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HEeEE T "’ﬁﬂ'\Chma Huaneng Group
. . ESBHERHESEES

v Key state-owned company establlshed
with the approval of the State Council

1/

v RIRENMERANLED
4B P ¢  The largest power generation company in
T [ s N the world
MRS eN oo "I v  BE2016FK, AREANEERIER
L oIl . iR S BIAT1.65541 T R

v By the end of 2016, had total installed
capacity of 165.54GW, with assets
distributed in China and overseas

v  HPEZRB S RREHFA T F50058

¢  The first Chinese power producer to join
the ranks of Fortune 500 Companies,
ranking 217th in 2016

v * *&k%/ﬁ/ﬂkﬁk% hul_kﬁﬂeﬁﬁbl R
¢  Actively develop clean coal power and
accelerate the development of new energy
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HERETS BEBE A /T Introduction to CERI

v TN FEEREREEREISREIRIARAR &4

v Institution focused on the frontier technology research and development of clean energy
v #ft & 75 [|lMainly focuses on research of the following aspects:

v IEZEHFURE LB v Nearly zero emission for coal-fired power generation;

v BRURERESEEEK « Coal gasification and clean coal-based energy conversion;

v CO2iEEE. FRAFETEF « Capture, utilization and storage of CO,;

v KBUEINTALRER P v Large—scale circulating fluidized bed boiler;

v KERER v Low-quality coal utilization;

v ABEYEREREAHE « Renewable energy power generation;

v BEIEERSEITLL « Design and optimization of energy system.
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700°C KRHE.FA 700°C USC Coal-fired Power Generation

Predictions vs Reality

*

IPCC Prediction ,*
r
'

ANRIEBI A RCO, KRBT A
Most scholars and nations support the theory
of deep correlation between global warming

and human activities

2017-11-15 7
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CO, I HERE /1 & 7] g

‘B The potential of CO, reduction

Average worldwide . 1 30 (%) Power efficiency of power plant(%)

5P B.Co, HERE (g/kwh) CO2 Emission per kwh(g/kgh)
L] srvmenise (gce/kwh) Standard Coal Consumption(gce/kwh)
£
2
L™ State-of-the-art
g technology
a
£ Steam power plant
-E 700-"C-technology
Vi
;
CCS technology

o
] ﬁ

efficiency loss

5 to 14% points

1) Average data for hard coal-fired power plants
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700°C KRHE.FA 700°C USC Coal-fired Power Generation

1400 16
N 700/720°C
1200 S 14
High Potential for &
1000 1 CO,-reduction || B 12
£
800 1 Average f:j 10
worldwide E
600 T g g 600/620°C
: Average g ////__
|| State of th _— E
400 v Germany : a Z:t e Future® % 6 600/600°C
: I AD700 5
200 i : t — E 4 565/565°C
I " ' [ '
0 ! : s - —1 ; g, 540/540°C
25 30 35 40 45 50 55 60 ©
Plant Efficiency [%)] 0
160 200 240 280 320 360 400
High Potential for CO2 Reduction Inlet Pressure (bar)

FREERSS 700°CLLE, PIABEKERTT, A RFEKCO,HK

By increasing the temperature of inlet steam above 700°C, power

efficiency can be greatly increased, also CO, emission can be reduced

Huaneng Clean Energy Research Institute
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700°C KRHE.FA 700°C USC Coal-fired Power Generation

ViR & SRR IR 5 5T K R 700 C Bl I 5< 58

LI

The sift and R&D of high temperature alloy is the key to 700 C project

200 100 000h Creep Rupture Strength

L) - .
IIIII
lllll
llll
lllll

e

Chemical Heat Treatment

Composition Technology New Program “COST522"

Main Melting &

Influence Manufacturing

2017-11-15
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700°C KRHE.FA 700°C USC Coal-fired Power Generation

> REXPR K= RRE SRS
éﬁ‘\*j*;l’iﬁ'/fjgﬁ}[:ﬁ\ g&-ﬁE\ %% 250 bar / 540 °C / 560 °C 280 bar / 600 °C / 620 °C 360 bar/700°C /720 °C
» Nickel Alloy Material needs a lot of
study\verify\improvement
» 700 °C F E Az &k #4 KL :  Inconel
617+ Inconel 740, Haynes 28255
» Main Candidate: Inconel 617 .
Inconel 740. Haynes 282 etc

