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‘ FREBR LIS E China’s installed power generation capacity
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FREBR LIS E China’s installed power generation capacity
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FREBDENLEEFE Cchina’s installed power generation structure

> PE—KEIRERSERMERE T KBEFET SR KHE.
The energy structure determines fossil-fuel power plants still plays the
dominant role in China’s power generation industry.

e APHEE APHEE Solar  REE Wind

Nuclear S0lar 1.2% _ g8 Wind %8 Nuclear 4.9% 9.8% 7KE8 Hydro
1.2% 6.1% 2.8% / 21.6%
SH Gas __7KE8 Hydro SE gas
3.5% 22.4% 4.9%

20135 & EEHMR, B3EN1247385 T it20204E & E AN, H 34120400075 T 5L
Installed power structure at 2013 Predicted Installed power structure at 2020
total capacity 1247GW total capacity 2040GW
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SERAEXKEERIFE Air pollution becomes a severe problem

> 20134F, REKEHEIRZR
B143T5 P ~ B, R FK15%
H+m#R; £EFYKED
$35. 9K, HomXET
100K,
In Year 2013, the total area
influenced by haze was up to
1,430,000 km?, occupied 15%
of China. The average haze
day was 35.9, some regions
even exceeded 100.
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SERAEXKEERIFE Air pollution becomes a severe problem
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Total number of haze day in major cities, 2013
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SERAEXKEERIFE Air pollution becomes a severe problem

> FAKY, REXSSREZNRE 7
SRR SHE RS ROA LS
SR MBS RN L

Research shows that air pollution in China is

m KR
mEt. EMETERARETW

mainly the combination of coal gas and

automobile emission, primarily coal gas.

> 2012FE R B Kk AT W HER —EALHR
883 7M. A48T, fHL

151730, 3 e E &S HRER
41. 7% 40. 6% 12.2%.

1 ) 2l
In 2012, the total emission from coal-fired FRER 02 NOX LHES
industry is SO2 883x 104, NOx 948x 104, 2012@9@@%[!%“5%%% fefT Ik
dust 151x10%. That is 41.7%, 40.6%, 12.2% FERRANTS SRR o 2
Lo ] Percentage of emission from coal-fired
of the total pollutant emission, respectively. industry and other industries, 2012




W ?é: Contents [= EAME%HER

, L WRNA

Background introduction

) 2. FRAREOREAL

Relevant environment protection policies & rules

) 3. M ISR R A

Pollutant emission control technologies for coal-fired power plants

, 4 SR TR

Typical Super low emission projects




MR RBUER AN [= Enmuisitamn

Relevant environment protection policies & rules

Electric Power Planning & Engineering Institute

KEBIR{RITIHE Development of “Pollutant emission standard”

> KB REELYHERRYE) GB13223-1996, ZirdEE 1997481 A1 H L.

The “Pollutant emission standard” (GB13223-1996) was executed on Jan 15t, 1997.
> CKHTT REFBRIHEEARHE) GB13223-2003, Z%briE H 2004451 4 1 H AL,

J& 1IEGB13223-1996F7 1
The “Pollutant emission standard” (GB13223-2003) was executed on Jan 15t, 2004.

> CRETRSIEHERARHE) GB13223-2011, Z%brvE H20124E1 A 1 H B2,

J& 11:GB13223-2003 451 .
The “Pollutant emission standard” (GB13223-2011) was executed on Jan 1%, 2012.

g, ¥iE Yl / Dust —EHER / S0, | ME AP / NOx
BABRER mg/Nm3 mg/Nm3 mg/Nm3

GB13223-1996 200~600 1200~2100 650~1000

GB13223-2003 50~200 400~1200 450~1100

GB13223-2011 20~30 50~200 100~200
K A RABR AR AR

Development of emission standard in coal-fired industry
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WEBIAMFITHEECHERIER Effect of “Pollutant emission standard”

> BEE KHEHEBREH Bk, PER 1200: 954 1 11068 0187

Wi K ML ABRBURFLE, 5 1°° 8110 8103 8287
RYHRE — e B LR/ 2. 800
China has been promoting the 600
optimizing and upgrading of fossil fuel :88

power plants, the pollutant emissions 0
have been controlled effectively.

