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Background

-Conventional coal fired power plants in developing
countries have efficiency of about 32% (on LHV
basis).

-Supercritical steam parameters results in higher
efficiencies T above 45%. Hence, there is gain in
efficiency by 13 points

-- Supercritical (SC) and ultra -supercritical (USC)
power plants require less coal per megawatt-hour,
leading to lower emissions per megawatt (including
carbon dioxide and mercury), and lower fuel costs per
MW



Benefits of Advanced Supercritical Power Plants
U Reduced fuel costs due to improved plant efficiency

U Significant reduction in CO2 emissions

U Much reduced NOx, SOx and particulate emissions

U Excellent availability, comparable with that of an existing
sub-critical plant

U Plant costs comparable with sub-critical technology and
less than other clean coal technologies

U Compatible with biomass co-firing

U Can be fully integrated with appropriate CO2 capture
technology



Typical Schematic Diagram of Supercritical Plant
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Classification of Boilers

Type Main steam | Main steam | Reheat steam
pressure, temperature, | temperature,
bar oC oC
Base sub critical 166 538 538
Super critical 247 535 565
Ultra super critical 270 585 600
ultra super critical 295 595 600




Late European Coal-fired Plants

UNIT Comm. | Output | Pyain sieam | twain steam | Treneat O et
Year MW bar °C °C %

Avedgre 1, DK 1990 250 245 545 545 42.4
Fynsveerket 7, DK 1991 385 250 540 540 43.5
Esbjerg 3,DK 1992 385 250 560 560 45
Staudinger 9, D 1992 500 262 545 562 43
Amer 9, NL 1992 600 230 540 568 41.3
Meri Pori, SF 1993 560 250 540 560 43.5
Rostock, D 1994 500 262 545 562 43
Hemweg 8, NL 1994 630 260 540 568 42.6
Nordjylland 3, DK 1998 385 290 582 | 582/582 47




Present Status

- At present, there are more than 500 supercritical power plants in operation
across the World supplying 300 GW of electricity. Most of these plants are
concentrated in USA, Russia, and former Eastern block countries. China is
proposing to add 100,000 MW of supercritical power plant to the present
Installed capacity of 30000 MW (year 2006).

- Early experience with supercritical plants in the US indicated that they had
poor availability i.e. forced outages were greater than with subcritical
plants. However, experience that takes account of plant performance in
Japan and Europe as well as in China and South Africa (where these once
through bollers plants are common) shows that these plants are just a
reliable as subcritical plants. This improvement is due to usage of superior
materials and better welding technology. Worldwide, more than 500
supercritical plants are in operation.

- At present, in India super critical technology plants are planned in a big
way. Several of them are under execution and in pipeline.



AD700 Project

The technological target of the AD700 project was a phased
development and demonstration of an advanced ultrasuper
critical (USC), pulverised coal-fired (PF) power plant
technology, operating at net efficiencies of 50%+ while
remaining operationally flexible and competitive in the power
pools. Two main items were addressed.:

A Devel opment of new high tem
the limits for steam parameters.

A Thermodynamic i mprovements
designs to reduce the efficiency gap between the ideal
reversible Carnot cycle and the real existing water/steam
cycles.



AD 700 Objectives

The purpose of the project is to prepare, develop
and demonstrate the next generation of pulverised
coal-fired power plants featuring advanced steam
data (700/720 C, 375 bar).

Resulting in efficiencies in the range of 52-55%,
fuel savings and CO, emission reductions of up to
15% compared with the best available technology
(BAT) of today.

