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Preface 
 

 

This volume was selected from papers presented at the 3rd International Conference on 

Sustainable Technology Development (ICSTD Bali 2014), which have been held in Udayana 

University Bali during October 30-31, 2014. The conference was organized by Faculty of Engineering, 

University of Udayana Bali Indonesia. This conference covered wide range of engineering issues 

toward the achievement of sustainablility. 

In order to meet high standard of Applied Mechanics and Materials, the organization committee 

has made their efforts to do the following things. Firstly, all submitted papers have been reviewed by 2 

anonymous expert reviewers, poor quality papers have been rejected after reviewing. Secondly, 

periodically review meetings have been held around the reviewers about three times for exchanging 

reviewing suggestions. Finally, the conference organization had several preliminary sessions before the 

conference. Through efforts of the scientific committee and Editors team, the volume will be the best 

collected papers.  

We would like to thank the Faculty of Engineering, University of Udayana, the member of 

organizing and scientific committees, and also to TTP publisher. 

 
           
 

Editors 
 

Ainul Ghurri 

N.P.G. Suardana 

Ni Nyoman Pujianiki 

I Nyoman Arya Thanaya 

A.A. Diah Parami Dewi 

I Nyoman Budiarsa 

I Wayan Widhiada 

I Putu Agung Bayupati 

I.N. Satya Kumara 

 
 
 



Table of Contents

Preface

Chapter 1: Technologies of Sustainable Development in Civil
Engineering, Transportation and Urban Planning

Sustainable Development of Concrete Using GGBS: Effect of Curing Temperatures on the
Strength Development of Concrete
G. Turu'allo 3

Properties of Sand Sheet Asphalt Mixture Incorporating Waste Plastic
I.N.A. Thanaya, I.G.R. Purbanto and I.G. Wikarga 9

Asphalt Pavement Temperature Profile for Tropical Climate in Indonesia
I.M.A. Ariawan, B.S. Subagio and B.H. Setiadji 17

The Development of Slurry Seal Design with Ordinary Portland Cement Replacement by
Low Calcium Fly Ash
A. Setyawan, D. Sarwono and M.S. Adnan 24

The Structural Properties Assessment of Thin Hot Mixture Asphalt for Pavement
Preservation
A. Setyawan, A.H. Mustafa Elshawesh and S. As'ad 30

Mechanical Strength of Hydraulic Binder Made by Blending Type I Portland Cement and
Pozzolan
I.M.A.K. Salain 36

Laboratory Tests on Failure of Retaining Walls Caused by Sinusoidal Load
A.M. Hidayati, R.W. Sri Prabandiyani and I.W. Redana 41

Deformation Behavior of Concrete due to the Influence of the Steel Ring Width Variations
as the External Confinement
E. Safitri, I. Imran, Nuroji and S. Asa'ad 47

Evaluation of High Grade Recycled Coarse Aggregate Concrete Quality Using Non-
Destructive Testing Technique
N.N. Kencanawati, J. Fajrin, B. Anshari, Akmaluddin and M. Shigeishi 53

Experimental and Theoretical Investigation of Bolted Bamboo Joints without Void Filled
Material
G.M. Oka, A. Triwiyono, A. Awaludin and S. Siswosukarto 59

The Significant Importance to Measure Road Safety
S.A. Caroline 66

Accessibility to Location of Activities in Denpasar City, Bali-Indonesia
P.A. Suthanaya 74

Travel Time Estimation Based on Spot Speed with Instantaneous and Time Slice Model
A.M.H. Mahmudah, A. Budiarto and S.J. Legowo 80

Port Location Selection Model: Case Study of Tourism Sector in Bali
R.M.N. Budiartha, T. Achmadi and D. Manfaat 87

Determining Passenger Car Equivalent for Motorcycle at Mid-Block of Sesetan Road
I.G.R. Purbanto 95

Readiness Criteria: Indonesias’ New Initiative to Ensure Sustainable Development Program
A. Merthayasa 101

Conceptual Framework of Bidding Strategy in Order to Improve Construction Project
Performance
I.N.Y. Astana, H.A. Rusdi and M.A. Wibowo 108

The Conceptual Framework of Design Change Effects in Some Project Delivery Systems
A.A.G.A. Yana, H.A. Rusdi and M.A. Wibowo 114

An Identification of Construction Project Overheads for Sustainable Cost Management and
Controlling Practices (CMCPs)
N.M. Jaya and A. Frederika 121

