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1 #fi2& Summary

A EFWRAR MBI TR EREEHNER TRORRSKEFENEZNFE |
B AERRKIBX KR ERIGHIRIEIRRE, ITTEER , RESTBEICHIRKIEXERTZ
&300MW , 600MWERRIZSHIA , HERINBEWREX , REZ1000MWEIRE
RINARRIE , AREZSRALRINERRR. XENNBHRBIRE , AREXERESH
HYRRIRE T KENEREN.

The ACC technology , which becomes the best option of a large capacity
plant in the coal richness and water shortage area, resolves the contradiction
effectively between power development and scarce water resources at its
superior water saving performance. In the past ten years, our country has
built a number of 300MW, 600MW air cooling units in the north of water
shortage areas , and the capacity is more and more. Especially the operation
of 1000MW direct air cooling unit becomes a landmark in China's air cooling
technology development. It has accumulated a lot of valuable experience for

the development of large air cooling units in China.
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Development and capacity of direct ACC units in China



2 REIEEZQIENL RN BRIRIEINIIER

Development and capacity of direct ACC units in China

BEBEIES SHARSTF60EM , 1966 F1EIRRETILARiHISHILEAY50 kWHNE L
BRHT TEESSEHRNINIE. 1967FEILAIRSHEA91.5 MWHIE EX#{T T TIVEE
EFELRFNNE, BIEHEANSTIAEFSIREE2000F L5 , FEBERAMA.

The direct air cooling technology of our country's power plant was started in the
60's,and the test of the direct air cooling system was carried out in the 50 kW unit
of Harbin Institute of Technology in 1966. The industrial direct air cooling system
was carried out directly in the 1.5 MW unit of Houma Shanxi power plant in 1967.
The actual operation in the industrial was in 2000, and its expansion of the
application has been rapid since that time.

20015F9 , HEIBC&IT. HIEMRRMPMEARES6 MWEERS LA | LA Bk
S BE8IENER,

Our own design, manufacturing and installation of the first 6 MW direct air
cooling unit, which was in power plant owned by Shanxi Jiaocheng Yiwang
Tiehejin factory ,was built and put into operation in September 2001.
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02003£F , ER200MWEEZSHNA FILAXEZMRBAERSEQEIRFIEZREIRZF. The first 200MW

direct air cooling unit was successfully put into operation in 2003 in Shanxi, Datang Yungang
Thermal Power Co. Ltd.
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020045108 , E£aEmttIRF=72x300MWTEIREIZE=2HN4EH. 2 x 300MW sub critical direct air cooling
unit of Huaneng Yushe was put into operation in October,2004.
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0200554A , LI KRZHI 2~ 72x600MWTTIGRBiE=S ¢iNE,. 2 * 600MW sub critical direct air
cooling unit of Shanxi Datong two power plant was put into operation in April 2005.
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02008E6 , £5E LM 127~ 72x600MWEBIRREIE=1SHNHE. 2 x 600MW supercritical direct air
cooling unit of Huaneng Power Plant was put into operation in June 2008.
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02008%78 , BERERIT. HEMRRMWENSE0MWILIEREIE=SA , EETRBIE-EIZ=. The
first 600MW sub critical direct air cooling unit of China's own design, manufacturing and
installation in Tongliao power plant was put into operation in July 2008.




020105128 , LB REBIZFF72x1000MWiEBBIREIERZ9NA. 2 x 1000MW ultra supercritical
direct air cooling unit of Huadian Lingwu power plant was put into operation in December 2010.
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O&FIEFE20145FK , ENIRHEE. IHESRINAEABSEN TR, As of the end of 2014, the capacity of
direct and indirect air cooling units in china as follows:

£ iy years
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Draw the chart based on the above form as follows:
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O\ EERILIEL | 2009FREREES QBINZIZATISIE , R ERIRFIEES SN AMmEERER
—LREE - MIEFETHES | MAREENEREEF , mtRERHNDEMELFS= . WTE : It could
be seen from the above chart that China's direct air cooling units of power plant onstruction
reached a peak in 2009. The direct air cooling units which had been put into operation
gradually exposed some problems at that time: such as high operating pressure in summer,
weakness of anti wind capability .But at the same time, the domestic steam coal price was at
a high point, see the figures as below:
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2 REIEEZQIENL RN BRIRIEINIIER

Development and capacity of direct ACC units in China

B HETERENERE  XKEENBSRRIREESLNBER NS S LRER.

