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Abstract

Energy is the burning issue for the twenty-Tirst century Bangladesh. Due o frenzied
urbanization and limited resources to pencrate power, the econoniic activities are being
greatly hampered by power cuts; meanwhile the power sector is suffering from lack of
capilal, inadequate gas supply and high rate of system loss. Dhaka consumes almost
53% of total generated clectricity according to the Dhaka Power Distribution Company
Limited (DPDC). The domestic sector is the main consumer of commercial energy in
Dhaka cily. The lailest records show that the domestic catcgory alone consumes more
than 40% of the total sale of DPDC. Therefore. cnerpy cfficiency improvements in
residential buildings have large potential for energy conservation. Proper policy
measures could enable the residential building sector to function more cfficiently which
would ultimately ensure sustainable urban environment.

The present thesis examined the electricity end-use pattern in residential apartment
buildings of Dhaka City in the context of growing density and vastly reduced scope for
natural lighling and ventilation. The study intended to evaluate the cnerey performance
of buildings of this paticular type against the urban textural quality that affects urban
micro-climate. The assumplion was that the energy elTiciency of residential buildings is
alfected by provision of natural lighting, ventilation and thermal environment. The
study Mindings revealed that different types of residential developments vary in urban
textural qualily and there s substantial variabion in ‘energy elliciency” of buldings in
these locations.

The survey findings showed clear indications for the physical and environmental
characteristics of tmmediate surroundings of a residential building having substantial
impact on building ‘energy efficiency’. Increased awareness and incentives o conserve
energy by adopting efficient design measures and energy efficient technology can be
vital to improved energy efficiency in buildings as higher affordability and ignorance
can lead to misuse of energy. As the most appropriate solution at hand, the flourishing
sector of multi-storied residential apartment buildings demand more in depth rescarch
regarding appropriate scale, form, building material, utility and mechanical systems et
in order to make the whole system more efficient to reduee its adverse impact on the
cnvironment. This can be achieved through holistic planning approach and adoption of
result oriented design measutes by the city planner’s and implementation of control and
enabling policy measures from the policy makers” part.



Acknowledgement

This research work is indebiled to various individualy™ thoughtlul coniribution and
sincerc involvement at difforent stapes, 1 greatly approciate theie puidance, advice,
supervision. criticism. provision of data and information, assistance and good wishes for
completing this thesis work.

I would like to offer my sincere gratitude and deep appreciation to my supervisor,
Prolessor Dr. Roxana Halle, Chairman ol the Examination Commiftes, tor her constant
euidance, supervision as well as critical comiments from the very first step of
formutating the research topic, during the teldwork tifl dissertation writing.: My sincere
gratitude is also exiended (o Professor Dr. Zebun Nasreen Ahmed, Departmend of
Architecture, Architcct-Planner A. H. Md. Magsood Sinha and Planner lftekhar
Enayetullah for enlightening me with their valuable insight sbout the topic of the
research.

My special thanks to the residents of the surveyed buildings, the officials of Dhaka
Power Distribution Company and the Superintendant Engineer, BUET for their kind
cooperation during the survey.

Successful completion of this thesis work would not have been possible without the un-
conditional support from my family members, specially the constant guidance and

sincerc ¢fforts of my husband, Architect Md. Tarck Haider.

I am graleful o Almighty Allah For keeping me healthy and sale.

vl



Table of Contents
Abstract v
Acknowledgement Vi
Tuble of Contents il
List of Tables X
List of Fipures xi
List of Plates Xiv
List of Picturcs xv
Chapter 1: Introduction 1
1.1 Ihe Problem 2
1.2 The Conlext 3
1.2.1 Lncrey, Urbanization and Sustainability lssues World Wide 3
1.2.2 Lincrey Situation in Bangladesh 4
1.2.3 Urban Sector Prohile of Bangladesh 7
1.2.4 Housing Situation in Dhaka City g
1.3 Research Ohjectives 9
1.3.1 Main Goal of the Study G
1.3.2 Specific Objectives il
1.3.3 Delimitions and Explanations of Relevant Terminologies it
1.4 Research Rationale 12
1.5 Scope and Limilations of the Study 12
1.6 Literature Review 4
1.6.1 Concepts ef'Sul_slainable Urban Planning 14
1.6.2 Energy Issues in Urban Planning L5
1.6.5 LIrban Development Form and Energy Consumption 15
1.6.4 Lirban Texture , Urban Climalology and Energy Consumption 16
1.6.5 Techniques to Improve Urban Micro-Climale 15

¢!

Vi



1.6.6 Energy Use in Lirban Buildings 21
L.6.7 Energy Ellicient Building Design 23
1.6.8 Barriers to Improve Linergy Lfficicney in Buildings 24
1.69 Policy Measures to Linprove Encrgy Efficicncy for Buildings 27
1.6.10  Existing Policy and Regulations In Bangladesh 28
1.7 Research Methodology 30
1.7.1 Typology of the Research 30
1.7.2 Research Activitics 32
Chapter 2: Case Study Analysis 37
2.1 Introduction 38
2,2 Case Study Areas 38
2,3 Urban Texiure and Ambient Environment of Case Study Areas 41
23.1 Planned Private Developments: Uttara, Mirpur, Gulshan and 4y
Lalmalia

2.3.2  Unplanned Private Developments: Rajabazar, Dhanmondi, Shegun 49
Bagicha and Shanti Nagar

2.3.3  Planned Public Housing: Kalyanpur TMousing Estate, Shahid
Giasudding Residential Area, Dhaka University and BIFET 60
Teachers’ Quarters {Dhakcswary campus)

2.4 Form and Immediate Surroundings of the Case Study Buildings &35
2.4.1  Building Form &5
2.4.2  Building Density 65

2.5  Proflile OF The Dwelling Units in The Case Study Buildings 67
2,51 Socio-Economic Profile of the Surveyed Households 67
2.5.1  Classification of Households by Electricity Consumption Level 68

2.6 Access to Natural Light and Thermal Environment in Case Study Buildings 70

2.7 Lnergy Cfficiency of the Case Study Residential Buildings 20
2.7.1  ‘Energy Lificiency” and Tvype of Residential Development g1
2.7.2  Dwelling Density and *Encrey Efficiency’ ol Apariment Buildings 84

2.8 Summary of Findings 85

Vil



2.9 Correlation Analysis HE]
2.9.1 Correlation Between Aftordability and Energy Consumplion in the 88
Case Study Duildings
2.9.2  Correlation between Urban Texture and Energy Consumption in 89
the Case Study Bulldings
2,93 Correlation between natural lighting provision and cnerey 50
consumption per unit area of buildings
2.94  Correlation between ambient thermal environment and energy g
consumption per unit arca of buildings
Chapter 3: Conclusion and Recommendations 91
3.1  Key Findings 92
1.1 Existing ‘Energy Efficiency” of Residential Apartrnent Buildings in 93
Dhaka City
312 Urban Texture and ‘Energy Efficiency’ of Residential Buildings 93
3.2  Planning Impiications o4
33  Conclusion 96
34  Rocommendations 98
341 Recommendations Regarding Urban Planning Policy Measures 94
3.4.2 Recommendations Regarding Urban Design 104
343 Tecommendations Regarding Residential Building Design 100
344 lHecommendations [or further study
References 102
Bibliopraphy 105
Anoexure 1o
Annexarc Al 11
Annexure A2 [12
Annexure Al (13
Annexure Ad t3t



List of Tahles

Chapter 1

Table [.1:
Table 1.2:
Tablc 1.3:
Tablc 1.4:

Chapter 2
Table 2.1:
Table 2.2:

Table 2.3;
Table 2.4:

Tahle 2.5

Tahle 2.6
Tablc 2.7

Tablc 2 .8:

Table 2.9:

Table 2.10:

Table2,11:
Table 2,12

Table 2.13

Table 2.14
Table 2.15
Table 2.16
Table 2.17

Electricily consumption in South-Asian countries
Power Secior al a glance (As on June 2007)
Encrgy use break down (%) Lo UK domestic and commercial buildings

Income group and their distribution i Dhaka (DCC)

Classilication of case study areas

Urban texture and ambiend temperature ol survey points in planned

privatc arcas

Urban texture and ambient environment at survey points of

unplanned privale developments

Urban texture and ambient environment at survey pomts ol planned

public housing arcas

Form, shape and surrounding of the casc-study apartment buildings.

Houschold (HH) characteristics of surveyed dwelling units

HH Classificalion by Income in Surveyed Residential Areas

Average houschold consumption of clectricity in surveyed
apartment buildings by catcgory of residential developments

Standard illumination levels for residential indoor spaces

Lighting and thermal condition in case study buildings.

Estimated ‘engrgy efficiency’ of the case study buildings

Change in "EE” Along With [ncreasing Dwelling Densigy of Apariment

Buildings with Lil

Change in "LE” Along With Tnereasing Dwelling Density of Walk-Tlp
Apuriment Buildings

Summery of findings

Caorrelation analysis; EE and Aftordability
Correlation between catio of soft surface to hard surface and EE

Correlation between ratio of open space to built-up arca and LI

L L

21
33

T

71
74

B3

87
1
a9



List of Figures

Chapter 1

Figure 1.1: Electricity consumption by category, 2004-03 ]
Figure 1.2: Electricity consumption growth trend by category 7
Figure 1.3: Sketeh ol an Urban Heal-1sland Profile 18
Figure 1.4; Factors that allect enerey consumption in buildings; according 22

to Baker and Steemers, 2000

Figure 1.5: Components of residential enerey end use (n Hong Kong, 1995 22
Figure 1.6 F.esearch Methodology at A Glance 3l
Chapter 2

Figure 2.1 Distribution of surveved buildings by type of residential 39

developments.

Figure 2.2a: Built-up arca within U-1 boundary 43
Figure 2 2h: Green coverage within -1 boundary 43
Frgure 2 2c: Open space and buili-up area ratio at -1 43
Figure 2.2d: Green cover and exposed hard surface ratio at U-1 43
Figure 2.3a: Buiit-up area within U-2 boundary 44
Figure 2.3b; Green coverage within U-2 boundary 44
Figure 2.3c; Open space and built-up area ratio at U-2 44
Figure 2.3d. Green coverage and exposed hard surface ratio at U-2 44
Figure 2.4a: Built-up arca within M-1 boundary 45
Figure 2.4 Green coverage within M- | boundary 45
Figure 2.4e¢: Open space and built-up area ratio al M-1 435
Figure 2.44: Green cover and expesed hard surface ratio at &-1 45
Figure 2. 5a; Built-up arga within G-1 boundary 46
Figure 2.5h: Scf surface within G-1 boundary 46
Fipure 2.5 Open space and built-up area ratio at G-1 46
Figure 2.5d: Sof surace and exposed hard surface ratie at G-1 46
Frgure 2 6a: Built-up area withtn (-2 boendary 47
Figure 2.6b: Sofl surface within G-2 boundary 47
Figure 2.6¢: Open spice and huill-up area ratie ol G-2 47
Figure 2 64d: Sof surface and exposed hard surface ratio at §-2 47

Xi



Figure 2 7a:
Figure 2.7h:
Figure 2.7c:
Figure 2.7d:
Figure 2.8a;
Figure 2.8b,
Figure 2.8¢.
Figure 2.84d;
Figure 2. 9a
Figure 2.9h:
Figure 2 9¢c:
Figure 2.9d:

Figure 2.10a:
Figure 2.10b,
Figure 2.10¢:
Figure 2. 104:
Figure 2.11a,
Figure 2 11
Figure 2 1 lc:
Figure 2.11d:
Figure 2.12a:
Figure 2.12b;
Figure 2.12¢:
Figure 2,124,
Figure 2.13a:
Figure 2,13
Figure 2_|3¢
Figure 2.13d:
Figure 2. 144a;
Figure 2,14
Figure 2 1de:
Figure 2.14d:

Nuilt-up arca within L-1 boundary

Soft surace within T-1 boundary

Open space and built-up arga ralio at T.-§

Soft surface and exposed hard surface ratio at L-|
Built-up area within R-1 boundary

Gireen coverage withiu R-1 boundary

Open space and built-up area ratio at B-1

Sol surfiuce and exposed hard surthace ratio at B-1
Built-up aréa wilhin R-2 boundary

Soi surface within R-2 boundury

Open space and built-up arca ralio at R-2

Sof surace and exposed hard surface ratio at R-2
Built-up area within -1 boundary

Soft surface within D-1 boundary

Crpen space and built-up area ratio at D-1

Solt surface and eaposed hard surface ratio at D-1
Built-up area within 5b-1 boundary

Green coverage within Sb-1 houndary

Open space and built-up area ratio al Sb-1

Green cover and exposed hard surface ratio ai Sh-1
Built-up area within 5b-2 boundary

Cireen coverage within Sb-2 boundary

Open space and ailt-up area ratio at Sh-2

Green cover and exposad hard surface ratio at Sh-2
Built-up arca within 8-1 boundary

Crreen coverage within 5-1 boundary

Open space and buili-up area ratio at 5-1

Green cover and exposcd hard surface tatio at 5-1
Built-up area within 5-2 boundary

Green coverage within 3-2 boundary

Open space and butll-up area ratio at 5-2

Green cover and expesed hard surface ratio af -2

Xil



Figure 2.154;
Figure 2,156,
Figure 2.15¢,
Figure 2. | 54:
Figure 2. 16a:
Figure 2. 16b:
Figure 2.16c:
Figure 2.16d;
Figure 2,171
Figure 2.17b:
Figure 2.17¢:
Figure 2174
Figurs 2.13

Figure 2.19:
Figure 2.20
Figure 2.21:

Figure 2.22 a;
Figure 2.22 b
Figure 222 ¢
Figure 2.22 4

Figure 222 ¢

Figure 2.22 1
Figure 2.22 g
Figure 2.22 h;

Figure 222 4:
Fiprure 2.23:

Figure 2,24,
Figure 2.25a;

FFigure 2 23h:

Built-up area within K-1 boundary

Green soverage within K-1 boundary

Open space aud built-up area ratio at K-1

Gireen cover and cxposcd bard surlace ratio at K-1
Built-up area within BU-| boundary

Green coverage within DU-1 boundary

Open space and built-up area ratic at BU-1

Green cover and exposed hard surface ratio at BU-1
Built-up area within DU-1 boundary

Green caveruge wilhin DU-1 boundary

Open space and built-up ares ratio at DU-1

Green cover and cxpased hard surface vutio at DU-]

Dustribution of 1Ths With Ditferent Income Tevel in Surveyed
Residential Areas
Dristribution of Households by consumption level

lighting condition in case sudy buildings

[ndoor thermal condition in surveved bides.

Lighting condition at Utllara case study buildings
Lighting condition at Gulshin case study buiidings
[ighting condition at T.almatia casc study building
Lighting candition at Kalvanpur case study building
Lighting condition at DU case study building
Lighting condition at BULT caze study building
Lighting condition at Dthanmaondi case study buildings
Lighting condition at Rajabazar case study buildings

Lighting condition at Shegun Bagicha case siudy buildings

Comparison of ‘energy efficiency’ estimates by type of buildings in

dilferent residential developments

Propartion of ¢ase study buildings of different energy elficiency level

in three type of residential developmaent

Change in per- unit- energy- censumption along with increasing

dwelling density: “Apariment building with Tift™.