2007 2008 2009 2010 2011 2012
H AT \ENOXHFHCE /73 (20114F 52 BERLARD

NOx emission in power generation industry/10%
1245.5
1151.0 (equipped with de-NOx since 2011)

1200 - 1028.1 9g4.4 .
1000 ) 901.2 797.0 400 3293
800 300 - 279.0
600 246.6 218.4 2156 222.8
400 200
200
O n T T T T T 100

1400

2007 2008 2009 2010 2011 2012
B 747k SO,HERE/ /i (2007 F 2 WA 5007 2008 2000 2010 2011 2015

SO, emission in power generation industry/10% b 74T ML MR A HE B/ 5
(equipped with de-SOx since 2007) Dust emission in power generation industry/10%
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‘ KEBIRFRITHEELER Comparison of “Pollutant emission standard”

> 20114E7TH29H, #FEEMT (KB RSEAHRRHEY  (6B13223-2011)

,  MCPRAESERE)S, RABEE) BITS eHECE RIB R .
On July 29 2011, the “Pollutant emission standard” (GB13223-2011) has been
published, and as a result, the pollutant emission decrease tremendously.

) G ] 4 / Dust ZE|MUH / S0, BAE A / Nox
OIS mg/Nm? mg/Nm? mg/Nm?
184 135

[E / USA
H A / Japan 50-100 200 200
Rk B /Eu 30 200 200
RAFIF / Australia 100 200 460
fIZE X / Canada 130 740 460
17 = / New Zealand 125 350 410

ot (FEE X))

China’s normal region

ot (EmX)

China’s crucial region

30 100-400 100-200

100

20 50
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Bt X HEBIARE Crucial areas’ emission control

> BREHIXIE4TMRT, BARRE. RREMX. KEAMKX., R=AMX . HHET. 5F
E. FEW. MiET. . AW, K. K. BERWEX . R#T. &
M. = KEW. BEE. BT ZHH. |R)IH. S8KRFW.
Crucial areas includes 47 cities, that is: Beijing-Tianjin-Hebei region, Changjiang triangle region,
Zhujiang triangle region, Shenyang, Jinan, Qingdao, Zibo, Weifang, Rizhao, Wuhan, Changsha,
main city area of Chongqin, Chengdu, Fuzhou, Sanming, Taiyuan, Xi’an, Xianyang, Lanzhou,
Yinchuan, Urumugi.

L) &R & FR{E mg/Nmd
Pol lutant Situation Emission limit

WA / Dust 2 F/ all 20
ZEE / S02 £ #B/ all 50
A / NOx £ B/ all 100

K / Hg £ #B/ all 0.03

B R X EHER R (GB13223-2011)

Emission criteria in crucial region (GB13223-2011)
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WEBHEREXIBIER Relevant policies for coal-fired industry

H&B “WaemA —RHER]” , 20124E8H6H

o HEF B AT R AE R K S P AFRLTEY (PM2.5) JRI8; AT EMLTEEE N
B, KRB, Wik, ACRFSHAITI AR PR Tl iR it SR A &, 20155 K
T Z SRR EWATIHEE 5 51X Z800 7 MEAN750 7 g,  EL20104EPEAE16%F129%.

* Promote the treatment of de-SOx and de-NOx and PM2.5; dust removal modification to the coal-
fired, iron, cement ; until 2015, the SO2 and NOx emission in coal-fired industry reduce 800 X 10%t
and 750 X 10%t, 15% and 29% compared with 2010.

E 5B “RAFGRETFRER” , 20135F6H14H

« MIRE ST AR BRARAEBR R BUE, RKOWMITERES, ERTUFEXRSRSEYHRGEE
201 7K T PE30% LA L.

e Speed up the de-SOx, de-NOx and dust removal modification, the pollutant emission in major
industries reduce 30% by the end of 2017.

TR R S5 SuETshTHR], 20144E9H 12H

15
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WEBHEBIHEKIBER Relevant policies for coal-fired industry

EEHEATRRRHEA F S SuE TR, 20144E9H 12H

°FE?§j('—=\,‘;’_3§|<%HF7‘iﬂlo ?Fxgllﬂi’,lz (J‘l?\ jt:‘%":\ iii\ 5ﬂ-:“:\ u—l/iFs\ J:iﬁ\ ~;:':;'7-5:\ ﬁﬁﬂ:\ ?E
B, IR O BEFNAET HERELBHBEREBASLAEHMIRE (HEe, ZFik
. [ENXYHBURE 23 AST10. 35, 502%/MAK) , PEEX (BEI. FHk. W
A =®. Ade. AR, TR, IESF8E) FhEMNAREN _ERESOARIR SN A HERPR
&, SURP BRI FTEN ARIASOAEI RSV AHBIRE. RIS HRRKIISEIEKE
hERER, RLZFWER. K. WEFSEIHEM.

e Stricty control emission. Newly built power plants in East China (Liaoning, Beijing, Tianjin, Hebei,
Shandong, Shanghai, Jiangsu, Zhejiang, Fujian, Guangdong, Hainan) emission as gas turbine
(dust<5mg/Nm3, SO02<35mg/Nm3, NOx<50mg/Nm3) ; Newly built power plants in Middle China
(Heilongjiang, Jilin, Shanxi, Anhui, Hubei, Hunan, Henan, Jiangxi) emission near gas turbine; Newly
built power plants in western China are encouraged to gas turbine emission.