> BRIMT19984 58 | AD700%T X, 4G)5 %57 1 Esbjerg. COMTES700. GKM HWT
/NEE R IR &, X EiRG SRS BB 2T Se Sk, &R
A diliE il T A, FEARE7.700°C 56 it in Tl ¥ vk B A A XU

» Europe has started the AD700 project in 1998, and has built key component testing
platform, such as Esbjerg, COMTES700, GKM HWT I/Il, to field test high temperature
alloy and key component, gain experience on processing tech, decrease cost and risk
in building 700°C advanced USC industrial testing power plant

Ni-base
LA Austenitic
24 %

Austenitic
20 %

2017-11-15
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700°C KRHE.FA 700°C USC Coal-fired Power Generation

X European“AD700” 32 B American USC H 4 Japanese “A-USC”

WiH  Advanced AD700 Supercritical Advanced USC  Supercritical Advanced A-USC Supercritical
Project tech Power Generation tech Power Generation tech

% 2 H ki 500MW 37.5MPa/705°C/720°C ~ 750MW 37.9MPa/732°C/760°C

Unit net power efficiency ~ 50% Unit net power efficiency ~ 45% SIS HUDC AV

Goal (LHV) —479% Unit net power efficiency ~ 46%
1998-2003: Main Design and 2001-2006: First Phase Material Before 2008: First and Second
feasibility study Study Phase of Material Study (Done)

&I B8] 2002-2005: Boler and Turbine 2006-2007: Second Phase Deep 2008-2012: Technical Study of

*x Design down Study (Including Pure Boiler\Turbine\Valve, Long test of

Schedule 2004-2008: Unit Test Oxygen Burning Implementation) Material
2008-2014: Power Plant Test and 2008-2015: 750MW Test Power 2012-2016: Material Test,
launch operation Plant Turbine Test

Feasibility Study \ Material Study Efficiency and feasibility Study \
I%E%\ P_ower P_Iant D_esi_gn(_BoiIer Mater!al Study(Boiler, Turbine
Main Task Turbine Design Optimization) \ Material) \  Power  Plant

Test  Project  building  and Design(Boiler, Turbine Design

launching Optimization)

H 3R A Main Component field test, Phase 2 completed, affected by

slowed down by ener olicy and shale gas revolution and lack of Phase 2 completed, Long Term
Status Quo y gy poticy g Material Test, Manufacture Tech
R&D funds funds

Efficiency and feasibility Study \
Material Study \ Boiler Design
Optimization, Turbine related Tech
Study \ High pressure turbine test

Huaneng Clean Energy Research Institute
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700°CHLAH 58 S E L4t Optimization of Key Parameter
HEREIE REPE T R 700 CHLA S B K B ENIEW A

CERI Research on 700°C Unit Parameter and capacity Optimization

358.8p 70271 1557.7m
383 70.72p 7214 T 1264.1m 1
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572p 274T @ 6850 .
sl s gl 6800 ‘ . ‘ . ‘ . ‘ 45.8
189p 58.84 T 580 600 620 640 660 680 Y00 720 740
98, S‘Sg 7248 2454? 1206 p EMSg_ 2474? 532P 18; I‘ﬁﬁﬁg C
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»
18827
soar [Fweass | T0 Trwkrase | TEQ [ Fwsnse oAFWH  JI0 [ Fvke 4 D Toor [P .  Correlation Between Steam Turbine heat rate,
BT daset Sear 21k Bt Soret 1938 Berr 1508 2501 B0t B%0T st Tor|snd . - :
) 8332m ) 2819m ) 3311m 1857.7m ’ m ’ 1266m ’ 1785m ' 219.7m net eff|C|ency and main steam temperature

RIK R G calculation of water-steam system
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700°C 3 B hr BU S B2 A1 B B 9T Unit compact design

& a
"