Change in per- unit- encrgy- consumijition along with increasing

dwelling density: “Walk up apartment building”.

xiil

7 -

62
62
62

a3
63
a3
63
o4
44
44
a4
68

69
72
71
T3
74
75

75
76
77
TE
79
82



Chapter 3
Figure 3.1.  'The three approaches in a supportive framework for energy 39
efficiency in buildings

List of Plates

Plate 2.1 “Survey point’ locations in Crooghs karth image of Dhaka, Bangladesh, 40

Plare 2.2 Laeation of ‘Survey poum U-1"; ‘Google Earth’ image Planmed private 43
development: Liara (sectar 1)

Plate 2.3 Location of “Survey point 11-27 'Google Earch™ unage Planned privare 44
development; Uttara (sector £)

Plate 2.4: Location of “Survey point M-1": *Google Earti” image Planned private 4=
development; Mirpur

Plate 2.5: Location of “Survey point G-17; *Google Earlh’ image Planned privats 46
development: Gulshan

Plate 2.6: Loeation of ‘Survey point 327 ‘Google Earlly’ image Planned privats 47
development: Gulshan

Plate 2.7 Losation ol *Survey point L-17: *Google Earth® image Planted private 48
development: Lalmatia

Plate 2.8: Location of *Survey point R-1": *‘Google Earll' image Unplanned private area; 53
[azabazar

Plate 2.9: Location of ‘Survey point R-2°: ‘Google karth” image Unplanned private area; 54
Razabazar

Plate 2.10; Location of “Survey point D-17: "Google Bah® image Unplammed private area; 35
Dhanmondi

Flare 2.11:  Location of *Survey point 3b-17; ‘Google Earth’ image Unplanned privale 14
arca: Shegunbagicha

Flate 2 12; Location of ‘Survey point Sb-2°: -Guoogle Earth” image Unplanned private 57
area: Shegpunbagichy

Plate 2,13 Location of "Survey point 5-17; “Google Eanh' image Unplanned private af
development: Shanti Wagar

Plwie 2.14:  Location of “Survey point -2 ‘Geogle Eadh’ image Unplanned privaee 59
development: Shanti Nagar

Plate 2.15:  Location of “Survey point K-17: "Google Tarth’ imuwe Planned public housing: 62
Kalvanpur

Plme 2.16:  Localion of *Survey pomt BU-1: *Google Carth” image Planned public 63

housing: BUET T

v



Plate 2.17:  Location of “Survey point DU-1": *Coogle Farth’ image Planned public
howsing: Shahid Giasuddin Residential area, DL

List of Pictures
Picture 2.1 Exterior view of surveyed buildings al “Survey point D-17 a1 Dhanmondi

Picture 2.2 Exterior view of surveyed buildings at "Survey point 5B-1 & SB-2 at
Shegun Bagicha

Picture 2.3 Exledoer view ol strveved buildings at ~Survey point BU-1"ar BUET,
Dhakeswary campus

Picturc 2.4 Exteror view of surveved huildings at “Survey Points DU-17 at Shahid
Giasuddin Residential arca, Dhaka Universily;

x¥

a4

51
52

61

)



CHAPTER 1

INTRODUCTION



1.1 The Problem

Energy is a burning 1ssue lor the twenty-first century Bangld ith the ever
growing demand Tor energy o cope with a developing cconomy on one hand and the
impact of climate change on the natural environment on the other, ensunng adequate
supply of energy and s efficient use has bocomc the key Tuctor (or the country's
sustainable development Due 1o ftenzied urbanization and hmited resources to
Cencrate power, economic aclivities are being greatly hampered by power cuts;
meanwhile the power seclor 15 suffering from lack of capital, inadequate ¢as supply

and high rale of system loss.

Duz to spatially unbalanced urbanization country-wide, all the major economic
activitics arc concenirated m the capilal city of Dhaka With only 43% electricity
covcrage country wide, Dhaka consumes almost 55% of total generated electricity
according to the Dhaka Power Disiribution Company Limited {DPDC). Therefore
therc is a tremendous pressure of population and conscquential inlrastructural and
accommedation requirements lor domestic, commereial, service sector and indusirial
activitics in this city. As accommodating more and more people in a limited space has
becamne the priority issue. extremely increased density is ercating pressure on utility
services which is evident in increased rate of load shedding and irregular electricity
supply. On lhe other hand, land scarcity and high demand of housing unus in the
urkan arca has resulted in a development trend characterized by very closcly spaced
high-density building blocks withouot the provision of open spuce and greenery. lhese
buldings are deprived of natural ventilation and lighting provisions and suffer from
urban heat island (UHMT) effect resulting in dependency on artificial lighting and afr
conditioning. A recent study {Roy, 2003) on residentialb ureas of Dhaka showed that
where building mass density and proportion of hard surfaces is higher. temperature is
also higher Therefore, if not properly addressed. energy for clectric lighting and
mechanical cooling/ventilation will continue lo increase and urban micro chmatic

cffects will hamper indoor and outdoor space comiort level,

The present thesis is based on the argurment that, improved enerey efficiency in urban
buildings should be the focus of urban planmng so thal the urban development pattem

Is conducive to sustainable energy consumption. lo incorporate energy efficicney



isgucs in urban development planning, the planners need to evaluate energy end-use
pattern in urban buildings along with the diffcrent socio-culfural, economic and
physical environmental {actors affecting it. The rescarcher intends o examing the
cxisting cnergy end-use pattern in residentiai buildings located wn dillerent areas of
varying development characteristies within the Dhaky City Corporation area with the
assumplion that the energy efficicney is atTected by the micro-climatic condition and
access 10 natural light, which are functions ol surrounding urban texture and ambicni
enviromment of a building. This rescarch argues thal, it is important o understand the
relationship of urban micm climatic nalure resulting irom urban form and texture with
coergy comsumplion in residential buildings to make lulure design decisions for
residential developments and afso improvement measures for exisiing ones o cnsure

sustamable energy consumplion.

1.2 The Cantext

1.2.1 Encrgy, urbanization and sustainability issucs world wide

Citics are the principal comsumers of encroy. Despite only representing 2% of the
waorlds land surface, they are responsible for 75% of the world's enerygy consumplion
{Boyd, Z008) With increasing urbanization in the world, oities are growing in
nmumber, populaton and complexity; and according o (he United Natien's
Intergovernmemal Panel on Climate Change, in the coming years, lwo-thirds of the
growth in global electricity usage will be seen n the developing world and mostly in
its citics. However, dependency on fossil fuel for the supply of energy to these citics
and the realitv of cver growing demand has imposed two most pressing issues
challenging the sustainable devclopment of the modern world, cnergy erisis and
climate change, Concerns are growing all over the world about the environmental and
social impacts ol the heavy reliance on fossil fucls which include air pollution,
frequent namural disasters due o global warming, waste disposal problems, land
degradation and the depletion ol natural resources. Governmients are setting carbon
emission reduction targets as improved energy efficiency of wrban actinties and

developmenl 1s understond to be one of the key [actns for sustainability of citics

With increasing urbanization and the consequent rise in energy demand for private

and public consumplion and o economic activitics, there is an urgent need for
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energy efficient urban planning and consteuction (UNLEP, 20010, [t has becn well
gstablished that urban enerpy efficiency is essentially dependant on the enerpyv
glliciency of its buildings as they accourtt for at least 40% of the cnerpy use in most
countnes in the world, No other individual sector has the same impact in terims of
gnergy use and associaled green house emissions (WDRCSD, 20073, As sipnificant
users ol energy and materials in a society, energy conservation in buildings playvs an
important role in urban environmental sustainability, As a response to this realization,
city authorities in many countries have taken up policics, regulations and standards

for cnergy use to enhance energy efficiency and promote cnergy conservation.

In the developing countries, like 13angladesh, the high rate ol urbamsation leads to
higher densitics than traditional sctttements. Today the challenge before many cines
like Dhaka is to support a large number of people while limiting their impact on the
natural environment. Therefore, the task of architects, planners and other building
professionals today is to design and promaote low encrgy buildings in a cost cffective
and environmentally responsive way, although in high density citics, beeanse of
limitation of land and space and the reduced scope for natural lighting and ventilation,
the-tﬂsk is complicated and hard to achicve. In case of Dhaka, the iarge population,
land scarcitv, lack of natural resources cte. makes the situation all the meore

complicaled,
1.2.2 Energy situation in Bangladesh

Bangladesh 1z not well endowead with conventional sources of cnergy. The country’s
chergy sources are neither adequate nor varied, Conventional commercial sources of
energy in the country include fossil tuels, such as coal, oil, natural gas and
hydropower. The power generation system is basically mono fuel basced as abour 90%
power is produced from natoral gas. Other oplion 15 the lone Hydro Elecuic Plant at
Kaptai, The only coal based platt is at Barapukuria and scveral small fumace il and

diesel plants in the northern and southern region.

The wofal nstalled generation capacity of the country is about 3269 MW f{as on Junc
20073, Efecineity generation grew at aboul 7% p. a. during the last fifteen (15) vears
compared with average annual GDP growth rate of about 5.53%. angladesh's per

capita clectnieits generation of 165 kKWh per annum {ADD,2007) is still among the

4
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Iowest in the workl, Tabie 1.1 shows the clectricity consumption per capita in South-

Asian countrics. About 43% of the population of Nangledesh has access to electricity.,

which is also low comparcd 1o many developing coumries, This implies that the

power sector has to increase sipnificantly. Given the buge invesiment requirement for

power development in the country, Bangladesh would be looking forward to various

sources of finance. The Government has already opened the power sector for private

imvestment and 1he Private Sector Pawer Genemtian Policy”™ has been formulated in

1996 (source: www.powercell.gov.bd). Table 1.2 depicts the power secior in

Nangladesh at a glance.

Table 1.1: Electricity consumption in South-Asian counirics

| Country ~ 7| Anmual” Gensumplion “per [ Coumtry = = 7 Annual consumpiion per © 77
f . - leapim KWhissul2003) _ | . . .. copita, K\Wh (rs of 2003) )
Bangladesh | 145 Srilanka 407
Bhutan 218 Avg. developed LI57
countrics
Indin 594 Ava, world 2,490
Maldives | 490 Avp. high income 10,331
countrics
Pokistan 493

Source: UNDE 2006 op cit, pp. 154,158

Table 1.2: Pawer Sector at a glance (A5 on June 2007)

Ceneratlon

In<talled Capacity;

(a} RPN I8N MW
(b} IPP and Mixed Sector Total 1,397 MW
Total 5269 MW
Movimum Demand Serned, Tolal MLIRE MW

Net Encerpgy Gencrution

l‘lTrummIssIun

Transmission Line:

23,367 M LWh

230kV 1,467 Ckt km
132kV 5.578 Cktkm
Total 7.044 Chi km

oo )



Capacity of Grid &/5:

2301132 kY SATSMYA
1333V 7219 MVA
Distribution =T T 77 T T
Distribution Line (33 KV, 11 KV and 0.4 kV) ST a2 km
Tetal no. of Consumers 10.42 Million
Taotal no, of Agricultural Consumers 2 Lac 26 Thousand
Total no. of Village Electrified 50,360

Access to Electricity 4%

Per Capita Crerveration {65 kWh

System Loss (T end D) 19.30%

Source: www powercellgov.bd, 2009

The highest portion of generaled electricity is consumed by the indusirinl sector where

domestic services claim the second lerpest portion (Figure 1.1). However 1he average

growth rate of electricity consumption is the highest in domestic sector (Figure 1.2)
- which is 9.2 while the same is B.7 in the imdustrial sector{ BBS 20035).
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Figare 1.1: Fiectridity consumpition by category, 2004-05,
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Figure 1.2: Eleciricity consemption grawth trend by category
Source: HBS 2005

The Government of Bangladesh has prepared a draft Renswable Energy Policy and 1s
serjously considering electricity generalion from all possible sources of rengwable

enerey such as wind, solar, biomass, biogas, mini-hydro, and solid wuste.

1.23 Urben sector profile of Bangladesh

Bangladesh has an estimaled current population of 140 million people, a quarier of
which or 35 million people reside in the urban areas. By 2013, more than half of the
country’s population is projected Lo live in urban areas according to an Asian
Developmem Beink (ADB) Coumry Report of 2005. Even though the level of
urbanization is stitl low, the growth rale of urban population is very high. The report
also says, the rate of growth of urban population is almost double that of the toal
population growth, at 2.5% per annum compared le 1.4% lolal population growth rate.
The urben development trend is characterized by considerable regional and spatia
vapiation across the Elldministrulive divisions, which crcates a scenario of highly
unbalanced developmént. Cenlered on the mega-city of Dhaka, where urbanization is
estimated Lo be more than 50%; (here are corridors of urbanization radiating from
Dhaka towards the west the northeast and the east following the highways, and to Lhe
sourheast to some extent along the water routes, The remote dismets have lower mte

of urbanization than the nalional average.



Given the primarily agraman and rural natwre of the ceonomy, the urban seclor
traditionally did not recerve adequale atlention in terms of policies and investinents.
The resull s massive whantsation and urban growth which is unplanned. unregulated
and uncontrolled. This resulted in severe pressure on utility services such as
electricity, waler supply and sanitation gystems. Shonage of housing is forcing people
o squal on govermmenl and private lands often in the urban {ringes. Inhill
developmenty are making urban open spaces disappear and deterioration ol the urban

environmernl.

The National Program Documient for the Urban Sector of 1994 claims that one ol the
de facto urban policies in Bangladesh is to promete “economic decentrahizatiom’™ and
“balanced growth™, by which arc mcant the de concentration ol populanion and
econoniic activily away lrom 1Dhaka and the other large cities. Despite (his realization,
the aciual scenario 18 that the sccondary towns have been growing withoul any
physical and deselopment plans and as there is no planned attenipt Lo divert people
from the large cilies 1o the sccondary towns. every vear thousands of peopte migrate

to Dhaka pulting tremendous pressure on housing and related facilities.
1.2.4 Housing situation in Dhaka City

Dbaka cily adds almost half a million people to its population each year given the
growth rawe of 4.34 peorcent, according (o a World Bank report (2007} To
accommodile the new people the city would need at least 10 million new umts by the
year 2015 According to the latest data available, 26% of Dhaka city’s land area is

occupied by residential land use {Swrvey of Bangladesh, 1993) ).

Private scctor housing is one of the lastest growing seclors in the cconomy of
Bangladesh and it concentrates its activitics mostly in Dhaka. The conversion of
Dthaka from an ordinary town lo a metropolis 1 manifest in the transformation of the
nuclegr houses into multi-level apartments. lnadequate supply of developed land and
high construction costs arc the major constraints in nost new tormal sector residential
construction in Dhaka. The issue of elficient ublization of residential land for urban
housing development has always been central 10 wban planning. This is paricularly
50 considering the fact that the utlizaten of reswenhal land vis a vis appropriate

housing type has cxposed the plight ot the urban majority of middle class dwellers in
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Dhaka (Kamruzzaman. 2007). Average total {loor space for an urban houschold was
only aroumd 30m® and per capita floor space averaged 5 lm® in 1991, while in the
densely populated slums. a [oor area per capita as small as 12 to 1.5m” was a

commeon feature (Islam, 1996).

According to the proposed National HHousing Policy 2004, ihe current nativnwide
housing requirement stands at 2 million. inereasing at a rate of 372,000 dwelling
unitsfyvear. The urban housing need was 658,000 units/year between 1993 and 2000
including requirements for new dwellings, replacements and backlog; 60% of 11 for
the poor. Dhaka, a city of 12 5 milhon people inercasing at 3% rate, had an annval
requirement of 218,000 dwelling wnits up 1o the end ol the eentury which included
80,000 new dwelhngs: 102,006 replacement units and 35.000 backlop units {BCL

et.al.. 1996), Nearly lwo thirds ol these were required tor the poor (Rahman, 20057,

The Governmenl ol Bangladesh cannot caler to the housing needs of its citizens on ifs
own due 1o its paltry fiscal capacity. Thus, the tormal private developers’ are popular
to the high income and middle income group as honsing provider and their popularity
i growing rapidly. Developers started housing projects 1n Dhaka in the late seventies.
During the 19704 there were fewer than 3 companies engaged in the housing sector.
In 1988, there were 42 such developers working in [Yhaka and in 2004 the figure has
increased 1o aboul 250, Dunng the last 20 vears the private developers delivered
700,000 1o 800,000 unit apartmcnts in Dhaka, According to the database of Real
Estate and IMousing Association of Bangladesh (REHAB) (2004), developers are

i
supplying an average of 6.000 apartment units cach year.

1.3 Hescarch Objoctives

1.3.1 Main goal of the study

The main goal of the smay is to contributc to a better understanding of the physical
characieristics of urban development form that is conducive to efficient energy
consurnption. focusing on the residential part of the urban development. This rescurch
intends to describe the existing situanon regarding the energy performance at the
operaiion stage of the contemporary form of regidential buwidings. that is. the
aparrment buildings in Dhaka city, It is also inlended to examine the variation of

energy consumption in buildings i relation to the varying urban textoral and micro-
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climatie characteristics of the locations which 15 assumed o have resulted from the
lorm ol urban development that took place there, so thut the Indings can be useful to

make future urban planning decisions regarding sustainable energy consumplion

1.3.2  Specific ohjectives

The specific objectives of this study are as [ollows,

1. To determine the existing enerpy efficiency of residential buildings of
Dhaka in terms of KWh! m3w.
II.  To evaluate the relatonship between eneryy elllciency ol a rexidential
building and surrounding urban texiure and ambient environment.
M. To evaluale the planming implications of the (indings of the above

objeclives for sustamable enerpy use in Dhaka cily.

1.3.3 Definitions and explanaiions of relevant terminologies

Belore going 1o the actual thesis, some relevant terms needs to be determined in order
L understand the problems and prospects regarding enerpy cfticiency in buildings and

consequentially in urban development planning,

1.3.3.1 Lncrpy efficiency
The quantitative definition of “energy elficiency’ regarding butldings 15 the amount of
energy consumed by o building per unit area fur a speciiic time period lor s

construction, aperation and maintenance, which s usually oxpressed in KWhim?year.

il
lhe qualitative aspect of cncrpy cfficiency in buildings invalves reduced energy

consumption for acceptable levels of comfurt, air quality and other occupancy
requirements, including the energy used n manulacturing building materials and in

conslruclion.

