 

800 kg wood 

waste 

4 96 Good operation for 3 hours, then 

stopped due to out of wood 

980 kg wood 

waste 

4 86 Good operation, reduction zone 

was choked (ash sintered) 

545 kg wood 

waste 

2.5 78 Good operation for 3 hours, then 

stopped due to out of wood 

800 kg wood 

waste 

5 70 Good operation, drying 

temperature cannot reach target 

900 kg coal 4 60 Oil burner was opearated, drying 

air temoperature cannot reach the 

target temperature 

 

Heat Flux from the combustion of gas producer seemed lower than that 

combustion of fuel oil. It takes 50 minutes to come a maximum temperature of tea 

drying air (Figure 2b). Yet the maximum temperature of tea drying air never 

attained the target temperature of 102 oC. To get the desired temperature the oil 

burner must be operated at rate of about 15 Liter/hours. In this cases, an oil 

saving of 60 Liter/hours had been obtained. With daily operation of 10 hours and 

monthly operation af about 20 days,  the monthly saving oil saving was about 

12,000 Liter. Investment of the gasification plant was about Rp 350,000,000 

 

 

4. CONCLUSIONS   

 

Gasification of coal in a fixed bed gasifier is sensitive to the coal physical 

properties. The gasification rates might decrease significantly due to coal broken 

down during the gasification process. Carbon efficiency was alaso very low (70%) 

as some char removed away together with ash. Gasification wood waste were 

better than coal. 
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The gasification unit was found under designed, so the use of gas producer for 

heating the tea drying air still required additional fuel oil. Oil saving of about 75% 

was obtained during this trial operations. 
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