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ABSTRACT

Residential condominiums have become popular in Sri Lanka as a modern and handy housing
option. Additionally, employing LPG as an energy source has become a viable option for
energy-efficient and sustainable residential buildings. The optimization of resource usage has
emerged as a critical frontier, particularly in the complex ecosystem of residential
condominium structures. The goal was to establish a sustainable energy management paradigm
that addressed the unique issues of residential condominiums, ushering in a new era of
efficiency, environmental responsibility, and resilient community living. This included an
assessment of current literature, regulations, and rules governing LPG use in Sri Lankan
residential condominium complexes and other similar situations. The technical aspects of LPG
use in residential condominium buildings were researched, including LPG use intensity,
utilization rate, per capita energy consumption from LPG use, and carbon content of the LPG
combustion process. This study's significance extends beyond academic exploration,
connecting with the practical concerns of industry practitioners, building designers, facility
managers, and other stakeholders involved in the condominium sector. As a result, the purpose
of this thesis was to develop a benchmark for household LPG consumption in a Sri Lankan
condominium complex by looking at technical, economic, and environmental factors.

Keywords: Sri Lanka, Residential condominium, Liquified Petroleum Gas (LPG),
Sustainable energy, Benchmark.



ACKNOWLEDGMENT

| want to express my warmest thanks to my supervisor Prof. S. Witharana made this
work possible. His guidance and advice carried me through all the stages of writing
my project. It also encouraged me to maintain my progress on track by directing me to
a logical way of thinking to complete this project successfully. I would also like to
thank my examining committee members for letting my defense be an enjoyable

moment, and for your brilliant comments and suggestions, thanks to you.

Many thanks to Prof. J.G.A. Saliya Jayasekara for his advice at the very beginning,
which was the turning point in my thesis. Also, many thanks to Dr. (Mrs.) M.M.I.D.

Manthilake for her positive thoughts during the examination process.

I would also like to thank the general manager, Eng. K.P.R.H. Silva of the
Condominium Management Authority assisted me in gathering data from
condominium buildings in Sri Lanka; without his assistance, it would have been

impossible; thank you.
Finally, I would like to acknowledge with much appreciation my family as a whole for

their continuous support and understanding when undertaking my research and writing

my project. Your prayer for me was what sustained me this far.



TABLE OF CONTENTS

DECLARATION OF THE CANDIDATE AND THE SUPERVISOR .......cccocviiiiiiiiiiiieieeieas i
ABSTRACT .ottt et e st s e e be st a1t et e sb e st e R e e b e st e b e e R R e Re b e e e Re et e Re et e e tenre e etenrs ii
ACKNOWLEDGMENT ...ttt bbbttt bene st ne st nnne iii
TABLE OF CONTENTS ..ottt sttt ettt st aneneenes iv
LIST OF FIGURES .....ocoi ettt sttt st sttt ettt ettt ne et st ne et b ne st vii
LIST OF TABLES ...ttt b bbbt s e bt et et s n et et ans viii
LIST OF NOMENCLATURE ...ttt bttt ix
CHAPTER L ...ttt bbb st b e bRt b e b st b ettt e ettt n et 1
1. INTRODUCTION ...ociiiiiiitiiet ettt ettt st e bttt e st e be st e st e nesbe s enesbenbene st 1
0 Y | o OSSPSR 2
1.2 (O o] T=T01 {1 PP 2
13 METNOTOIOGY ...ttt bbb e 2
(8 o A o I SRR 4
2. LITERATURE REVIEW .....occi ittt sttt sttt sttt 4
2.1 Liquefied PetroleUM GaS........ccciiieiieiie ettt et e te e e 4
211 Conventional System of LPG SUPPIY ....cooiiiiiiiiiiieeeeee e 5
212 Exhaust ingredient from LPG COMBUSEION ........c.coiiiiiiiniiiceeeec e, 6
2121 Understanding the Gas EXPlOSIONS........ccccoveiiiiiiiiiicsicceee e 6
2.1.3 Trend of LPG Consumption in Residential Buildings............ccccoovvvviieiie e, 7

