
- --
A ,MACROSCOPIC DETERMINATION CPTHE 


-- -.~-- ­

IMPACT OF-LR~O-COAL QUALITY 
.·UPON:THE.'OPl1MUK , ­

C9MBU~ION '~~ QU~NTrrY -~~'~ 
. c 

1­

-' 




A MACROSCOPIC DETERMINATION OF THE 


IMPACT OF LETHABO COAL QUALITY 


UPON THE OPTIMUM 


COMBUSTION AIR QUANTITY 


Christoffel Philippus Storm 


B.Eng (Mech) Hons. (Pretoria) 


M.Eng (Mech) (PU for CHE) 


A thesis submitted to the Department of Mechanical Engineering of the 


University of Potchefstroom for Christian Higher Education, in 

fulfilment of the requirements for the degree of Ph.D. Eng. 

(Mechanical) 

Mentor: Prof. J. P. van der Walt 

Potchefstroom 

i 

1998 



DECLARATION 




DECLARATION 


I declare that this thesis is my own, unaided work. The deficiencies 

in the concerned processes and plant were identified by myself, as 

also the formulation of the philosophies and methodology of testing, 

as explained in the script. The project leadership throughout and 

major decision making was exercised by myself. It is being submitted 

for the degree of Doctor of Science in Engineering (Mechanical) at the 

University of Potchefstroom for Christian Higher Education, 

Potchefstroom. It has not been submitted for any degree or 

examination to any other university before. 

~. 

C P Storm 

9 f t.. ___________ day of 

ii 



---ABS-TRACT 

IJ 



ABSTRACT 

Lethabo Power Station burns a unique low grade coal with low volatile 

content. This merits the optimisation of the total combustion air 

quantity with efficiency as main criterion to produce an air flow­

steam flow curve as a function of load as well as coal quality. This 

project demonstrates the optimisation exercise of the unit as a 

whole, including the boiler as well as the turbine (a 600 MW 

turbo-alternator set) , therefore producing optimum air flow 

quantities different to the conventional wisdom. Ninety tests were 

performed with varying total air flow, at five loads ranging from 

full load to lowest load with three different coal qualities. 

The application of the Station Thermal Efficiency Program (STEP) as 

optimising tool employs a simultaneous direct and indirect calculation 

method (opposed to the traditional indirect only methods and 

programs) . The test results were used to customise the targets of 

the STEP program for Lethabo as well as to introduce new philosophies 

in the formulae. 

The expected trend of higher unit efficiencies with resulting improved 

total emissions were confirmed. In the process, operational 

enhancements such as new milling plant settings and sootblowing 

philosophies were also confirmed to contribute to the improved 

efficiencies. The findings were operationally implemented which 

included statutory procedurisation. 
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Velocity (when applicable) 

Velocity proportional factor 

Volume (in e.g. gas equation) 

Volume flow (when applicable) 

Wet-bulb temperature 

(m3 s- 1 ) 

Pstagn 

Pstat 

S 

T 

t 

t/h 

V 

V-fact 

V 

Q 


Twb 


xxx 





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

NOMENCLATURE 

Abbreviation Description 

A/F 

A/HTR 

Aerofoi 1 

AFT 

AGC 

avg 

AVR 

BEC 

BFPT 

BMI 

BS 

C&I 

CAPCO 

CEGB 

Cegrit 

CET 

CFD 

CT 

CW 

DAF 

db 

Air to fuel ratio 

Air heater 

Rectangular venturi-type flow measuring device 

Ash fusion temperature 

Automatic generation control 

Average 

Automatic voltage regulator 

Babcock Engineering Contractors 

Boiler feed pump turbine 

Buro vir Meganiese Ingenieurswese 

British Standard no. 

