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Coal power in China-technology advancement
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» The brief history of coal power development in China

w  The first domestic 200 MW ultra high voltage unit
« G E200 T mE ENAAEIL TR ) $%is

% « The first imported 600 MW SB unit
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* The first imported 600 MW SC unit
« 95— & E AN 607 T LE IR AL AH K IE

 The first domestic 100 MW high voltage unit
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* The first imported 1000 MW USC unit
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e The first domestic 600 MW USC unit
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 The first domestic 600/1000 MW twice-reheat USC unit
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Coal power in China-efficiency gains
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* Measure 1: build new high-parameter (SC and USC) units.
o fEhul: rERNFE. S Galnsr. mmimss) SREJLZH

Technology type: Sub-critical dominates in existing coal fleet.
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Coal-generation capacity installations by boiler efficiency and year Coal-fired power plant capacity by
AN R R I AL H R IE T L technology in 2016
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Coal power in China-structural optimization
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* Measure 2: shut down small and inefficient units (110GW).
o FEHE2: RAF/NLAAEEHIAE (1.2 F D

Shut-down of small units is a key measure of technology advance in China’s power sector.
[ B AT M B R HE D B S 2 A5 /ML

It is estimated that this measure alone has saved primary energy by 90 Mtce.

RSFALTE, T IE tE A] 719 2 RE 9000 77 Bl AR #EHE .

Planning and actual completion of eliminating small thermal power units
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Coal power in China-efficiency gains
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The eastern, central and western regions will have completed the retrofitting of ultra-low
emission by 2017, 2018 and 2020 respectively.
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The retrofitting targets of coal power in provinces, 2018
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Coal power in China-structural optimization
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» The proportion of >300MW coal power units increased from 27.8% in 1995 to 79.1% in
2016 with 96 newly-built 1GW sized units.

> I E T RESNIAe S, FES07T I HLA A L B 19955 /)27 8% /111312016
F1179.1%.

Proportion of coal power generating units with different grades in China
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Coal power in China: growing generating
efficiency
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» Since 2010, China's coal power generating efficiency has been higher than that of
Germany, the United States and other countries, only slightly lower than that of Japan.

> H2010FLLK, FEBHEBMF OB JEE. RESAZ EX, MHHARZL— 5.

Comparison of coal power generation efficiency
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Coal power in China-typical units
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Heat rate and CO, emission intensity of typical coal power units in China in 2016

: L : CO, emission intensity
Coal consumption of power CO, emission intensity (Gituminous)
Unit type supply (gce/lkWh) (lignite) (gCO,/kWh) (qCO-/KWh)

average advanced average advanced average advanced

1000MW USC wet-

e 285 271 834 794 789 750
1000'\2';’;’“‘;C 2l 300 298 878 874 830 826
600MW USC
S 289 278 846 813 800 768
600MW USC air-cooling 310 298 908 873 858 825
600MW SC wet-cooling 304 292 890 856 841 809
600MW SC air-cooling 321 308 940 902 888 853
600MW SBC wet-
e 316 303 925 887 874 839
600MW SBC air-cooling 329 322 964 943 911 891
350MW SC wet-cooling 311 306 910 896 860 847
SN IO S 325 312 952 915 900 865

cooling
300MW SBC air-cooling 340 337 996 986 941 932




L
Coal power in China-declined CO2 factor
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In 2016, carbon intensity is approaching 822 g/kWh in China’s thermal power sector.
> 2016@ Hh [ H i HE TR L4 PRI 9822 g/kWh,

» China's carbon emission performance is much better than that of the United States, Canada,
Britain, France and other countries.

> TERBEAFSRCEI TR E L R B, EEEER.

Carbon intensity of coal power in different countries
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Clean coal in China-whole process

RRBEH ] AR R R E

» China's coal power plants have achieved clean development in the whole process, in all directions (coal
consumption, emission concentration, total control, supervision, statistics, etc.), and in all elements (gas, water,
sound, dust, etc.).
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Ra id decrease of pollutant emissions
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» From 1979 to 2016, thermal power generation increased by 17.5 times, smoke and dust
emissions decreased by 94% from the peak of 6 million tons, SO, emissions decreased by
87% from the peak of 13.5 million tons, and NO, emissions decreased by 85% from the
peak of 10 million tons.

> 1979~20164F, KHAKHENKL17.5(%, MEHPMCE LLIEE600 70 K% 1794%, S fthinf
JBCEE LU (B 1350 /5 W [ 1 87%, A YIHEICE LL g {51000 /3 Wi 245 B 1 85%.