For this rescarch. the actual consumption of energy in the form of elecinicity in a
building for ocenpancy requircments is termed as “enerey efficiency” of that building

denoted by KWh/m*/vear.
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1332 Urban texiure

I'he term ‘urban exture” generally relates to urban peometry, urban fom and also the
surlace yuahily of urban arcas. All of these aspects of urban area have nmpact on the
urban micra climate therefore have strone relationship with energy consumptiom 1m
urban buildings The idea of applving texture analysis to urban areas was originated
rom the consideration that an urban arca can be defined on the bases of urban
elements. In accordance with this conwderation a orban texture definition can be
given as the geometrical struclure formed by the spatial distribution of nrban clements

as buildings, roads and green areas,

biany rescarchers have done urban investigations throuph urban teature analysis, such
as, Ratti (2004, 2006) used “raster models” or DEMSs (Dipital Elevation Model) of
citigs for surface —volume analysis reparding enerey consumption in butkdings, Myint
{2003.20035) uscd remotely sensed images for urban mapping, Lark {1996) used aenal
photopraphs for classification ol land cover, ete. The present research examined the
urban texture in a similar way by looking into the surlace guahily and physical lorm of
the surroundings of a building o ulimalely relale with s energy consumption

profile.

In this research. satellite images from *Google Farth” has been wsed for mapping two
components of urban texture which are considered for examining thewr clicet on
energy consumption of residential apartment buildings, these are: open space and

buiit up arca ratio and soft surface and hard surface ratio,

1*\*\*\

333 Sustainable urban planninyg
‘The process of urban planning that is aimed and expected to achieve ‘suslainable
development’ can generally be termed as “suslainable whan planming’. The concept of
‘sustainable deselopment” 15 used w reler 1o allernatives to traditional parerns of
physical, social and cconomic development that can avoid problems such as
exhaustion of natural reéources, ecosystem destruction. pollution, overpopulation,

growing inequality and degradation of human living conditions { Wheeler, 1998).



The most widely used definition is siven bv the Brundtland Commisiont':
“development that meets the needs of the present withoul comprinmising the abahity of
future generations to meet their own needs”, Another definibion given by the World
Conservation Union in 1991 is; “improving the quality of human fife while living
within the carrying capacity of suppmting ecosystems™. A more relevani definition,
considerad for the present study. is given by Stephen Wheeler, 1998, “development
that itnproves the fong-term social and ecological health of cities and towns might be

called sustainable urban development.”

1.4 Rescarch Rationale

In the conteat of high demand for conergy in the residential scctor challenped by
encrgy scarcily and the conscquential deterioration of quality of living enviromwnent in
Dihaley, it 13 cssential to consider the building chergy consumption pattern seriously as
a component of sustainable urban planning process. Fherefore the rescarch rational of
the present study places itself in the rcalm of constructing a basc line scenario of
energy consumplion n residental buldings of Dhaka city. The findings of this study
15 hoped 1o contribute in future decision making for spatial and policy planning to

achieve energy elhiciency goals.

1.5  Scope and Limitations of the Study

The present research concerns wsell with the consumption of final encrgy in the form
of electricity 1n aparunt:PL type residential bulldings located mn dil{erent residential
areas within the Dhaka Cili}- Corporation area, The consumplion patiern 1% related with
sclected pararmclers ol the urban fextural quality of immediate surrouadings and micro
climate, Consumption of primary cnerpy, such as natural pas or fuel oil in the

household lesel is not considered in this study.

The wtudy targeted only the apartment lype residential buildings which are the most
popular and a fourishing form of dwelling pattern in recent times. These buildings arc
constructed by individual land owners, private developer firms and also by public

sector as housing facilitizs for specific target proups. The individual apartment units

LAn garly sl mlTuenual reparl g sostmmabahicy 1 e Workd Carmasson oo Bovinnmend and Develppment,
e Contetre Fuipre (Mew Yoelo Oaford University Press 1987), conumenly refened to as the Boandilaod
Fepod,
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arc rented, bought. allotled or oceupiled for a specilic penod by houscholds ranging

from higher middle to higher income group.

The smdy was done with the intcnsion to cxamine the cnerpy conswmmption in
residential apartment buildings in varving types of development existing in Dhaka
city and the impact of building density, surface quality and ambient temperature of the
ilnmediate surroundings. Lhe assumption was such that, the widely spaced walk up
residential apartment buildings having bener provision of grecn spaces arcund would
consume less cnergy as a result of cooler ambient environment and greater access to
natural light. On the other hand the denscly constructed multistoried aparmment

baridings equipped with elevators would be more energy intensive.

As electneily  consumplion largely depends on the affordability and  personal
perceplion ol comiort among many olher factors. the study does not elaim to justify or
explain the energy perfornmance of the case study buildings based on the results of the
selected paramelers. IU only depicls the existing suuation and ines to relate the

conswnplion profile with cerlain physicul charactensties in ihe context of Dhaka.

The main hmitation of the study 15 the small sample sive taken by (bis research due to
Ume and resource consiraints. This is a drawback Tor any correlation analysis to get
significant correlation belween lwo varables. The socie-cultural reality of modern
Dhaka has pluved a crueal role. (etung full rccord of clectricity bills from
households are oflen impossible because ether they do not preserve them or they do
nol want to share ihe 1I'I|£:TTI'IEI1.1{JI'I with a surveyor Finding bwildings oceupted by

houscholds who will cooperate was a major challenge for this rescarch.

‘The smudy used household enerpv consumption data supplied by the user withow
checking their reliability. This is a concemn because melening and bilhing system of
electricity consumptlion has wlien been infilirated by tampenng of cquipments and

illenal interventions, Also. houscholds often hesitate to reveal their trie consumption.

Lastly, the limitation of quantifving the urban textural quality by cstimating green
coverape, cxposcd hard surface, built-up and open space from analvzing a two
dimensional satellitc imapc is that. it is impossible to do it with actual precision. The

study had to settle with back-dated images available from “Google Earth™. Also the

I 13



u
u
estimations of the proportion of green coverage., exposcd hard surface, built-up and

open space within the surveved arcas are subjected to change with different boundary

hrot.

1.6 Literatore Review

A lot of work has been done by many researchers both in developed and developing
countrics on issues related to energy efficiency since the early 80°s when the first
shock of cnergy crisis was felt by the human race. Researchers have examined the
chictey consumption patrern in cities and the effect of whan development {fonn on it
1he concept of Sustainabie Trban developroent has always been hinked with efficient
use of the limited resource of fossil fuel. The present research reviewed the more
rceent works on energy  consumption in urban buildings, impacts of urban
development tform and urban planning on it and the prospects and barriers 1o energy

ctficicncy in buildings,
L6.1 Concepts of sustainable urban planning

In 2007, 50 per cont of the total global population lived in cities. This ligure alone
demonstrates the imporant role that urban planning and development has in achieving
a more sustainable development. both in the developed and the developing counines
Planning for a sustainable urban development must be oriented owards long-lerm
goals by utilizing knowtedge about the environmental conscquences of different
solutions, bul should notbe based solcly on means-ends rationality. Rather than
aiming at conscnsus including all stakeholder groups, planming lor sustainahihty
should facilitate alliance-bulding among those population groups who can support the

basic equily and environmental vaues ol a sustmnable development (NAESS, 2000).

Until the carly 1990s 1-'cr}-'||1ittlc of the sustainable development literature focused on

citics or patterns of urban development. Instead, writers addressed tapics such as the
i

clobal envirommental crisis, ecological econoimics, critiques of prevailing models of

international development and the need for g transfomation of valuey and mindsels.

However, in rocent years architects and planners have bepun  looking more

speciiically at what sustamablily means for patiems o mebropolitan development.

Emphusice has been given on urban design and physical planning along with on
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cnvironmental planning which concerns with the quality of air. water and nalural eco-
systems, It has also been stressed that social problems and inequities within the urban
community should be addressed as environmental and social issues are inexlricably

linked (NALSS 2000).
1.6.2 Energy issues in urban planning

Well planned cities portray efficient use of space and encrgy. Lnergy is one of the
more imponant factors that defing the quality of wrban life. Rapid urbanization
process has dramatic affects on energy consumption. A recent analysis. showed thal a
I percent increase in the per capita GNP Jeads to an almost equal (E.03%) merease
energy consumplion. On the other hand, an increase of the urban population by 1 %,
mereases the energy consumpnon by 2 2 %6, 1.0, the rate of change in energy usc is

iwice the rate of change in whantzation (Sanlamourts, 2002).

The impact of urban developmenl form on whan micro ¢limate, transporfation
network. industiial. commercial and residential land use pattern ete has consequences
on urban energy requirements, Therelore, policy makers try 10 develop an integraied
energy  planning should include sustainable energy supply systems based om
renewilble sources, use of demand side management fechmgues o regulate ihe
consumption of big users and integration ol passive solar systems i the envelop of
existing and new buildings and use of high performance supply and munagement

cquipiicnts.
1.6.3 Urhan lli;:vclup:'mcnt form and ¢nergy eonsumption

The process of urban development in a naturally growing city or in a city with loose
development control generally vesults in several types of physical developments,
which are collectively called urban development lorms (UDF). Anderson cf al. {1994)
defines UDT' as spatial pattemns of human activities at a cerlain point in time, This

imphes that urban development [irms are either planned or unplanned entities,

In the cities of deseloping countries, the embryo of the city’s center is grown
organically from an originally uncontrelled residential arca which later invites
comnmerelal activites to {onn mixed land use. As the city grows. the anthority

regulates this area to become a controlled residential cum commercial arca, Patterson
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(1979} notes that planners are  inceeasingly dealing with the problems of
accommaodating complex mixes of lond uses at close quarters, especially in central
cores and al zatellile nodes. One of the benafits of mixed land usc is its ability to
reduce transport cnerey by creating biking or walking communities due to the

proximily of origins and destinations where there are mixed land uscs.

Location, physical fealure and ambicnt environment of a ¢ily are the three Tactors that
allect energy use at the city fevel In residential areas, physical feature of the urban
development [orm may include residential density. {loor area, Moor area to land ratio,
and also population density. More recent literature s inconclusive as to the
relationship between building energy use and wrban lorm. Some authors conclude that
higher building densities reduce energy demand (e.g Holden ez af, 2004, Mindali ez a,
2004) whilst others belicve that increasing densily can increase energy demand due to
restriciions on natural ventilation and light, and opportunity (or solar gain (c.o. Hui,
2000, and Lariviére ef of, 1999, However, it is also possible thatl a hugh density urban
arca, obtained by a mixrure of high and low buwldings, could have betrer ventilation
conditions than an arca with lower density but with buildings of the same height (1ui,

20000.

In 4 review of the issues related to housing, Steemers (2003) concluded that cnergy
arguments for and apainst densification of 6 citles 18 [inely balanced, and depended
upon inlraslructure issucs (i opporunities for buildings Lo share waler and cnerpy
networks; CHP and disinet heating). However, as solar obstruction angles {a product
of building height and separation) increase above about 307, densilication becomes
rnattractive from an energy efficiency perspeclive, because buildings facades and
roof tops  are maore likely W be over-shadowed as well as obstructed by adjacent
buildings and remain deprived of natural light. solar gain and natural ventilation
Therelore densilicatiou can lead to higher encrpy conswnption lor HYAC and

lighting requirements.
1.6.4 Urban texture, urban climatology and cocrgy consumption

Urban lexture lealurcs many forms of built and natural envirenment, and
simultaneously the presence of bullt-cnyvitonment is cxhibited by numerous forms.

Therefore. it is too complicaled to generahize and model an urban texture, However.
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some studies attempt to mode] urban area wilh respect to urban vegetation and
microclimates as shown by various authors and rescarchers {Sashua-Bar et al, 2006;

Simpson. 2002: Sashua-Bar and HolTman, 2000 and Takakuara ot al. 20007

Sashua-Bar et al. (2006) attempied 1o simplify urban built-covironment into three
seneric models those represeniing the most commeon types of residential urban sireets.
those are (a) the street o, a conventional type with spacing between the houses, {b)
the canvon form, g limiung case ol streel form, and {¢) the counvard house form.
lirom these simplifications. Sashua-Bar et al, (2006) tned 1o quantify the intcgrated
thermal cffect of built foims and of vegetation on the urban canopy layer elimate in
design built-up alternatives. It is {found that the variation in thermal cftects of the built
form of vegetation and of colonnade can be cxplained by linear relationship
respectively (o high degree ol accuracy The explanatory variables for the three cases
are: (1) the envelope ratio for the built form cffect, for street houses and lor closed
courlvards with and withoul colonnade; (b) the cnvelope ratio and the tree coverage
level for the tee cooling eflect; and {c) the reduction in cnvelope ratio due 1o
colonnade area for the conling effect of culonnade unit. Lhe study also demonstrated
that the smaller the envelope rahio, the cooler the built-up unit, and the larger the

envelope ratio the tree ellect 1s stronger.

The argument, that urban texture and vegetation has considerable thermal impacts n
urhan emvironment. 1» supported by Dimoudi and Nikolopoulou (2003). They argue
that the physical Impact of vepetation in the urban environment allcets the thermal
environment, air quality and noise. To support this hypolhesis, mieroclimatic cffects
ol vegelation wilth resped! to reduction of air temperature was investigated, this was
undertaken in order to Hmitigatc the heat island effect, where mosl city centers
experience significantly higher temperatures than the swrounding countryside. Size of
green area, density of lhf:: urban texture, orientation, type of vegetation, wind speeds
and distance from green area, have been considered in the study. The major linding of
the study s that urban vegelation can greatly improve urban microclimate through its
thermal clfeels, as well as mitigate heat island effect by reducing summer air

lemperalure




In order o understand the relation of geometry, lexture, vegelalion and thermnal
comfort around buildings in urban setting, Masmoudi and Mazouz (2004} undenook a
study wilh four variables involved, narnely onentation of huildings, geometry, size
and vegetation, From the shudy it was found thal geometrical form of the building has
imporiant impact on the reduction of surface temperature, [n the similar manner, the
reduciion of height of the building led to the fall of surface temperabure, while
vanalion of size of building had insignificant impact. Urban texure and vegetation, in
the same way, had a great impact on the ambient environment of cilies, and in

particular, surface temperanure of the buildings in cities,
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Figere 1.3: Sketch of 2a Urban Heat-Island Profile

The unique micro climate of ¢ities is the product of their complex built environment,
their lack of cooling vegetative surfaces, and their increased anthropogenic activity.
These combine o create themmal contrast between urban and rural areas. The
phenomenon is called urban heat istand (UHI) effect (Figure 1.3). The primary root of
heat island in cifies is due to the absorpticn of solar raditalion by mass building
smuctures, roads, and other hard surfaces during daylime, The absorbed hest is
subsequently re-radiated !_m the surroundings and increases ambiem temperabures at
night. In hot and humid weather it takes the whole night to cool off. By the Lime it is
¢ool in the very early moming it begins to heat up apain. So the nights and days are
hardly comfortable.

The UHI phenomenon was first noticed by meteorologists more than a century ago
{(Howard, 1833). Since then, the UHI effeet has been well explored worldwide {Oke,
1978; Landsberg, 1981; Santamouris, 2002; Akbar, Rosenfeld, and Taha, 19%0; Tso,
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1996). Some of the most imporlant factors which may influence the URI ellect
mclude canyom geomebry, thermal properbes ol matenals, anthropogenic heal, the
urban greenhouse aflect, and evaporation surlaces {Santamouns, 2002} According (o
Landsberg (198 1), VR, ag the most obvious climabic manilestation ol urbuntsation,

can be observed m every lown and eity.

In rural areas, the surface 15 donunated by vegelation. from wilnch waler evaporates.
In comtrasl, much ol the suriace i an urban  environment has  undergone
waterprooling Lhrough the use of impervious malerials, reducing the latent heat [lux
(Grimmond and Oke. 1999, 2002} On a neighborhood scale, the presence of u
vegetaled area or waler body wilhin a city can have a sigmiicant conhing eflect on

local temperatures (Crraves el al,, 2001 Spronken-Smuihand (ke | 595)

Within a city, temperaiure pallerns are dominaded by an inverse relanonship hetween
temperature and distance [rom the o1ty centre, bul are also strongly related to land use,
which 15 olten a surrogate for urban momphology and geometry as well as lo surface
characteristics such as the availability of watcer (Lliasson and Svensson 2003; Henry
and Dicks, 1987, Landsi:u:rg. 1981, Wilby(2003). Microclimate modification through
the use of vepetation can also be integrated into the building envelope in the form of
green roots or bio-shaders (Niachou ¢t ab 2001). ‘[his form of passive cooling not
aonly brings benefits to the internal occupants of the building but also provides
significant external cooling, potentially offsetting future temperature increases (Gill et
al.. 2007, The use of water teature in a city ofiers an alternative to vooctation as a
method of alleviating hich urban tempeeatures by incrcasing the latent heat flux from
the surface, as exemplified in Arabic and Indian architechure. The desion of citics in
Spain, eg. Cordova, Granada elc. was done by integration of water and vegetation.

making them the [inest cities designed Ul today.
1.6.5 Technigues tolimprove urban micro-climate

As discussed proviously, different rescarchers have worked on urban micro climatic
elfect and on thermal comlort in buildings and suggested ways 10 improve it by
dpplving miligating technologies, They can be summarized as below:

[.  the use of more appropriate materals,

II.  increased use of green areas,



I[I.  useof cool sinks tor heat dissipation,

IV.  appropriate layout of urban canopies. ele..

Simple materials used in cities are characterized by various ‘albedo values'? that
determine the albede of a city. Increase of the albedo has 4 direct impact on the
encrgy balance of a building. Larpe scale chanpes on urban albedo may have
important indirect eftects on the city scale. Stodies have been perlomed Lo evaluate
direct effects from albedo change. The increase of the root albedo of a house in
Sacramento from 0.2 to 0.78 has reduced cooling by 78 %. Rellective roof coalings
contribute to air conditioner electrical savings 10 the butldings up Lo 19 %. ranging
from a low of 2 % 1o a high of 43 %6, Uklity peak comceident peak sasings averaged
22 % with similar range of values.