BAT year 2000: Approx. 600 C, 290 bar, 47%



AD 700 Results so far in phase 1
1998-2003
AMaterials identified
AMaterials test in progress
AThermodynamical cycle agreed upon
AFeasibility study shows competitiveness

ANew boiler concepts, which reduces the
amount of superalloys



AD 700 Goals in phase 2
2002-2005

ADesign and test of critical components

AFurther study of innovative designs to reduce
the amount of superalloys

AConcept for a test facility

ABusiness plans for a commercial plant



The AD 700 cycle
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AD700 - Master Cycle
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Compact design. Twin Tower Boiler. Alstom




Compact Design HF Boiler by Siemens
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AD700 Technology. Cost Estimates. Round

1. Inland Location

Coal price at plant (EUR/ton, LHV)

400 MWe, 1RH 400 MWe, 2RH 400 MWe, 1RH, 400 MWe, 2RH,
compact compact

W Reference plant better econony @ Advanced plant better economy

Awerage current
caoal price

930 MWe, 1RH




CO2 emission (g/kWh)
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Creep Strength and Targets

Creep Strength of Materials for Steam Piping at 600°C

12% Cr Steel - X20 : 59 N/mm?
9% Cr Steel -P92  : 123 N/mm?
Super Alloy Estimate: > 300 N/mm?

Targets for the Joint European Advanced 700°C Project

Martensitic Steel: 100 N/mm? at 650°C
Austenitic Steel : 100 N/mm? at 700°C
Super Alloys ;100 N/mm? at 750°C



NI-based materials for AD 700

Element Ni Cr Co Mo Other
Material
625 63,5 21,5 0 9 6
617 52 22 12 9,5 4,5
C263 51 20 20 6 3
740 50 24 20 0 6




Wall Thickness

Wall Thickness of Three Live Steam Pipes.
Output 400 MW and 2 Steam Lines in Parallel

Esbjerg 3 Nordjylland 3 ADV 700
250bar/560/560EC  290bar/580/580/580EC  375bar/700/720/720EC

Inner
Diameter =
175 mm

X20CrMoV121 P91 Super Alloy
WT =58 mm WT =60 mm WT =42 mm

Inner
Diameter =

Inner
Diameter =

255 mm 230 mm




Coupling of Test Facility with Existing Unit

580°

—— TSéi :

Bl

Existing Cycle

Isolating Valves




AD 700+Emax. Time Schedule

Phase [Description 97 (98 |99 |00 (01 07 (08|09 (10 (1112|213 (14|15
1A |Conceptual feasibility ]
1B |Material property demonstration |
2A |Basic design for Phase 3 [
2B |Material property demonstration /R
3 Full Scale Test Facility (FSTF) ]
3A |Contracts |
3B |Engineering & procurement |
3C |Construction [
3D |Operation of FSTF & feedback to Partners |
4 Emax. First-of-its-kind commercial .
plant
4A |Planning and procurement I
4B |Construction & commissioning W




Net Efficiency (LHV)
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Assessment Factors for Power Plant Design

Efficiency of power plant
(15.5 Euro/kW. Euro per percentage point of efficiency
Improvement)

Reduction of power plant own consumption
(17.4 Euro/kW. Euro per percentage point of own
consumption)

Plant availability
(13.1 Euro/kW. Euro per percentage point of power
availability improvement)

Reduction of delivery time
2.7 Euro/kW. Euro for 1 month of delivery time reduction



Efficiency of Hard Coal fired Power Plants vs Site

48.50%

non-market orientated
technological optimized plant
(costal side)

48.00%

47.50%

market orientated
optimised plant
(costal side)

47.00%

Net Efficiency

46.50%

market orientated
optimised plant
(non-costal side)

46.00%

45.50%



Market - Orientated Optimized Power Plant Design

Reference Power Plant North Rhine-Westphalia

e Plant capacity:

e Net capacity:

e Net efficiency:

e Costs of plant:

e Specific costs:

e Cost of electricity:

e Type of boiler:

e Live steam condition:

e Condenser pressure:

e Preheater:

600.0 MW

555.5 MW

45.9 %

478.5 Mio. Euro

798 Euro/kW,, 10
3.3 - 3.5 ct/kWh
Benson

285bar/600 C/620 C
45 mbar

8 preheater + external cooler



Comparison of Different Boiler Concepts

Floor space: 4 164 m? Floor space: 4 600 m?
Volume: 166 000 m3 Volume: 197 000 m3 Volume: 209 000 m3
95% Efficiency: 95% Efficiency: 95%

Floor space: 2 975 m?