EHIMRE MBS, EREHFIIRRE L BV AR SISERERHIBEMARIE . FRPHEHRR
X300 FERE I EARMRELBHAFBZFHIS0A FRIATARRELBHLZESE
TR SIS REERUR B E AR IR B S A A HEM PR E R IFREUE, 201455878007 F ELlLA
BUE/RSEIE, 20208 R SR BUEN AR E. 5L TR L. SpE X INRRE LB
WA Ko K S5 RAIHEBUR B IR B S P S WL A BER PR (E RO IMRESUE -

* Promote the environmental protection facilities modification. The power plants in eastern China
with 300MW or more capacity, will modified to gas turbine emission; other regions are encouraged
to gas turbine emission.
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LUAREHEXIERE Emission standard in Shandong Province

> W%k
> b
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‘ SRYIRHEE AR Pollutant emission control technologies

BRacFIAR TR TTE S N IEIES N
Dust Removal Desulfuration Denitration
[ ™ ' . ~, /;f' 122 N ~,
P ARA-REDE | | Rl
ESP Limestone-gypsum combustion
R +FFE || EFHENTR
Baghouse Half-wet SCR
, - ' — N - "
g (ARG | R TR
ESP-baghouse ¢ SNCR
\ urnace | |
( /l\ N ( T
LOW IOW Sea water de-SOx
| temperature ESP |
MET\ PR RUARRER
Wet ESP Ammonia de-SOx
ESEdEAN T8-S

High efficiency
absorption tower
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IR — B ARAFER Dust removal-technologies

> HERAES: BRI R ESSEN M B, BRAMFEET99.8%.
electrostatic precipitator: suitable for most coal sources. If required dust removal efficiency is
not larger than 99.8%.

> HRASEINEBEIE. eEatk: BAMENT99.8%F199.85%2 8

electrostatic precipitator with high-frequency electric source, rotation electrode: 99.8% <
efficiency < 99.85%.

> RIREBRRAESE. B BRkRES. MERERASR. BEKRAESE: BRAEMEFT9.85% .
Low low temperature electrostatic precipitator, wet electrostatic precipitator, baghouse filter,
Electrostatic Fabric filter: efficiency > 99.85%.
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‘ AR —E B ARAFEE Dust removal-technologies

ERER A

Baghouse filter

> BABRER (BFEARBRESUKERESHRASR R AREAIEUR, FZEM.
RIRRSY VR EEANEL B BE AR .

Baghouse filter is not sensible to dust characteristic, and not influecenced by coal, ash source
and specific resistance.

KRAMBRRAESBHB PARE
Power plants using baghouse filter Unit capacity

RRAETHE Huhehot city thermal unit 200 MW
A8 Shimen unit 300 MW
KEILR¥EME™  Datang Zhuzhou unit 300 MW
R Xiangtan units 600 MW
| Xinmi power plant 1000 MW

21
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SR AR—EEIREARAFER Dust removal-technologies

RIE RS

Low temperature electrostatic precipitator

> THEH) 1000MWHLAL: BRAEE OINSRREESRS, BEMNI23CRKRIZ105C, BERAHRME
M99. 81%3R = H99. 87%, Hi DHEHIREEM21. 57me/Nm K E]14. 29mg/Ni® .

Caojing 1000MW power plant: With the low temperature economizer at the inlet of dust filter, flue gas
temperature drops from 123°C to 105°C, dust filter efficiency rises from 99.81% to 99.87%, emission from
outlet drops from 21.57mg/Nm3to 14.29mg/Nm?3.

AR B BR A 23
Low low temperature electrostatic precipitator
> KKEFBRRARNERNS (EREHLKIE ) .
The contract for Low low temperature electrostatic precipitator: Huaneng Zhejiang Changxing power plant.
B EERA A

wet electrostatic precipitator

> EEALET4SHIA (350M0) , EF20144E6 H25H#E.
Guohua Zhoushan No.4 unit (350MW), operating since June 25t 2014.

> WiBE /BT 1S A4 (1000MW) , BF20144E7H10HBHE.
Zhenneng Liuheng No.1 unit (1000MW), operating since July 10t 2014.

22
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203 AR —EZIEZE Dust removal-influential factors

YR FZ M Coal quality

cEEPRRA: WRAIEZMEZRINAREMER (BR7. BELXS. ZRE. RIEFRMESE) « WK
B (G R, ZBE. L. MHME) « MRS ZF.  Promote the treatment of de-
SOx and de-NOx and PM2.5; dust removal modification to the coal-fired, iron, cement ; until 2015,
the SO2 and NOx emission in coal-fired industry reduce 800 X 10* and 750 X 10%t, 15% and 29%
compared with 2010.