Trees and preen spaces conlnbute signilicantly lo cool our citics and save cnergy.
Trees can provide solar proteciion to individual houses dunng the summer period
while cvapotranspiration from trees can reduce urban temperatures. Trees also help
mitipate the preenhouse effect, flter pollutants, mask noise, prevent eroston and have
calm effect on the city dwellers. The American Foreslry Association esbmated thal
the value of an urbau tree is close to § 57000 tor a4 50 vears old mature specimen. The
estinute includes a meun annual value of $ 73 [or air conditioning, $ 75 for soil
benefits and erosion control, S 50 for air pollution conirel and $ 75 for wildlife
habitals Trees and yreen spaces ercated casis of 1-37C during night in Athens. in San
Frunsisco's heavily vepetated Golden Gate Park averope about 8°C cooler than nearby
areas that are less vegelluLed. In Tokyo, vegetated zones in summer are 1.6°C covler
than non vegetated spots, while in Montreal, urban parks can be 2.3°C cooler than
surrounding built arcas, The park in Mexico City was 2-37C cooler with respect to ils
boundaries. Similarly in Dhaka, the environment in the Dhaka T ersity campus area
remaing much cooler than the surrounding areas with lesser vegelalion, which s
clearly 1elt by anyone passing through the region. Therelore the bulldings have 1o be
proporionalely complemented by rees and greenery to tackle heal butld-up and

comsequent INCredse 1IN energy Consumplion.

2 Albeda ve salar reflecbange s the rabo al rellectenl solar radiatian to the Wotgl aoawe that Tl an gzt sordage
knosan as incident solar radwation. Albedn valoes range from 0 for perfoct abaonbews (dark pas ingd e 1, for perfect
pefleviors Chight paving) An Albedo value of 08 means that 30% ol all the onerngy sinkong a relecling surlise s
eedflected bk il the ahinasphere and ands 2% af e enerpy 19 abaorbed by the surtace Theeafore, paving with
high Albedo values gzsiats in reduzing beat islaod-
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Lh.6  Encrey use in urban huildings

Urtban enerygy elliciency 15 essentially dependant on the energy cfficiency of its
buildings. Buildings account {or at least 40% of the energy use in most counlrics in
the world, No other individual sector hus the same mmpact in terms of energy use and
assoctated green house enmssions (WBCST, 2007). As sigmicant users ol cnergy and
materials in a soclely. energy conservation in buldings thus plays an ioportant role in
suslainable urban development Building energy use i3 driven by demographics.

economnic development, lileslyles, changes i energy sources and technology.

Besides the operational energy 1equirements of buildings, there are two related energy
issues;, one is lransport energy reguirements as g resull of the bulding and urban
design parerns; the second one is the embodied energy or energy coolent of the
building materials, equipment or systems being used. Research findings in some
countries indicated thal the operaling energy olien represents the lareest component of

life-cycle enerpy use (Hui, 20000.

l.a.6.1 [actors affecting energy consumiption in urban residential buldings
Building coergy performance is eurrently understood as dependent upon the

following:

{1} Urban geometry,

{2) Building design,

(3) Systems elficiency and

{43 Occupant behavior,

Tt should be noted that these lour poinls are under the control of diflereni actors in the
huilding sectar: urban planners and designers in issue no. (1), architects in issue ne.
{2}, systemn cnpinecrs in issue no, (3) and occupants in issue no. (4) (Rali, Paker and
Steemer, 2004). According to Baker and Steemers (2000) balding design accounts
for a 2.5 fmes variation in energy comsumplion, systems elficiency for a 2 tmes
variation and oceupantl behavior for 1 2 umes vanation (Figure 1.4). The cumutative
ellect ol these laclors can lead to o total variance of 10-fold. In practice, variance in
energy comsumplion of buildings with similar tunctions can be as high as 20-fold

which is presumed (o be the resuliing alleel of ‘urban geometry”.
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Climale Lirnan conext Buiiding Syslams Cexupanis ENERGY
=7 V=12 Y v=x3 v=i2 PERFURWANCE

Figure 1.4: Factors that afTect energy consumption in buildings; gccording to Raker and
Steemers, 2000

Residential energy end-use occurs due to; HVAC requirements, cooking, lighting and
refrigerulion and other uses for different elecirical equipments. There is a lack of dala
on Lhe consumption patiern in the househotds of Bangladesh specifically Dhaka. But
eslimates for UK and Hong Kong houscholds shows that (Table 1.3 and Figure 1.5}
space heating and lighting requirements claim a major share ranging from 40% to
70% of fofal consumption.

Othets Cooking

Ltg & rafng
179

Space cond
22%

Hol waler
20%

Figure 1,5: Cump;-unents of residentinl enerpy end use in Hong Konp, 1995

Table 1.3: Energy Use Break Pown (%} For UK Pomeswue and Commercial Buildings

Heusing Office — air Office -Naturally
conditioned ventilated

Space heating 60 22 41
Water heating 23
Lights and appliances 10 34 47

Fans/ pumps 30 12
Refrigeration 14
Cooking 7
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Therelore, urban geometry which relates o the avairlabnlity of sunlight and daylight on
building facades and the urban micro climate has a key role to play in determining

residential energy usc.

A hst ol factors that influence the demand lor encrgy in buildings has been

summarized by M. Gordon (20033

I Uype of activity (c.g. housing, comvmercial, industrialy and the occupant
behaviar,

Il Design factors related to urban geometry — c.g. obstruction angle {a product of
height and plan depth/spacing to adjacent buildings), opporunity for passive
solar pain;

[lI.  Design factors related to buildings morpholopy — c.g. extent of plazing.
orientation,

[v.  Thermal propenies of construction materials — relative mmounts and U-values
of materials used, embodicd energy of material;

V.  Efficiency of internal systems - c.p. heating and liphting  svstems, air
conditioning use in ollices {itsc] alfeeted by cxternal environmental qualityl;

VI, Opportunity for cnergy efficient sharing of infrastructure {c.o. water or energy
nclworks),
VII  Internal and cxternal temperanires:

VI luel price —affects consumption and fuel switching.

T
'L his is not an cxhaustive or prioritized list, but does serve to illustrate that the range

of variables that determine cnerpy use inurban buildings is cxtensive,

1.6.7 Lnergy elficient building desien

A challenging task for architcets and other building protessionals today is to design
and promaote low energy bl:lildings in & cost effective and environmentally responsive
way. Passive and low energy architccture has been proposed and inwvestipated in
dilferent locations of the world {Yuichiro, Cook and Simos, 1991 Givoni, 1994),
design guides and handbooks were produced for promoting energy etficient buildings

{CITVSE, 1998; FSTC, 1984; State Projects, 1993; Watson., 1993).
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Energy eMeency wn bwldings can be achieved through a multi-pronged approach
involving adoption of bio-climatic architectural principles responsive (o the climate ol
the particular location; use of materials with low embodied energy; redoction of
transportation cncrgy, incorporation of efficient structural design; implementation of
energy clficient building systems and cffective ufilization ol tenewable encrgy

sources to power the building (TEREZ001}.

Architects can achicve cocrgy cfticicney in the buildings thev design by studying ihe
macro and mere climate of the sitcl, applying bio climatic architectural principles Lo
combar the adverse conditions. and taking advantage of the desirable conditions. A
few common design clements within a site that directly or indirectly alfect thermal
comfort conditions and therehy the eneroy consumption in buildiny are;
. lLandscaping

1. Ratio of built fcrrnll to Open spaces

[1l.  Location of water bodies

IV, Orientation

V. Plan form and

¥ Building envelope and [enesiration.
However., at present, little information is available for siudying low energy building
design in densely populated areas. [n high densily cines, because of the limitatton of
land and space, the enerpy efficiency task is more compheated. Designing low cnergy
bulldings in high density arcas reguires special care to the planning of urban struciure,
coordination of energy systems, integration of architectural elements. and atlization

of spacces.
1.6.8 Darriers to improve energy cfficicney in buildings

In today’s world, knowledge and technical tools exist to design, construct and operate
buaildings more enerpy effliciently than business as usual and at the same nme IMprine
fevels of comfort. Mowever, the potential efliciency s nol being reahzed doc 1o
certain behavioral, orgamzational and financial barrices. It is now well understood that
ihe buwlding sector 15 not able to pursue encrgy cfficlency in buildings without the

support of appropriate government policies (Koeppel ¢t al, 2007). Barricrs to energy
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cfficicncy Improvements in buildings ideatified by Sustwmable Bulding &

Construction Initialive of UNEP {2007) are as [ollows;

a)

]

d)

Economic/Financial Barriers

Purchasing more elficient equipment usually invoelves higher first costs which
many consumeis do nol want Lo spend and which low-income consumers
carmot allord because they have himited capital {Carbon 'rust, 2005).

Hidden Costs an< Benefits

In addition (o the igher up-itont costs, there are hidden costs and benefits {or
the end-user nol caplured directly in fmancial tflows, such as rransaction costs
agsocialed with securing the encrpy ctficient solution and risks associatad wilh
the replacement teehnology (Westling, 2003 Vine, 2003). Transaction costs
are olien high due 1o the {ragmented structure of the buildings sector wilth
many small owners and agents. New technologies might net be compatible
wilh exisling sockets for example (Carbon Trust, 2005). On the other hand,
imdirect benelils of improved cnergy cfficiency. such as reduced air pollution
and thereby improved health are often neglected as well.

Market Failures

Market failures prevent the consistent translalion ol specilic energy-cfficient
investments into cnerpy saving benefits {Carbon Trust 2005). Misplaced
incentives arc a major barrier in the buildings seclor as building tenants pay
the cncrpy bill and are therefore posstbly interested in reducing it, but have no
control over the system. whereas building ewners are not interested in energy
efficiency improvements. Similarly, utilities have ne direct interest 1n
measurcs reducing their clients” energy use.

Behavioral and organizational constraints

Behavioral characteristics of individuals and organizational characteristics of
companies hinder energy ellicency technologies and practices. Small but casy
oppurlunities [or energy conservation are often ignored and changing behavior
or lifesiyle 15 very ditheolt. (Shove. 2003; Chappells and Shove, 20605}, A lack
of awareness and information on the opportunities and tow costs of energy
savings are a related problem, even more 1 developing than in developed

countries,
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¢} Political and Structural Barriers

2

Political and structural barricers mainky occur in developing countries and
include problems such as lack of povernment intcrest in cneroy cfficicncy.
insufficient enforcement of policies due to inadequate enforcemient structures
and institutions, lack of qualified personnel, and corruplion {Deringer ef of
2004, |

Information Barriers

Lack of information aboul the possihililies, lechmiques and polentials of
energy efficiency!solutions is a major barmer in developimg countnes and
therefome mentioned as a separale barrter category here (Evander ef of |, 2004,
Deringer ¢/ &l., 2{3[:]4],

Spceial Barriers in Developing Countries

The special barriers i developing countries hke Bangladesh include lack ol
awarenigss on the amporlance and the polential o encrgy cificicney
improvements, tack of linancing, lack of qualified personmel and insuflicient

|
ENETHY SETVICE !ex'el!rs {Urye-Vorsatw ef af | 2007).

Sometimes i low-quality versions ol the cfiicient techaology enter the market
[irst, the early mnwiers may expencnee disappointment in the technology and
may not try the higher quality versions again, such as in the case of some low-
cost Cl-Ls that fail prematurcly. Lnerpy efficicnt cquipment, topether with
olher eguipment, nlrnﬁt:n nol sulliciently cerfified and checked for guality in

these counlries

Subsidized. not cost-reflective cnerey priccs arc one of the most important
barricrs in many developing countries. High cost-reflective energy prices have
been cited as one of the most importaut success {actors for energy elliciency
programs in Lit:vem;::ing gouniries, for mstance 1 Braril, Malaysia and other
countncs. However, in the poorest countries subsidics enable misumal encrgy
service levels to certain population groups. so taking them away may be

sociallv difficult.

I countrics or rcgions with lack of access to reliable encrgy suppiy such as

Africa, south Asian countrics like DBanpladesh, the priority of povernments is
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1.6.9

to improve access t0 cncrpy for inhabitants rather than o improve energy
efficiency. Therefore. renewable energy projecis and rural electniicalion oflen
play o more important role for governments than enersy efliciency (Mueller,

pers. cormun. 2007).

Poelicy measures to improve energy cfficiencey for buildings

Building encrev officicncy standards and repulations are policy measures widely used

to control cncrey consumption in buildings (Janda and Busch 19940 It can help

overcome some of the significant market harriers and ensure thal cost-effective

cnerpy  efficiency  opporlunities are Incorporaled mte new  bwlding. This s

particularly important for in developing counines where the number of new buldings

is prowing rapidly and the cnergy prices and market cfien do not encourage the use ol

ctficient technologies.

Policy instruments to promote energy elficiency in butldings can be of various type .

They are identified and compared against their ellfectiveness by UNEP SBCT2007);

)

)

dj

Regulatory and control instruments: apphiance slandards. bwilding codes.
procurement  regulabions  lor  the  public  seclor, Encrgy cfficicncy
obligations{EECs) and guotas, mandalory certification and labeling, audit
programs and uhility demand-side management programs,

Liconomic and market-hased instruments Fnergy performance contracting,
technology procurement, enerygy elliciency certificate schemes and Kyoto
flexibiliy mechanisms Le. CDM ( Clean Developiment Management) projects,
Fiscal instruments and incentives: cnergy or carbon taxes. tax exemphon and
reduction. public benefits charges, capital subwidies, wrants. subsidized loans
and rebates.

Support, inflermalion and voluntary action: voluntary eertification and labeling
programs, voluntary and negoliated agreements, public leadership programs,
awarcness raising. cducation and information campaipgns and detailed billing

and clisclosurc programs.

Several developing countries have already cnacted legislation on energy efficiency in

buiidings, for cxample Thailand, India, China. South Africa, Egypt, Dalrain, Tunisia,
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Morocco, Mevico, Braxil, Argentina, Chile, Colombia. Ghana and Peru. A numbcer of
olher countries such as Kenva, Uganda and the United Arab Emirtates are currently
mtroducing such mechamsms, ollen supporied by international organizations. The
mosl commonly applied measures are voluntary and mandatory labeling. apphance
standards, bwldimg codes. public leadership programs. DSM ( Demand side
management) programs, subsidics, grants and rebates. awareness raising campaigns

and niandatory audhts (UNEP SBCL200T).
1.6.10 Existing policy and regulations in Bangladesh

Althouph Wational Energy Policy and Envirowmental Poliey both reeognizes the
importance of energy comservation. al present efficicney in energy use is quite low
{WEP, 2004). Till now Bangladesh has no Encrgy Standards for buildings. Recently,
Ministry of Power. Frergy and Mincral Resources, Governunent of Bangladesh hus
dralled the ‘Renewable Encrgy Policy 2008 and ‘Energy Conservation Act 2008’
which includes a chapter on ‘Building Related Lnerpy Code’” to ensure rabomal and

efficient energy use n buildings.

The objectuves of National Frergy Policy (NP} arc;
To provide energy {ow sustanabic economic growth so that the economic
development activitics of diflerent scetors are not constrained due to shortaye
of energy.
To meel the energy needs of different zones of the country and socio-
ECONWITIC Zroups.
To engure optimumn develepment of all the indigenous energy sources.
‘T'o ensure sustainable operation of the energy utiliics.
To ensure ralumal use ol 1otal cneroy sources,
To cnswre environmentally sound sustainable energy development programs
causing minimum damage Lo emvronment
To encourage public and privide sector parhicipation in the development and
management ol the energy seclor
To bring entire country under elecin(ication by the year 2020,
1o ensure reliable supply of energy o the people at reasonable and affordable

price,
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x. To develop a regional enerpy market for rational exchange of commereial
CHErgy to ensure elergy securty,
The power policy included in the NEP has sel policies for load management and
conservation which include,

i.  The usc of Fluorescent tube lights / compact Quorescent wube hghts (CFL) and
cherpy saving bulbs are to be encouaged n place of wncandescent lamps
resulting in significant reduction in system demand.

ii.  ‘'Lhe utilitics, local R and D and educational institutions shall undertake a joini
survey to idenfify measures of conservation at the end-use level. Consumery
will bz motivated to adapt such identified measures.

ii,  Commercial banks should be cncouraged to provide loans at selter terms for

implementation of conservation measures af the end-use level

‘The objectives of *Renewable Bnergy Policy, 20087 are to:

L Hamness the potential of rencwable energy resources and dissemination of

rencwable cnergy technologies in rural, peri-urban and urban areas;

II. Enable, encourage and facilitate privatc sector investment in renewable energy
projects;
1. Develop sustumable encrgy supplics that can substitute for indigenous non-

renewable cnergy supplics as they are being depleted: and

1V, Scale up contributions of renewable energy 1o clecinely production.
V. Scale up contributions of rencwable energy to clectricity and heat eneigy.
VI Promote appropriate and cificient use of renewable energy.