Coal power generation and pollutant emissions in China, 2000-2016
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The evolution of pollutant conirol standards
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China only began to introduce end-of-pipe treatment of pollutant in coal power since 1990s.
H 2012890 FAR LASK, HE A IR 5] NFE 5 B i) 4 mAb

The standard became more stringent since 2000s. 20004E LK, IARFRER K 4 .

With current standard (ultra-low), coal power can be as clean as gas.
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The evolution of desulfurization standards
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China only began to introduce desulfurization technology since late 1990s.

H 201228045, EDHaa it ST U R

In the 1990s, demonstration projects were carried out to lay the technical foundation for large-scale flue

gas desulfurization.

1990F 2 Ja, Sefa MBS GIHE 7 AR SRR, TP Tonia TREE B, N RBUIT MR UML o
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In the 21st century, the control of sulfur dioxide in power has entered the phase dominated by flue gas

desulfurization.
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Pollutant control-decreased SO2 intensity
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» China devoted to investing in 830 GW desulphurization facilities during 2005-2016.
2005-20165F (7], o[ R 158 b AL AR & 8.312 T L -

» The SO, emissions intensity decreased by 96.1%, from 10.11g/kWh in 1980 to 0.39g/kWh

in 2016.
HHT, R BB R T 97%, &70rik99%UA F. SO, HIK ST H119804F910.11 5/ T FLI 4 %2016
F10.39%8/ T FLl), FF£96.1%.
Desulfurization performance in China
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The evolutionﬂof denitrification standards
Fo B IR BN i v

China only began to introduce denitrification construction and retrofit in coal power since

“12th —_FYP” (2011-2015).

“H A AR BRI AR A U
Conventional pulverized boilers basically adopt SCR technology, and some CFB boilers and
very few conventional pulverized boilers adopt SNCR technology or SCR-SNCR technology.
HORE R b AR HISCREUA, #70 CRFBAm I S bl /D BUH FUEA 1 R I SNCRAUAR B # SCR-SNCRECA .
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Pollutant control-decreased NOx intensity

J5 B NOX 53 5 P4

» China devoted to investing in 820GW denitrification facilities during 2011-2016.

011~20164, =TI AEPLZH8. > 1 2 15018 i ’/G\’E =P\
» The NO, emissions intensity decreased from 3.62 g/kWwh in 2005 to O 36 g/kKWh
in 2016.

KB AN SR 1 20054 (3.6 255/ T FLIN 1 F£ 20165 #0.36 56/ T FLI

Denitrification performance in China
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Pollutant control-decreased dust intensity
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» The dust emissions intensity decreased by 99.7%, from 25.9g/kWh in 1979 to
0.08g/kWh in 2016.

MR HE TR G R0 197 94 111 25.9 7o/ FLA T P 220164 170.08 7w/ T FLi, T F499.7%.

Application of dust collector Performance of thermal power dust emission
technology
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Enhanced utilization of solid waste
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» Desulphurization gypsum and coal ash have been utilized in large quantities.

> In 2016, about 500Mt of coal ash was produced in coal power plants and its comprehensive
utilization rate was about 72%, while about 72.5 Mt of desulfurized gypsum was produced,
with a comprehensive utilization rate of 74%.
20164F A [E BRI L) P A BRI LIS, R G HRLINT2%; AR A B 27250 50, 28 HF L)

4%,
Utilization of coal ash in coal-fired power plants Application of coal ash
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Reduced water consumption and water rate

#67K -5 BOK B SE Jak s>
» The water consumption intensity decreased by 68.3%, from 4.1kg/kWh in 2000

to 1.3kg/kWh in 2016.
K EE R A FE K FE FH 20004 [114.1F e /T FUB B 22 2016 4E 1.3 T o/ FLi,  FiiEIA £168.3% .

» The waste water intensity decreased by 95.7%, from 1.38kg/kWh in 2000 to
0.06kg/kWh in 2016.
JEKHFR SR 1120004 19 1.38 T 50/ T FLIN B £ 20164 #70.06 T- 50/ T FLI ,  [#%1K95.7%.

Water performance of coal power units in China
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Regulation system for emissions control
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Pollutant Discharge
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Permit
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Incentive: surcharge+
ubsidy
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On-line continuous

Ultra low emission monitoring Yes
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Punishment: recovery |
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