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{fU1U (Clean coal technologies)
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UGRINNSY RTS8

- MIVINN TN Y N LU (Energy conversion)
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technologies)

e GIGATENBNUANFTINWELGIHumS{NT (Clean
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SMU{UNSUS (Stack Gas
5 OS 88% S13a]s

ﬁﬂUS[‘U Mlﬁitﬁ Mm:mma
Treatment) — HIGUAIG M7

SOx 18 &Nl%
UMM IS CO2, NOx ANATH AU

Ia%ac,

b, MG WU muitw:Gimne

Lﬁﬁ§ﬁ[£@2ﬂiﬂ8ﬁ8 Myt Mg m[e QUAKRRARE]
(Advanced Pulverized Fuel Combustion-PFC) i
Lﬁﬁgﬁ[m PUNSY 3 mmm:‘fmqammg (Advanced
Fluidized Bed Combustion-FBC) )

‘[J‘Uﬁ R i;li UM ﬂji‘gﬁ finb (Integrated Gasification Combine
CycIe-IGICC)a



wiasiumuindifimi (Integrated Gasification Combine Cycle-IGCC) 10

‘L‘Uﬁ §l§ﬁl§1] ﬂﬁ‘gjﬁ 1S (Integrated Gasification Combined Cycle- IGCC)

Raw Stack

Gas cleaning ~ -------- » By-products and wastes
Coal Heat recovery
A gasifier steam generator
ir
' Clean
: : : fuel gas
Air separation unit

Steam
Compressor Gas turbine turbine

Generator

Roadmap technology publication of IEA
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ihanpyimamaijivaonng -

= 713 £U Lﬁﬁi?ﬁ“l A ilij [A10U (Proximate analysis):

- ANFUTH ANMYS(FC),
- MFII(VM),
- BJISH (M),
- Itis (A)
MY+ VMW + FCY + A¥=100% (wet sample,w)
Cd + Vd + Ad =100% (dry sample)

| PH R (Ultimate analysis):
H{nIeds (H), ASEI(S), HAdIfu S

According to ASTM:
C+H+S+0O+N+A+M=100%

15



Ags: (Fuels)/ fimuidl (Heating value) N

MM ATAHGAIITS PR AIfMSMuny:MU{B{maiguninn
Bomb Calorimeter -1
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« ST INNIMITU AT A0 SIRTIEN Wy N AL
(Basic principles of thermal engine working cycles)

o
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technology)
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gmgnsaﬁﬁjsﬁ*iﬁjﬁ (Diesel engine basics)
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gmgnsmﬁ'jsmﬁjﬁ (Diesel engine basics)

* GUIHIISHISTUN 9-9000 kw
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* 138 (Fuels)
» YU N SBIAISHI 65 (Diesel engine basics)

e fdinnIMis e i Sidnihwhunnfid (Basic principles
of thermal engine working cycles)
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= ;531188 (Rankine cycle )aintigGsGimts §n
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fgﬁsﬁs (Rankine cycle )
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Electric
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fgt':'sﬁs (Rankine cycle )
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fgt's'sﬁs (Rankine cycle ) 26
I

§ s Swipm gmnsaINasiEiuSidnmwhunusimwFnigh g

m—

Watt's LMW 2MW 30 MW(e) 660 MW(e)

beam locomotive marine steam steam
engine steam steam power power
engine engine plant plant
Thermal efficiency (%) 2 7 20 35 44
Initial pressure (bar) . 15 15 40 160
Initial temperature (°C) 100 300 250 450 540
Reheat pressure (bar) - - - - 40
Reheat temperature (°C) - - - - 540
Exhaust pressure (bar) near 1 1.2 0.1 0.045 0.045
Exhaust condition wet near sat wet 0.9, dry 0.9, dry

Feedwater heaters - - - 4 7




fhijitseis (Brayton cycle )
I
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{iitiei (Combined cycle)
HUR] y

A
n=m*mnz2-m17:
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Brayton
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Rankine

fgﬁsj inil iii Brayton/Rankine



i’gijsj (Combined cycle)
EE

2O NINNUINM F §H jHISI{US]
n N aJ (]

Fuel

GT output

ST output

Station service power

Heat input to GT (LHV)

Heat input to the supplementary firing unit (LHV)
Efficiency of the GT cycle

Energy in the exhausts

Efficiency of the steam cycle

Net efficiency of the plant

29

Natural gas
69.1 MW
78.3 MW
2.1 MW
230.0 MW
79.6 MW
30.0%
1593 MW
32.9%
46.9%



i‘gijsj (Combined cycle)
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30

Before repowering  After repowering

Net output from power plant 30.3 MW 102.2 MW
Power output from ST 32.0 MW 35.0 MW
Power output from GT - 68.4 MW
Station service power 1.7 MW 1.2 MW
Heat input 107 MW 228 MW
Net efficiency 28.3% 44 8%
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* 138 (Fuels)
» YU N SBIAISHI 65 (Diesel engine basics)