‘The draft *Enerpy Conservation Act 2008 has a chapter on *Buildimg Related Encrgy
Caode” which include codes relaling Lo adopuon of passive solar techniques in building
comsiruetion, mandatory insulation requirements, integration of ram waler harsesting
provision, use of rencwable energy sources in commercial and apartment buildings,

use of energy efficient light 1ixtures. use ol energy cfficicnt building materials etc.
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1.7 Research Methodolooy

Having teviewed avalable miormation and related works done by other rescarchers,

Lhs seciion narrates how' the thests was conducted

1.7.1 Typology of the rescarch

This thesis is situated in the domain of deseriplive and causal resecarch. The rescarch
15 amed o provide inst glhi inlo ihe rescarch problem - the (inal coergy consumption
prohle of apartment type residential bwldimgs in Dhaka oty i the face of eneryy
erigls mothe country. This 1s done by locusing the natural highting conditon in the
interior spaces and internal thermal comfort which are assumed o be aliecled by the
surrouriding urban lesiure and ambient thermat enviromment The reseurch also
examined the potential cause and eflect relationships between the difTerent selecled
variables ol inlerest daplit.:[ed below, A correlation study 1 dome 1o (ind out the type

and strength of associative relationships among these variables,

The independent variables of this research are, the surrounding urban texturs and

ambicnt environment of the building in question, which are quantificd by;

1. The ralin ol open space and built up area and
1. The ratio ol green coverage and cxposed bard swface area and ootdoor

ambicnl temperature.
The scleeted dependant varnables arc;

. The internal hght level.
[l. Indoor- outdoor temperature difference and
M. The energy elliciency of the building in terms of unit of electricity consumed

PeeT SHuarce meter SThiLE PET anmLIm

The following sections depict the methodology by explaining slep by step activibies
. | i
{hat were camied oul under this research wlhile Figure 1.6 presents the research

methodobooy in the f01'1r|1 ot a “flow diagram”,
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1.7.2 Research activities

The step by step activities that were carried out to conduct the research is explained in

the following sections.

1.7.2.1 Sclection of Case Study Areas and Case Study Buildings

I'o determine the final energy use n the lorm of eleetricity in residential buildings of

Dhaka and te examine the relationship between ‘enerpy efticiency” of these huildings

and their surrounding urban texiure and ambicnt environment, the study was delimited

to apartmenl type residential bwldings located within Dhaka City Corporation (DCC})

arza. 11 long established and prominent residential arcas were selected as “case sludy
g I¥ 3

areas” {or ths study. They are,

II.
I

IV

V.
VI
YL

VI

IX.
.
Xl

Ultara, sector b and 6
Mirpur

Kalyanpur

(Gulshan

Dhanmondi residential arca
Lalmatia

Hajabazar

Shepunbagicha
Shaniinagar

Teachers® guarter of Dhaka University
Teachers” quarter of BUET

The sclection eriteria for the *case study areas™ are as follows,;

II.

I

v,

Y.

The land use paitern of the area shoutd be predominantty of residential kind.

The areas should represent both planned and vnplanned type of residenbal

development existing in Dhaka city.

The case study arcas should include both privale sector and non-private 1.¢

government ar semi-government sector resideniial deselopments

Tha areas shnulél' consist apariment-type residential buildings both walk-up

and multi-story h:uildings with lifts.

As allordabality Eis a prime factor that affects energy end use n househalds,
1

areas occupied by households of similar affordability were chosen. For ihis

research, the upper middle 1o high income group was targeted Household
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classification by different income range and their distribubion has been

estimated by 1slam, 2005 shown in table 1.4.

Tuhle 1.4; locome Geoup aod Their Distribution in Drhaka (DCC)

Income group Monthily Household Houscholds

Income (LS §%) I’e1cent No,
Hizher middle 374-748 L3 113.810
Lower high 47-1492 5 35,350
thgher 1493+ 2 22,140

dource: [slany, 2005 * 1TSS 1 =69 BD Taka (2007 valuch

The seleclion crileria for case study buildings:
I.  The bwldings should represent the existing design trend of apartment (ype
residential buildings.
1. The buildings should be aceessible and occupants should be cooperatise.
III.  Reguired buildmyg wformaton and houschold enerpy consumption records 1s
available.
1.7.2.2 Dehnestion of *sur ey ponts’
A “Survey poinl’ for this ls,tudg.e 18 an arbitearily sclected arca of specific extent within
a case sludy area which conlains one or more ‘case study buildings’. An imaginary
boundary 15 delineated 10' represent the catchment arca for a particular group of case
study buildings and sur*l'cycd in order to express the surrpunding urban textural
guality in quantifiable terims, such as:
- Ratio of {Jr;en space and built-up arca,
- Ratio ol gr:l_Ef_‘n coverage and exposed hand surface,
- Ratio of mean distance and mean height ol adjacent buildimgs.
As there was no reference found on the extent of calchment arca that has substantial
and detectable impact onja building situated in an urban arca, the study is done by
[ixmg a boundary ﬂj‘?ﬂﬂ[ll:'l radiug e an arca of 2km* with the case study building or

buitdings in question situated cenivally.
1.7.2.3 Sample size determination

i Sample si/e ol bulding survey

There is no reliable and updaled dala on the actual number of residential aparrment

buildings in D.C.C area.[According to REHAL, the private sector real estate and
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housing  associabon ol LHangladesh, approximately 36000 apariiment units were
delivered by the developers in the last 20 years (http:/fwwnw.rehab-bd org) . However.
the number of total apartment type buildings cannot be assumed frormn this information
because, the number of apartmeni umit per building vares widely and also there are
many apartment type residential buildings which area construcied by individual land

owners thenmselves and the public sector.

For this research, 30 apartment buitdings with casy access were sclected as case study
buildings as it was considered feasible (o carry oul the survey by a single rescarcher

with linited resources.
|

L
b, Sample size Iir househald survey

In order to determine th.uI: electricity conswmnplion per unit flonr arca and to collect
information on internal lghting and thermal ensironment of the case study buildings,
a household survey was done. The {olal number of houscholds dwelling in the case
study buildings was 432, According lo a yeneral statistical mwethod of random
sampling described by Salant et al. 1994 and Rea et al, 1997, the required sample size
comes in between 110 .and 141 households with £7% sampling crror and 95%

confidence level, The survey was dome in 112 houscholds.

1.7.2.4 Primary data collecton

Primary data collection was done in two ways to colleet information on the physical
enviromnent of the ’surw.li}' points” and related information on electricity consmnption
ol the bullding and ndividual apartment units. They are physical survey by
obscrvation, instmmcntalilmcasurcmcm and questionnaire survey. The primary survey
was carried out within fofir months perfod from mid August, 2009 to mid November.

2005, r
o, Physical /Neld survey

A data checklist tfor physical survey was developed (annexure AZ2). Instrumental
measurentents lor Light-levels. temperature and humidity levels were dome in a
particular segment of the -Iday, which iz within 10:30an1 to 1:30 pm. This is maimtained

to create a logical basis [or comparing micro level data among different survey points
|
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and also with the regional average Internal readings were taken from apartment unils
located in either mid-level floors of a building or both lower and upper level (loors of

a building to gel an average scenario tor the whole building.
b. Questionnaire survey

The questionnaire survey was mainly focused to get a general profile of the
household, the consumplion charactenstic related to use of clectrical equipments
needed for lighting and thermal comlot, To bind out the consumption for building
utility and services like lill, waler supply. hghiling of common spaces etc. a separate

questionnaire was developed (annesure AZ).

1.7.2.5 Secondary data collection

The secondary data collection focused on the information of houschold electricity
consmmption from the monthly elecinicity llis for a whole year. bt was ensured that
monthly bills of both warmer and cooler months arc collected to obtain a
comprehensive estimation of consumption considering the seasonal vaviations. The
bills were collected {Trom the same group of howscholds who were surveyed with
instrumental meisurement and questionnaires. Building plans, publicly published area
maps showing land use and bolding numbers and satellite imapes of case study areas

from ‘Google Earth” were collected to examine the urban texture.
1.7.2.6 Calculation of energy efficiency (kwh /m%yr) of a bulding

The caleulatiom of energy ellicicney of a particular building has been done by using

the following formula;
124N *total no. of Doors* 12

o U
I'otal tlocr area of the building
Wiere; FE = KWhim2./yr.

X o= Avp unil{KWh} consumed for commen utility services of a

building in a month

Y = Avg total unit{KWh) consumed i individoal apartments located

on onc floor in a month.
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1.72.7 Analysig of satelhie image of case stndy arcas

The tatio of open space and bwlt-up arca m a particolar “survey point” has been
calculated by analyzing lhe vector reproduction of the image of the panicular area
taken from the satelhite image from *Gooyle Earth’. “The veetor reproduction had been

done by using the software ~AuloCad 2000°

The ratio of preen coverage and exposed hard surface of a particular “survey point’
has been caleulated by analyzing the vector reproduction of the satelhile image of the

particular area taken from the *Google Larth'

Lstimation of open area, built up area and green coverage from a satellite image done
in this method does not give the actual area but 11 gives a resull close cnough for
cstablishing an average scenario of a particular survey point and allows companson

among the selected areas.
1.7.2.8 Techniques used {on data analysis

(Juantitative data analysis for cowrelation studies and descrniptive analysis has becn

done by using ‘SPSS 12.0°. The graphical data analvysis has been done by using *Corel

draw 12.0° and *AutoCad 2000°,
1.7.2.9 Interpretation ol survey findings from urban planning poinl of view

Aller analyzing the survey results. the findings were interpreted and explained in
order to identify their implications in the existing urban contlexi and the conclusions
that can be drawn regarding energy performance of resideatial buildings in varying

locatiom contexl.
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! CHATPTER 1:

CASE STUDY ANALYSIS
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2.1 Iniroduclion

I he context and relevance of studying energy consumplion in residential buildings of
Dhaka have been stated 1 Chapter | along with the imponance of improved energy
efficiency in urban planning context 1o ensure suslainable urban development in our
country and the exisling harriers and pohey measures applied in Bangladesh and other
countries regarding the same, The following scetions of this Chapter present the case
studies of residential apariment bwildings n Dhaka city area regarding the

consumption of final energy in the jom ol electreity.

As mentioned earlier in Chapter |, seetion 1.7.2, a total of 30 residential apariment
buildings were taken as case studies from 11 ditferent residential areas ol Dhaka City
Corporation arca. About 11 ol the case study buildings arc apartments with 1ift and
the rest 19 buildings are walk-up apariments. A structured questionnaire survey was
carricd out among the' households dwelling m the apartment buildings to get
information on their clectricity consumplion. A primary physical survey had been
donc to pet information on indoor and immediate outdoor physical cnvironment.
Marcover, to study the surrounding urban lexture, an arca of . 1sq.km was demarcated
atound the case study buildings referred to ag “survey points”. lhen, the satellite
images of the corresponding survey points laken from *Google Larth® were analyzed
iwo-dimensionally to derive the amount of butlt up arca as opposed to open space and
the amount of sall surface cover as opposcd 1o exposed hard surface cover within the
boundarics of cach survc:}-' point, Finally the quantitatine hindings of the survey were
summarized and anal}'zlred to derive a base line scenario of cnerpy consumption in

|
apartment buildings and Lthe correlation among parameters selected lor this study.
2.2 Case Study Arcas

Based on thewr development pattern, the case study areas can be classified under three
catcgorics, they are: pianned privale devetopment, un-planned private development
and plamned public housing. The planned residential areas of Dhaka where tand
developments were done by Government authonty were taken as casc studics for this

research leaving out the planncd residential areas by prsate developers. In this



specifically [or residential land use but the construction were done by privale sector

i.e. individuxl plot owner or privale construction companies, are termed as the

‘planned privaie devclopment’. While the planned residential areas where public

housing facilities has been provided for dilTerent Larget groups such as government

employees, different professional groups, 1. in the form of rent or lease are termed

as “planned puhlic housing development’. The third type of residential development is

usually found to be grown organically in mixed land use arcas without any prior

planning. The land development and construction both are done by Lhe privale sector

in this type of developments and are termed in 1his research as the ‘un-planned privale

developments’. Table 2.1 shows the case study areas under cach category. Figure 2.1

shows the disiribution of case study buildings in different type of case study areus.

Table 2.1: Classification of Case Study Arcas

Planned private Un-planned private T | o~ | Planned public housing
1 | Uttara model 5 | Rajabazar 9 | Kalyanpur Housing Estate
iown{sector] and
sector 6)
2 | Gulshan & | Dhanmondi 10 | Shahid Giasuddin R/A,
residential area Dhaka University
3 { Mirpur 7 | Shegun Bagicha 11 | BUET Teachers’ Quarters,
(Dhakeswari campus)
4 | Lalmatia 8 | Shanti Nagar
"

Distyibtlon of surveved bullilitngs Dy type of

deveopment

W plannad privale
W unplanned private

| planned public

Figure 2.1: Distribution of Surveyed Beildings by Type of Revidentizl Developments.
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2.3 Urban Texture and Ambient Environment of Case Study Areas

The urban texmure of the selected survey points were analyzced by two quantifiable

paramcters of the respective physical environment; they are,

- The ratio of *open space” and ‘built-up area’; the caleutation was done by a 2-
D analysis of the satellite image of the respective area The roofed arca is
demarcated as “built up area” and the rest which includes un-built arca. roads
and water bodies are combinedly measured as *open space’.

- The ratio of *green coverage” and “exposed hard surlace™; the total area as seen
m the satellite image is divided into lwo separate Lype of surface. All areas
covered with large tree foliage (includmy bullding roofs covered under large
trocs), vegetated and exposed soil, are demarcated as ‘green coverage’. On the
other hand. the rest is ‘esposed hard surfaces” which include exposed paved
area, roads and hll.li]dil'lg roals. In such survey points where waler bodies are

+
present, the term, solt surlace” is used combinedly with preen aeas.

1
The ambient enviromment s described by the thermal condition in indecr spaces,
r " I - - . v
imimediale outdoors and the difference with the regional average at the same date and

|

time for each survey pomnis.

2.3.1 Ilanocd private developments; Utiara, Mirpur, Gulshan and Lalmatia
L]

In Uttara, Mirpur. Gulshan and Lalmata, land development was done by the public
sector for residential ]Ilg'nd use and then allotted to individual plot ownears where
buildings have been constructed by them or real —estate developer companies. Utlara
1% matnly occupied by !!thc retired povernment employees. Residents ol Gulshan ure
mainly high income gm:] p and Mirpur and T almatia is oceupied by higher middle and
lower high income households. Plots of Lypical sizes laid along the repular strect
network creale the cmﬁ-umm [cature among all of these arcas. Table 2.2 shows the
survey results {from pridary physical survey and texture analysis from satellite images

_— ,
of all the survey pmntsliundcr this category.

. l r . - - - . a
Survey points at Uttara, Gulshan and Lalmatia area are similar in their charaeteristics
I,
as they all gre lwmd in a strong grid —iron palern street layout. [leights ol the

: . I ol .
residential bwildings vary within the range of single story o 6 stones. These arcas

41
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have higher proportion of open spaces, Mirpur survey point on the other hand is the
most congesicd under the planned private catcgory. It is alse the earlivst residential
development among the four. Although the proponiion of open space is lower,
vepetation covernge is the highest in Mirpur arca compared to the other areas.
[.amalia area has the lowest vegelation cover which means the area has the highest

proportion of exposed hard surface among all areas in this catepory.

Nioth the sunvey points at Gulshan area have the benefit of having the Gulshan and
Dunani Lake in proximity while the other areas of this category do not have large
water bodics near except Laimatiz survey area where a medium sized pond is located.
These water bodics could be the likely reason lor cooler ambient conditions with
respect to the regional avernge in Lalmalis and Gulshan survey points os found in the
survey, Mirpur and Uttara sunvey points showed higher ambient temperature than the
Dhaka city average on the survey date which can be the result of higher proportion of
expased hard surfaces and lzck of water bodies in these areas. Although to prove this
as o narmal trend, multiple readings of temperature throughout a longer time span
would be nceded.