Therefore, the indirect air cooling unit whose operating cost is relatively low, and
the units with stronger wind-resistance capability have gradually developed in
China.
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Operating conditions of direct air cooling units in China

17



3 REEESSINANETRR

Operating conditions of direct air cooling units in China

m FHIER20145kK , £EIRFRIEEN300MWELL FRIRBAEES S8BT 1578 , HRigsEn
F114EERBI , 600MWERLIER51EE, 1ZERPBEAXHENIRRE , SIAItEI600MW
RUA BRI IFFERFEKEFIEWT

More than 300 MW of the direct air cooling power plants in production and
construction were 157 units until the end of 2014. There were 114 power plants in
total which were put into operation, and more than 600 MW were 51 power plants.
According to the electrical assembly unit benchmarking report, above 600 MW
capacity air cooling units’ coal consumption, power supply and water
consumption are as follows:

& hERAHTRMAEE FEBDRRERAT




3 REIEERS=SUAENETRR

Operating conditions of direct air cooling units in China

soonw Rt ERimTTEEEE (zolz SFFEFFIEY ~
Form of operating parameters of the SO0OMNW unitw [ annual average in 201270«

Tm H+ StiteEn (5 HLER EFE I ZE (% FEARZE (ke /BWh) |
ITtem+ Stati=tical [/ Wh)Coal Plant power Water
units (=zet)+ conzumption of consumption rate+] consumption rate

power supplisd?
#a i . == % 1L &2 2 G S52d. ddeo 5. 45+ 0. 31+ ’

Supercritical air

cooling unit+
{1 ke B =2 3 40, =28 420 356, S0 T. Q0o 0. Gl

Subcritical alxr

cooling urnit+ 4
# I 587k 5 %0, 28 1265+ S05. 2T+ 4. 5d+e 1. 12+ .

Supercritical

water cooled unit+
S I FR. =k % 40, 26 T2 516, 20+ 5. 55« 1. 51« .

Subcritical water

cooling unit+?

i EhFETSEE a0 & » BIFETSHEES S+

IMote: The direct arr cocling unit are 60 sets,and indiwect air cooling unit are 5 sets.+
Goony SRR HLeA FEaFE kIR

00 wet cocling units average water consumption rate+

= = Order number+ SR SireEr (5 FEARLEE (kg /kWh) Water |
Clasz=zification Statiztical units= conEumption rate +
cornditiond (=et)+
1+ FF=E.iEIF Clozed cyoled 1204+ 1. 95+ .
247 iﬁégﬂﬁi$:ﬁpen cvcles 115+ 0. 43534 ¥
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3 REIEE=SIANETRR

Operating conditions of direct air cooling units in China

RSNRIHRAYI300MWER LA LS5 S BIHBIEFERFEKZEEIIEUT : Air cooling units above 300MW

electricity consumption and water consumption rate of the average values as follows:

EINFTARED aoomw £R124 T e A R TR B AL R BN T
Air cooling units abowe 300WW electricity consumption and water consumption rate of the
average values as follows:«

soomy N EBimTTEEE (2011 FETFHE)
Table of operating parameters of the 300W unit (2011 Annual Average)+

m Be Sitedr (5) | HEBEE (oAm) | T HBE (% FE (ke
Statiztical Coal consumption Plant power Water
unitz (zet)s of power supplwy+| consumption rate+| consumption rate

(kg /EWh) ©
= et B aix 274 340, 78+ 7. 65 0. 354
cooling unit+
1% HL2E Water 209+ 331. 09+ f. 00+ 1. T3¢
cooling unit+

soomy St BT RFE L ESE S00MW wet cooling units average water consumption rates

FF S el FrreE (5 FEAE (kg/kWh) Water
Claz=zification Statiztical units conzumption rate
condil t1ond (zet)s (kg Wh) ©
1¢ B Closed cycleq 201+ 2. 14¢
24 H BT Open cycles 142+ 0. 79+

& hERATREMEER R BRERAS




3 REEESSINANETRR

Operating conditions of direct air cooling units in China

miZiE FESAHOEIRIRE | —&600MWHIASERHEEEMFEXENT -

According to the above statistics of data, one 600MW unit are as follows:

soom ERARFFIREFFAE (1RFFIH 4500 AFHED ©
S00RTW unit annuval consumption of coal consumption and water consumption(4500 h)e

