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ABSTRACT: The energy crisis and global warming provide a new direction for developing alternative renewable 

energy generation technologies using biomass sources. The development of concurrent low-pressure biomass 

gasification technology has been proven capable of producing combustible gas synthesis. The biomass gasification 

syngas product has a high temperature (800 oC), therefore to avoid component damage to the 1 kW generator 

engine, the syngas product is cooled. This cooler's design uses a pipe with a diameter of 2.54 cm (1 inch) and 1.27 

mm thick with the free-air convection method. The types of aluminum and copper materials do not affect the heat 

transfer rate because the value of conduction thermal resistance is minimal compared to convection thermal 

resistance. The design calculation results can reduce the temperature from 800 °C to 50 °C, heat transfer of 4597.5 

Watts, and the required pipe length of 20.83 m. 
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INTRODUCTION 

The electricity demand in Indonesia continues to increase every year. Many power plants in Indonesia still rely 

on fossil fuels. This condition is inversely proportional to the number of fossil fuels, which reserves are decreasing 

and will be depleted. In line with population growth, Indonesia's electricity demand continues to increase every 

year by 6.5% [1]. Indonesia's installed power generation capacity is approximately 62 Gigawatts relying on fossil 

fuels amounting to 87.27% and the remaining 12.73% new renewable energy with biomass of 3.27% [2]. Despite 

no actual calculation on how many fossil fuel reserves are still available, they will be depleted and non-renewable. 

The consequence of releasing trapped carbon in fossil fuels into the atmosphere in carbon dioxide (CO2) will 

increase global warming concerns; therefore, biomass can be used as a substitute for fossil fuel energy.  

The availability of fossil fuels will undoubtedly run out and threaten energy security. The release of carbon dioxide 

(CO2) into the atmosphere from fossil fuels will increase global warming and the effects of global environmental 

damage. Energy security and environmental damage, shifting the direction of generating technology to use 

renewable alternative energy, biomass energy. Biomass energy is an environmentally friendly energy and has 

enormous potential in Indonesia as a tropical country. Based on the research results, the potential for biomass in 

Indonesia was 9.286 MW, which was utilized by 0.36% [3]. Biomass is easily obtained and can be found in 

agricultural waste products such as husks, straw, coconut shells, and others as Indonesia is an agricultural country. 

Indonesia is a large-potential country in biomass usage; it is estimated that the energy potential from the 

agricultural, plantation, and forestry residues are 802.09 million GJ, equivalent to 25 thousand renewable units 

energy power plants with a capacity of 10 MW [4]. 

Gasification is one of the processes of utilizing biomass energy by converting energy from solid material 

(Biomass) into synthetic gas (as gas fuel) with a limited air supply, which can later be used as fuel. There are 

several types of gasification, one of which is the Downdraft type gasification furnace. This type of gasification 

has the same density and airflow direction, namely downward. The biomass gasification process occurs at high 

temperatures; the temperature needed in producing the ideal synthetic gas is 600-800 °C. The synthetic gas 

resulting from the biomass gasification process will have flowed to the motor fuel as a gasoline substitute. The 
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gasified-product gas has a high temperature of about 800 °C, while the ideal fuel temperature for the combustion 

process in a generator engine must have a low temperature (around below 100 °C). The cooling system is used to 

reduce the temperature of synthetic gas after the biomass gasification process before entering the generator 

engine's combustion chamber. 

 

The experimental test results of biomass gasification in a vacuum pressure reactor have succeeded in producing 

syngas products with a temperature of around 800 0C, which are not suitable for generator engines [5]. High-

density syngas products will damage the generator engine material (overheat). Syngas products must be lowered 

in temperature to 50 °C with a coolant that is easy to operate, namely open-air free convection cooling. It is 

necessary to design free convection cooled with ambient air or open air. This study aims to design a cooling 

system to reduce the synthetic gas's temperature, which will be used as a substitute for gasoline fuel in the 

generator engine. This cooling system's design uses a pipe with a diameter of 1 inch, a thickness of 1.27 

millimeters, and 5.8 meters using two different materials: aluminum and copper. This cooling system's design 

uses the free-convection heat transfer method; this cooling system is expected to reduce the syngas temperature 

to 50°C. 