Tahle 2.2: Urban Texturc and Ambient Temperature of Survey Points in Planned
I*rivate arens

Clncatlon T Sunvey TF” Open T Gree T} Typenf | Survey | Immediate [ Regperal’ = Temp
poving wace: | cover: | ocascstudy | month oulloar avg differenex
bulliup | evpered btdg 1. | al temp.” LK)
M had thetimeot | {ufthe ;
L] surface sunvey 31 time of
' sunev)
‘ Ll T s .l oo o N . S
-1 i3 0.5 Walk-up | Oct 205°C 262 °C 33°C
(T L)-2 1.8 0.59 Aprt _ Sep 274°C 76 "C 14°C
with LiRt
Walk-up . - -
M -] 077 083 | Apu.
with Lift i i i
Culshan Cie1. 2 0.7 Walk-up | Nov 23°C 27.2 -4.2°C
A G-2 1.7 0.5 | Apu. ] . .
with |ift
Walk-up - . -
Lalmatia § [.-] 1.9 04 Anplt. Nov . . .
with Lif Be | #c§ 93¢

Note: * The regional average temperature data of the ame date and lime with the corrcsponding survey
measurerments was collecied rom Fuada ' Weatber Server > HipntBer Archivg > 5in >
fanpladesh >> thaka (W4 1923), URL: hnp-Amectea. infopaceru
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Figures from 2 2a b.c,d, 1o 2.7a,b,c,d present the graphical representation of the urban
\exture of Lhe survey points located at Unara, Mirpur, Guishan and Lalmatia.
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Prate 2 1: Locathen of *Survey point U-1"; ‘Gaogle Earih’ imape
Planned privete developmeni: Uttars (sector 1)

Figure Lle: Open space assd ballt-ap ares Fhare 114: Green coverege and e1posed hard
rathe xt U-1 sarfscs rate st L-1
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Plate 13: Locuthon of *Sareey point U-2': *Google Earth’ imspe
Phanned private development: Unara {msector 6}

Figore 2 3 Bollt-on aes within 12 houndary Frgure 23%: Green coverape wihthin U2 boumdery
cxpormed
hardd
marface
i
Figers Lk Open rpace awd bwl(R-op area Flgure L.M: Creen coverage and caposed herd
ruths at U2 arrnce rwclo wt -2



Firure 1.42; Bulll-ap ares within M-t Fixure Ldb: Grees covereps within M-

Figure L Open ipsce and bailt-ap area Figure Ldd: Green twver asd oxposed bard
rathe st M-1 nrfery ratha at M-
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Plate 1.5: Locetlon of *Sarvey podnt G-1": “Coople Earth' imege
Piapued private devciopment: Guirhan

Fipure 1L5b; Safl anrfare whthin G-1 beandary

Figure 1.5c: Open space und bulk-wp srea Flgnre L5d; Sall oarfere and expesed herd
ri{ha ot G-1 earfece rirlks o G-1
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Phate 2_6: Loration of *Survey paint G-1': ‘Google Earth' Image

Planned private development: (inlshan

S

[ L]

Flimry Léa: Neleap ares within 43-1 rgure Léb: Seft serfece wHhis €2-2 beandary

caperad
hare!
wxrice
LY
Figore 1.6 Open 1pace sod belltoop area Flgnre Liwt: Sof anrface amd 41 pened hard
riiw wi (3-1 surface ratle at (2.1
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Plate 2.7: Ln;ﬂtinn of *Survey polpt L-17; *Google Farth” image
I'moced prhete developmeni: Lalmails

Figare 1. 7a: Bull-wp zrea within 1-1

Feare 2.7c: Open specy apd built-ap ares Figure 1. 7d4: Saft surfsce and e1posed bard
ratha ot 1.-1 sur{zre ratio st [~

-



2,32 Unplanned private developments: Rajabazar, Dhanmondi, Shegun

Bagicha and Shanti Nagar

Residential developments in Rajabazar, Shegunbagicha and Shantinagar area had
grown in a spontaneous pattern with high densily because of their unigue locations.
Rajabazar is adjacent to the [Farmgate area which is a very impormant mass
communication junction and a commercial centre, Shegunbagicha was primarily a
commercial and institutional zone where various government and semi-government
offices are situated and ihe residential arca of diplomars and high government officials
in baily rowl 15 also not very far. People have to come here lor work, therefore,
growing demand Tor accommodation near work has been the key fucior for the
conversion of low density sparsely situared residential lands into high density
apartment housing developments, Shantinagar also enjoys the proaimily of the
educational institutes situated at Dailey Roud from very early davs and the thriving
commercial center and mass comniunication junetion al Khilgann-hlalibagh arca fiom
where communication towards the Old CRAD at Motijhee]l and the New CBD at
Mohakhali-Ciulshan-Banani 15 very convemient, More or less, the residential
development in thesc arcas can be characlerized by infill developments with

congested road network of crganic pattern.

| he case of Dhanmeondi is lotally dilfevent from the areas discussed above. The aren 1s
primarily one of the most prominent planned residential arcas of Dhaka city with
fixed plot sizes and organized road nctwork, although a major porbon ol the
residential buildings arc now being occupied by commercial establishments But the
portion of Dhanmondi that has been selected ay case study arca here is very much
different in ils pallem of development than the rest of Dhanmondi. lanked with the
high profile route of "Mirpur road’ in the east and the Road 277 1n the north,
buildings in this pocket docs not conform to the height restnctnom lollowed elsewhere
in Dhanmondi. Therefore high density apartmenlt buldings of diflerent beight
congtructed along both sides of norrow lanes make up a contrasting scenario

compared to the rest of the Dhanmondi area.

The commeon feature of ’rhr.:I survey poinls under this category 1s gher proportion of

roofed arca and negligible vevelation coverage. According w the survey mesults, on
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average almost half of the land surface 1s covered by buildings or other types of
strucrurcs in all the four areas {see figures Irom 2.8 a. b, ¢ & d to 2.14 a, b. ¢ &d). As
buildings arc very closely located, they cast shadows on each other and on the narrow
mternal road surfaces, Most of the building facades and voad surfaces do not gat any
sunlight during the first half of the day. During the ligld survey ihis type of situation
was obscrved at the survey points of Rgjabaxar and Dhanmondi and also at survey
point $B-1 of Shepunbagicha, This may be a reason for the outdoor spot
measuremenis of the air temperature belng much less than the regional average at the
sare lime {see lable 2.3).

Table 2.3: Urban Textore and Ambicnt Emvironment sl Survey Poines of Unplanned
Privaie Developments

Surv | Open Cireen Type of | Survey | Immediate | Regiona | lemp
gy space - | cover - case maonth outdoo | avg. dilT.
pnt | buili- | exposed smdy temp (at | temp* | {I- R}
up area hard bldg the tiome of ( al the
ralio surfuce Burey ) time of
ratio 1 LUCYUY b
R
- R-1 2 0.4 Walk-up | Nov 23°C 237C [ 0°C
E Walk-up | Nov 22'C 254°C | 34°C
.ﬁ ) 0.5 0.2 :‘\[I’Jtt . MOV 22°C 254°C [ -34°C
=z with Lift
Wilk-up | howv 248 232 -24°C
5 Walk-up - - - -
E -1 1.2 02 Aptt . Alug 29.5 254 4.1
5 with Lifl
= AptL, Noy 23 25 2°C
= with Lift
| Walk-up | Sep 30 333 -33°C
% Wall-up | Sep E1( 333 | -3.3°C
) SB-1 1.3 0.1 Watk-up | Sep 30 333 | -3.3°C
-r'lél Apil,
Eﬂ with [t ) ) ) )
2 [SB2 | 1325 013 [ Aplt. Sep 298 257 | 1°C
o with [T
- 5-1 0.9 .1 Walb-up - - - -
gm 5-2 13 il Aptt,
= with Tt
2 - - - -
Z |

Note: * The regiomal wverage lemperalure data of the same date and time with the corresponding
survey measurements is collected from Buwsvo’s Weather Server »= Heathor Arcltie == Ay ==
Banghirdeh = Dheke ((41923), UKL itipdanegtee fnfmpiee. ry
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2.1c; Case study of *Apariment wlib HOC 1.14: Caw sindy of *Apariment with lift”

Pictore 2.1: Exterior view of aurseyed bulldings at *Survey point D-1° ot Dhanmondi;
Deresly situmied apariment buildmga of dilferem beight consrructed along both sides of namow lanes,
obstructing sunfight from ench odber.
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2.2.b: Caxe stu;r of “Walk-up' type hidg. 22e: Cate tiudy of “Walk-tp* type bidp

Pictore 22: Exterior view of survey ed boildings at 'Survey poinl SB-1 & SR-2 at Shegun
Baglcha; Higher proportion of buili-up area end Lack of vepeiation cover.
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Phue 2.R: Locatbon of "Survey paint R-1°; “Coogle Larih” Image
Unphlanned prisate area; Razabazar

Flrore 1 8a: Bollt-wp area within A1 Flrwre LED: Green oo ernpy within R-1
Frgere L% Open spece 2ed baill-wp aren Flgore L%: Safl wurface sod ¢yposrd bard
raibe at H-1 surface ratio n1 R-1

53



Plate 2.9: Loeathon of ‘Snarvey point R-2': *Goople Farth' image
|
[ Unplanoed private ares; Rnzabarar

Tixare 1.%a: Nylli-up area withio B-2 Fheere L% Sofy anrface withia H.2 bonndary

rpard
[T,
warface
314
Figure 1% (peo spare and balk-op area Fiyare 2.9d: Sefl surface and #1poned haed
ratio st H-2 cor{sce retio st R-1
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PMate 2.10: Location of ‘Sun-q“pnlr;i- D17t “(roophe Earih’ imspe

Unphanned privaie arca: [Yhanmondl

Firmre 1. 10u: Baib-ap ares wilhin D=1

Firare 2. 190z Opre tpeer snd bxll-wp aren Figure 1,10d: Seft sovfnce and r1posed hard
rath st D=1 surfsce rathe st D-1
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Figare L[ 1 a: Boltt-up srea within 5b-1

Flgure L 11¢: Open wpace and boM-op krea
ruthe mt Sh-1
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Fignre L11h: Green coverepr within Sb-1

Figwre L114; Creen cover and expesed hard
sarface ratho at Sb-1



Fixarr L11s: Rultt-wp sres within 532 Fiore 312 Green coveroge nhbhin 5h-3
d

Fipure 2120 Opeew spaiet and broiH-ap area Figore L12d: Green cover nod enpiord bard
rathe at 5b-X smr{ace reiie ot 5b-1
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Phite L13: Locatkon of ‘Survey point 5-1": "Croopte Earih’
image snpianped private development: Shantl Nogir

Figore L.13a: Belt-ep area nithin 5-1

Figure 2.1 0¢: Dpen apaet and baih-up ares Flgnre 213d: Grees cover aod enpareed bard
raibo at 5-1 wrface rath ai 5-1
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Piate 2.14: Locethan of 'Survey podnil 5-2°: *(roopke Eanth’
imape Unplaared private devetopment: Shanti Nagar

Fixure L 1 4n: Buitt-wp aren withlo 5-1 Fhyore L14b: Green coverape nlihm 52

Flgare 1. 14c: Opeo mpace s0d bofh-ap area Figore 2.0 4d: Creen saver gnd exposed hard
ok wt 5-1 1 sorface ratio m1 -1

59



233  Planncd public housing: Kalynanpur housing estate, Shahid Giasudding

residential nrea, DU and BUE'T teachers' quaricrs {(IYhakeswary aren)

Public sector housing complexes in Dhaka ity usually have better residential
epvironment in the sense that they have relatively low density, provision of wide
spacing of buildings, precnery and open spaces, wide intermat drive ways cte. Ali of
thede features are present in the case study arcas under this category of this research.
Walk-up buildings baving four, five and six Hoors dominate these types of housing

facilities except BULLT where a tower apartment of ten floors is a recent addition.,

Table 2.4: Urbhan Texture and Ambient Environment at Survey Points of Planned Puoblic

Houslng Arens

Survey | Open Oreen Tape ol | Suney | Immediate | Regional | Temp,
point space: | cover: case manth outdoor avg. diif.
buill- | eapesed study temp, ( et temp * | (1- R}
up ares | hard bldg the timeal | (nttw
surfage survey } lime of
sureey ),

d - —— =4 — |mlﬂ- S R —
KE]}'BI'I- K] 6 3 Walk-up Oct 3°c 31 .4.(: '.4.‘:
pur : Walk-up | Oet

Walk-up [ Aug 28°c W7ct-7c

DU DuU-1 3B 1 Walkup | Avg

Walk-up | Oct i0°e 306°ci-6'c
Walk-up [ 19 30°c 31.9¢ -
Oct 1.9°¢
BULET | DU l 0.8} Walk-up 19
Oet
with 21 26" 264°¢c §.4°¢
Lift Ot

Note: * The regional avernpe lemperature fata of the same date and time with the iy

e E g
survey measurcments iS golleciod from Ransla’s Biearher Server 2> Pparher Arplloy 2> dva >>
Banpladeh == Dhaka (841923), UURI; htip Smeteo.infospace.ru

Due to the presence of several public university emd college campuses in proximity,
the survey points of DU and BUET survey points have large arcas of formaily
landscaped green and open spaces. While a1 Kalvanpur, the sunvey point have the
lowesl amount of built up area among atl other surveyed areas in this research, This is
becausc the area is surrounded by larpe spans of undeveloped government lands,
severnl housing feciliies alloted for government scrvice holders and many

government institution campuses. All three of the ‘survey points’ showed lower



)

ouidoor temperaure (han the Dhaka regional average tcmperature at the time of

survey ( lablc 2.4).

i o

== “lf’_‘p':-w “Hﬁ!‘ﬂ_FﬁL‘*’;

Picture 2.3: Fxterior view of surveyed buililings at “Survey peint BU-1"at BUET,
Dhakcswary campus; ample open space with adequaie green coverage,

Case study ol *“Walk-up’buildings.
Picture 2.4: Exterior view of surveyed buildings at ‘Survey Points DU-17 at Shahid

Giasuddin Residenlial area, Dhaka University; ample open space with adequate green
coverage.
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Figure X.1%: Belh-up area within K-1 Firare L13b: Groeen conprape within k-1
“rrure 115z Oprn specy s baili-ap ares Fegare 1LIAD: Groeen conver and ¢ powed hard
raibe at K-1 surfece rarlo at K-
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Ptate L16: Locaikon of *‘Survey point RE)-1°; *Gioogle Enrh” imzgze
Funoed public bonsing: BUET T

Fimre 1.16a: Bulh-ap area whhia -1 Fixwre 1. 16b: Crten coverage mHbha O11

Fhiure L 16 Opus Apaet werd bzlhop ares Figere 1.16d; Creen cover and expased hard
ratha at B1X-1 sarface rathe st BU-I
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Maie 1.17: Locutbon of ‘Sury ey point D1-1": “Coopte Earih' Imape
Finoned poblic housiog: Shahkd {Chrddin Reskdential area, DU

Figure 2.17a; Ouif-up ares within D1)-1

Fheure 1.17¢: Open wpaee pod ballep ares Figure 2. 174: Green cover and c1poswd hard
rathe st DU-1 sor{aee vatia my DELE



2.4 Furm and lmmediate Surroundings of the Case Study Buildings

Access 10 natural light, natural ventilation. amount of heal gain m a bwlding 15
afleeted by the characteristics of the building form and the immediate surroundings.
Therelowe the primary physical survey of the case study buldings locosed on
enamining cerlain physical characteristics reluted to the building itsell” and other
buildings in the smmediate surroundings. Among the 30 case study bunldimgs, 8 study
buildings are located in planned private areas, 14 study buildings are located in
unplanned privale settings and the rest of the 8§ study buildings are located in the
planned public housing complexcs. Lhe survey revealed thar the physical
characteristics of overall bulding form and swrounding spaces are dillerent in

diflerent types ol residential developmicnts,
2.4.1 DBuilding form

The survey shows ihat, the averape building height is higher in unplanned private
areas than the olher lypes of developments. Maoreover, the buildings witlun these areas
differ widely in their heights The ditTercnee of height between the lowest and highest
building is 31 meters. This is mainly because, unlike the other 1wo lypes of
developments, no height regulation for residential buildings is followead in These areas

The average tloor length and depth ratio of the buildings do nol vary much in the
private scctor developments but the buildings in the public housing arc more tincar in

shape with fesser depth which allows sunlight to reach core ateas ol the 1loor.
2.4.2 Building density

lhe unplanned private areas are also more congesied because they have non-
homogenous plot sives and lack a regular road network. FRoad widths and turnings are
olten encroached by niill illegal developments (lipures 2.8a. 2.9, 2,104, 2 11a,
2.12a, 2.13a, 2.14a). 'Lhe averape distance from adjacent buikdings in unplanned arcas
is half of that of planned private developments and one-fourth of the cases m planned
public housings {Table 2.5). The rvatio of distance and height ol adjacent buildings is
the defininp factor for shadows casled om any building suriace, which afiects heat
gain and access to sunlipht for the building in question. The survey shows that, the

tatio of mean distance (mI?) to mean height (mH) of adjacent buildings is the lowest
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in unplanncd privatc rreas. [n fact, the avernge height of the adjacent buildings from

the casc study buildings is more than double then the avernge distance in between,

which mecans the adjacent butldings arc more likely to over-shadow the casc study

buildings for & longer period of the day. Table 2.5 shows the survey results regarding .

form, shape end surroundings of the case study buildings.