P p— FERE. ERmAEE. | SHKE.
_ {10 kWh) annual {10t} coal (> 10't) water
types () GARELLEY power aupply + conzump tions consumptiond
il T
supercritical BE0« 2870004 90, 10+ 82,074
alr cooling unit+
il Figi
Supercritical BRI+« AL TO004 HA. 04 B3T. BT+
water cooling
unit+ |
Tt EEEIN{E Increased value of air cooling unite 3. 66+ —-445, B0+
[Hha R =%
Subcritical air B 2TO000 B3, Bl Ba. T0d
cooling units
e iR
Subcritical
—m——— B0 2TO000 B0, B BAg. TO4
water cooling
unit+
Tt EAEINE Increazed value of air cooling units 2. 724 ~486. Q0+
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The development of direct air cooling technology in China
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4 REEERSSERANEZRAER

The development of direct air cooling technology in China

B 2004 FH5 | KIEFBIZ&ZBI 600MWILIREEZSHEIRE , REHR TEES SRAPWAER
it. EEHITTUATHRITE : Relying on the 600MW sub critical direct air cooling unit in
Tongliao power plant, China began to design the direct air cooling system. It mainly carried
out the following research projects:

1. (EE=SERMZITEARHAR) (direct air cooling system optimization design and technology
research) 8iF : FRERGTKENRE ; EETLREFRNITE. =ESEIOTENRATERZN
ifE ; BRI SRESS RS EAERI2IE, Including: Determination of air cooling system
design temperature;Determination of thermodynamic calculation of direct air cooling
system, air resistance calculation and optimization calculation method; environmental wind
effects on the cooling condenser system performance.

2. (EIE==SHESEERITEIATAR) (Research on design and technology of direct air cooling

exhausted steam pipe) FERKEREEGEHESEERNIRIT. Design of large diameter and
thin wall negative pressure exhausted steam pipe.

3. (B EESBZEEMZTHEARIAR) (Research on design and technology of supporting structure
for air cooling condenser) 8% : iNfHiRRELIAATRISEENG | KWL EESEP0IREN =20
 SERGIEREB M EEERRE ; TRD=RRIZDMEEERE. Including: the diagonal section of
reinforced concrete circular column, the influence of the wind disturbance force on the
vibration of the platform structure, the overall seismic performance of the platform
structure, the mechanical performance of the truss joints.

4. (BlIaR=SINEREKEFRZITIAR) (Design of condensate system for super critical air cooling

unit) FERRLKBLIBAESFIMIEAN %S, Selection of ion exchange resin for the
treatment of condensate water.

& HERHTEMAER RENGHRERAS
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1. FERMNEES S ERZNFE EHSSmENEIRIRIE Simulator test regarding the effect of ambient
air on the direct air cooling system and the layout of air cooling condenser.
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REiLEE i i i riment of air cooling system .
2. F L EZFMARIISEIE Wind tunnel simulation expe
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3. HESEEANREISEHITHFYIERIEENRIE Mathematical and physical model tests of the
characteristics of the fluid in steam exhausted pipes .
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4. F L BEHRREIEENBIRITTHR Finite element analysis of structural strength of air
cooling unit’ s pipe system .

FODAT, SOLLITTTON

STEP=1

=B =h

TIME=1

B

BOTTC
ESY¥E=0

I =, 221854
SERC=45_ 127
S =—. 201202
SME =, 083863

20 202 157 854 074507 011169 052189
- - . 1&9528 ¢ - 106lal ” _. 042853 020515 _OB38E3
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5. S 0EERH RN AKIERNRIE Large model test of air condenser bracket structure.




o 2Rk T EBHEMA~HRIEIET S EFIRIT Design of direct air cooling system with
independent intellectual property rights.

=SB =4ME Air cooling island in 3D views 1




o 2Rk T EBHEMA~HRIEIET S EFIRIT Design of direct air cooling system with
independent intellectual property rights.

N s
‘

=B =4ME2 Air cooling island in 3D views 2
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4 REREESRANEZRAR

The development of direct air cooling technology in China

u HESESHEZEZINREN , 2T —R5IAFEFE : Formulate a series of standards and codes by
summing up the experience and lessons in all aspects:

1. (KhEBEBEEZSERSITHEAMIE) (Technical specification for design of direct air cooling system
of thermal power plant)

2. (EIE= LR AEaEIRISMIZE) (DL/T 244-2012) (Direct air cooling system performance test code)
(244-2012 DL/T)

3. (EiE=LEZRIEISN) BAHfTIFHE (Direct air cooling system acceptance guide) electric power
industry standard

4. (EiE=SNAETTR RIS E) (DL/T 1290-2013) (Direct air cooling unit vacuum tightness test
method) (DL/T 1290-2013)

5. (KhEBETBEEZSERETESM) (Guide for operation of direct air cooling system of thermal power
plant)

6. (R EE= QRS RHIEER) (Single row tube bundle of power plant direct air cooled
condenser)

7. (KAOERBI =L BHESE BT RISIHTRE) (Standard for construction and acceptance of exhausted
steam pipe for power plant air cooling island )

8. (KAOEBIT=2BMEEEITRISUIRE)Y (Standard for construction and acceptance of steel structure
for power plant air cooling island)

9. (FBIEZ=4MHL) (Power station air cooling fan)

u WEETSERNSNMNAEHITHEE, Specification for all aspects of the direct air cooling system.