LITERATURE REVIEW 

The Biomass Gasification 

Biomass is a solid fuel derived from biofuels that can be converted into renewable energy. Biomass combines 

solar energy and carbon dioxide into chemical energy in the form of carbohydrates through photosynthesis. The 

use of biomass as fuel is a carbon-neutral process because the carbon dioxide captured in the air during the 

photosynthesis process is released back into the air during the combustion process. Coconut shells are an example 

of biomass that is widely available in the surrounding environment. Coconut shell has a dust content of 0.5 % and 

a calorific value of 20.56 MJ / kg [6]. Biomass technology is less desirable since fossil fuel engine technology is 

easy in the process and offers low-cost production. Fossil fuels are non-renewable fuels, and the reserves will be 

depleted, making biomass technology a major concern of many parties. 

 

The two main ways of converting biomass energy (solid fuel) into biofuels and biopower are biochemical 

conversion to liquid or gas by anaerobic fermentation or digestion and the thermochemical conversion process 

converting biomass into fuel by combustion reactions to produce heat and gasification reactions to synthetic gas 

(syn-gas). Synthetic gas is a gas resulting from a gasification reaction, a mixture of carbon monoxide, hydrogen, 

methane, and others [7]. Biomass gasification is converting biomass into a combustible gas of 60% to 90% of the 

energy in biomass into energy. The resulting synthetic gas can be easily applied to industry or households in the 

form of heat by burning or running a machine, mechanical or electrical generator [8]. 

 

One method of converting biomass into synthetic gas as a combustible gas is the gasification method at 

temperatures of 800°C-1000°C. Biomass is a carbon chain (CHxOy) broken down into synthetic gas through two 

reaction stages: combustion and gasification. In the combustion reaction process, biomass plus air (21% oxygen) 

will produce heat, carbon dioxide, water vapor, charcoal, and tar. The biomass gasification process is carried out 

at high temperatures through a thermochemical conversion process as follows [9]: 

CHxOy (biomass) + O2 (21% oxygen) → CO2 + H2O + C (charcoal) + tar + heat                                               (1) 

Furthermore, the combustion process products and the heat produced can be directed in such a way as to undergo 

the gasification process. The thermochemical reaction of the gasification process as follows: 

CO2 + C (charcoal) + heat → 2CO            (2) 

H2O + C (charcoal) + heat → H2 + CO           (3) 

Charcoal produced from the combustion reaction results is used in the gasification reaction between charcoal, 

carbon dioxide, and water vapor. This process’s remaining product is light ash and will be sucked in following 

the synthetic gas flow. Synthetic gases, especially mixtures of CO and H2, are the main components for 

synthesizing various fuels and chemicals, primarily converting synthetic gas into fuel and producing biopower 
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[7]. The gasification reactor (gasifier) is at the heart of the process. Gasification reactors are categorized based on 

the type of bed and flow. The bed type gasification reactor can be in the form of a fixed bed and a fluidized bed. 

Fixed bed gasification reactor can be further classified as counter-current gasifier and direct current gasifier. In a 

direct current gasification reactor, the feed and product gas streams move downward and produce a high 

temperature of 800°C-1000°C compared to a counter-current gasification reactor, resulting in a lower temperature 

(about 500°C) [7]. 

A direct current gasification reactor is a type of reactor using the flow of biomass fuel in the same direction as the 

airflow. The main requirement for a gasification reactor is safety because it makes the fuel susceptible to fire or 

explosion; therefore, the system is used with low pressure. Specific technical specifications in the design of a 

well-developed direct-flow gasification reactor type are isolated reactors with heat transfer rate below 2 Watt / 

cm2, biomass ingestion rate 10 kg/hour, the biomass production speed of at least 0.105 cm/s, stage reaction time 

combustion 656 seconds, the minimum length of the reactor to accommodate the combustion reaction of 20.33 

cm, the gasification reaction time of 10.50 seconds, the minimum length of the reactor to accommodate the 

gasification reaction of 10.50 cm, with the reactor temperature must be maintained at 800°C and above [8]. 