Table 2.5: Form, Shape and Surrounding of the Case-Study Apartment Huildings.

I"Location ~ | Survey | Building ~ Height Avg. T 1 AvE” (mD'mH | kngthe
point | Type of distance of { height of depth
bidg.(n) | adjacent | ndjacent ratio of
bldgs(m) | bldgsfm} “““I; e
s |1 _h__]|__mbh__|_mH_
-1 Walk-up | 134 | 52 | 1l 0.47
g g (TN GE |18 83 0| 042
EEN M-1 [ with Lift 1% 12.9 8.6 1.5 .
& g} Mimwr Walkup | 13.4 10 10 l 1
Tz (-1 Walk-up 0 14 17.5 0.8 1.5
£ i ulshen e An Lt | 20 (7.4 16 | 15 | 13
== Latmatia | ! Walk-up i$ 6,5 13,5 0.51 1,7
with Lilt 20 8.8 9.9 0.59 1.8
nvernge 15.7 11.3 12.4 W 1.5
Rajabazar | R-) Walk-up k5 6.2 4.6 1.5 1.3
- R-2 | Walk-up i0 | 10 13.4 0.74 !
E with Lift 15 2.3 B 0.29 1.7
E D1 | Walk-up E 2.9 1.5 I
T": Dhznmon Walk-up [} 2.6 16 0.16 1.7
z ldi with Lilt 49 5 16 0.37 1.1
by with Lilt 29 3 | 22 .13 1.38
7 SH-1 | Walk-up 18 5 174 | 029 2.6
:"'— Shegun- ":::all:-up L
T bagicha .ul'h-l.:p L8
= with Lilt 29 3.3 16.5 0.2 2.4
£ §H.2 | with Lift 41 12.4 14.6 0.85 .1
k3 Shantinag | 8-1 Watk-up 1.4 2.7 19.7 0.49 I
= lar §-2 with Lin | 335 2.6 13.3 0.19 2.3
avernpe | 234 5.5 16.1 A3 b
Kalyanpor |- | Walk-up E 26 16,7 1.5 58
& Walk-up E 12.8 R 5.8
= .| Dhaka DU-1 § Walk-up E
= .2 | University Welk-up 1% 11 16,7 0.66 1.1
T s BUET |} Walkup E 17 E L3t 5
2 puer | Walkup | 135 207 134 1 654 | 25
£ Walk-up 13.5 20.7 13.4 k.54 2.5
with Lift 37 42.7 13.4 3.18 1.02
avernge | 17.7 21.5 136 | 16 | 36
(23



2.5 Profile of the Dwelling Units in the Case Study Buildings

The case siudy buildings consisied of total 432 houscholds among which 112
houscholds were surveyed. The questionnaire design was focused 10 gain information

on the demand or use and rctual consumplion of ¢lectricity in the houschotds.

Electricity consumption in o house hokl depends on many physical, environmental,
economic and socio-cultural and other issucs relaled Lo individual human perceptions.
Chapter 1 discussed some of these issues, This rescarch focused on the final
consumption of individual dwelling units and intemal thermal and lighting condition
of the dwelling unit. The use of *enerpy saving bulb’ was also enquired 10 gain some
insight about the avwnreness and practice among the households about cfTicient energy

us{L,

2.5.1

The surveyed households fall into the lower-high 1o higher income group of Dhakn

Socin-cconomic profile of the surveyed houscholds

cily corporation arca (sce section 1.7.2.2). The major portion of the families Jiving in
the apamtment houses consists of 2 to 7 members. More than 67% uses air-
conditioners during the warmer months of the year and only half of the houscholds
us¢ energy saving bulbs in some ponions of the house. Survey results ere shown in
Table 2.6.

Table 2.6: Houschold {HH) Chammcieristles of Surveyed Dwelling Units

[Tatal” | HiH diswribution by == 1111 disiribution by Uses | Uses
na. el Family sire {members) Income level {in thousands)'month AC "Enenny
HHs. . 110- savimg'
surveyed 2-4 3-7 | above 'll.'l i ?G _lﬂ_-.l IE _abme . Fbulbs ,__

| 412 558% | 37.7% | 6.5% | 48% 31% 2% | 67.5% $1%a

The clossification af houscholds according to their income level in three 1ypes of

residentinl nrea 15 shawn in the 1able 2.7,

Table 1.7: HEL Classifieatlon by Income In Surveyed Resldentinl Arens

HH income range Planned Planned Unplanned povale q
' Private (p.pr.) Public {p.pub} {unp.pr.) I
30 1070 (thousand tk.) 7 14 17
7010 110 (thousand (k.) 7 f 15
Above 110 {thousand 1k.) 8 0 Lk
Total respondents 22 20 43
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Figure 2.18: Distribatlon of Hhs With (HfTerenl [ncome Level In Surveyed Residential
A rtm
The survey results reveal that o more all less balanced combination of all income
categorics is fournd bath in planned and unplanned private developments whereas,
high income househalds are absent in planned public housing arens. It is also evident
that majority of the surveyed houscholds living in planned public area belongs to the

relntively lower income group (Figure 2.18).

2.5.2 Classification of houscholds by clectricity cansumption level

The sveruge monthly eleciricity consumption in individual dwelling units are
calculzted from averaging the amounts recorded from e copies of monthly lls for
each month in n year to get a8 comprehensive picture by considering the scasonal
vanigtions 1in pse, The survey shows that avernge monthly electricity consumption
varics from as low as 119 KWh to os high gs 1147K'Wh in the surveyed houscholds.
For case of classification, 100 to 400 KWH is mnked os “low’, 40} to 800 KWh
consumption is ranked ‘medium’ and 801 to more is mnked ns ‘high' level of
consumpiion. The survey resull shows that less than 9% of surveyed houscholds are
high level consumers. mare than &0% ere low level consumerz and the rest ore
moderate level consumers. The households with high consumption level are mainly
found in planncd privete arcas, alihough the share of all three types of houscholds is
more or less equal in these arcas, The planned public housing areas can be



characierized by higher proportion of households that have low consumption level
(Figure 2.19),
Table 2.8: Averape Hnoschobd Convumption of Electiricity in Sonveyed Apariment

Buildings by Cntecgory of Residential Developments

Catepory Survey Dindings on Mo. of Distritertion of surveyed HHaby 7~
point electricity usage ameyed | Avg. monthly consumption kevel
Hits Eaow? Medium? High*
1J-1 none
Plomed o i
private M Tone 11 9 7
areas -1 none
G-2 o
l-1 nare
R-1 nane
R-2 nane
Unplanned | -1 none
private SB-1 none 33 16 4
Areas SN-2 none
5-1 none
%-2 none
Planned K-l Inadaquate Fyrtem
public capacity for AC
nrcas DU-1 none 23 9 (¥
BUET-1 | limited AC use is
permitted
Generol(ell 604% | 108% | s8w
Arcas)

Node; Low'= 100- 400 KWh; Medium® A0L- 200 K'Wh; High* E01- 1200 K%Wh

distribnation of 1115 by
consumption lewed

120%
100%

iI3d

20%

o AHINRITHINT l||[

X 'iIIIIIIIHIIIIHIIIIl!”

NI

Planncd private

e

vrplanned
private arcd

plmned public

hourting

a Kight
& Medlum?

f Low

Flpure 2.19: Distribution of Households by Concumpiion 1evel
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.0 Access to Mataral Light and Thermal Environment in Case Study

Buildings

Availability of natural lipht in indoor spaces and mndoor temperature varies with he
height of the Iloor in apartment buildings, To obain the mean values. temperature and
light level in indoor spaces had been measured at mid-level loors or both at higher
and Tower level floors to get an average piclure, One objective was to find out the
amount of spaces in a building which gain enough naioral light for the purposc of the
roon according to BNBC standard (see Table 2.9) when there s cnough sunlight
owdoors Another objective was to compare the indoor and outdooer thermal condition

in the ¢ase study buildings. T'able 2.10 shows the survey results.

On un average, 64% of the indoor spaces in the case sludy buildings have access fo
natural light as required for parlicular activities (Table 2,10} But the range varies
from as low as 37% to as high as 90% (or difTerent cascs of surveyed apartment
buildings. Buildings located in planned public housing arcas have the highest
proportion of naturally fit indoor spaces (Figure 2.20), Figure (rom 2 21a to 2.21i
present the bwlding plans showing naturally lit spaces in the surveyed buildings. [t is
evident {from the survey that due to the vsual practice of compact plan layout around a
cormumnon gctivily space usually the dining and placement of bed rooms i the outer
skirts 1o ensure natural ventilation, the kitchen and dining  areas are usually deprived

ol cnough 1 ool any natural light .

Tuble 2.9: Siandard Tllumination Levels for Residential Indour Spaces

Activity area Eequired LUX
Bedrooms | 50
Kitchens 200
Dining rooms {tables) 100
Bathrooms 100

Source: Recommended values ol llumination for residential buildings, BNBC 14993

70




-

Table 1.10: Lighting and Thermal Comdition in Case Study Bulldings,

Locetion | Survey Building ~ | Nawrally |~ Avg. | immediste | Diff | Survey
paint 153 litindoor | indoor | outdoor of | period
St 1emp. temp. temp.
taof N I O 1.0 ]
PRI Y T _ NECT RN W B LR Y r=. nrea) P s, !
Uttarn u-1 Walk-up ] 29.5 -1.5 oct
o U2 - |wihLifi | 73 374 9 | scp |
T E . with Lifl - - - -
= al-
x E- Mirpur 1-1 Walk-up - - - -
Ts Gulehan G- Walk-up 50 23 L noy
RN G-2 | with Lif 3! ; - nov
- Lalmatia L1 Walk-up - - .
g - with Lifi 76 23 i { nov
Average 62.6
R-1 Walk-up 78 23 0 nav
Rajabazar R.2 Walk-up 38 22 0 nav
with Lifl 58 22 I v
£ Walk-up 37 24.8 v noy
£ . Welk-up - . .
= Dhanmondi | D1 i | 29.5 S aug |
% with Lifi 61 21 -2 nowv
s Walk-up 50 28.5 0 sep |
2 Walk-up 50 29,5 0 sep |
g | Shegune | SO up |50 295 1.0 sep_
3 & with Lifl
E SR-2 | with Lift 64 29.8 J_ i sep |
T | Shantinaga | S-I Walk-up 21 { nay
= r 5.2 with Lifl
Averge 56
. . Welk-up H9 31 -7 ol
y Kahanpur | K-l Walkup 50
g ” Dh.nka . DU | Walk-up 75 28 0 nmg
£ | University Watk.up 75 28 0 aug
¥ Walk-up 57 30 135 | ot
= - BUET. [ Walh-up 57 30 | 2 | e
= BUET 1 Walk-up 80 i
with Lifl 55 365 | -l oct
Average 63 i

Diats source: Survey done by the researcher during the period ol August 1o November 2009,
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Fignre 2.20: Lighting Condition in Case Study Buildings

The indoor lemperamre was messured at a central location usually the *dinning space’
of a dwelling unit. In warm-humid couniries like Banpladesh, a cooler indoor
condition is preferred lor comlort, which can be achieved by uwse of appropriale
bulding matenal for buillding envelop, higher wall (hickness, incorporaling cavity in
wall sections, ample provision of shading and ¢ross-ventilabion, The survey results
shown in Table 210 reveal ihat, planned public housing areas have the highest
proportion of buildings with desired cooler indoor condition while in unplanned
private arcas they arc found in nepligible propodion. 75% of the buildings in the

planned private areas have undesired warmer indoor condition (Figure 2.21).

100
S0%
el
T
clel
Some
A0
Tk
0%
104

B WaAriey e oor

(kLR (K]

e paler fdoor

prapaeiion ol wrveynd bldps

grlarnad ur e planireed
priv e private pahtic

Figurc 2.21: Indaor Thermal Condition in Surveved Bldgs,

Tt should be noted that the study did noi consider the weather variation which is

gvident [fom large varadions in ouidoor lemperature &t a same localion {survey paint
-1 .The readings were laken [rom the month of August, 2009 through November,

2009, As, the average-mezn temperature in November was much lower than were in
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the momth of Augusi and Seplember, the indoor pir tempemture acted differently in

cooler scasons than in warmer anes (Table 2,10)

7 mrind coerynescied biclg,

8 storiad rusichertnd hirg,

Litare Walk- up Apartrrer (4 stowrked)
(L beved merarred at st foor)

v phid

Livar: Apmmmuniu ]
@ {Light kvel mezarred h? m?]
£ Spaces with enough axtum! light

Fipure 221 a: Liphting Condition ai Ullarn Caw Study Building
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Gubshan Walkup-apariment budlding (3 story)
{Ligh k] menrered ot 15t floor)
Pixn Lryowt: Nod-n-arakbe

Gulshan apartment building with Lift (6 story)

{Light kevel rrwsered at Ind floor)
Plcn Layrarl: Mok --arabe

E Spaces with erough natural light

Fipure 2.21 b: Lighting Cendition al Golshen Case Study Buildings
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el ea et e i e
T E - ST
. Oil - [ —

Latmatia apariment butkding with Lifi (6 siery)

{Ligtn bl rxcarcored o 3rd Moord
Fien Tryenst, Mol -do-scpde

B Spores with enough natural light

Flrurc 221 ¢: Lighilng Conditlon al Lalmatis Case Study Bullding

opeeT AT

R a7
! i---#h hqm—r—'--‘-qm
; T I e e

— -

e roaned

Kalyrrpur Howming Lawte (§ stored watk up)
[ Linghat bevw] cewrmmmted ot [t Thocni )

Figure 2,21 I Lighting Condition al Kalyvanpur Cese Study Byilding

Shabild Cimkdn Hogung Suckety Mizh s Umiverety (5 siorind w ol o)
{Ligsl ¥l wrwesryed 43 floor)

Flgure 2211 ¢ Lighting Condition at DU Case Stondy Building
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Cazh AR rf--n-}

Froex roamd

@ Teachers quianer, Dhakeswary area, BUET (11 story)
(Ligh beved mracorated ot 864 & 108N floor )

[ d e )

Teachers quartcz, Dhakeswary area, HUET {4 stoked walk-up)
{Lig? kvl ecvicared 11 2 Ao}
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Teachers quaner, Dhakeswary ares, DUET {6 stocied walk-up)
{Ligtx Wl orworrd ot Ind M)

Fipure 221 I: Lighting Condition at BUET Case Study Boilding
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Manmondi: smrtmem tilding with Til (16 eory) [Manmondi Apartment (b soricd watk up)
(Light level measured a1 91h fhoor) {Light level mexnired nt b5l & 41h floor)

@ Dhanmond: A partme (9 story +baserment )
{Lipht bewed measured 2t Ird & 6ih Ntoor)

E Sy with cnouph natural Lipht

Flgure 221 g: Lighting Condlilon st Dhanmondi Case Study Bolldings

77

e f



Rozatazar Walk-up apariment (3 story)
{Ligta kvl moroood st Ined flecwry
pum b net-o-acake
iy
b,
- e
_.| i E'_
1.
Razabazar, Apariment with 1 {B story) -—_I—_
{Light bevel measured at 3rd Mhoor)
plan Layout not-to-scake bed bed ]
™% Spacc with ceough nanmal light I

{Light lerwrd reersred il 2vet Aocry

@ Raznbarar; Walk up apartmenl {5 story)
plan Eym mot -t

Flgure 221 h: Lightling Conditlon at Kajabazar Case Study Bullding
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Sami pucca commerdal shed

i

MNarrow road

Shegunbagicha: Apariment Building (13 story+basement)
{Light level measured ot 2nd & 10th lovel)

Shepunbapicha Watkup-apanment building {6 story)
{L i b=l maeaioed ot Bu A Ird floor)

Flan bryout: Not-to-soeke
E=—] Spaces with enough natural light

Flpore 221 §: Lighting Conditlon at Shepun Bagicha Case Stody Huilding

i



L
2,7  Energy Efficiency of the Case Study Residential Buildings

Thiny residential apartment buildings including 19 walk-ups and 11 npartment
buitdings with lifi facility were surveyed to find awt their “energy efficicncy” in terms
of electricity consumption 'p-cr year per unit floor area measured in "KWh/mifyr,” In
order 10 calculate the total electricity consumption of a residential building ,twe main

companenls were considered. They are;

1
.  The individual houschold consumption and
[i. The consumption for building utility services like Lifl, water supply, lighting of