Risk Analyses for Riau Regional Water Supply Projects (SPAM), Indonesia
A. Sandhyavitri 127



b Recent Decisions in Technologies for Sustainable Development

Modeling Discharge of the Bangga Watershed under Climate Change
I.W. Sutapa, M. Bisri, Rispiningtati and L. Montarcih 133

Water Resources Management of Subak Irrigation System in Bali
I.N. Norken, I.K. Suputra and I.G.N.K. Arsana 139

Study of the Evolution of Sanur Beach Nourishment Project for Beach Enhancement
I.G.B.S. Dharma and S.S. Efendi 145

Numerical Simulation of Breaking Waves in a Wave Group by SPH
N.N. Pujianiki 151

The Study on Bore Piles Foundation of the Reinforced Concrete Arch Bridge Beams of
Tukad Pekerisan and Tukad Penet
I.N. Sutarja and I.W. Wayan Redana 157

The Importance of the Physical Boundary Line onBali Coastal Tourist Resorts
A. Rajendra, N. Temple and R. Nicholls 163

Comparative Analysis of Traditional House at Taman Mini Indonesia Indah with Modern
House
S. Purnawan, I.W. Sukania and L. Widodo 169

Chapter 2: Materials and Technologies for a Sustainable Development

The Property and Applicability to Auto Industry of Natural Fiber Reinforced Composites
R.H. Hu, Z.G. Ma, S. Zheng, C.L. Zheng and A.J. Jiang 179

Fracture Parameters of Short Carbon Fiber Reinforced Polycarbonate Composite
Fabricated by Injection Molding Process
M.G. Hwang, G.H. Kim, H.J. Park, Y.G. Lee, C.M. Yang, J.K. Lim and H.Y. Kang 186

Effect of Polar Extract of Cocoa Peels Inhibitor on Mechanical Properties and
Microstructure of Mild Steel Exposed in Hydrocloric Acid
Gunawarman, Y. Yetri, Emriadi, N. Jamarun, Ken-Cho, M. Nakai and M. Niinomi 193

Hardness Distribution and Effective Case Depth of Low Carbon Steel after Pack
Carburizing Process under Different Carburizer
D.N.K.P. Negara, I.D.M.K. Muku, I.K.G. Sugita, I.M. Astika, I.W. Mustika and D.G.R. Prasetya 201

The Effect of Solidification on Acoustical of Tin Bronze 20Sn Alloy
I.K.G. Sugita and I.G.N. Priambadi 208

Morphological Analyses and Crystalline Structures of Anodic TiO2 Thin Film on Ti6Al4V
Alloy Using Phosphate and Calcium Containing Electrolyte under Different Voltage and
Calcium Molarity
I.N.G. Antara, K.I.M. Gatot, I.M. Budiana and D.K. Choi 215

Determination of Optimal Clinker Factor in Cement Production by Chemical Grinding
Aids Addition
T. Eryanto and E. Amrina 223

Wear of Carbon Steel (0.65%C) in Rolling-Sliding Contact with Creep Ratio
M. Widiyarta, T.G.T. Nindhia and H. Mudiastrawan 229

Hardness Prediction Based on P-h Curves and Inverse Material Parameters Estimation
I.N. Budiarsa 233

The Influence of Austenisation Temperature and Holding Time on Mechanical Properties,
Scale Thickness, and Microstructure in Alloy Steel
A. Aziz, M. Hidayat and I. Hardiyanti 239

Hardness, Density and Porosity of Al/(SiCw+Al2O3p) Composite by Powder Metallurgy
Process without and with Sintering
K. Suarsana and R. Soenoko 246

Development of Fiberglass Woven Roving Composite as an Alternative Material for the
Hull of Fishing Boat
Winarto, W. Eddy, R. Liza and H. Syamsul 253

Tensile Strength of Banana Fiber Reinforced Epoxy Composites Materials
A.P. Irawan and I.W. Sukania 260

Green Composites Based on Recycled Plastic Reinforced Local Sisal Fibers
N.P.G. Suardana, N.M. Suaniti and I.P. Lokantara 264

Cement Bonded Sol-Gel TiO2 Powder Photocatalysis for Phenol Removal
N. Hafizah and I. Sopyan 271