550MWe /(- [EH0 & RS B E tr

COMParSONTOIrtHE NEIgNTOIRCTEre N POIIETS

ER fPtower boiler NZY4A N type boiler EF=4P horizontal type boiler

2017-11-15



S “eteimia e Em

HUANENG CLEAN ENERGY RESEARCH INSTITUTE

700°CHr R4 Al X E2 A0 B B 9T Unit compact design

T RETE BEbE 1R th AT L 700°C A I SRR s b A B 2, SEEHLA
Bewit, WUOBREMEIHE, C3RE R IASE E R AR AL
CERI has come up with two new designs for 700°C Ultra-supercritical coal-
fired boilers, which result in compact unit design and less usage of Nickel-

based material. These Designs have been granted Chinese and US patents.
]——T —

*16

MZLFR 45 B T M-type boiler 15 B BRIP4 B R Arrangement structure boiler

Huaneng Clean Energy Research Institute
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700°C F B 4P R X245 B B 5T Unit compact design

> MBI H]5 BT A The characteristics of M-type boiler design

v ik E AR v BERT rR G, TRNOXEAKE
v P R e VEMRTE TS AN, RS GF v e AU AR, e AL B R
v AL AT AR TR AT BT R R VRS AR b, B AR

v Shorten the length of Nickel tube v’ Side wall opposed firing, improve low NOx
v Furnace and middle flue without heating v" Without platen superheater, to prevent
surface, to assist burning boiler oxide skin shedding
v All convection heating surface arrange inthe v Flue gas flow upwards through convection
tail flue heating surface to decrease wear
> HTn R g S MR E AL, 700 C L&A AT B2 B 22455570/ T FL
» Economical analysis shows, the new design combined with manufacturing material

and component domestically, can reduce 700°C unit building cost to 4555 yuan/kw

15 B &7 It HH00CHIAL | HM700CHA | BER700CHA | E=E&E700C
v ITem
- . Normal 600°C Normal 700°C | Compact 700°C | Domestic compact

S FE Total cost (Bfr: 270D 22.2 39.13 35.41 30.06

BAAT M Unit cost (BEAT: T/ TR 3367 5929 5365 4555

2017-11-15 16
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K E700°C IE AL T 5 China’s component test facility

[ 2 e R 20119 L | B S AEYE N H SORWE 78 A Rye T H “700°Cid
R I AR K OB s b R N R fERRTE Refe K AE 1 DR

“CORBEFRAF SR RIS 5 @2 M IE1T 7 National Energy Bureau set up
national key energy project “The development and application of key
component of 700°C USC coal-fired power generation”, CERI undertook sub-
project 5 "The building / operation of key component test facility”

Samae sl rss CEIC | CIOECT
SHABEAERTHE T P#lﬁIE

PR TPRI snivannan

am3 3 — o RARRPTARXEAT JGRoR N
_ a mﬂ v HARBNBOLER COPANY LWTED ﬁﬁﬁ)‘f?&ﬁmﬁﬁ

= = UE \
__ LIRS SRSITARRELY RO kAnensnan

BECTRC 343 0RpIN TURBINE COMPANY LIMITED

RS, X |RARFEHET FEEREKATERREAMRRARLT

BEIRIET CHINA HUANENG CLEAN ENERGY RESEARCH INSTITUTE

ERERN AEATRR TR REHA 00T
MR SRR R R B R BN ARG

s el CEIC | COECC
TR DERER LR
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@EEET) Cenval Souhem Ching Blectic Power Design Insttute of Crhina Power Ergineanng Consuting Group Corparatian

RE BARRMY S HMHEAT  SoroR o {uE] YN

wumm HARBIN BOILER COMPANY LIMITED ERAIN  DONGFANG BOILER GROUP CO.,LTD.

TPR| ExnInsraras
Xi'an Thermal Power Research Institute Co., Ltd.

P ElEnRETREBEREELT
R

Northwest Power Construction Supervision Ltd
NWPCS

@ BAOSTEEL = [ 4% i @ TISCO UBAATHAARHHBRAS

IMR YEATMALAE LA

INSTITUTE OF METAL RESEARCH,CHINESE ACADEMY OF SCIENCES

r SALZGITTER
N 5 MANNESMANN
J STAINLESS TUBES

A Member of the Salzgitter Group

4 HP VALVES

SHANXI TAIGANG STAINLESS STEEL CO.LTD.