« IRWEEHR KRB AR EEEL M. SRMEBRREFRAESWMEN2. SWBVRER, KER
EL7E507100F B R /@ i, HRASMEESHVRER, ABREM, REREL&ATF200.
Ash-Sulf ratio is crucial to low low temperature ESP. when using low low temperature ESP with coal
contains 2.5% sulf, erosion can be avoid when ash-sulf ratio between 50~100; when sulf larger than
2.5%, ash-sulf ratio must larger than 200 to avoid erosion.

HSREX CRLEBEEBRAZM, HIEM150°CHERI100°CAL, LB EMEIE—ARRIEE!
—NMNERLLE.  The temperature of ash is crucial to specific resistance. When flue gas
temperature drop from 150°C to 100°C, specific resistance would reduce an order of magnitude.

; YFEIFIFZM Type of furnace

AR RSS2 Desulfuration system

23
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‘ 203 AR —EZIEZE Dust removal-influential factors

YRS Coal quality |

f PRI Type of furnace

<BERERAP: BERIPRA T KR, MIRERE, EAFEEABERESRNEKXR, B
ERE] @RI EBRAEREEZHEERRINBIERET Z.  ESPis commonly used in coal
powder furnace, and ESP + wet de-SOx absorption tower is mostly used in China.

O TJE}Z:I}IL1’K%%WXF HATERNBE, URBEINREKSRIFIEZ AR IR 3T AR
W, FRBREBER/RIIRUCAVIEAPFEREITEZ . Due to the low quality coal used in

CFB boiler, and the de-SOx technologies are inside furnace or half wet, baghouse filters are widely
used in CFB boiler.

AR RGN Desulfuration system
\J |

- RBRBUENEEREYREEEZWRER. M TRASAEMREFHEZNREFZAINA,
MR BUE R R A50%. SBPREWBBESRINEERMRERE, ERELFMEMEAHM. The
dust removal effect in absorption tower when using ESP or baghouse is about 50%. High efficiency
absorption tower along with low low temperature ESP is more economical and advanced.
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IR AR IREIEEE Dust removal-technology routine

(RI&IR) HERrEs CRARMGER) HREEREHEARES

- PRSI S B RRIIE, WRBIERIAR. DERITEARN, SIEIRET, EEREHEE
OAREAKRT20 mg/Nmds ZEIRBHEERI ARG, BECE70%ZEAMREMRANENFR

2R, WAHEPIIAZE5mg/Nm®s A0: HRESH#EER] . ESP combined with moveable electric
paddle, separate room vibration, high-frequency electric source, can reduce dust at the exit of ESP
to 20mg. Considering the dust removal effect in absorption tower, and with wet ESP at 70%

efficiency, the dust emission can be no large than 5mg.

ERARIE B B 2R A8+ R BBk AR R e 3

. ﬂ:ﬁﬂ&HEEmEEB%"‘%% MRS E REARKRT15720 mg/Nmd, RASHMESRBUERS,
MR A HERU AT A 2 5mg/Nmd, 90: HEBEHSLEE] . Apply low low temperature ESP to reduce the
exit dust to 15~20mg, and use high efficiency absorption tower to achieve dust emission at 5mg.

RAFREA
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(RRER) Hbrda CRARMEERD +RbdEkRE+HBARES

AR R B B T

\J

AR |

- MR GMN, I LA, NZEM. CRRSS . IRERMECBERNZMm, R
MES, HINRRE; BERSBKRAR: Eﬁhé’&jc X IR SR AR B R A EUR, /)?Ez&%
W, EREARES. EREERNMITERNIEIEE. Baghouse filters are small, and
insensitive to ash character, nor influenced by the type of coal, ash, or specific resistance. Baghouse
has high efficiency and stable emission. Its deflection is obvious for the large pressure loss and
sensitive to temperature and humidity of flue gas. The life time of bag is short and the price is high.