Applied Mechanics and Materials Vol. 776 c

Review on Zn-Based Alloys as Potential Biodegradable Medical Devices Materials
M.S. Dambatta, D. Kurniawan, S. Izman, B. Yahaya and H. Hermawan 277

Bone Implant Materials from Eggshell Waste
I. Sopyan 282

Boiling Phenomenon of Tabulate Biomaterial Wick Heat Pipe
W.N. Septiadi and N. Putra 289

Fluidization Characteristic of Sewage Sludge Particles
I.N.S. Winaya, R.S. Hartati and I.N.G. Sujana 294

Design of Fluidized Bed Co-Gasifier of Coal and Wastes Fuels
I.N.S. Winaya, R.S. Hartati, I.P. Lokantara, I.G. Subawa and I.M.A. Putrawan 300

Chapter 3: Advanced Decisions in Mechanical Engineering

Magnetic Camera and its Applications in Aging Aircraft, Express Train and Pipelines for
Green Technology
J.Y. Lee and J.M. Kim 309

Buckling Analysis on Pechiko Field of Fixed Offshore Platform in Makassar Strait
M.Z.M. Alie, Y.R. Palentek and D.G. Sesa 313

Simulation of a Differential-Drive Wheeled Mobile Lego Robot Mindstorms NXT
I.W. Widhiada, C.G.I. Partha and Y.A.P. Wayan Reza 319

Design and Simulation of Five Fingers Gripper for Dexterous Pick-Up Various of
Components
I.W. Widhiada, E. Pitowarno, C.G.I. Partha and Y.A.P. Wayan Reza 325

Tar Balls Collector for Mechanical Recovery in Combating Oil Spill on the Marine
Environment
C.P. Mahandari, M. Yamin and D.S.A. Asandi 331

Three Wheel Bike as Physical Therapy Equipment for Post-Stroke Patient
I.M.L. Batan, Rodika and M. Riva'i 337

Geometric Progression Application in Design Transmission Gear Ratio
A.A.I.A.S. Komaladewi, I.G.A.K. Suriadi and I.K.A. Atmika 343

Role of Risk Management in Effective Maintenance
H.A. Yuniarto and P.F. Paristiawati 349

Redesign Combustion Air Shelter of the Furnace to Improve the Performance in Melting
Bronze for Manufacturing Gamelan
I.G.N. Priambadi, I.K.G. Sugita, A.A.I.A.S. Komaladewi, K. Astawa and I.W.B. Adnyana 355

Model of Carbon Dioxide (CO2) Emission from Motorcycle to the Manufactures, Engine
Displacement, Service Life and Travel Speed
A.M. Mulyadi and S. Gunarta 361

Experimental Study of Heat Transfer Characteristics of Condensed Flow on the Vertical
Wave Plates
W.H. Piarah and Z. Djafar 371

Forces Analysis on a Spherical Shaped Delivery Valve of Hydram Pump
M. Suarda 377

The Influence of Distance Variation between Rings with Sloping Position on the Cylinder
Surface to Drag Coefficient
S.P.G.G. Tista, A. Ghurri and H. Wijaksana 384

Auto PID Tuning of Speed Control of DC Motor Using Particle Swarm Optimization Based
on FPGA
H. Tayara, D.J. Lee and K.T. Chong 390

Mobile Robot Motion Planning to Avoid Obstacle Using Modified Ant Colony Optimization
N. Habib, A. Soeprijanto, D. Purwanto and M.H. Purnomo 396

Mobile Robot Motion Control Using Laguerre-Based Model Predictive Control
M. Chipofya, D.J. Lee and K.T. Chong 403

Chapter 4: Application of Alternative Energy and Information
Technologies



Design of Fluidized Bed Co-Gasifier of Coal and Wastes Fuels 
 

I Nyoman Suprapta Winaya1,a, Rukmi Sari Hartati2,b, I Putu Lokantara1,c,  

I GAN Subawa3,d , I Made Agus Putrawan1,e 

 

1Mechanical Engineering Department - University of Udayana, Bali-Indonesia  

2Electrical Engineering Department - University of Udayana, Bali-Indonesia  

3PT Indonesia Power UBP Pesanggaran Bali-Indonesia  

ains.winaya@me.unud.ac.id, brshartati@ee.unud.ac.id, clokantara_santri@yahoo.com, 
dsubawa.putra@indonesiapower.co.id, agusputrawanmade@gmail.com 

Keywords: fluidized bed, co-gasifier, biomass, waste 

 

Abstract. The solid waste produced from urban area is an urgent issue to be addressed. A fluidized  

bed  (FB)  gasification technology  has been widely applied and proven effective to convert waste 

into clean energy and environmentally friendly. Co-gasification is a technique of mixing two or 

more fuels that aims to improve calorific value of the gas production.  A FB gasifier reactor is 

designed using some previous experiments and available literature as well as from the internal 

experience of the research group. The gasification reactor pilot plant scale using data input of waste 

and biomass fuels has been fabricated  with  diameter of 0.7 m and a height of 1.5 m. The Tests 

have been performed showing that the FB gasifier is very feasible to be developed. 