IO IANIMITU R HI 0 S IR W BN U AT
(Basic principles of thermal engine working cycles)

- UIGATENNTHARIS Piiiti(Large hydro-energy technology)
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Pico 0 kW =5 kW
Micro 5 kW —-100 kW
Mini 100 kW -1 MW
Small 1 MW -10 MW
Medium 10 MW - 100 MW
Large 100 MW+
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o Lﬁﬁgtﬂﬁﬁﬁjﬁﬁ (Coal preparation system )
* UIG ol GNEAN{ATG (Coal combustion technologies)
+ ¢OSGUNLEA (Steam turbine)

. gfigg

J-ac.

S (Gas turbine)

>

[UYTIYEN U EU AN ﬂJ’[Gjt’l?m (Waste heat recovery)

5

X L‘G’ﬁj’a’ (Co-generation)



Lﬁﬁgiﬂﬁﬁﬁjﬁﬁ (Coal preparation system )

37

ISIARMISAUIN I {1 fUT{1 G (Pulverized coal combustion) 1] 5 {54
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Size-Size Solid-Solid Solid-Liquid
® Dense Media Dewatering
¢ _"_ Vessel Screens
S | Raw Coal ’@"

Screens
g Basket
= _ Dense Centrifuge
D gle\(/je h Media %: s—s
= enas Cyclone
Coal Spirals Screen-Bowl
< . Centrifuges
= Classifying .
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Froth Flotation Disc Filter
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» (TN SIJUGENY (Coal preparation system )

a

* UIGHIENEHAE[IY (Coal combustion technologies)

¢

SGUTILS G/ (Steam turbine)

[ )
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. gfigg

J-ac.

S (Gas turbine)

>

UYUmB N £ NN PG [Qj{fl?m (Waste heat recovery)

5

X I?G”ﬁj’a’ (Co-generation)
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‘[jjﬁ SUAUIN N MI{NAITEjN Y (Pulverized fuel combustion system)



ijigﬁ%‘]‘lt’{ﬁﬁ‘jﬁﬁ (Coal combustion technologies) 40

Lﬁﬁ SHNNG AGHNn tiffi_}ﬁlej [N 2 (Fluidized bed combustion system)
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* (WASI UGG (Coal preparation system )
- UIGATGNHHE]RG (Coal combustion technologies)
» ¢figBtmwn (Steam turbine)

o Ej;ﬁ'S a ﬁiS (Gas turbine)

>

[UHTIEN U EU AN ﬂJ’[@jﬁ?m (Waste heat recovery)

5

X L‘G’ﬁjﬁ (Co-generation)
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* (WASI UGG (Coal preparation system )
- UIGATGNHHE]RG (Coal combustion technologies)

. ¢BsGuNtEn (Steam turbine)

o g§ ﬁ:{S (Gas turbine)
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» MUY H AT ANATTF]NTM (Waste heat recovery)

o MIT L‘G’ﬁjﬁ (Co-generation)
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viagSiditthwig ] (Combined cycle power plant) 47
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* (WASI UGG (Coal preparation system )
- UIGATGNHHE]RG (Coal combustion technologies)

SGUNLIG A (Steam turbine)

e

"y

U89 ﬁji S (Gas turbine)

&cf)

- MIUHIHBNURIANATIETIIM (Waste heat recovery)

o MIT L‘G’ﬁjﬁ (Co-generation)
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MI{Ugumen AN ni’isjﬁ?m (Waste heat recovery)
B

mijpguthenssansgiaim ssinnmaspaiin

steam recovered from waste heat
Power Generation,
—————————————————————————— humiditying.

| by-product gas alrconditioning
|
|
|

gas gas (BF gas) gas (BOF gas) fuel for Fuel for power

reheating | generation

______________ ____________/




MI{Ugumen eI n}tsjﬁ?m (Waste heat recovery) 50
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* (WASI UGG (Coal preparation system )
- UIGATGNHHNE]RG (Coal combustion technologies)

SGUNIG A (Steam turbine)

e
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89

&cf)
J-ac.

S (Gas turbine)

« MUY BN ANAIIERTM (Waste heat
recovery)

o MItUTHH (Co-generation)
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Mt AU fij6(Co-generation) AMIG i aHA IS SnAtHum thiltruui
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Back pressure
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N av
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Mt PR H(Co-generation) TN tiJ Back pressure turbine
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Mt fUEE (Co-generation)

ASEUU{NMNIUESMIL FIEJY (co-generation)
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