« SRR —ARAT LARIE L OHERBUR B 7E20mg/NmP AR, Sx 8F BRI LUK E5mg/Nm?® - (it 18
%) . asykﬁﬁlmiiﬂﬁﬁm, KPR F/HRPUE BB AT LUARI R, FT|iH—SRIUE.
Baghouse filter can guarantee the exit dust lower than 20mg, 5mg at best (inlet filter bag). If wet
desufuration is used, whether baghouse + absorption technology can reach gas turbine emission
level is not for sure.
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‘ BifEie AR —EERARFEE Desulfuration-technologies

> ARA-ABEBERE, B8R BIETAEER

R—RA]IXP]97. 5% Single tower dual cycles

Limestone-gypsum wet flue gas > OfEH): TMEEZHE] 2X300MWHLAE, EHZER
desulphurization (single tower efficiency 2 X 350MWHLLH %

is 97.5%). Power plants in operation: Guangzhou Hengyun

2 X300MW units, Guodian Zhaoqing 2 X 350MW units.

N XY . Ji ~ XX - P \ o N
FER BB OE, Hﬁﬁﬁﬁﬂ‘%{%ﬁﬁfﬁﬁ ﬁ;o? soﬁ%ﬂéf&ﬁioz 50572l i%}isr%f%oz

97. ok 1689 11 Nm3
High efficiency wet desulphurization | el
methods: single tower dual cycle, dual 2 1646 e mg/Nm?3
tower dual cycle, absorbing tower 3 1699 13 mg/Nm?3
connec.ting in series,. c?louble pallet 4 1651 10 T
absorbing tower (efficiency > 97.5%).

548 1671 11 mg/Nm3

{E32 B ) B B XU A i e 1 e U kAR
Test report of desulfuration system of
Guanzhou Hengyun power plant
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BRI AR —EEIEARFER Desulfuration-technologies

XUE I EFH

Dual tower dual cycle

> EEMGIE R EHRRESBERBRR RS H AR HE

Solve the problem that the under-capacity of the original system when encounter high sulfur content coal.

> RAMHCEREAERRE, BuERRICE, GBS T IREEZKNSAH R

Use the existed desulfuration devices, modify the original tower, avoid the cost for reconstruction.

> EABERBEAKBELT, BERETRMBE, KRB BE TN ENZER 6, BFRE T8
B TEEN
Without changing desulfurizer, dual tower dual cycle system improves desulfuration efficiency, decrease
modification cost of time and capital.

VR B P % S Tk

absorption towers in series

> WAMRCE R, DRERRRR

Two absorption towers in series to increase desulfuration efficiency.

R T B

double pallet absorbing tower

> RBCERAWLRIBHE, =5 7 EABRYER

With pallet on the absorption tower, the desulfuration efficiency inside the tower can be improved.
> 5 FZOEEBER AR L2 ] FEK40% A ERIRBIEIA R, M0 KB FREKIIFE X et
40% more of the circulated seriflux can be saved compared to convential desulfuration technologies,
therefore decrease mass and energy consumption.
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Btz AR —22IMEZE Desulfuration-influential factors

YREIRBZH Coal quality

R ESMESEEIPS,RENFEZMER. SWMESHK, WHIFPS0KEMIRGHS,
EERRITARNBERES. The sulf percentage in coal is the main factor of SO2 in flue gas.
RFBMRER (PR ZSURHIBGSRBAHAREER) HHIE, REFARHNERE—BRAE

133%. According to the <SO2 emission control policy for coal>, the sulf percentage is usually not
larger than 3%.

P RIFIEZ Type of furnace

- B ERAR . EREMERIPRZRAANKRA —AEIRERTL. Coal powder furnace:
Limestone-gypsum wet flue gas desulphurization is commonly used.

EINRCERSEIF: ERBERRCKRAPERIZ KA FPAGEEERE, BHEMST m,E?FI_I;J_HT
REHEEG ARA—AERER, NENEEGFE ARG, SalPREEEAmERRaRsT
IMFB{KHER. CFB boiler: usually use calcium injection desulfuration technique. When the sulf

percentage in coal is high, Limestone-gypsum can be applied to large units, half wet can be applied
to small units, combined with the inside furnace calcium injection to realize super low emission.

29




BRIE R SRR HEI R AR [E EAMugitamR

Pollutant emission control technologies for coal-fired power plants

Electric Power Planning & Engineering Institute

B AR — 3 AR IREIEIE Desulfuration-technology routine

LseiE A KA — A BIRIERR

cARA—AETEGEMEEI R ERAREAR. NAKRST . BITRURENGE, ERTE
MEMERVEMIE SRR, RIRSEIER99% A L. Limestone-gypsum can be applied to

coal with any percentage of sulf, its efficiency can be more than 99%.

 BINRICERSRIPRG A NEFR, EREESFERFPABREGREE A, XFV\]HJH%HFE Wiae B R ANE
K, —MMMIiEFIPAGIEIREE L Z/EASO,HEBUTHEIAIF L.  CFB boiler is suitable for

calcium injection method. calcium injection method is low cost.

