ASME PTC 47-2020

[Revision of ASME PTC 47-2006 (R2011)]

Integrated Gasification
Combined Cycle Power
Generation Plants

Performance Test Codes

AN AMERICAN NATIONAL STANDARD

%z@ The American Society of

® Mechanical Engineers




ASME PTC 47-2020
[Revision of ASME PTC 47-2006 (R2011)]

Integrated Gasification
Combined Cycle Power
Generation Plants

Performance Test Codes

AN AMERICAN NATIONAL STANDARD

@?A@ The American Society of

® Mechanical Engineers



Date of Issuance: July 23, 2021

This Code will be revised when the Society approves the issuance of a new edition.

ASME issues written replies to inquiries concerning interpretations of technical aspects of this Code. Interpretations are
published on the Committee web page and under http://go.asme.org/InterpsDatabase. Periodically certain actions of the
ASME PTC Committee may be published as Cases. Cases are published on the ASME website under the PTC Committee
Page at http://go.asme.org/PTCcommittee as they are issued.

Errata to codes and standards may be posted on the ASME website under the Committee Pages to provide corrections to
incorrectly published items, or to correct typographical or grammatical errors in codes and standards. Such errata shall be used
on the date posted.

The PTC Committee Page can be found at http://go.asme.org/PTCcommittee. There is an option available to automatically
receive an e-mail notification when errata are posted to a particular code or standard. This option can be found on the
appropriate Committee Page after selecting “Errata” in the “Publication Information” section.

ASME is the registered trademark of The American Society of Mechanical Engineers.

This code or standard was developed under procedures accredited as meeting the criteria for American National Standards. The Standards
Committee that approved the code or standard was balanced to assure that individuals from competent and concerned interests have had an
opportunity to participate. The proposed code or standard was made available for public review and comment that provides an opportunity
for additional public input from industry, academia, regulatory agencies, and the public-at-large.

ASME does not “approve,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

ASME does not take any position with respect to the validity of any patent rights asserted in connection with any items mentioned in this
document, and does not undertake to insure anyone utilizing a standard against liability for infringement of any applicable letters patent, nor
assume any such liability. Users of a code or standard are expressly advised that determination of the validity of any such patent rights, and the
risk of infringement of such rights, is entirely their own responsibility.

Participation by federal agency representative(s) or person(s) affiliated with industry is not to be interpreted as government or industry
endorsement of this code or standard.

ASME accepts responsibility for only those interpretations of this document issued in accordance with the established ASME procedures
and policies, which precludes the issuance of interpretations by individuals.

No part of this document may be reproduced in any form,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2021 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved
Printed in U.S.A.


http://go.asme.org/InterpsDatabase
http://go.asme.org/PTCcommittee
http://go.asme.org/PTCcommittee

CONTENTS

N0 o vi
000 ) vii
Committee ROSTEr . o v vttt it ittt it e ettt et ettt e e e e e viii
Correspondence With the PTC Committee . . . ..o v ittt ittt ittt ittt e e st teasennnnns ix
05T oY L0 ot o (o) xi
Section 1 Object and Scope . . . ... ..ot e e e e e 1
1-1 100 =Tt v 1
1-2 R 60 1
1-3 Uncertainty . ..o v vttt e e e e e e e 1
Section 2 Definitions and Descriptions of Terms . ... ... ..... ... ... 3
2-1 (T3 1<) o 3
2-2 Definitions « o v oot it e e e e i i e 3
2-3 Symbols Used in Equations . .. ... .ottt it 10
2-4 Subscripts Used in EQUations . . ... .o ittt ittt ittt ittt ittt 10
Section 3 Guiding Principles . . .. ... ... e e e e 11
3-1 INtrodUuction . . .o v vttt et ettt et e et et e e e 11
3-2 Test Boundary and Required Measurements . . . ... .....ouuotieirerennnreenenss 11
3-3 Test Plan . . oo it e e i e e e 13
3-4 Test Preparations . . . .o v v ittt i e e e e e e 13
3-5 Conduct Of Test o v vttt it ittt ettt it e e et e 14
3-6 Calculation And Reporting of Results . . ........ ittt 16
Section 4 Instruments And Methods of Measurement . .. ............ .. oot unn.n 18
4-1 General ReqUIrements . . ..o v v i it ittt ittt ettt et e 18
4-2 Pressure Measurement . . . . .o vttt ittt ittt et e e 20
4-3 Temperature Measurement . . . . . oot v i ittt it ittt ettt sttt 23
4-4 Humidity Measurement . . ... oo vttt ittt ittt ettt et e st aeeeenens 31
4-5 Solids Flow Measurement . . ... ..ot in ittt ittt ittt ittt 33
4-6 Flow Element Devices ... ..ottt ittt ittt it 37
4-7 Gaseous FIow Measurement . . . oo v vttt et e et ee e e eenonseeeeensnsnenns 44
4-8 Material Analysis . . o v vt v ittt e e e e e et e e e 44
4-9 Input and Output Heat Measurement . . . . ..o cv v it ittt e et nneeenensnesnas 45
4-10 Electrical Generation Measurement . . . .. ..o ot i it it ittt it e neeenesneennss 46
4-11 Collection and Handling . . . . .ot o ittt ittt e i e i it et e e 54
Section 5 Calculations And Results . . . ... ... . i it it 56
5-1 Test Result EQUAtions . . . . v v it ittt it ittt e ittt et e it 56
5-2 Calculated (Derived) TEIMS . . v vt v v v vttt ettt ettt ettt e e e e aensensnsnns 60
5-3 Measured TermS & v v v v vt ittt ettt ettt ettt et e e et nsn e ensnsensnenas 62
5-4 (00 ) o /=Tot 0 10+ L3 63

il



Section 6
6-1
6-2
6-3
6-4
6-5
6-6
6-7

Report of Results . . ... ... . it ittt ittt
General ReqUITEMENES . . . v v vttt it ittt ittt ittt ittt e e e
Executive SUMMAry . . . . oot i ittt i e it e e e i e
INtroduction . . vt ittt i i i i e e e e e e e
Calculations and Results . . .. ..ot ittt it ittt it e
Instrumentation . . ... .ottt ittt e e e et e
{070 Vol 10 1) () o 13

