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ABSTRACT

The consideration and necessary attention
towards natural forces (climatology) has been
overshadowed by market forces in cities like
Colombo. In addition to that most of  the
international cities have built forms with borowed
culture rather than their own indigenous character.
These built forms have no bearing on the natural
forces. As a result they consume very high amount
of both end-use and embodied energy. The
manipulation of internal environment with little
concentration to dynamic and complex issues of
natural forces has led to environmental
degradation. Therefore this study analyses the
cooling energy and themmal comfort implications
of the changing urban climate of Colombo Sn
Lanka. More recent climatic average is assumed
te. 'ber indicative Lo uban heat island
phenomenon. Using parametic building energy
simulation software, the dissertation analyses the
cooling energy and themal comfort differences
(based on PMV & OT as the major yard stick)
amving from the recent years. Nine options are
examined to determine their potential to mitigate
the negative impacts of the aitered urban climate.




ACKNOWLEDGEMENTS
ABSTRACT

LIST OF TABLES

LIST OF FIGURES
INTRODUCTION

Objectives

Scope & Limitafions
Hypothesis
Methodology

CHAPTER ONE - ENERGY AND FORM

1.1 Introduction

1.2 Anpraisal of Fneray Ffficient
wesign

g W I UL Sl

t Forms
1.4 Urban Heat Islands

1.4.1 Causes of Heat Island

1.4.2 Urban Geometry and
Heat Island Effect

1.4.3 HeatIsland Effect in
Colombo

Vi

vii

—

[, TG, B8 -N

16
16
17
18

19

CHAPTER TWO - THEORY AND ANALYTICAL FRAME WORK

2.1 Introduction

2.2 Theory

2.2.1 Relationship between built
forms and natural forces

2.2.2 Effect of natural forces on

building parameters

23 Analytical frame work
2.4 General analysis on basic built
forms based on PMV OT

21
21

21

25

25

it



& Cooling Energy

2.5 Selection of sites
2.6 DEROB-LTH

2.7 Climatic data

2.8 Parameters of study

CHAPTER THREE — CASE STUDIES
3.1 Introduction

3.2 Base Cases

3.3 Results

CHAPTER FOUR - ANALYSIS
4.1 Analysis 1- Thermal Comfort
4.1.1 Base Case — York Street, Fort

Vo

~ommunity
Housing, Colombo 5

4.1.3 Comparison

4.2 Analysis 2 - Cooling Load
4.2.1 Base Case — York Street, Fort

4.2.2 Base Case —-Community
Housing, Colombo §

4.2.3 Comparison

CHAPTER FIVE — CONCLUSION

REFERENCES

Appendix 1
Appendix 2

26

27
31

43

44

49

125

127

146
156

166

166

169

170

173

177

v




LIST OF TRBLES

Table 1

Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

Table 8

Table 9

ble 10

Table 12

Table 13

Table 14

Tablel5

Long-term urban climatic changes in
selected U. S. cities

Effect of urbanization on climatic
parameters

Causes of urban Heat-Island and their
effect on microclimate

Existing conditions of selected sites
Expected situation of selected sites
Historical Data of selected sites
Climatic Data

Building Materials and their properties
Materials of Building Elements

Clothing Data

at different typical
activities are depicted below in the

Internal Loads (House)
Internal Loads (Commercial building)

Equipments and their power
absorption/release

Parameter table

20

32
32
33
34
36

37

39

40
4]

42

49




ABBREVIATIONS:

PMV PREDICTED MEAN VOTE
0)] OPERATIVE TEMPERATURE
CMR COLOMBO METROPOLITAN REGION

CMRSP COLOMBO  METROPOLITAN  REGIONAL
STRUCTURE PLAN




LIST OF FIGURES

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig.7

Fig.8

rig. 7

Fig. 10
Fig.11

Fig.12

Fig. 13

Fig. 14

Fig. 15

Shows that built forms, which are not in
phase with natural forces consume high
amount of energy for maintenance

Explain the way in which the
temperature increases in a city center
by heat island effect

Show the energy cycle and inter
dependence of end use and embodied
energy respectively

Show the energy cycle and inter
dependence of end use and embodied
energy respectively

Shows the energy conscious layout of
Mesa Verde settlement

Shows the evolution of form with respect
to natural topography

Shows the height of the built form with
er and winter solar

(@] ::Jl:‘v.a

Shows ihat the back yard and the
access ways in Davis California are
designed to retain the rainwater and
save the energy for water pumping

Shows the built forms, which comply
with the OTTV regulation of Singapore
GDP- Electricity relationship for Sri Lanka
(1974-1994)

Energy Efficient High Rise Buildings.
Comparisons between a typical office
building and proposed climate
responsive design.

Thirty-year diurnal variations in
temperature during the hottest month in
CMR

Show the general distribution of solar
radiation and change in solar radiation
with respect to height respectively

Shows that surface area change: with
change in the configuration of the form
(number indicates the number of
exposed surfaces)

1

N

12

13

14

15

19

22

23

vii



Fig. 16

Fig. 17
Fig. 18 &
Fig. 19
Fig. 20
Fig. 21
Fig. 22
Fig. 23
Fig.24

Fig. 25

Shows the amount of reflected glare o
the environment form the built form with
100% curtain wall

Shows the wind gradient at different
locations

Show the effect of the wind due fo
different height and layout of built forms

York Street, Fort

Street elevations-York Street, Fort
Anderson Flats, Colombo 5

York Street

York Street

York Street

23

24

24

28

29

44

44

45

viii



