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TPRI

Advanced 600 ℃ USCW
28Mpa/600℃/620℃

Advanced 600 ℃USCW with double Reheat
33Mpa/600℃/620℃/620 ℃

Advanced700 ℃USCW
36.65Mpa/700℃/720℃

Advanced 620 ℃ Supercritical CO2 Brayton Cycle
28Mpa/620℃/620℃

Nickel-based 700 ℃Alloys  
Capital and technology intensive; 
time-consuming ;
Coupon tests failed in Europe
layout of 700℃ furnace and turbine.

The most state of the art 
USCW coal based utility，
ST600℃，Plant efficiency 
44.5%。How to improve？

ASCBC at 620℃ could 
achieve equivalent 
plant efficiency of 
SCW at 700 ℃ >50%?

Motivation

CSP and Nuclear high 
temperature sources;
GTCC&IGCC 
bottoming cycle;
Industrial Waste Heat 
recovery;



TPRIWhat is SCO2-Brayton Cycle?
Steam Rankine Cycle IG Brayton Cycle SCO2 Brayton Cycle

Compress Pump Compressor Compressor

Heating Boiler Combustion Chamber IHX

Expand Turbine Gas turbine SCO2 turbine

Cooling Condenser Ambiance Precooler / Recuperator



TPRIWhy SCO2 ?

Why SCO2 Can Displace Steam ?

 SCO2 is an attractive working fluid
 moderate critical parameters 

7.29MPa, 30.98℃；accommodate a large range of temperatures;
 combined liquid and gas properties

large density with relative low viscosity; condensed gas;
 less corrosive and environmentally friendly

no need for water quality control and treatment support;
 higher power density  

significantly reduced component size;
 almost incompressible near critical point

reduced compressor work;



TPRIWhy SCO2 ?
 SCO2 BC is a high efficiency and cost effective cycle
 high efficiency at moderate temperature

Thermal efficiency > 50% possible @ 28MPa / 620 ℃ / 620 ℃;
 no phase change

simple cycle layout and small plant footprint;
 low pressure ratio and high power density

small turbomachinery;
 High recuperative

~2/3 of the cycle energy is recuperative heat;

Lower 
Capital cost

civil;
equipment;
installation;

Lower 
O&M cost

fuel;
personnel;

Water treatment;

Lower LCOE
15-20% off
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1 Sandia National Lab 7.68-13.84MPa；32℃-342℃，240kWe；31.5%；
50000RPM；turbine  efficiency 68%

2 Bechtel Marine Propulsion 9.03-13.5MPa；36℃-299℃；100kWe；cycle 
efficiency 14.7%；60000RPM

3 Echogen Waste heat 7MWe；TIT 275℃

4 Tokyo Institute Technology 30kWe small Test loop

5
DOE & NREL & SNL & BNL 
& UW & Echogen & EPRI 
&AB SOLAR

CSP 10MWe;8-28MPa;45-700℃;

6 SWRI & GE & Thar Energy 1MWe simple loop; 

7 KAIST/KAERI 33.2℃；500℃; 7.78-20MPa
8 EDF/GE 20MWe coal based pilot  plant
9 NetPower & Toshiba 50MWe Allam cycle

Existing and Ongoing ITF



TPRITPRI 5MWe Integral Test Facility



TPRISystem design



TPRIInventory Control

Cryogenic storage for expansion tanks design 
widely used in industry 
P=2.16MPa；T=-30℃；V=12m3
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TPRITurbomachinery

Compressor:
Titanium alloy

Max Von Mises
stress is 622MPa

Turbine:
Inconel 718

Max Von Mises
stress is 433MPa



TPRIRecuperators and Precooler

 316L for all PCHE 
 unit size: 0.6X0.6X1.35 m

8 units for HT Recup
2 units for LT Recup
1 unit  for PC

 minimum DT 10℃



TPRISCO2 heat transfer model
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TPRIBoiler

Height :9.5m; furnace: 2X2 m 
Weight :50t
 need an additional split flow CO2

economizer to utilize the waste
heat of  exhausted flue gas 

 high cooling media temperature
in the furnace > 500℃ need high     
grade of martensitic steel T92

 superheater and reheater super
304H austentic steel



TPRIConclusions

 SCO2 power conversion technology has been extensively
investigated around the world due to its compact
components, simple plant layouts and the potential to
significantly increase the efficiency.

 The existing laboratory scale integral demonstration test
loops well verified the concept of the SCO2 power cycle.
However there are numerous hurdles need to address
before the commercial scale achieve the efficiency benefits
and reliable operation.

 TPRI are planning to build a SCO2 R&R power cycle test
loop with larger capacity and higher parameters aiming at
the utility scale coal-based power plant. 

 The initial system modeling and scaling as well as the 
key components preliminary design has been made for   
5MWe ITF. The whole project was expected to accomplish   
at the end of 2017.
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Thanks for your 
attention!

Hongzhi Li, PhD.
R&D Dept. Xi'an Thermal Power Research Institute
State Key Laboratory of Coal-Based Clean Energy
Phone: +86 29 82001207 +86 18691565600
Fax: +86 29 82001204
Email: lihongzhi@tpri.com.cn
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