The reactor's synthetic gas will then go through several process stages before entering the combustion motor and 

converted into electrical energy. Synthetic gas will go through several gasification processes such as being cooled 

in a heat exchanger so that the carried vapors are condensed, and then the synthetic gas is filtered from small and 

light particles to be clean, then the synthetic gas is used as generator fuel. A Genset is an acronym for a generator 

set, a machine or device consisting of a power plant (generator) with a driving engine arranged into a single unit 

to produce a certain amount of electric power. The working generator engine on a Genset is usually a motor that 

runs internal combustion or a diesel engine that runs on diesel or gasoline fuel. A generator is a device that 

generates electricity. A generator's working principle is converting the energy of motion (kinetic) into electrical 

energy [3,10]. 

The Cooling System 

Synthesis gas cooler functions to reduce the temperature of the synthesis gas in the gasification system process. 

The synthesis gas temperature at the gasification reactor's output is around 800°C; then, the synthesis gas will be 

flowed through the cooling pipe to reduce the temperature before entering the combustion motor. In general, the 

working principle of a gas synthesis cooler is that the gas has flowed through the cooling pipe, then a heat 

exchange process will occur between the gas and air in the surrounding environment because of the temperature 

difference. Pipe length, pipe diameter, and cooling pipe material are significantly affecting during the cooling 

process so that the cooling process of synthesis gas can be more optimal and efficient. 

The Free Convection Heat Transfer 

Convection heat transfer can be classified according to the nature of the flow. We are talking about forced 

convection when the flow is caused by external means, such as by fans, pumps, or atmospheric wind [11]. Natural 

convection, or free convection, occurs because a fluid, due to a heating process, changes its density and moves 

upward. A hot radiator used to heat space is an example of a practical device that transfers heat by free convection. 

The movement of fluids in free convection, whether the fluid is a gas or a liquid, occurs due to the buoyancy force 

it experiences when the fluid density near the surface of the chlorine displacement decreases due to the heating 

process. The buoyancy force will not occur if the fluid does not experience some external force such as gravity, 

even though gravity is not the only external force field that can produce free convection currents. The fluid 

confined in a rotating machine experiences a centrifugal force field and therefore experiences free convection 

currents when one or more of its surfaces in contact with the fluid are heated. The buoyancy that causes free 

convection currents is called body force [10].  

RESEARCH METHODS 

In general, the cooling system design follows the steps shown in Figure 1. 
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Figure 2. Research Methods 

The free convection cooling system is designed to reduce the syngas from 800 0C to 50 0C with the open-air free 

convection cooling type. The initial design stage calculates the syngas mass rate requirements required by the 

generator engine. Furthermore, designing the pipe length requirements from the pipe parameters and air conditions 

that have been determined. The generator engine used is a four-stroke generator engine with a combustion 

chamber volume (V) of 183 cc and a maximum capacity of 1 kW with a rotating speed (n) of 4000 rpm. The type 

of conduit for which the cooler uses pipes with a diameter of 2.54 cm (1 inch) with a thickness of 1.27 mm. The 

pipe material uses aluminium and copper. The properties of the pipe material are shown in Table 1 [12]: 

Table 1. The properties of the pipe material 

 

Material 

Density 

(kg/m3) 

Specific heat  

(J/kg.K) 

Thermal Conductivity 

(W/m.K) 

Thermal Diffusivity  

(m2/s) 

Aluminium 2,770 875 177 73 × 106 

Copper 8,933 385 401 117 × 106 

 

The nature of the ambient air which has a temperature at (T∞) 32 ° C, density (ρ) 1.145 kg / m3, specific heat (Cp) 

1007 J / kg K, thermal conductivity (k) 0.02625 W / m K, thermal diffusivity ( α) 2.277 × 10-5 m2 / s, dynamic 

viscosity (μ) 1.895 × 10-5 kg / m s, kinematic viscosity (υ) 1.655 × 10-5 m2 / s, and Prandtl number (Pr) 0.7268 

[4]. Syngas properties use an initial temperature approach (T1) 800 ° C cooled (T2) 50 ° C, syngas type heat (Cp) 

1226 J / kg.K [13]. 

 

Figure 2. Biomass Gasification System 

RESULT AND DISCUSSION 

In designing the cooling system, two pipes with different materials are used. Before calculating the pipe's total 

length for this cooling system, we will first compare the advantages and disadvantages of the two pipes. The 

advantage of aluminum pipes is that they are cheaper than pipes made of copper. In terms of heat transfer, the 

aluminum pipes are easily releasing heat into the surrounding air, but in the ability to conduct the heat, copper 

pipe is far better because it has a higher thermal conductivity value than aluminum pipes. 