TGO T AR

R ERREAERR ZRAT/NEHA, | QEWNH1000t KAEAFER 7 F AR

Half wet desulfuration is used in small units.

| BBRBEAR IR R R E |

cARA—RAERERTE (BB MWEMR: 99%; AXA— EEIJ.L/%HE Mok (BUE) ™K
WBR: 99.75%; WPAMEEEARTRESIZEMIR: 90%; F T ERRFESEMIR: 95%. The

Limestone-gypsum (single tower) efficiency limit: 99%; The Limestone-gypsum (dual tower)
efficiency limit: 99.75%; calcium injection efficiency limit: 90%; half wet efficiency limit: 95%.
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Pollutant emission control technologies for coal-fired power plants

‘ BRAEE A —E B ARFER Denitration-technologies

Electric Power Planning & Engineering Institute

> S PERNOXIRIEHI AR . Z190%FIHIH 2 ¥ B3k 1T T ARNOx R B2 Bttt

Low NOx burning technology inside furnace: about 90% units have constructed or done the
low NOx burning modification.

> FESCRLZ 5SNCRLEZaEETH &%, HRA| (KB K5 RYHEBA M)
GB13223-201 1 E R MRIE R BENWHBIR E FR(E100mg/Nm®, —BRA N 5
SCREEAEHEA (&5 BeAEZENLAI99% A 1) «

Comparing the common used SCR and SNCR technologies, and considering the requirement
from “Power plants emission criteria” (GB13223-2011), NOx emission should not exceed
100mg/Nm3, SCR is widely applied, occupies more than 99% of the total capacity.

> B

Efficiency for denitration

« HEA0~50% MEIZEMLF, ME2E, H1+2HGERK

Efficiency between 40% to 50%, install 1 layer of catalyzer, 2 layers for reservation.

« HE50~80% ME2EEMLF, ME1IE, 22+IHEHRK

Efficiency between 50% to 80%, install 2 layers of catalyzer, 1 layer for reservation.

o WMEKT80% RABEBEIZZBITHMAFE, BI+IMAEFRK

Efficiency > 80%, install 3 layers of catalyzer, 1 layer for reservation.
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Pollutant emission control technologies for coal-fired power plants
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‘ BRfEiE AR —22IMEZE Denitration-influential factors

! FEHE TR Coal quality

« HRIFRIRE KT 1000°CRY, HRABINOXEIERMER /N ; EMrr (B1F “W BLAYEP) B TTEES
RIER, BTHEREERS, NOxHE A . When combustion temperature lower than 1000,
thermal type is little. When coal powder furnace burns anthracite or meagre coal, the high combustion
temperature causes high emission of NOx.

o PRELEINOX 2 AR SR AP B E EHINOXHERURIR, BIEENMMNENSR, WP MALUEAEINTRZER
SRR A PR BINOXIT I ZE Bl — 7K, BRI ARNTT RRY & E Xt R4 H ONOx R BER R In g
FR. Fuel type NOx is the main source of emission. According to the adjustment of air flow, the NOx
production can be reached to similar level for different coal type.

YPRIFIEL I Type of furnace ‘:

o SRR SINOXHER B2 E Z AR IR EE AR E £, B SIBINOXEIE K. The type of furnace
influences the combustion temperature, i.e. production of thermal type NOx.

o WEL KA APNOXHERIE HI I X, BER AR BRI, $RkPH ONOXIK E /R A S1E 750mg/m*~900
mg/m3. WAFH FToHAKE . A BEATEEF KPNOXHERU SWEY AN ke PSE{l.  NOx emission of W type furnace is

difficult to control, even with the application of low NOx burner, its NOx emission at exit still up to
750~900mg.

« PRARIREKE . 18READ1000t 2R A2 A _E 4 4E SR AR RUBR R R AR fa $% 4P He CINOXHERS & £250mg/Nm®, 1000t
TR LA T 29400mg/Nm3,  NOx emission is 250mg at the exit of burner using soft coal and lignite with
capacity larger than 1000t, and 400mg below 1000t.

MR ERAPIRGE TR, SRR, PAERERIR, HIEH T R IZEPNOXEIERL, fRAPE O
NOxHE E —ARIZHI7E150mg/m3"200mg/m?,  CFB boiler’s NOx emission is 150~200mg.
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Pollutant emission control technologies for coal-fired power plants
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B AR — AR IREEEE Denitration-technology routine

kP (BWELKIE) LAEEHSCREIAR, AHEESNCR+SCREIA

TR (B W BUAKKEAR) ERISNCRERFELZE, TERMmIFRIRREERE MR, |
BB G1TH]; MSCRIGTHII AR E KN MEAIPIRIFEEIZE . SNCR can influence coal powder
furnace(including “W-type” furnace)’s combustion efficiency, while SCR have relatively little
influence.