APPENdICES .« v vt it e e e et e e e

Nonmandatory Appendices

A

B
C
D

Figures
3-2.2-1
3-2.2-2
4-2.3.3.2-1
4-3.3.2.1-1
4-3.3.2.2-1
4-3.5.2-1
4-3.5.4-1
4-3.5.5-1
4-10.3.1-1
4-10.3.2-1

B-2-1

B-7.1-1
B-7.2-1
B-7.3-1
B-7.4-1
B-7.5-1
B-7.6-1
C-1-1

C-5.1-1
C-5.2-1
C-5.3-1
C-5.4-1
C-5.5-1
D-3-1

D-3-2

Uncertainty Analysis . . v v v v v ittt ittt it i i e e e e e e
Sample Calculation for Air-Blown IGCC . . ... ...ttt ittt i i i ee s
Sample Calculation for Oxygen-Blown IGCC Including ASU . .......... ...
Inlet Air Conditions and Corrections . .. .....cv ittt ittt i nennn

IGCC Plants With Air Separation Unit . . .. ..o v ittt ittt it i et eeneenns
IGCC Plants Without Air Separation Unit (Air-Blown, or Oxygen-Blown With Separate ASU)
Five-Way Manifold Valve . .. ... oottt it e i ettt eeeneann
Four-Wire RTDS . . o vttt i i i i i i it i c e e e
Three-Wire RTDs . . . oot i i i et ettt e e
Flow-Through Well . . . .. . i et i e
Sampling Grids for Rectangular Ducts .. ....... . ittt ittt
Sampling Grid for Circular DUCES . . . v v v vt ittt it it et et ettt et e e eenan
Three-Wire Metering SYyStems . . . v o v vt vt ittt ittt it ittt a e aenenenes

Four-Wire Metering Systems: Connections for Three Wattmeters or One Three-Element
Watt-Hour Meter . . .. .. . i i e e

Test Boundary . . ..o vttt ittt e e e e e e
Correction to Thermal Heat Input for Thermal Efflux (SI Units) . .................
Correction to Net Power Output for Steam Turbine Condenser Pressure (SI Units) . . . .
Correction to Thermal Heat Input for Ambient Temperature (SI Units) .............
Correction to Thermal Heat Rate Input for Ambient Pressure (SI Units) . ...........
Correction to Net Power for Ambient Temperature (SI Units) .. .................
Correction to Net Power for Ambient Pressure (SI Units) . .....................

Test Boundary of Typical Oxygen-Blown Integrated-Gasification Combined-Cycle
Power Plant . . ..o i i i e e e e e

Additive Correction to Net Power for Cooling Tower Inlet Air Temperature . ........
Additive Correction to Net Power for Cooling Tower Inlet Air Humidity . ...........
Multiplicative Corrections for Gas Turbine Inlet Temperature . ..................
Multiplicative Corrections for Gas Turbine Inlet Pressure .. .....................
Multiplicative Corrections for Primary Fuel Heating Value . .....................
Combined Cycle Power Correction for Gas Turbine Inlet Temperature . ............
Combined Cycle Power Correction for Gas Turbine-Cooling Tower Temperature Difference

69
69
69
69
69
69
70
70

71
75
86
94

12
12
23
26
26
27
29
30
48

49
77
82
83
84
84
85
85

86
90
90
91
91
92
95
96



Tables
1-3-1
3-5.2-1
4-5.1.2-1
4-5.5.2-1
4-5.5.2-2
4-6.10-1
4-10.3-1
5-3-1
5-4.2.2-1
5-4.2.2-2
5-4.2.2-3
A-3-1
B-6-1
B-6-2
B-6-3
B-6-4
B-6-5
B-6-6
B-6-7
C-6-1
C-6-2
C-6-3
C-6-4

Largest Expected Test Uncertainties . . . .

Guidance for Establishing Permissible Deviations From Design . ..................

Typical Systematic Uncertainty for Flow Measurements . ... .......coveevenen..

Typical ASTM Standard Test Repeatability for Coal and Coke Properties . ...........

Typical Systematic Uncertainty for Limestone Properties .. ........... ... ......
Typical ASTM Standard Test Repeatability for Fuel Oil Properties . . ... ...........

Metering Method Restrictions Summary .

List of Measured Terms . ............

Additive and Multiplicative Correction Factors .. ......... ...,

Additive Correction Terms . ..........
Multiplicative Correction Terms .......
Uncertainty of Corrected IGCC Output . . .
Corrected Heat Input . . .............

Corrected Power Output . ...........
Corrected Heat Rate . . .............
Inputs, Outputs, and Corrections . . .. ..

Measured Parameters . .............

Sensitivity Analysis . ...............
Overall Uncertainty ................
Measured Values .. ................

Corrected Thermal Input . ...........

Corrected Power Output . ...........
Calculated Results for Net Unit Heat Rate

----------------------------------

..................................

15
34
38
39
44
47
64
67
68
68
72
78
78
78
79
80
81
82
92
92
93
93