The calculation of mass flow rate of synthesis gas [14]: 
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𝜔 =
2𝜋𝑛

60
                            (4) 

𝜔 =
2𝜋(4000 𝑟𝑝𝑚)

60
 

𝜔 = 418.879 𝑟𝑎𝑑/𝑠 

 

gas intake =
ω

2
V 

gas intake =
418.879 rad s⁄

2
× 183 cc 

gas intake = 38327 cc s⁄ = 0.038327 m3 s⁄  

 

�̇� = 𝜌 ∙ 𝑔𝑎𝑠 𝑖𝑛𝑡𝑎𝑘𝑒 ∙ 50% 

�̇� = 0.2681 𝑘𝑔 𝑚3⁄ ∙ 0.038327 𝑚3 𝑠⁄ ∙ 50% 

�̇� = 0.005 𝑘𝑔 𝑠⁄  

The calculation of heat transfer rate [12]: 

�̇� = �̇� ∙ 𝑐𝑝(𝑇1 − 𝑇2)          (5) 

�̇� = 0.005 𝑘𝑔 𝑠⁄ ∙ 1226 𝐽 𝑘𝑔 ∙ 𝐾⁄ (800 °𝐶 − 50 °𝐶) 

�̇� = 4597.5 𝑊𝑎𝑡𝑡 

The calculation of film tempeature [12]: 

𝑇𝑓 =
𝑇∞+𝑇𝑤

2
           (6) 

𝑇𝑓 =
32 °𝐶+800 °𝐶

2
   

𝑇𝑓 = 416 °𝐶 = 689 𝐾 

The calculation of expansion coefficient [12]:  

𝛽1 =
1

𝑇𝑓1

            (7) 

𝛽1 =
1

689 𝐾
 

𝛽1 = 1.45 × 10−3 𝐾−1 

The calculation of Rayleigh Number [12]: 

𝑅𝑎𝐷 =
𝑔𝛽2(𝑇𝑠−𝑇∞)𝐷3

𝑣𝑎
          (8) 

𝑅𝑎𝐷 =
9.81 𝑚 𝑠2⁄ ∙ 1.45 × 10−3 𝐾−1 ∙ (800 − 32) °𝐶 ∙ (0.0254 𝑚)3

1.655 × 10−5  𝑚2 𝑠⁄ ∙ 2.277 × 10−5  𝑚2 𝑠⁄
 

𝑅𝑎𝐷 = 4.75 × 105 

The calculation of Nusselt Number [12]: 

𝑅𝑎𝐷 = 4.75 × 105  ===> C = 0,480 and n = 0,250 [13]:  
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𝑁𝑢̅̅ ̅̅
𝐷 = 𝐶𝑅𝑎𝐷

𝑚            (9) 

𝑁𝑢̅̅ ̅̅
𝐷 = 0.480 ∙ (4.75 × 105)0.250  

𝑁𝑢̅̅ ̅̅
𝐷 = 12.60 

The calculation of the convection heat transfer coefficient [13]: 

ℎ̅ =
𝑁𝑢̅̅ ̅̅ 𝐷∙𝑘𝑎𝑖𝑟

𝐷
           (10) 

ℎ̅ =
12.60 ∙ 0.02625  𝑊 𝑚. 𝐾⁄

0.0254 𝑚
 

ℎ̅ = 13.02 𝑊 𝑚 ∙ 𝐾⁄  

The calculation of the log mean temperature difference [12]: 

  