R TR ILER B B S I SNCREA

 TBINRALIRIRAPIAIR S AR, IEEIESEASNCRIZA, HSNCRE ““EJZZIKMEE N1 FISCREE
B, SEREZEEWLT, MERM, BAtES. Duetothe unique combustion type of CFB
boiler, SNCR is suitable and low cost. If SCR is applied to CFB boiler, multiple layers are to be settled,
it is difficult to arrange and high cost.

SCR. SNCRHEILARZ R & |

- BRTSCRAZIE L Z MR s A iR 0% A, FkIRITHI7E3ppmlA N ;  SNCREZFH L Z—HR M
TRIFRICKRL, EReSRENEEIONAS, WIREIRELHN8ppm. The highest
efficiency of SCR is about 90%, the escape rate of ammonia is 3ppm; the highest efficiency of SNCR
is about 70%, the escape rate is 8ppm.
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ErRHE B E Typical arrangement of super low emission project

. B e B ,
W Heat F R 2% K

Boiler exchanger Wet ESP Chimney

JH22/Dust 10mg/Nm? I 11mg/Nm3
2000mg/Nm3 , Gl

6mg/Nm?3

—EMHI/SO,

1165mg/Nm?3
1200mg/Nm?3

50mg/Nm?3

BEAHINOX
250mg/Nm?3

200mg/Nm3
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Typical super low emission projects
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BIFHE BRI E Typical arrangement of super low emission project
> HurtE LR EERREELS

Main technology routine worldwide:

o EFHELEE + BERE + B
SCR + ESP + FGD

« EFEEENEE + REREBRRE + BERR + XS

SCR + low low temperature ESP + FGD + wet ESP

GGH

SCR +ESP +FGD SCR + low low temperature ESP + FGD + wet ESP
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Typical super low emission projects

‘ HBITFE Typical projects

> HETEAEHEZA 8 il 7 <@ RER

Efficiency for denitration

o HIEEH): WILHTRENBEH)T (2X1000MW) (2014456 H #iE)
Newly built: Zheneng Liuheng power plant, 2X1000MW, operated on July, 2014.

o HrEe)T: MEEARLET #4PIE (1X350MF) (20144E5 H BHE)
Newly built: Shenhua Guohua Zhoushan #4 power plant, 1 X 350MW, operated on May, 2014.

o BUEH): WHTEREEIGHE) T #8HLAL (1X1000MW) (20144E5 5 #HE)
Upgraded: Zheneng Jiaxing #8 power plant, 1 X 1000MW, operated on May, 2014.

Electric Power Planning & Engineering Institute
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80 - 80 -
60 - 60 - 50
40 - 40 - 288
2.7

20

2 |
I 5 955
0

PM S02 NOX PM 502 NOX PM S02 NOX

20 -
2.86




BEHER B T2 [= Enmuisitamn

Typical super low emission projects

HBTIE—BLBI 4SH14H Typical projects-Zhoushan #4 unit

Electric Power Planning & Engineering Institute

e 7S By | WHER | KREER
~ &K Mt % 14.33 12. 62
§ TERFREEKS Mad % 7.09 6. 88
W BB X 5 Aar % 12.80 19. 41
TR REEL T Vdaf % 35.96 35.33
B30 Car % 59.12 54. 06
WEIES Har % 3.56 3.25
1 E B~ Nar % 0. 64 0. 71
WEIEE Oar % 9.14 9.37
=] | e St, ar % 0. 41 0.58
@fﬂu B 4B A4 WEESMLHE | Qgr,v,ar | M/kg | 23.05 | 21.02
Guohua Zhoushan #4 unit R BRI & IE | Qnet, v, ar | MJ/kg | 22.00 20. 07

1L a-S LA LR 7R

Coal quality of Guohua Zhoushan #4 unit
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Typical super low emission projects

HBTIZ—RLUB 4SH14 Typical projects-Zhoushan #4 unit
—— BRAERG T RIEL Dust removal

cANEMEBRRESFHN NI BRBERLESF T ERRASIMER, HOBSRKRERITHE
<30mg/Nm; ZERRFRH OGN ERE SR, W OMRAIRE R IHE<5mg/Nm®; 4 sets of ESP +
1 set of rotating ESP + all electronic field with high frequency electric source, dust at the ESP exit <
30mg; Equipped WESP at the exit of desulfuration tower, dust at the WESP exit < 5mg.

o SUMZERFRAA, TREBRLEEEH OMWMAIKE A14. 79mg/Nm’, HHNHIBRAZIR A99. 92%; 7§K
Bt tH O M AR E(E 9. 1mg/Nm3, (38, 5%; JRIVHEFRA 28 HH CTHR SR E A3, 25mg/Nm®,
¥Z64. 3%, Measured ESP exit dust is 14.79mg, ESP efficiency is 99.92%; sea water equipment
exit dust is 9.1mg, efficiency is 38.5%; WESP exit dust is 3.25mg, efficiency is 64.3%.

