FEASIBILITY ASSESSMENT OF THE APPLICABILITY
OF TRI-GENERATION SYSTEMS IN THE APPAREL
INDUSTRY IN SRI LANKA: A CASE STUDY

A.M.N. Shakya Abeynayake

(128351 H)

Master of Engineering

Department of Mechanical Engineering
University of Moratuwa
Sri Lanka
February 2017






DECLARATION

| declare that this is my own work and this thesis does not incorporate, without
acknowledgement, any material previously submitted for a degree or diploma in any
other University or institute of higher learning and to the best of my knowledge and
belief, it does not contain any material previously published or written by another

person except where the acknowledgement is made in the text.

Also, | hereby grant the University of Moratuwa the non-exclusive right to reproduce
and distribute my thesis, in whole or part in print, electronic or other medium. | retain
the right to use this content in whole or part in future works (such as articles or books).
Signature: .......cccceeeevveveenenn, Date: ..o

The above candidate has carried out research for the Master's Thesis under my
supervision

Signature: ........ccceeveveiiecnnn Date: ..coovevveieieeeeie,

The above candidate has carried out research for the Master's Thesis under my

supervision

SIgnature: ......cccceeevervnecnien, Date: ..o



ACKNOWLEDGEMENT

I would like to extend my sincere gratitude to Dr. Saliya Jayasekara and Mr. Iresha
Somarathna, for the unconditional guidance, given being the supervisors the Master
of Engineering thesis. Your valuable advice, suggestions and feedback is highly
appreciated, which was helpful towards the successful completion of this skills

project.

A special than goes to Dr. Himan Punchihewa as the course coordinator of the Master
of Engineering degree in energy technology for the assistance provided. Further the

gratitude is extended to the non-academic staff for the assistance.

The key factors for the success of this project is the immense support given by the
staff of Tee Jay Lanka PLC. | am grateful to Mr. Kosala Gunawardene, Mr. Amal
Karunarathne and Mr. Hasarel Dhanushka for the valuable input and assistance,
information provision, knowledge sharing and helping in achieving the project

deliverables. | am thankful to Ms. Naadia Buhary in proof reading the thesis.

Finally 1 wish to express my heartfelt gratitude to my wife Mrs. Chami Abeyasekera
who gave me immense support and encouragement throughout the M.Eng program. A
very special thank you goes to my three year old son for bearing up all my business
and providing me a cause to successfully completing the M.Eng program.



Contents

DECLARATION ..ottt sttt sttt st ne s i
ACKNOWLEDGEMENT ..ottt v
AB ST RA T .. e e e e e e nrree e X
1 Chapter 1: INtrOQUCTION ........oviiiieitieiesiee e 1
L1 BaCKGrOUNG .....ooiiiiicie s 1
1.2 PrESENT STALUS ...oeviiiiiiiieciie ettt sttt nree s 1
1.3 Problem StateMENT........ccccviiiiiiiieiee s 2
1.4 AIM aNd ODJECHIVES ....ccueiiiiiiieieeie s 2
1.5 MEthOUOIOQY ....veieiiiieiiiiii st 2

2 Chapter 2: Review Of HEerature..........ccceevveiiiiicic e 4
2.1 Apparel INdustry ENergy MiX.......ccccooiiiiiniiiniiieieriese e 4
2.2 Tri-generation teChNOIOQY .......cccieiiiiiiiiiiiie e 5
2.2.1  Tri-generation with the Rankine CycCle..........ccoooeiiiiiiiiince 6
2.2.2  Tri-generation with the Gas TUrbine...........ccoceveiiiiiinee 7
2.2.3  Tri-generation with the Reciprocating Engine............cccccocvivviiiinnenn. 10
2.2.4  Merits and Demerits of Tri-generation ..........cccccooceverevienieniesieeienninnnnn 11
2.2.5  Applications of Tri-generation...........ccoccvvevirieieienene e 13
22,6 Tri-generation MOUES .........ccoueierierieiesie st 14