Introduction 

The increased efforts of the need to reduce CO2 emission to prevent global warming from 

power generation systems have led to an interest in biomass and wastes as fuel sources. As a 

potentially energy renewable resource, biomass and wastes are gaining more attention worldwide. 

The use of fluidized bed (FB) technology for waste and biomass fuels has expanded since the 

twentieth century either for energy recovery or wastes disposal.  This technology is well known for 

its excellent gas-solid mixing and favorable emission characteristics. Pre-processing of 

biomass/wastes feeds to acceptable particle size and moisture content, usually necessary for 

conventional technologies, can then be minimized in fluidized bed operations, as long as it could be 

conveniently fed into the bed. FB technology is usually indicated to be the best choice, or 

sometimes the only choice, to convert alternative fuels to energy due to its fuel flexibility and the 

possibility to achieve an efficient and clean operation. It is also found that a high recovery of heat 

can be achieved, this is mainly due to the heat transfer coefficient in fluidized bed combustors is 

much greater than that of conventional combustion systems. 

Looking at the future potential of urban waste, the high energy content within the waste is very 

urgent to utilize. Technology must find a feasible process which allows wastes to be converted as 

energy in an environmental way.  Fluidized bed gasification is a promising technology that can 

convert energy from the low rank calorific solid fuel such as biomass and wastes into a combustible 

gas whose composition and heating value are greatly dictated by the type of gasifying agents. 

Because of the lower calorific values of waste fuels accompanied by flame stability problems, co-

gasification currently holds more appeal than any of the sole source technologies including more 

advanced conversion options such as integrated gasification combined cycles. It is anticipated that 

co-gasification of waste fuels with coal will reduce flame stability problems, as well as minimize 

corrosion effects. The co-gasification of coal and wastes has the potential to reduce CO2 emissions 

and the amount of pollutants as  NOx and SOx. Co-gasification process has been widely studied 
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using mixtures of several kind of feedstock such as waste fuels with other materials like coal and 

biomass even plastic waste [1,2]. 

The purpose of this study is to design a pilot plant of fluidized bed co-gasifier using coal and 

waste/biomass fuels and to investigate its performance. 
 

Methodology 

Pilot plant fluidized bed gasifier system was designed based on literature references available 

with innovations according to the fuel used. The calculation involves determining the dimensions of 

the reactor, fluidization velocity, distributor system, fuel feeder and other accessories complement 

the gasifier . 

 

Reactor dimensions. A fluidizing reactor unit is developed as a place for reaction of a fuel with the 

medium gas gasification. Based on the reference of previous studies [3-5], the calculation steps to 

determine the dimensions of the gasifier reactor is based on the calculation of hydrodynamic 

parameters . 

The first step is to determine the fraction of empty space (voidage) which is calculated as 

follows: 
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where εmf ,  ρb,  ρp is a voidage value at minimum fluidization, density of gasification agent and 

density of solid particles respectively.   

The Archimedes Number (Ar) is then calculated by using the following equation: 

         Ar =  
	×	 	×	 	×	 	
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2                                                                                                           (2) 

where  g is gravity force,  dp is average diameter quartz sand, µ is viscosity of the gasification agent 

and φ is sphericity factor of bed material. 

This research uses quartz sand as a bed material with solid density of 2180 kg/m
3
 and specific 

heat of 0.20 kcal/kg
o
C, which is well known to store heat during gasification process. The 

measuremet of sphericity and mean diameter of quartz sand using macro photo and Image-J 

software of 0,727 dan 492 µm respectively.  