—— WA RG24 Desulfuration

KRBT LZE, BRIREGTIRANERSZ[ALAKEK, KKAERAEFERE
AIRmIRBEE, TEFIMRULT. Use sea water desulfuration method, draining cooling water
from condenser as the absorber, supplying the absorption tower through pump.

 BRERER IR E RIS, EIRGKRTMEENOZSHFRIREER09. Img/Nm®, HOZF
FRRE{E A3, 04mg/Nmd, BRBFRSIZE H99. 7%, Design efficiency is 97%, measured sea water
equipment inlet SO2 is 909.9mg, exit SO2 is 3.04mg, efficiency is 99.7%.

——  WiAE RS Ui M2k & Denitration

RAEFEMEXEFEZERERE, EHFIZ “2+1” &it.  SCRdenitration equipment,
catalyst layer setting “2+1”.

SRR ORFWANKE R IHE300mg, BAHIZITRIER80%; $miFH ORE R ESSNE R
195. 4mg, SEFRBRAHZIZERS3. 7%. Design boiler exit NOx is 300mg, denitration efficiency is 80%;
measured boiler exit NOx is 195.4mg, denitration efficiency is 83.7%.
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Typical super low emission projects
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MBI TIE—7 B 1S4H148 Typical projects-Liuheng #1 unit

Wise/SHEERT 1. 25 P4
Zheneng Liuheng #1, #2 units

ig= 7S B | WIHER | BRERRR
2K Mt % 14 9
TR TFIREKSS Mad % 5 2
W2 Bk 5 Aar % 15 22
TR REEL T Vdaf % 36 40
W2 B fik Car % 58 56
WEIES Har % 3.5 3.2
1 E B~ Nar % 0.8 0.8
WEIES Oar % 8.2 8.05
==X St, ar % 0.5 0.95
R BRI A RE | Qnet, v, ar | MU/kg | 22.5 21
W RESTE R LS ML R %R

Coal quality of Zheneng Liuheng #1, #2 units
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Typical super low emission projects

MBI TIE—7~ElB 1SH14H Typical projects-Liuheng #1 unit
—— BRARZFRITXIEL Dust removal

cANERERERH N IEE AR RS R T AR SIER, HORSREIRITHE

<15mg/Nm*; 7ERRFRH 1S ENEMRAEE, HOMLRE R ITE<6mg/Nm®, 4 sets of ESP +
1 set of rotating ESP + all electronic field with high frequency electric source, dust at the ESP exit <
15mg; Equipped WESP at the exit of desulfuration tower, dust at the WESP exit < 6mg.

o LMEERREA, FNEBERAIFTH OMEIRE A11. 8mg/Nm’, HHRHIPRIEERA99. 93%; Hiihi
MRS H O A K E B J913. 4mg/Nm®; SEFUER PR SR HH O A K E /93, 1mg/Nm3.  Measured
ESP exit dust is 11.8mg, ESP efficiency is 99.93%; absorption tower exit dust is 13.4mg; WESP exit

dust is 3.1mg.

—— BB ARG Mo 244 Desulfuration

KAAKRA-AEEERMILEZ. Limestone-gypsum wet desulfuration method.

« R IZITE RIS, 6%, LPRNERBREENOZSUFRIKREEANS24. 8mg/Nm®, HOZH
WHIRE{E 14, 23mg/Nm3, Rt A98. 27%. Design efficiency is 98.6%, measured FGD
inlet SO2 is 824.8mg, exit SO2 is 14.23mg, efficiency is 98.27%.

—— BB RS RTH3E & Denitration

 RAEEMENSFEERERE, ELXFIIER “3+1” ®it. SCR denitration equipment,
catalyst layer setting “3+1”.
SREPH OREUWNRE R ITHEA330mg, BRAHIZITEESL. 8%; fRIPE OGRS IRESTNE
$9213. 5mg, SEPRBRANEIERS0. 3%, Design boiler exit NOx is 330mg, denitration efficiency is
84.8%; measured boiler exit NOx is 213.5mg, denitration efficiency is 80.3%.
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Typical super low emission projects S howe Paneig & Engnsrng

iT1bE (LUER ) EARIRZERIN Suggestion

il= o) B | RIHHRR | BERRR
Ik Mt %
ERTFEEKS Mad %
W BB X 5 Aar %
TREREE LR | Vdaf %
W2 B fik Car %
WEIES Har %
WERER Nar %
WEIES Oar %
=2 St, ar %
B ERL L I/E | Qnet, v, ar | MJ/kg

FdbE (LKA HAEREE
Coal quality of Zheneng Liuheng #1, #2 units
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Thanks for your attention!