& hEEHTEMOTER RtBHEHRERAS
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5 HE=EREH/R

Main Equipments of ACC

Big=12i5%lDirect air cooling steam turbine
RERNEEZCSINEER QISR EARERY , EQSRINNRNEERETRERE (SRH
BN ) TEFESSEENISHEETHRLUZEHERE , BIEAHEAREST | REARATLHIN. £E
{FITE : The direct air cooling steam turbine is developed on the basis of wet steam
turbine.Air cooling steam turbine focus economy under the low pressure (high load capacity)
and safety and reliability under high pressure and minimum volume flow rate. The former
allows but not economic; the latter is not allowed to appear. Main reasons as follows:
BT TREFESETESRE The operating conditions changes frequently with the ambient
air temperature.
FEIRETHREREARAE FHMEEE The high pressure can easily happen under different
loads in the actual operation.
SEBERNEZRSEENNBAT. MESZSKIRE , RESSIEEM E100%BAREE. Kl
IRAERUTRENRSSE | Alik75kPa-85kPa , WA NG KA MRS IEHNAHHE. Abnormal
situation such as load shedding under the highest summer temperature, and some damaged
air cooling fans. At this time,,maximum pressure can reach up to 75kPa-85kPa under the
condition of the highest temperature plus 100% shedding load bypass and damaged fans.
The breakers will definitely stop because of blower overheat.
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o EIREESILH REFXIER , FAALKEBZERRNZE
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SEetN -

The domestic main steam turbine manufacturers have specialized in developing the
respective characteristics of the air cooling steam turbines:
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5 EEEQEFRH®/N
Main Equipments of ACC

BiE=/S8REE Direct air cooling condenser

FHARET SHEI IXBEFZ— , BPHIERREERNEEENAPHBRAIZ , BRHIS 13
SFIRIh . FEXEMMEEIES, Air cooling condenser is one of key equipments in
power,single row tube condenseris most widely used in the direct air cooling unit. It has been
researched and developed successfully and supplied a lot by domestlc manufactures

BHIETIFiEE Single row brazed W9|d'“9 E=RBREE Automatic welding tube
pipe device

& hEEAHTEMEER REHSHRERAS 35
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5 BEFQEEGHER
Main Equipments of ACC

KSR E 2R SFE#RTIMiRiEDeposited fouling from air infulence on air cooling
equipment heat transfering test

Jlule 77700

S EE0.32—0.35mm (SR EE0.65—0.68mm SIHEEE0.89—0.93mm

— —~

SIEEE1.36—1.40mm SIEERE1.79—1.83mm SIEERE2.18~2.22mm
£ 3 B (%45 2 B X
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6 HEZ=IRFERRES

Development tendency of direct air cooling system

ST+ SERENRS | ARWEESSHEEESET7THHHENAR , ESEMHBIGESLE , 33
SEZEFARALESEINEY ; We know the direct air cooling and indirect air cooling with all
aspects after nearly10 years of exploration and summary. We will be more rational on

construction of power plants;

FRERATKESRY  (BIERES | ESRINNSMSHRSH—PIRS | (HBIERH—TE(E ; Air
cooling system is good at water saving, but it causes high coal consumption. Air cooling
steam turbine parameters will be further improved, so the coal consumption is further
reduced;

Hig= et siniiERE A AR ; Direct air cooling condenser cooling efficiency is
developed towards a higher direction;

BEBARGEDHRIESSEREEB=FEES ; The direct air cooling system with the ability of
anti wind is more competitive;

HIKRISEINS ENRHIREIREA TSGR RAESEEHAENZ S ERRAGE —EEZERNNA ; It
has been applied at some points that water supply pump turbine, the main engine isometric
drive technology, and the exhausted steam of water supply pump goes into the host air
cooling system directly;

BABMNEIES SERESEIIIERA, Direct air cooling system with natural ventilation is
applied with small scale.

& hEEATRMAER FiEDRIHRERAS
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