As Archimedes number is known, the  Reynold (Remf) can be determined using  Ergun equation 

as: 
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Then, the minimum fluidization velocity can be simply calculated as: 

      Umf         =  
pg

mf

d×

×

ρ

µRe

                                                                                         
  

Distributor plate.  A distributor plate plays an important component to enhance a stable 

fluidization process. To ensure uniform fluidization, the type of distributor cap bubble tuyere 

consisted of 40 pieces points is equipped with two nozzles. To avoid an agglomeration on the 

distributor plate because of ash fuel melting, the plate was designed to rotate at speed of about 1 

cm/s. The plate distributor arrangement and its component can be seen in Fig. 1. 

            (4) 

             (3) 
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Fig. 1. Plate distributor and its component (size in  cm) 

 

Start-Up System. For the  start-up  system,  an oil burner  connected  to  the  entrance of  the 

plenum was selected. Preheating is set to the average temperature cross the bed on the overall of  

600ºC quartz sand which is capable to generate auto ignition temperature of combustion and 

gasification. 

 

Fuel Feeding.  Fluidized bed gasification system is designed to gasify of waste/biomass fuels and 

coal so that the screw feeder assembly is selected to ensure the inclusion of the constant fuel mass 

flow rate of 30 kg/h. Fuel feeding subsystem as shown in Fig. 2 below along with air flow line to 

push fuel into the reactor at the same time ensuring the absence of back pressure. 

 

 
 

Fig. 2. Fuel Feeding Systems and Components (size in cm) 

 

Cyclone. A Cyclone is a primary tool to separate between gas and fine particles in which the larger 

particles fall into the water reservoir. The produced gas goes to a cyclone dust collector connected 

to a water tank that also serves to prevent back pressure or explosion. Gas out of the cyclone 

associated with a heat exchanger system in which cold water continuously fed at a constant flow 

rate of 16.5 m
3
/hr. Test data indicate that the gas cooling system is able to reduce the heat to 400 

percent. The dimension and the size of cyclone and safety chamber subsystem are seen in Fig. 3 

Cap 

Tuyere 

Motor Nozzle

81,5 

Fuel 
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Motor 
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Air force 
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Fig. 3. Cyclone Systems and Components (size in cm) 

 

Characterization of fuel.  A characteristic of urban waste generated from city residents about 70 

percent of the composition is organic waste, the rest is non-organic waste consists of plastic and tin 

cans. Demographic aspects such as socio-economic (tourism, shops, markets, household) be the 

biggest factor affecting the characteristics of the waste. Besides cultural factors, customs, and the 

local believe also plays an important role in the rate of waste production. Unlike fossil fuels, waste 

and biomass have the physical and chemical properties which are more difficult to process because 

of their physic and chemical content. Each type of biomass has its own content which affects the 

performance when used as fuel for combustion or gasification processes. To determine the 

parameter of each biomass and waste, the series tests including proximate, ultimate analysis and 

calorific value measurements of the fuel was done as seen in Table 1. 

Tabel 1. Proximate and Ultimate Analysis 

Parameter Urban 

waste 

Rice 

husk 

Coal 

Moisture (%) 12,59 11,92 4,5 

Volatile (%) 81,65 72.16 23,1 

Ash (%) 18,35 27.84 33,5 

Carbon (%) 64,46 37,65 86,14 

Hydrogen (%)   6,25 11,05 0,75 

Nitrogen (%)   0,52 0,97 1,12 

Sulfur (%)   0,05 0,06 0,56 

Oxygen(%) 18,03 39,43 1,54 

Calorie (kJ/kg) 16083 12569 20242 

 

Result and Discussion 

 The result of calculation and modeling is used to design and fabricate of pilot plant co-gasifier 

fluidized bed of coal and wastes/biomass fuels. A fluidized bed gasifier unit as seen in the Fig. 4, is 

generally divided into two main parts, namely a reactor and supporting accessories. The reactor has 

a cylindrical shape with a diameter of 0.7 m and a height of 1.5 m, operated at fluidized bubbling 

bed mode with an atmospheric pressure. In this study, air is used as a gasification agent which 

distribution port is divided in two main points. Primary air is inserted from the bottom of the reactor 

through a distributor plate, while secondary air is added through the fuel channel feeder and oil 

burner port. Four thermocouples are mounted on the wall in the reactor to determine the 

temperature profile along the reactor and gasification processes. The reactor walls lined with 

refractory bricks to reduce heat loss to the environment. A sample of the fuel which is a mixture 

between coal and waste/biomass at the same time inserted continuously through the fuel screw 

   39.0 

57.0 
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feeder having a diameter feeding of 5 cm with volume of 0.3 m
3
. To avoid thermal pyrolysis along 

the feeder line into the reactor an additional air channeled was added. 