2.2 LPG, Broadcast to the Condominium BUildings ........cccooveierininieninninieeierese e 8
221 LPG Supply Network in Condominium Buildings..........ccccoeviniininiinincnn 9
2211 GAS IMIBLET ...ttt 10
2.2.2 Advantages of LPG Piped Gas SYStEM .......ccccccveiiiieiie e 11

2.3 Legislation, Codes, and Safety Standards Related to LPG...........ccccoovvvveievenvicnnnenne 12
231 Sri Lanka Standard INSIULE .........c.ooviiiiiiee e 13
2.3.2 Construction Industry Development AUthOFItY .......ccccceviviiieiii i 13
2.3.3 Sri Lanka Sustainable Energy AUthOrity.........cccoiviieiiciecic e 13
234 Public Utilities Commission of Sri Lanka ..........ccocvevereninieniniineeieeene e 14
235 Municipal Councils and Local AUtNOFILIES ...........ccoiriiiiiir e 14
2.3.6 Fire Service DepartMent ...........ccoveiiiieiie it 14

24 Design Criteria for LPG Supply System in a Multi-Unit Building ...........cccccoeevvevenne. 14
241 ST BLY bbb e s 15
24.2 Capacity and DEMANG ..........ccviiiiiiieee e 15
24.3 PIPE SIZING -t bbb b 15
244 Location and INStallation. ... s 16
245 Storage REQUITEMENTS. .......ooiiiiiierieeie ettt snns 16
246 Pressure REQUIATION ........ccooiiiiiiiiiieee e 16
247 Emergency Shut-Off SYSTEMS.........ccoviiiiiii e 16



2.4.8 Compliance With STaNards ...........ccoeveeeiiieiere e 16

249 Documentation and Record-Keeping ........ccccocuvereiriniineneineeeseeeeseeeses 17
2.5  Factors Affecting the Domestic LPG COoNSUMPLION .......cccoviiiiriniiinieneiseneeseeeeies 17
25.1 HOUSENOIA SIZE ... 17
252 (00010 1] {0 1 P o | £SO 17
253 Efficiency Of APPHANCES ......ccooiiiiiiiiic e 17
254 SASONAI VANTALIONS.....c..iiiieiiiciecee et ettt e b e sne s 18
255 INCOMIE LEVEIS ..ottt ettt 18
256 CUIUFAL PFACLICES ..o.veveitiiiiieiirieiese ettt 18
257 Urban vs. RUIal SETEINGS .....cooiiiiiiiiiicieeee e 18
2538 Government Subsidies and POlICIES .........coce i 19
259 Energy EffiCIENCY AWAIENESS........cciviieieiiiese e e eee e s se e sre e 19
2.5.10 Availability and AcCeSSIDIITY .......ccviviiiiciee e 19
2.6 Benchmarking the Domestic LPG CONSUMPTION........ccoviririiriiiinieiecsieiecse s 19
2.6.1 YN =TT 0 Tod T T ST 20
2.6.2 Requirement of a Benchmark for Domestic LPG Consumption ..........c.c.ccceue.... 20
2.6.3 Advantages of Benchmarking the LPG Consumption...........cccccceevviveiienneinninens 20
2.6.4 KPlIs of Benchmarking the Domestic LPG Consumption ..........cccccooevviineinenne. 21
2.7 Benchmarking TEChNIQUES .......coiuiiiiiiiiiiee b 21
2.7.1 Points-based Rating System TeChNIQUE .........cccveiveieiieciccee e 21
2.7.2 Simulation Model-based Benchmarking Technique ............cccoocevivviiiie e, 22
2.7.3 Statistical Analysis Benchmarking Technique ...........cccccooneiiiniiineiienee, 22
2.74 Hierarchical and End-use Metrics Technique..........ccocooviriininnnnce 23
275 Advisable Technique for Benchmarking Domestic LPG Consumption.............. 23
2.8 Energy Management and Sustainable Approach in LPG Usage.......c...cccocvevveiiecvennnne, 23
281 Sustainable Energy Management by Benchmarking the Domestic LPG
(@0 a1 IW ] ] o] 1o ] o TN OO POUPTTPPRT 24
2.9 R (=T o - L PSS 24
CHAPTER 3 ...ttt ettt ettt ettt ettt e bt e b e e st et e e e bt et et ene et et e s e abe s 26
3 METHODOLOGY ...ocoiiiiiiiicit sttt sttt ettt te bt be bt be s be s ene st st ene st 26
31 (-1 - W O] | =T« o] o SRS 27
3.1.1 SCrutinizing the DAtasel...........ccviiiiii i 28
3.2 DAata ANAIYSIS .....viiieee et e ae e re e re b e nree e 32
3.3 Modeling @ BENChMAIK ..........coviiiiiiiiice e 35
331 Benchmark for LPG CONSUMPLION .......ccoiiiiiiiiiiiiscsieeese s 37
3.3.2 Validation of the BeNChMark ..o 38
34 L@ 1] (0{0] 1 0 1- X T T TP PP PTOPUPTURTPRPPN 38
(O8N e I SRR 39
4 RESUL TS ittt e e et e e te e e bt e e be e e teeete e e beeeteeasteeeteeeteeereeenreas 39
41 Determination of “Best-In-Class” Performance in KPIs.................ccccoocviiiiiiiiiiininnns 39