METALS oo, HAYNES

International

IMI D PENTAIR

Critical Engineering

SANDVIK
I

c J PEEREREAIAERNREE—TRERAT
] | China Energy Engineering Group Jiangsu No.1
Electric Power Construction Co.,Ltd

BEIYE

LEIC IHRAREFRRAE  asnanessanca

©) LEEELLRIERE NARI| E=s

Shanghai ChangQiang Power Co., Ltd. IINEESERXEREEIRSEAS]

2017-11-15

BELIING GUODLAN FU TONG SCIEXCE AND TECHNOLOGY DEVELOPMENT COLLTD.




& Sef= o
.%’ L BE TS S BRI bR

HUANENG CLEAN ENERGY RESEARCH INSTITUTE

R E700°CEE iK% & China’s component test facility

- H#p Goal
> EME N AHE S — BRI TR » Build a near-commercial applicable 700°C

skl 7 B 700 C it B T & testing platform in host units o |
» Test the performance and reliability of high

>R A T, WA SRS temperature alloy material and component

SRR SR A i P e A AT FE i through long term operation
> IR EH A SR BT 4L, » Gain operational - experience  of high
AR % S LT B R temperature alloy material, decrease the risk

of testing power plant

o AT RBIIUEEF Key Testing Component

> K& TR AR RSB G /775
» Water-cooling component \ Overheating component \ Header \ Pipe and
accessories (fitting and valves)

o REFESHFEHR Expected Parameter
> 787K IR ¥ Steam temperature >700 'C, Z&J5Jfi= Steam Flow > 10 t/h

Huaneng Clean Energy Research Institute
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%% System Design

> HeRer R #2HLAHAE 93 E700°C I
167 & 15 £ H12H Huaneng Nanjing Power

Plant Unit 2 as Host Unit, 320 MW

supercritical unit, IIIT-1000-25-545-KT
> Bt & R ik 1S #Key Parameters

T H Item AL | BUE
T i i =i =flow rate kg/s 3
Lt E & Jyinlet pressure MPa | 26.8
Lt H R Einlet temperature C 486
L5 5 5 156 15 design temperature C 725
F VR P L5 H E & J7main outlet MPa | 25
F 2R A% T8 FE fEmain outlet C 545
TR PGRIE A v L5 o 1 & fbypass outlet | MPa | 4.087
AR VR I L Y 35 EE bypass outlet | 'C | 289.56

Huaneng Clean Energy Research Institute
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RABTTHTFTC System Design

R & EIR/KFE B Diagram of main water-steam flow in test facility

7K B Spray desuperheating

Z e
Safety valve
FREE
main steam pipe
610°C, 26.3MPa 725°C, 26.1MPa | | 545°C, 25MPa
Dt+— 1+ +—D<t—

ere — Pipe
| R O%E e
484 °C, 26.8MPa —

Steam source Cold reheat steam pipe

7K yUEZSnN S <<
Water—cool ing Overheating = gl ok ARG E IS

component component Bypass valve 289°C, 4.09MPa

N7 RIEREF & 2 et Eiaty, JAEBT il rIrzim. SHRE, &
H 52845, In order to ensure the secure and stable operation of test facility, we also
designed side protection steam , backup steam source, backup bypass etc.