 
Fig. 4. Schematic of fluidized bed gasification system 

 

Reactor temperature profile.  During the operation, the reactor was heated up using oil burner 

until uniform temperature of 600ºC according to a design condition. The profile temperature was 

measured using 4-thermocouple from the bottom of the bed pointed from T1 until T4. The obtained 

temperatures of T3 and T4 (Fig. 5A) are relatively similar during start-up compared to the one for 

co-gasification of coal and rice husk (Fig. 5B). This is mainly due to the high volatile content of the 

waste and biomass fuels cause some gas lifted quickly by fluidization gas and burn that results in a 

rise in temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Temperature distribution along vertical bed height at (A) start-up and (B) co-gasification of 

coal and rice husk 

 

 

 

Equivalence Ratio. It is well recognized that the performance of gasifier depends mainly on the 

equivalence ratio range being used. This indicates that the minimal amount of air required 

oxidizing the fuel and generating enough heat to maintain the gasification endothermic process. The 

equivalence ratio on gasification process is the most important factors to justify the condition of 

operation. The value (ξ) is defined as:   

aCA
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where (RA/C)r     and (RA/C)a  are the air fuel ratio stoichiometric and actual respectively.  
 

The air-fuel stoichiometric relation was calculated from the expression belows [5]: 

CHSC
sCAR .%3.3.%5.26)%.375,0.(%89,8)/( −++=

                                                                        
  

From the calculation model above the equivalence ratio of 0.35 was obtained.  
 

FCR and AFR.  To determine fuel composition rate (FCR) and air fuel ratio (AFR), the wellknown 

published model were used for calculation in which the increase amount of wastes and rice husk 

composition used an increase number of fuel feed and fuel was obtained as seen in Table 2. 

However, the length operation and flame time is contrary for both fuel combinations. This is mainly 

caused by the high content of volatile in the wastes/biomass fuels resulted in more easily to ignite 

and burn.  
 

Table 2.  Experimental data of operation and flame time, FCR and AFR 

No. Fuel 

Mass 

Composition 

(%) 

Fuel (kg) Time (s) 
FCR 

(kg/hr) 

AFR 

(m3/hr) 
Feeding Ash Operation Flame 

1 Wastes + Coal 

50 - 50 20 5 1875 1635 28.8 87.89 

60 - 40 20 4 1665 1470 34.59 105.57 

70 - 30 20 3.5 960 795 61.88 188.82 

2 Rice Husk + Coal 

50 - 50 20 5 1860 1605 29.03 88.59 

60 - 40 20 4.25 1680 1425 33.75 102.99 

70 - 30 20 2.85 1380 1320 44.74 136.53 

 

Sampling. The experimental works were carried out under standard operating procedures for 

gasification. Fuel was inserted through the screw feeder with a capacity rate of 25 kg/hr. The 

fluidization velocity was set up at 0.253 m/s using adjustable valve. The sampling point is located 

just after the gas passing the heat exchanger unit. Gas samples collected and analyzed for major gas 

components by gas chromatography test. Parameters of a fluidized bed gasifier reactor design and 

composition of producer gas can be seen in Table 3. The increase in the bed temperature the amount 

of CO and H2 concentrations was obtained to increase slightly. 

Tabel 3. Design parameter and producer gas concentrations 

No. Reactor parameter Fuel: Wastes, Biomass 

and Coal 

1. Diameter  (m) 0,7 

2. Height (m) 1,5 

3. Bed volume (m
3
) 0,04 

4. Bed height (m) 0,1 

5. Bed weight (kg) 100 

6. Gasification agent Air 

7. Bed temperatur  (ºC) 600 650 

8. Equivalency Ratio  0,35 0,35 

9. CO (%) 7 10 

10. H2 (%) 4 5 

11. CH4 (%) 2,2 2,0 

12. N2 (%) 50 48 

    (7) 
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Summary 

Through a simple mathematical model calculations and practical basis, the design and size of the 

pilot plant of fluidized bed co-gasifier system can be developed. Initial performance test of the 

gasifier unit by increasing the concentration of wastes/biomass the FCR and AFR increased. The 

increase in the bed temperature the amount of syngas concentrations was obtained slightly 

increased. 
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