4.2  Compatibility to the Determination of Benchmarks ............ccccocvivviviiveieneniesie s 42

4.3 Benchmark for Domestic LPG CONSUMPLION .......cviiiiiiiiiieiiiniesesese e 51
4.4  Per Capita LPG and LPG Energy COnSUMPLION ......c.ccviieiineneisenieiee e 55
45  Carbon Content of LPG Combustion ProCess ..........ccoviviiiinienenisienesiesienee e 55
4.6  Gas Cylinder Change Frequency Based on the Per Capita LPG Consumption............ 58
CHAPTER 5 ..ttt bbb bbbkt bbb bbb e st b et e bt ne s 59
B DISCUSSION .. ..ottt bbbt b bbbkt b bt b bttt et sttt et 59
5.1  Problems Identified DUring the SUIVEY ... 59
511 Non-compliance to the COUNTIY LaW ........ccccevviiiieeieie e 59
512 Lack of Implementation of Modern TechniqUES ...........cccoveiiiireinineiccnccee, 60

5.2  Selecting KPI 3 for the Benchmarking PUFPOSE ..........ccccoviiiiininiiiicneeseeis 60
5.3 SPread 0F DAta SELS .....ccviiiiiieicie ettt re e anes 61
5.4  The Numerical Benchmark of Domestic LPG Consumption .............cccecveviveviveneernnnens 61
5.5  Sustainable Achievements through Energy Efficiency........ccccooviininiinniinice, 62
5.6 IMproving MaintenNanCe PraCliCeS ..........ccuiriiiireiiiirieiee ettt 63
CHAPTER 6 ...ttt ettt b ettt ettt et b et ettt e st et bttt ne b s 64
B CONCLUSION ..ottt ettt bbbt bbbt sttt e bt ne st 64
6.1 Recommendations and FUTUFe WOTKS ..o 65

L g N O SR 67
ANNEXURE = oottt sttt bbb bbbt ettt be s ere st 81
Gas EXPIOSION iN SFTLANKA ........cceiieiie ettt aeete e aneennee e 81
ANNEXURE = oottt et e st e e e et e e e st ae e e s bb e e e e anbeeeeentaeeeennees 85
SPECITICAtIONS OF GAS IMELET'S ...ttt 85