2.3 Tri-generation plant at Tee Jay Lanka PLC .........cccccoviiiiiininiinieieeen, 15
2.3.1  Tri-generation Architecture of TEE Jay .......ccccvveiereniieniiinieieee 17
2.3.2  Evaluation of the TG Technologies ..........cccoveieiiiiniieniiiseeeeeen 17
2.3.3  Tri-generation Plant Construction REVIEW.............cccvvveriveiieneerneennnen, 26
234 BOUEI o 26
23,5 Steam TUIDING ..o 29

3 Chapter 3: Research Methodology ..........cccceeiiiiiiiiic i, 34
3.1  ldentification of the parameters.........cocovveiiiiiiieiece e 34
3.2 Development Of KPIS ..o 35
3.2.1  Overall thermal effiCienCy.........cccooiiiiiiiiii e, 35

3.3 Evaluation of the performance ..., 36

4 CHAPTER 4: Results and DiSCUSSION .......cccevueiverireiesiesiesieseeseeeeeseeseesneeseeas 38
4.1  Evaluation of the performance ...........ccoceviiiiiininieie e, 38



4.1.1 Evaluation of the overall effiCIENCY .........ccceviiiiiiii e, 38

4.1.2  Evaluation of the Heat to POWEr ratio...........ccccoeieienineninieieeenn 38
4.1.3  Financial Performance of year 2016 ..........ccccocueveeienennienesie e 40
4.2 Forecasting of the performance in the ideal Case ...........ccoccevvririiiiiieiennn, 41
4.2.1 Evaluation of the overall effiCIENCY .........ccoovvvviiieiii 41
42,2  Evaluation of the Heat to POWEr ratio..........ccccovviereneniniiisieieieen 43
4.2.3  Evaluation of the net POWEr OULPUL ..........ccevvviiieiiiesc e 44
4.2.4  Financial Performance of the Ideal Case .........c.ccccoocvvveniiniiiniiee 45
4.2.5  Financial feasibility of the back- pressure turbine with and without
SEEAM TUIDINE ..o et nreas 46
4.3 Root Cause Analysis OF the ISSUE ..........cccoriiiiiniiieie e, 47
4.3.1  Steam Turbine back pressure CONtrol...........cccocevviveiieniieieie e 51
4.4 PONLICAl FACIOIS ....ccviiiiiiiiiiciieieieie e 54
4.4.1  SOCIal INTIUBNCE.......cciiiiiiiiee e 54
442  Coal Import AUNOTILY .......coveiiiiieiec e 54
5  Chapter 5: CONCIUSION .....ccueeiiie e 56
RETEIBINCES .. bbb 59
Appendix A: Operational Data............cccoiiiiiieiiieiee e 61
Appendix B: Technical Data of the BOIler............cccooviiiiiiiiiieeee 72
Appendix C: Technical Data of the Steam Turbine ...........ccccooviereniiincceen, 76

Vi



List of Fi

gures

Figure 1: Schematic Diagram of a Back-Pressure Turbine.........cc.cccooevviieivencninnnn, 6
Figure 2: Schematic Diagram of an Extraction Turbine .........cccccooviiiniiinicicieen, 7
Figure 3: Schematic Diagram of the Open Cycle Gas Turbine .........c.cccccecevveiviiennn, 8
Figure 4: Combined Cycle Gas Turbine with Back Pressure Steam Turbine.............. 9
Figure 5: Combined Cycle Gas Turbine with Back Pressure Steam Turbine............ 10
Figure 6: Schematic Diagram of the Reciprocating Engine with TG Technology ....11
Figure 7: Schematic diagram of tri-generation option with extraction turbine.......... 21
Figure 8: Picture of the Tri-generation Plant ..............ccccooveiiiiiiicc e, 26
Figure 9: Speed controlling mechanism of the steam turbine.............c.ccocvvviiiennn 32
Figure 10: Turbine performance CUINVE ..........cooiieiiieninieeeeee e 33
Figure 11: Cash Flow for Year 2016..........cccceevieiiieie e 40
Figure 12: Net Cash Flow for Year 2016..........ccccoveveiieiieiie e 41
Figure 13: Daily steam flow Variation ... 49
Figure 14: Generalized Steam consumption data ...........cccceveerereneiencnenesceeees 49
Figure 15: Steam consumption variation on 2016/10/20 ............cccccveveviveireiieseennnnn, 50
Figure 16: Steam consumption variation on 2016/10/25...........cccccceevevivevieiieieennnnn, 50