Huaneng Clean Energy Research Institute
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It L% T+ 9T Detail Design

Pipe, valves &8, &[]

A& F 5 740 B Field layout . ] -

|
B kAKX 1 Water-cooling component : 77 & 7= ojiﬁiﬁgﬂ: :
VR BT, b2 & X T front wall of furnace,  mPome™ : :
lower parts of up-radiation area; L J' 4
B 7 $4IX F Overheating component : 77 & £ 1.
¥ b 47 BE 87 front parts of furnace; m%‘ﬁtﬁﬁ{ :
B A  FPipe component : 7 E 7 P 1 & water-cooling = 2 :
Component

Boiler roof platform;
B KRR, FHIR. %4 Valve component : .

i B 1 ¥ T F & Boiler roof platform. i
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i L ¥ THA 71 Detail Design

KA B 1T Design of Water-cooling component

& Bt Hrsnumber of tube panels : 1 B 1= number of tubes: 11

& i % x(tube panel layout : UZY U-shape %1 #i#%size of tubes: 33.7X 7.1 mm
t 1 1 Jjoutlet pressure : 26.2 Mpa H 15 FZ outlet temperature: 610°C
Wit i 4 Kl Designed testing material : P91. 617B. GH984G. C-HRA-3

A H & Ffinlet header: P91 H H 4 4 outlet header : P92

Huaneng Clean Energy Research Institute
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i L ¥ THA 71 Detail Design

T GG K11 Design of Overheating component

’V‘

& B number of tube panels: 2
& It 7t 2 tube panel layout: U%! U-shape

& T HrEnumber of tubes : 4X 2

T Hi k% size of tubes : 44.5X 10 mm

H 1% Jjoutlet pressure: 25.8 MPa

H R B outlet temperature : 725°C

BT A1 £ Designed testing material : Sanicro25. 617B. 740H.
282. GH984G. C-HRA-1. C-HRA-3. TG700A. TG700B

A E1£E46inlet header : P92

H [ £E 45 outlet header : C-HRA-1

Huaneng Clean Energy Research Institute
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i L ¥ THA 71 Detail Design

WS

PN

P18 /it 11 Design of nickel alloy header and pipe

7577k J1Steam pressure: 25.8 Mpa 2%l 5 Steam temperature: 725°C
PR AR K % B E P2 44 ) Pipe and header material: C-HRA-1
PR AT ZTwo type of header:  ®325X70mm (FEmain) Fil
and ®89 X 20mm (#&backup)

KA TE A% Pipe size: ®325X70mm, K FFlength: 4m, HHZHwiK
IR 28 J5 B 3 T 28754518 Outlet was connected by spray desuperheating

device, back to main steam pipe after been cooled

.

)
)

i ] LTS

W

Huaneng Clean Energy Research Institute
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K E700°C IE AL T 5 China’s component test facility

o
( X
v‘7
1 . o
S| T T ﬁ}fl
]
; 1 1444 ) K, ¢3L5X73Wm e
2 g >0 24.90Palg) 590C FHEAEY
e
[ 26.8MPa(q)
484°C
| 4 86MP 314.1°C T
- i) SRR
= o
. =
= = 1.5MPa(g) 300°C :
& L kit
5
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1 2 2 5T Manufacturing and Construction Study

> 20154F11 H1H FIG% 3> KA i3 > 280 VE B 2 2 D K R il e > Bl
ME>EERE >SN, £12H27H R 6 RiR

» Facility construction started on Nov 11 2015, Large hoisting
completed on Dec 2", steam tubes completed on Dec 7t, water
pressure experiment succeeded on Dec 9™, tube flushing completed
on Dec 16", tubes restoration completed on Dec 20™, static
experiment completed on Dec 25", Insulation completed on Dec 27"

» Following organization were involved to ensure quality and security
Install: Jiangsu No.1 Electric Power Construction <  Manufacture Supervise: TPRI
Inspectlon CERI and Nanjlng Power Plant «  Engineering Supervise: Northwest Electricity

Huaneng Clean Energy Research Institute
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&3700 C%ﬁﬁﬁ%‘:lz & China’s component test faC|I|ty
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& E 700°C IE A 56 F & China’s component test facility
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12171 Z8 B 7T Running Experiment Study

5 31 J 168 % Initiation and 168 Hours Experiment

>

>

2015412 H281H21:20, fa FAHLAIIa = KA3h, £12H30H14:04, +
AIRIRE IR B 700°C, F 275K 1124.03MPa

Host unit started on 2015/12/28 21:20. Main steam temperature reached
700°C by 12/30 14:04.