Vi



LIST OF FIGURES

Figure 1: Conventional System of Gas Cylinder CONNECLION ...........ccceoiriieinincinieeee s 5
Figure 2: Trend of LPG Consumption in Sri Lanka..........ccceciviriininiininiseeseeese e 8
Figure 3: LPG Piped GaS SYSIEM ....cuiiiiiiiiiiiiit ettt sttt ettt s 9
Figure 4: LPG gas fIOW MELETS .......oiiiiiiiieiiics ettt 10
Figure 5: Flowchart of the Benchmarking ProCeSS ...........ccoviiiiiiiiiiiiiicee e 27
Figure 6: Average ANNUAl TEMPEIALUIES ........coveiiririeiiterieeete ettt b et b e sr e sbenr e b e 29
Figure 7: Annual Rainfall in Sri LANKa ........cccviiviiiieieie et 30
Figure 8: KPI 1 against the Type of APartment ...........cccovviiiieiiniecicie e 40
Figure 9: KPI 3 against the Type of APArtmMeNnt ............ccoviiiiiiieie e 41
Figure 10: KPI 4 against the Type of APartment ..........cccovviiiiiicie e 41
Figure 11: Average LPG Consumption Trend per APartmMent ..........cccccvevveriieeveereeireseeseesieeseesee e 43
Figure 12: Average daily LPG consumption in 1BR apartmentS........ccccoevvieerieeieeiresiiesieseeseesesnens 44
Figure 13: Average daily LPG consumption in 2BR apartments........c.cccoevvieeieereevieeiesieeseesee e 45
Figure 14: Average daily LPG consumption in 3BR apartments..........cccocevivereereeireeiiesieseeseesesnens 45
Figure 15: Average daily LPG consumption in 4BR apartmentS..........cccoevvieeveereeiresiiesieseeseeseeseens 46
Figure 16: Average daily LPG consumption in 5BR apartments........c.cccoevvieeveeieeireeiiesieseeseesesnens 46
Figure 17: Histogram for 01-bedroom residential apartments ...........ccoccevvvviivie e 48
Figure 18: Histogram for 02-bedroom residential apartments ...........cccccevveieeiie i 48
Figure 19: Histogram for 03-bedroom residential apartments ...........cccccevvvevieeie v 49
Figure 20: Histogram for 04-bedroom residential apartments ..........ccocoeveirieneinneiseesceeeie s 49
Figure 21: Histogram for 05-bedroom residential apartments ..........cccoceveiriineinneis e 50
Figure 22: Behavior Pattern of the BEnChMarks ... 54

vii



LIST OF TABLES

Table 1: Specifications OF GAS MELEIS ......c..oiiiiii ittt e 10
Table 2: LPG Consumption in Residential APartments ..........cooevirereiiieneiesenee e 32
Table 3: Classification of APartment UNItS..........cooiiiiiiiiieiee et 33
Table 4: Comparison of LPG Consumption in Residential Apartments ..........ccococvvievveieneniencnennen 34
Table 5: SUMMArY 0f the 10 KPIS ..ottt 39
Table 6: Behavior of KPIs 1, 3, & 4 against the Type of Apartments..........cccocevevreneineneineneenen, 42
Table 7: Average LPG Consumption of 5 Types of Residential Apartments ........c..cccccevevereiesnennn, 43
Table 8: Statistical Analysis of Average Daily LPG Consumption .........ccccocevvvvnvsieeieienesesee e, 47
Table 9: Properties of the Gaussian Distribution Curves in the Histograms...........ccccccovvveveeiesvesnnnne, 50
Table 10: LPG consumption benchmarks for different types of residential apartments ...................... 53

Table 11: Comparison of derived LPG consumption benchmarks and values of trendline equation... 54

Table 12: Per Capita LPG Consumption and Per Capita LPG Energy Consumption ............cccccueveee. 55

viii



LIST OF NOMENCLATURE

Subscripts
BTU
MJ
RZ
kW
kg

g
mm
m2
ft?
m3

h

°C
%

Abbreviation
BMS

BR

C

CIDA

CMA

EC

EMSI

Eq.

HC
HVAC
KPIs
LPG
LPGN
NFPA
PM
RB+
SLS
SLSI
SLSEA
#N/A

Description

Amount of Energy needed to Cool or Heat
Energy

Coefficient of Determination
Power

Weight

Weight

Length

Area

Area

Volume

Time

Temperature

Percentage

Description

Building Management System

Bed-Room

Carbon

Construction Industry Development Authority
Condominium Management Authority
Elemental Carbon

Extra-Metabolic Scholander-1rving model
Equation

Hydrogen

Hydrocarbon

Heating, Ventilation, Air conditioning, and Cooling
Key Performance Indicators

Liquefied Petroleum Gas

Liquefied Petroleum Gas Network
National Fire Protection Association
Particular Matter

Randomized Benchmarking

Sri Lanka Standard

Sri Lanka Standards Institution

Sri Lanka Sustainable Energy Authority
Not Available