Figure 17:
Figure 18:

Steam turbine upper half opened for iNSPection.............ccocevvrviinnciennen, 53
Corrosion at the labyrinth seal...........cccoooiiiiiiii e, 53

Vil



List of Tables

Table 1: Apparel Industry ENergy MiX ......cccoooeiiiiiiieiie e 5
Table 2: Comparison of TGT and Conventional SyStems .........c.ccvvveveriienieeneniinnnn. 12
Table 3: Power Usage of the Super Market ...........cccccvevveieiieene i 14
Table 4: Energy Consumption of Textured JErsey.........ccovvvvverviieiieeseeriesieesesiesnens 16
Table 5: Energy Mix of TJ before and after the TG Implementation ........................ 17
Table 6: Capital expenditure of both Options...........ccccoviiiiieii e 22
Table 7: Summary of Energy Supplied by the Tri-generation Plant...........c...c.......... 23
Table 8: Schematic Diagram of the Tri-generation Plant at Tee Jay ..........ccccccevenee. 24
Table 9: Comparison OF FUBL COST.........oiviiiiieiese e 24
Table 10: Allowed steam quality parameters for Steam Turbine ...........cccccevvrnrnen. 30
Table 11: Heat to power ratio of different TG types.........cccovveviviveiiieve i, 34
Table 12: Performance of different Tri-generation options...........c.cccecvevveveeieiiennnn, 35
Table 13: Average thermal efficiency for year 2016 ..........ccoceveieieninininieieee, 38
Table 14: Heat to Power ratios for the year 2016 ............ccoovvrieieieniniienceeeee, 39
Table 15: Comparison of the KPIs with a typical TG plant............c.cccooevveiiienen. 40
Table 16: Average thermal efficiency for year 2016 for the ideal case..................... 42
Table 17: Average thermal efficiency for year 2016 for the ideal case..................... 43
Table 18: Net power output for year 2016 for the ideal case...........cccocvevvvivervinnen. 44
Table 19: Overall review of the performance ..........ccccoveveieeci s, 45
Table 20: Back pressure trip limit for the steam turbine..............cccoovevviiiiiieii e, 48

Vil



List of Abbreviations

TGT — Tri-generation Technology

TJ - Tee Jay Lanka PLC

IPZ — Industrial Processing Zone

HFO — Heavy Fuel Oil

STG — Steam Turbine Generator

KTPI — Key Thermal Performance Indicator
KPI — Key Performance Indicators

DCS — Distributed Control System

OEM — Original Equipment Manufacturer
CEB — Ceylon Electricity Board

ESP — Electrostatic Precipitator

GHG — Greenhouse Gas

PRV — Pressure Reducing Valve



ABSTRACT

In this study, the technical and financial performances of the first tri-generation plant
installed in Sri Lanka were evaluated. This plant was installed at Tee Jay Lanka PLC;

a leading knit fabric manufacturer in the local context.

In this tri-generation design, the thermal demand of the process was matched and the
technology used was the Rankine cycle with a back-pressure turbine. The overall
efficiency, heat to power ratio and the net electrical power were the technical
parameters evaluated for the technical feasibility. The net cash flow was evaluated for
the financial performance. The evaluation indicates that the TG plant operates below
the technical performance of a TG system, which uses the same technology. The
failure to operate the steam turbine was identified as the main factor for the
underperformance. However, the financial feasibility was observed for the year 2016,
indicating a positive cash flow throughout the year.

The detailed study reveals that the process steam flow variation caused the back-
pressure variation and therefore, the tripping of the turbine. It was proposed to alter
the turbine control mode from load command mode to the back-pressure mode.
However, the turbine startups failed due to high vibration. After the dismantling of the
turbine, it was found that the rotor had corroded and the turbine blades were loose. It
was sent for repairs. Afterwards, the turbine is to be started under back pressure mode.
If the operation is successful, the technical parameters which measure the performance

will reach nominal levels.

The political factors affecting the performance were also reviewed in brief. The energy
efficiency policies of the government are to be strengthened to encourage investment
in energy efficiency projects. The policy of importing coal has to be reviewed again

to assure a seamless supply chain especially for the small and medium scale users.