Control & Instrumentation (Dept) 

Chief Air Pollution Control Officer 

Central Electricity Generating Board (uX) 

CEGB grit sampler, Unburnt carbon in grit (%) 

Classifier exit temperature (mill) 

Computational Fluid Dynamics 

Current transformer 

Calorific value (see MJ/kg) 

Cool ing water 

Dry ash free 

Decibel 
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Abbreviation Description 

==================================================================== 


DE Drive end (of a mill) 

Dfg Dry flue gas 

DIN Deutche Industrie Norm 

DMS Dense media separation 

DRACAS Deficiency recording & corrective action system 

DSC Differential scanning calorimeter 

DTF Drop tube furnace 

EFP Electric feed pump 

EHC Electro-hydraulic control (turbine governor valves) 

EID Engineering Investigations Division (now TRI) 

EN European Norm 

ENCOR ESKOM National Control Computer Replacement 

EPRI Electric Power Research Institute (USA) 

ESKOM Electricity utility in South Africa 

ESP Electrostatic precipitators 

FD Forced draught (fan) 

FTIR Fourier transform infra-red retroscopy 

GCV Gross calorific value 

GCVv Gross calorific value at constant volume 

GO General Overhaul 

HIV Heat in volatiles (percentage) 

IfF High pressure (turbine) 

HR Heat rate 

i/s In service 
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--------------------------------------------------------------------

Abbreviation Description 

--------~-----------------------------------------------------------

ID Induced draught (fan) 

IDT Initial deformation temperature (ash) 

IP Intermediate pressure (turbine cylinder) 

IR Interim refurbishment (type of unit outage) 

ISO International Standard Organisation 

LH Left hand (casing) 

LHI Left hand inner (casing) 

LHO Left hand outer (casing) 

LP Low pressure (turbine cylinder) 

m.a.s.l. Metres above sea level 

Maschinenfabrik Augsburg Ntlrnberg (Turbine supplier) 

MCR Maximum continuous rating 

MHC Mechanical-hydraulic control (turbine governor valves) 

MIDAS On line computer logging electrical energy 

NCV Nett calorific value 

NCVp Nett calorific value at constant pressure 

NDE Non-drive end (of ami 11) 

Nuclear magnetic resonance 

NTP Normal temperature and pressure (25 oC, 1 atmosphere) 

olc Out of commission 

OPCR Outside plant control room 

OPS Log Operational log kept by unit shift supervisor 

P/A/HTR Primary air heater 

PA Primary air: that portion of total air transporting pf 
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----------------------------------------------------------------------------------------------------------------------------------------

Abbreviation Description 

PC Personal computer 

PEO Plant Efficiency and Optimisation (section) 

PEPSE Performance Evaluation of Power Station Efficiencies 

pf Pulverised fuel (coal) 

PGP Performance Growth Project (Management System) 

ppm Parts per million 

RC Reactivity cell 

Rev. Revision 

RH Right hand (casing) 

RHI Right hand inner (casing) 

RHO Right hand outer (casing) 

ROI Return on investment (financial) 

ROM Run of Mine 

rpm revolutions per minute 

RWE Rheinisch WestfHlische Elektrizitatswerke 

S/A/HTR Secondary air heater 

SA Secondary air: with primary air, makes up total air 

SFP Steam feed pump 

Spec. Specified quality, contractual specification 

SSC Submerged scraper conveyor (in ash hopper) 

STEAG Steinkohlen Aktien - Gesellschaft 

STEP Station Thermal Efficiency Performance 

STP Standard temperature and pressure (0 oC, 1 atmosphere) 

TGA Thermo-gravimetric analysis 
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--------------------------------------------------------------------

Abbreviation Description 

----------------------~--~------~-------~---------------------------

TH Transfer house (stockyard and coal supply) 

TRI Technology Research and Investigations (previously EID) 

UCI Utlility Consultants International GMBH 

UG Units generated (electrical energy) 

Uni t Boiler and turbogenerator combination 

usa Units sent out (electrical energy) 

UI Unit 1 

Unit 2 

VOU Visual Display Unit (screen in control room) 

VGB Vereinigung der Grosskessel Betreiber 

VT Voltage transformer 

WA Work authorisation 
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