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and Pressure  /  Pressurized Fluidized Bed 

Combustion and Gasification 
      
             

１ . Purpose of Development 

Because of the emission of environment burdening materials such as CO2  etc. coming from 

c oal combustion at coal firing power stations, etc., a technology development on high 

efficiency coal combustion has been under development in Japan.  However, it has an 

extremely complicated range of its utilization, and then even at the same plant its actual 

processing performance often appears quite different time to time.  Consequently, in the 

development of a new coal utilization technology, the lead-time required for its 

commercialization becomes very long in many cases.  In addition, regarding behavior and 

reaction of the coal under high temperature and pressure, there are many unsolved matters, 

which would inevitably lead us to troubles during the development of the plant.  

In particular, regarding the said background of behavior and reaction of the coal under high 

temperature and pressure, we have set the purpose of the technology development on  

construction of the simulator forecasting performance, etc. in case of scale up and 

establishment of its related evaluation technology, as well as, compilation of a data-base 

regarding characteristics and individual chemical reactions of those multiple different 

coals, which all aim at reducing both technical and financial burdens related to the 

required scaling–up works which were presumed to be encountered during technology 

development towards commercialization of a high efficiency coal utilization technology.  
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The following troubles happen
whenever scale-up.
 - New equipment doesn't work.
 - Performance doesn't meet
requirements.

It takes long, long time for
the development  to
complete.

It is required to grasp the following phenomena
quantitatively:
   (1)  What happens in the reactor?
   (2) How does the reaction of coal proceed?

It is beneficial to build up database consisting of Important
and basic characteristics of various coal,  as well as features
of each process are fully to be clarified.

Coal Utilization Base Technology Development is required
 



 

 

Development of Simulation Model
Programming of Simulator
Verification by data from operation
Feed back of the results 

Clarification of phenomena in the reactor
Sophistication of the Simulator

Knowledge about the reaction of coal 
acquired during the development is
applicable to the other process 

Importance of Simulation

( 1 )  C o n t r i b u t i o n  t o  d e s i g n  o f  v a r i o u s  r e a c t o r s

( 2 )  S h o r t e n i n g  o f  d e v e l o p m e n t  t e r m  o f  e a c h  p r o c e s s

( 3 )  C o n t r i b u t i o n  t o  s t a b l e  o p e r a t i o n  a n d  u s e  o f  a  v a r i e t y  o f  c o a l
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2. Content of Technology Development and Schedule of R & D  

The objected processes of the technology development has been set to both an entrained bed 

gasification process, under high temperature and pressure, and  a pressurized fluidized bed 

combustion ・gasification process .  In detail, the technical development has two phases of 

which the phase 1 covers survey and development of numerical models on gas flow, heat 

conduction and chemical reactions, etc., as well as, some coal reaction tests and their analyses 

which are required for the future uses of multiple quality coals.  Furthermore, integration of 

the said models is also planned in the phase 1.  

Phase 2 plans to develop a Simulation technology, which can cope with practical uses, 

respectively by grading up of accuracies of those various models developed up-to-now, 

development of heat conduction models related to the heat recovery zones, setting-in of the 

information into the simulator, accumulation of basic data coming from widening of the 

standard coal selection and, furthermore, enacting verification of those data obtained in the 

gasification experiments undertaken in a pilot plant scale.    

 



1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

Phase 1
1. R&D on Evaluation Method about effect on quality
(1) Concept of the simulation model
(2)

2. R&D on supporting system for high efficiency utilization
(1)

(2)

(3)
 - Collection of the selected standized coals and input

of their specified data
Phase 2
1. R&D on Evaluation Method about effect on quality
(1) Level-up of each Models

 - Reaction model
 - Heat trasfer model in gasification furnace
 - Ash adherance model

(2) Verification of the simulator
 - Tests using a middle size furnace
 - Tests using operation data of the Pilot Plant

(3) Expansion of Integrated Database
 - Progress and expansion from Phase 1

Construction of Integrated Database

Fiscal Year (from 4/1 to 3/31)

Simulator for the Entrained Bed Gasification
under high temperature and pressure

Evaluation techniques for coal

Basic research on simulation for Pressurized Fluidized
Bed Combustion & Gasification

 

 

3. Concept of the R&D and Example of Analysis  

ｼﾐｭﾚｰｼｮﾝﾌ ﾟ ﾛｸ ﾞ ﾗﾑ
（噴流層ガス化用）

石炭評価
　　技術 モデル化

　　　　　　　石炭利用基盤技術開発データベース

測定標準化

灰データ

反応データ

伝熱データ

流動データ

解析技術

データ収集

微量元素ﾃﾞｰﾀ

インターネット

モデルの高度化

ﾌﾟﾛｸﾞﾗﾑ検証
　小中型試験装置
　　ﾊﾟｲﾛｯﾄﾌﾟﾗﾝﾄ

データ入力
・装置形状
・運転条件
・石炭性状
・その他

アウトプット
・温度分布
・ガス化効率
・ガス組成分布
・スラグ状態　等

成果の活用
・炭種毎の特性予測
・反応器設計支援
・ｽｹｰﾙｱｯﾌﾟの効率化
・運転条件の最適化　等

　　　石炭利用基盤技術開発の概念図

噴流層ガス化用ｼﾐｭﾚｰｼｮﾝ技術開発

The newly developed database for Coal Util ization 

Base Technology  

Available by Internet 

Verification of the   
program by small 
test equipment, etc. 
 

Blush-up of the model 

Simulation 
Program Built up 

of a 
model 

Evaluation 

techniques  

Data input 

- Character ist ics  

- Operat ion 

Condi t ions,  e tccs 

Output  

- Compos i t ions  

- Temperature 

D is t r ibu t ion ,  e tc .  

Use of the results  

- Des ign  o f  reac tors 

- Forecast  o f  Characters   

- Opt imized Operat ion 

Cond i t ions ,  e tc . 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

４． Formation of the R&D 

 

 

 

 

 

 

 

 

 

 

Center for Coal Utilization (CCUJ)  
Japan Institute of Energy (JIE)  

Society of Chemical Engineers (SCE)  

NEDO 

Technica l Planning Committee 

Standardized Coal Dept. 
Simulation Dept.  

Reaction Model R&D 

 (Working Group)  

-Volatility Model  
-Gas if ication Speed of Char 
-Structure & Reaction 
-Micro-metals  

Ash Behavior Model R&D 

(Working Group) 

-Gasif ication of Char 
-Ash Behavior  
-Mechanism of Ash Adherence 
-Ash Melting Model  
-Heat Transfer Model  

METI  

Database  Dept.  

Trajectory of 
particles 

CO density Distribution of 
Temperature  

Velocity 
Distribution  

Example of data analysis  
in entrained bed coal gasification furnace 