201641 H1TH~1H24H, 5S8Rk T 168/M g e (Hrh72/N e i £
i), R FHE700CIE T, 168/MHRE AR, B MR & ieiTHa
E, SWMSHRRIER, SRR EWRHENR, SZHl 1 X e al i
) 5 1k

168 hours test experiment run through 2016/1/17~2016/1/24 with 72 hours
full load, the test facility run at temperature of 700°C. During the test run, all
related devices remained stable, every parameter stayed normal, each design
target was met, related nickel components were validated

Huaneng Clean Energy Research Institute
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1IE1T R I 7T Running Experiment Study

BLARIZ 4T 18 I Overall Running Status

#1E20174E4 H18H AL, 700°CT- & Rit21TH] /110523 /N

Facility running for 10523 hours until maintenance on 2017/4/18
20164F i 257K i E =680°C (5 11.:66.6%, 20174—Z=F [ [1.85%

Steam temperature above 680°C was 66.6% in 2016, 85% in first quarter of 2017
H i B K% 421217 By now longest running time continuously is 267 days
T RIE6E 56 A BA4 15 /N Entire test period is planed to be 40,000 hours

800 100.0%

700 n H F 90.0%
80.0%
600
70.0%
500 60.0%
400 50.0%
300 40.0%
30.0%
200
20.0%
100 10.0%
0 0.0%
I @ »\ \'}
0” 0” 0“'

>
>
>
>
>
>
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R E700°CEE iK% & China’s component test facility

J5 SRR R % T 4E Following work
> PRilbF & K BA%2 € rl §E32 17 Ensure long and stable run

> IEAT WA EE 43T Running monitor and data analysis

> BERHLAAEHLN, PO ZREE 7 B, BlE. WIS TrRR; SilE
A R A A2 5 22 B0 B — 5 I A 75 BET) FIHURE I, DX 2% MRE il 2 AT T4 A
WA M TAE; ~F & B# % se a5 70 #r Each time unit shut down, check
components; when components need to be cut or sampled, samples should
be analyzed thoroughly by experiment; thermal performance analyze
BRI 5% %24 Shortcoming and error analysis

XTI R BRI A m i S e e CEPMRD AR RS F & Eibfrse
fr sk 5% Newly developed high temperature alloy material (mainly domestic)
that meets requirement of this project can be applied and tested on the test facility.

AR E B S EMEHUE R & To become the test facility for

China's power plant high temperature material for different temperature

Y VY

Huaneng Clean Energy Research Institute
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zE 18 Conclusion

O 700°Ci# R Is FHREDLA R B E = R RE R - BOR KR #

O 700°C Ultra-supercritical Coal-fired unit is the inevitable choice for high
efficiency, clean Coal-fired power generation

O EHAMEHE R EZKEXT700°CHLART TEARARNIPR, HTHE
B, AENHNERITRSEES . B AR RIEERKET

OO0 Foreign countries, esp. European has done extensive research on 700C
technique, but delayed. Domestic research is active recent years.

O #5—RE700°CTElLAR], A UNEABEBRERGFRIEAK &

O Key component test facility is essential before 700°C demonstration
VBERITERTEEEN00°CREBYAHAXEBHRIIHK TS
v'Designed and built the first 700°C key component test facility in China

Huaneng Clean Energy Research Institute



&y o= o
.%’ L BE TS S BRI bR

HUANENG CLEAN ENERGY RESEARCH INSTITUTE

zE 12 Conclusion

VEFEENEAMONTE SRR AR BITRE T RIETHE
v'Tested and validated 10 different new high temperature material
VIR T RAMBRESBGNEE, NI, BENIZRETZ
v'Developed the manufacture, process, weld and install tech of key
components with high temperature material

VEZRE1FZNE , BTHERRY , FENTAMEXRKRTRE
v'Been run for over a year with good operation situation, related
research and experiment are in due

O ERIEFE 2RISR EAE B, RERER TR 700 CRiEl
HEW, T00CHEAREREEIHII KRR

0 Based on the success of the component test facility, 700°C demonstration
will begin at proper time. This tech has great potential in China.

Huaneng Clean Energy Research Institute
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700°CRBENFRIE IR TS
TF700

700°c Component Test Facility
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