∆𝑇𝑙𝑚 =
∆𝑇𝑜−∆𝑇𝑖

ln(
∆𝑇𝑜

∆𝑇𝑖
⁄ )

          (11) 

∆𝑇𝑙𝑚 =
(𝑇ℎ𝑜 − 𝑇∞) − (𝑇ℎ𝑖 − 𝑇∞)

ln (
(𝑇ℎ𝑜 − 𝑇∞)

(𝑇ℎ𝑖 − 𝑇∞)⁄ )
 

 

∆𝑇𝑙𝑚 =
(50−32)°𝐶−(800−32)°𝐶

ln(
(50−32)°𝐶

(800−32)°𝐶⁄ )
 ∆𝑇𝑙𝑚 = 199,82 𝐾  

The calculation of the required total pipe length [12]: 

�̇� = ℎ.̅ 𝐴, ∆𝑇𝑙𝑚           (12) 

�̇� = ℎ̅. 𝜋. 𝐷. 𝐿. ∆𝑇𝑙𝑚 

𝐿 =
�̇�

ℎ̅.𝜋.𝐷.∆𝑇𝑙𝑚
           (13) 

𝐿 =
4323,75 𝑊𝑎𝑡𝑡

(13.02 𝑊 𝑚 ∙ 𝐾⁄ ). 3.14. (0.0254 𝑚). (199.82) 𝐾
 

𝐿 = 20.83 𝑚 

The calculation of thermal resistance and convection in pipes: 

The aluminum pipe thermal resistance 

𝑅𝑡ℎ𝑎𝑙
=

ln(𝑟𝑜 𝑟𝑖⁄ )

2𝜋𝑘𝑎𝑙𝐿
           (14) 

𝑅𝑡ℎ𝑎𝑙
=

ln(0.0127 𝑚 0.01207 𝑚⁄ )

2𝜋 ∙ 177 𝑊 𝑚 ∙ 𝐾⁄ ∙ 20.83 𝑚
 

𝑅𝑡ℎ𝑎𝑙
= 7.4 × 10−6 𝐾 𝑊⁄  

The copper pipe thermal resistance 

𝑅𝑡ℎ𝑐𝑜
=

ln(𝑟𝑜 𝑟𝑖⁄ )

2𝜋𝑘𝑐𝑜𝐿
           (15) 

𝑅𝑡ℎ𝑐𝑜
=

ln(0.0127 𝑚 0.01207 𝑚⁄ )

2𝜋 ∙ 401 𝑊 𝑚 ∙ 𝐾⁄ ∙ 20.83 𝑚
 

𝑅𝑡ℎ𝑐𝑜
= 3.27 × 10−6 𝐾 𝑊⁄  
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The convection thermal resistance 

𝑅𝑜 =
1

ℎ̅.𝐴𝑜
           (16) 

𝑅𝑜 =
1

(13.02 𝑊 𝑚 ∙ 𝐾⁄ ). 𝜋. (0.0254 𝑚)(20.83 𝑚)
 

𝑅𝑜 = 0.046 𝐾 𝑊⁄  

The comparison of the value of conduction and convection thermal resistance: 

𝑅𝑜 ∶ 𝑅𝑡ℎ𝑎𝑙
       →  1 ≈ 6000 

𝑅𝑜 ∶ 𝑅𝑡ℎ𝑐𝑜
       →  1 ≈ 12000 

 

In comparing thermal convection and conduction resistance, the values differ almost 6,000 times for aluminum 

pipes and 1,200 times for copper pipes, so that the use of aluminum and copper thin pipe materials can be neglected 

in calculating the heat transfer rate. 

CONCLUSIONS 

The syngas mass rate requirement to drive a generator engine is 0.005 kg / s. Heat transfer to reduce syngas from 

800 0C to 50 0C is 4597.5 Watts. The syngas cooler's design to reduce the temperature from 800 0C to 50 0C 

requires a pipe length of 20.83 m with a diameter of 2.54 cm (1 inch). This type of pipe material does not 

significantly affect the heat transfer rate during using a thin pipe (1.27 mm thick) because the value of convection 

thermal resistance is very high compared to the thermal resistance of the conduction. 
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