Efficiency:



Design Data Turboset

Source: Siemens AG, Power Generation

Performance:
Live Steam:
Re-heat temperature:
Pre-heaters:

Final Feed-water temp.:

Back Pressure:

600 MW, oo
600°C/285 bar

620°C

8-stage + ext. de-superheater
303,4°C

45 mbar




Design Criteria HP-Turbine

Source: Siemens AG, Power Generation
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» Steam parameters up to 300bar/600°C
 Barrel type with inner casing

 Valve arrangement - threaded coupling
» Overload valve possible




HP Turbine Materials

1%Cr-Steel

9-10%Cr-Steel




Design Criteria IP-Turbine

Source: Siemens AG, Power Generation

* Re-heat temperature up to 620°C
* Inner casing without heat protection cover
* Diagonal inlet stage with vortex cooling

| * 10%Cr Rotor with Bor; 10%Cr inner casing
1 » First moving blades made of Nimonic
@ « 3 or 4 extractions possible

mp—




IP Turbine Materials
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Design Criteria LP-Turbine

* Double casing/ double flow

* LP-Outer casing and condenser are
rigidly connected

* Thrust bolt connection of IP outer
casing and LP inner casing to
minimize axial clearances

* Welded inner casing

Source: Siemens AG, Power Generation
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LP Turbine Features

2

Design features 16 m - last stage blade

ARotor diameter ~ 1900 mm

ABlade length 1400 mm (55 )
AVelocity at blade end 750 m/s (~ Ma = 2.0)
AMach -number Supersonic at blade end
ABlade connection Shroud & snubber

AExit losses 3D effects




Layout I Detailed View
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Source: Siemens AG, Power Generation
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Pahtway to USC 700 C Power Plant

Status 700 C Technology

« AD 700 phase | and Il (FP5) 1998
. strategy study (VGB member) Startin 2002
:« COMTES 700 (RFCS) 2004
« PP 700 Pre-Engineering (EU Reg. Fund) 2006
« Demo Plant > 400 MW, 2008

s ACommer ci al i tyo 2014+




Challenges of 700 C Live Steam Temp.
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COMTES70071 Implementation into Boiler

Host Plant - Scholven F, E.ON

Net output
- 676 MW

Live-steam

- 220 bar (design pressure)
-540 C

- 625 kg/s (2,250 t/h)

Reheater-steam
- 44 bar
-540 C
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COMTES700 1T Material Concept

Outlet
Evaporator R 5 92 )

Hem 12 — il I

7 CrMoVTiB 10 10/T 24 — | I

/
44 parallel tubes < |Inlet
8,800 mm

VGB Power Tech 13 CrMo44

2,046 mm

43 x 48




Boiler Design - NRWPP700 Boundary Design

Conditions

A500 MW (gross) BMCR

ASingle Reheat (365 bar / 705 C/720 C)
ATower Type Boiler / Tangential Firing

Design coal Hu = 25 MJ kg
Reheater temperature control Tilting burners
Average flue gas velocity < 13 m/s
Tube pitch 1107 440 mm
Furnace outlet temperature 1250 °C
Hue gas temperature before APH Approx. 380 °C
Exhaust gas temperature 115 °C
Temperature of the air (ambient) 25 °C




NRWPP700 Boiler Rated Design Data

Steam flow superheater outlet 325 kg/s (1170 t/n)
Steam pressure superheater outlet 365 bar
— Steam temperature superheater outlet 705 C
[::: Feedwater temperature 330 C
I B T Reheater inlet steam flow 252,%g/s (909 t/h)
S Reheater inlet steam pressure 73 Dbar
———— Reheater outlet steam temperature 720 C
Reheater inlet steam temperature 425 C
Reheater spray mass flow 0 kg/s
Thermal output 909 MW
Design coal Bituminous coal 25MJ/kg
Excess air furnace exit 17 %
Firing capacity 953 MW
Furnace exit temperature 1250 C
Flue gas temperature downstream economizer 380 C
~ Flue gas temperature downstream airheater 115 C
\ Maximum flue gas velocity in convective heating m/3,3

surfaces