COmmoOn Spaces eic.,

The method of calculation has been described carlier in section 1.7.2.5. The 'energy
cfficiency’ (EE) calcutale! for each butlding ts piven in the Trble 2.11. An example

of 1the calculntions is attnchdd in Annexure Al
H

Tahtel.11: Esttmated *Ererpy Efliclency”® of the Cuse Siudy Ruildinas

‘Twpe | Localion Surey | Buiding Type Tomal o No, n:f El
of puini E::T g:;ors 3;:"'"3 (K Wh'mihr.)
'd:v. " (™
U-1 Walk-up 3295 |4 4 35.7
Unarn -
U2 | Aptt. with Lift [ 1729 | 6 Q) 36
" a.
: Gl | Waik-up 1075 |3 |3 389
. | Gulshan
- G-2 Apth with Lift | 5354 1 6 20 49.8
H | | Welk-up 669 |4 7 21.5
T Mirpur -3
E - | Apwith Lift | 2030 |6 15 26
= _ Walk-up 585 1S ) 36.8
Lalmatia L1
H Aptt, with Lify | 2677 | 6 i% 374
. Walk-up 1338516 7 26.8
g . Walk-up 1255 16 |8 32.7
¢ | Dhanmondi D1 " M
- Aptt. with Lift | 7585 17 | 27 28.8
i '
£ Aptt. with Lift | 2510 F10 16 38.3
E [ 502 {3 |3 435
< | Rajabazar l| Aptt. with Lift § 2677 | 6 20 385
=
= R-2 Walk-up 949 5 5 28
{continued}



Shantinagar S-1 Walle-up 1078 | 4 7 20
5-2 Al with Lift | 4555 10 36 38.6
Walk-up 1673 |6 i 31
Walk-up 1673 |6 10 30
Shegunbagicha ] Walk-up 1673 |6 10 32
Aptt, with Lift | 2091 10 16 323
5B-2 | Aptt with Lift | 8512 | 14 | 44 30
Dhaka D=1 | Walk-up 1394 |5 10 24
Lmiversity " [Walkap 976 |5 | 10 254
o Walk-up 1487 | 4 8 28
E BULL E.IU-l Walk-up 1487 | 4 8 22
2 Walk-up 5500 |6 36 27
E Apte. with Lift | 13992 | 11 44 21
g Kalyanpur K-| Walk-up 15800 | 3 20 264
& | Housing Estate Walkup 1580 |5 |20 75

2.7.1  ‘Fnergy Efficicney” and type of residential development

The implication of the estimated ‘energy elliciency” ol a particular residential
buitding is that, lower value indicates more efliclent lunetoning compared to oiher
similar type of buildings. The survey resulls show thal, averape consumption of
glectricily per umit arga Iljli:.‘]' year of the case study buildings is lower in plannad public
arcas while highest in planned private arcas in both tvpes of buildings (Figure 2.22),
That is, apartment huilc!ings are more efficient in planned public housing areas and

less efftcient in planned private areas than m other type of scttings surveyed.

Ay the demand Tor cnergy iz dircetly related to the affordability of any household and
therefore to the consumption level, the income level analysis in different types of
residential areas described earlier in Section 2.5.1 needs to be considered here. The
income Jevel analysis |:,hnwed that, the lesser consumiption level in buildings of
planned public areas corresponds 1o the fact that the higher income group is absent in
these buildings., Vice-versa, the higher consumption in buildings of planned private

areas can be retated W the larger proporion of high income households,

E1
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Another inleresting finding is (hat apartment buildings with il are more efficient in
planned public housing than walk-ups, while in other iwo types of developments
walk-ups are more efficient. Although this cannot be established as a pailtern as only
one apartment building with lifl has been surveyed that 1s localed in a planned public

housing.

average perfurmance of surveved huildings

a0 17
35 47
30 A
25 A
20 — mwalkup

KWh/m2/yr.

15 m apte, With lift
10 4 ——

> - -~

Planned unplanned planned
private private public

Figure 2.22: Comparison of ‘Energy Elliciency’ Eslimates By Type of Buildings in
Difcrent Residential Developments

The estimaled “energy etficiency” ranges from as low as 21 KWh/m%yr. Lo as high as
498 KWh/m#yr in lhe surveyed resulenbial aparimeni buildings. When these
buildings are ranked in three separate groups, the result is a pattern similar to Figure
2.22. Figure 2,23 presenis the distnibution ol ‘more efMicient’, ‘moderately efficient”

and ‘less efficient” buildings in diffcrent types of developments.

Fipure 2.23 shows that all of the buildings survcved in planncd public housing
category belong to the ‘more efficient’ group. The propeortion of ‘more efficient’

bulldings is higher in unplanned areas compared Lo planned privale areas.
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| Planned private developments

IIi' - - -
- Toplanped prlvate
|
i 43%
L]
O
1
I
B more efficient:21-30 W moderately cfficient'31-40 mless efficicnt 41-5¢

Flanne< public honsing

%

100%

Figure 2.23: Proportion of Case Study Buildings of Different Encrgy EfMiciency Level in
Three Type of Residentinl Development
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Holistic approach

Policy and
regulation

Finance ) Behavior

Figure 3.1: The Three Approaches in a Sopportive Frnmework for Energy EfMiciency In
Buildimm

Sowgree; Rummary Report, Warld Business Council for Sustainable Devekepmen

341 Recommenidations regarding urban planning policy mensures

Since policy-makers ir developing countries like Rangladesh often consider energy
clTicicncy as a low priority behind many more vitl economic goals such as poverty
ollevimion or increased employment. it is cssential that the co-benefits of energy-
cfficicney policics arc well-mapped. quantified and well undersiood by the policy-
mokers. These co-benefits include energy security, poverly afleviation or improved
socir]l welfare, reduced manality and morbidity or improved beallh, job creation and
improved industrial productivity (Koeppel ct al 2007).

In recent times, energy seccurity considerutions os well ss rmpidly nsing enerey
demamd have become o driver for enerpy efMiciency investments and policies in
lengladesh. The povernment and ulilities are implementing severnl measures like tax
rehates in importing renewable energy technologies, DSM progmms, such ns the {rec
distribution of CFLs ete,

Repulations far encrgy use, appropriate encrgy pricing. markel demamd and enabling
approaches such as incentives end demonstration projocts are some of the measures

ithat need to he considered. Planning policies should also focus on:
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2.7.2  Dwelling density and ‘cnergy cfficiencey’ of apartment buildings

The number of dwelling units varies widely in the apaniment buildings of both type,
e in walk ups and apariments with Lift. Among the surveyed buildings the number
ranged [rom as small as 3 10 as large as 44 dwelling units in a single building. Te
figure oul 1 there 15 any impact of the number of dwelling units on the energy
consumplion level per unit area of a building, the surveyed cases were arranged in a
hierarchical order 0 observe the chanec parern in the corresponding “energy
elficiency{FE). From l'igures 2.24akb it is cvident that with respect 1o a positively
sloped trend line showing pradual increase in dwelling density the trend hne for
corresponding ‘energy cfficlency(BEY of the buildings is neganvely sloped. That 15,
higher dwelling density can lead to better efficiency level of a building regarding
energy canswmplion per it arca. However. a larper sample needs to be surveved in
order 1o determiine the optimum number of dwelling units in an apartment building.

Table 2.12: Change in ‘FE’ Along With Increasing Dwelling Densily of Apartmenl
Buildings wiilh Lili
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Figure 2.24a: Change in Encrgy Consumption Per Uit Area along with Increasing Dwelling
Densiny: *Apartment Tuilding with Lin"
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Table 2.13: Change in ‘EE' Along With Tnereasing Dwelling Density of Walk-lip
Apartment Buildings

f Cases Cvalk-up-apt ) gl oo dvve 1in Y00 i S i

| 1 3

| 2 3
3 4
4 3
5 7 268
) 7 213
7 7 26
8 B a2
o 8 2%
10 8 32.7
11 9 36.8
12 | 10 2
13 | 10 23.4
14 | 10 30
15 10 31
16 10 32
17 20 23
18 20 264
19 36 27

Data source Survey done by researcher from August Ll Movember 200%

E | kwhinfyr |

Ny, A lng unifs
=
)

17 ?-
e B i i - H
B i S T A AP SR i
n 5 w 1% Wi
E 19 ziveps ol & alkup bldes ;:
T

Figure 2.24b; Change in Energy Consumption Per Unit Area along with Tncreasing
Dwelling Density: “Walk Up Aparoment Buoilding’

2.8  Summary of Findings

The case studies discussed in the carlier sections is summansed below to got a
qualitative overview ol (he impact of sclected parameters of the corresponding urban

texture and micro chmale on “encrpy efficiency” of the residential apartment buildings
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in different areas of Dhaka oty - The parameters of urban texture and nuicro chmate

that were examined in the survey poinis arc;

I

]!

v

Wl

¥IL

Building density: amount of open space compared to the built-up area

Amount of combined green cover and water bodics comipared to cxposed hard
surface, :

{uidoor thermal condition: Tocal air temperature compared o regional average
air temperature,

Indoor thermal condition: indoor air temperature compared to immediate
outdoor temperature.

Form of the building: length to depth ratio of Noor plate,

Site surronndings: ratio  of mean distance 1o mean height of adjacent
bwildings, and

Amount of naturally lit indoor spaces.

The survey results of different survey points previously shown in Fable 2.2, Table

23, l'able 2.4, Table 2.5, Table 2.7. Table 2.8, Table 2.10 and Table 2.11 have been

sorted and summarized o understand the relationship patlem of these paramcters on

energy consumption level of apartment buildings.

Table 2.14 shows the corresponding average values of the parameiers for both low

consuming ic. apparently ‘moie efficient” and high consuming 1.¢ apparently “less

efficient” case study buildings. 1t is evident from the table that better efficiency of a

building corrgsponds to;

larger amount of open space in the surrounding area,
greater provigion of green and water badies,

cooler indoor thermal conditions in warmer Seasons,
linearity of the shape of {lowr plate

Higher rabio of distance o height of adjacent buildings and

Higher access of natural light imte the indoor spaces.
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2.9

2.91
study buildings

Correlailion Analysis

Correlation between affordability and coergy consumption in the ease

The coteiation between, clectricity consumption per unit area in the casc study

buildings and the average house hold income of the corresponding survey points have

been analvsed by using both Pearson corrclation and Spearman’s rho. The result

(Table 2.15) shows tbat there i a sipnificant positive correlation belween alfordability

of the occupants and the buildings ‘cneepy cfficiency” in KWh.m?/yr, This means the

hipher the income level, higher 1s the level of consumption.

Table 2,15; Correlation Analysis; LL and Affordahility

|| avg incm b
EWh/m2fer SVt
KWhimafer Pearsnn Carreelation | T2
[] Sig {2-tailed) A0
™ 2 10
avg tncome of HHs by Survey Pearsun Carrelation AT2N 1
plrmLz I Sie{2-taled) A )
A 30 30
= Carrelation is significant at che 0 01 [evel (2-tailed),
Il
) avg inem by
i KWhimihr &% pnt
Speatmat's tho K‘-.’n’h-‘rr?l-"yr Comelanem Coelficient 14110 G187+
I Sigz. F2-1mled) ) i
,' N 30 30
;\:,%.,;!L::::ET [1115 by Correlation Coellicienl 6180 L300
Sig. {2-1mld) A0
' W 30 30

** Coreclation is sipnificant at the O 01 level 42 -tailed),

Data source: Survey donié by the researcher ffom August, 2009 1o November, 2009

Seltware [or corrclation analysis: SPSS 120
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2.9.2 Corrclation hetween urhan teature and energy consumphion in the case

study buildings

The survey results reveals that sofi surface to exposed hard surface ratio of the
surrounding arca have sipnificant nepative correlation with the “energy efficiency” of
buildings {[abic 2.16). That is, higher proporton ol green cover and water bodies will
lead to lower cnergy consumption per unit area of the buildings situated in that area.

Table 2.16: Corrclation between Ratio of SoN Surface to Hard Surlace in Surreundiog
Aren and "EE’ Q1 Building

Hoft aweface to
erposed hard
EWlifindsvr aurlpce 1o
Spearman' thao EWhmaivr C:urrulu1iﬂr| 1300 - SIH
Cocfficicnt ’
Sig, (2-1nled) . JM)E
N 30 30
Soft surface to Correlation -
exposed kard sarlace Unefticisnt - 3000%%) 160
ratice ' S [2-tmied) (s
N 30 20

~* Carrelation is significant at the .01 level (2-tailed}.
Drata sowrce, Survey done by the rescarcher leom Augost, 2009 o November, 2009
Software for cormelanion anabysisc 8PSE 120

The proporiion of open space compared to built up area in the surrounding area and
the comesponding cncrgjl,r cfficicncy of buildings also have a weak negalive
corrclation. That is, grcutélf" proporion of open space in the surroundings may lead to

lIower consumption ol z:11+:1|'g}‘ i buildings of Dhaka city (sce Table 2.17).

Table 2,17: Correlation between Ratio of Open 8pace to Bnilt-Up Arca and EE

Open apacs B baill op
WWhim 25y area ratio
R B2 fpr Braisan Conclaticg I <380
Sig. (2-tatled) ) LES
M 30 an
ppenspiace to Tl area ratie Fearsan Coreelacion - JRRLE) 1
Stz {2-tailed) A135 )
M 30 in

* Correlation is significant at the 0.05 level {2-tailed)
[Diata source: Survey done by the researcher from August, 2009 to November, 209
Software for correlation analvsis: SPSS 12.0
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2.9.3 Carrclation between natural lishting provision and energy consumption

per unit area of buildings

One of the assumptions of the study was that the provision of natural lighting in the
indoor spaces will affect the cnergy consumption of a residential building. But no
sipnificant corrclation has been found between encrgy efficiency of buildings and

provision of natural hight from the resubts of the survey.

2.94 Correlation between  ambient  thermal  environmentl amd  energy

consumpiion per unit area of buildings

One of the assumptions of the study was that the ament thermal environment will
affect the energy consumption of a residential butlding Bul no sigmlicant corrclation
has been found benween energy efficiency of buildings and provision of natural hight

from the results of the survey.
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CONCLUSION AND RECOMMENDATIONS
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31 Key Findings

In the previeus chapler, the results of the survey conducted among the casc study
buildings o Jind out the cxisting pattern of electricity consumplion in residential
aparument buildings of Dhaka city cxpressed as their ‘energy ellicwency’ measured in
KWhm?yr were presented. Estimations of "Open Space and Built-up Arca” ratio and
‘Soft surface” and “Exposcd Hard Surface’ ratio of the immediale surrounding arca
termead as “Survey poinls” were presented to express the quality ol “urban texture’ .
Variations in indoor and ouldoor temperature differences and availabhity of natural
light in indoor spaces that were scen in cases of dilTerent orban wxiure were also
presented. Finally, (hescs paramcters of external and internal physical environment

were correlated with the energy performance lesel ol the case study buildings.

From the summarv of findings presented in Chapler two, the lollowing scctions of this
Chapter presents the key findings of the study n relation to the specific objectives of

{his thesis stated carlier in Section 1.3.72.

3.1.1 Existing ‘cncrgy cllicicney’ of residential apartment buildings in Dhaka

city

Cnergy conswnption 1 a building at the operation stage primarily depends on the user
of the butlding Afurdability of a user is onc of the key factors which allect the user’s
comsumnpion level, The present study was done on the residential apamtment bnldings
oceupied by the higher middle to higher meome group ol people in Dhaka city.
Therefore the results do not rellect the consumption level of the whele cross section
of apartment dwellers in Dhaka city. 1t only describes the buildings that are cecumed
by houscholds who consume to ensure ‘comfort’ which brings furward the issuc of
micro-climatic and surrounding physical conditons of the buildings in question as
natural factors affecting ‘comfort’ in indoor spaces . Although the factor of load
shedding in power supply is not considered 1n this thesis, the findings will be useful
from the point of view that seeks o improve enctoy efficiency level by employing

passive measures o reduce demand for electricity consumption to ensure “comfort’,
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The kev findings about the cxisting ‘cnergy efficiency” level of apartment buildings in
3 g g oy ) P

Dhala city are;

I

IIT,
IV,

V.

YL

Y11

WIII.

Average “cnergy cfficiency” of walk up apartment buildings in Dhaka City
Corporation Arca is 29.6 KWh/m®*/y.

Average “energy efficiency” of apartment buildings with Lifts in Dhaka City
Corporation Arca is 34.3 KWh/m®*yr.

Walk up buildings are almost 14% more ellicient than apartments with lilts.
Substaniial variation in -encrgy efficiency” ol buildings cxists in different
types of residential developiments in Dhaka city (see Figure 2.22)

The buildings located in planned public housing areas consume lowest amount
of energy per untt arca (see Figure 2.22).

Il ample open space and greenery is present, such as m ihe case of BUL
leachers’ quarcers. multi storied apartments ¢an be more energy cfficient than
walk-ups in a similar setring (See Section 2.6.1 & Table 2.11).

Highest encrpy consuming buildings are mostly found in planned private
residential arcas (see Fipure 2.23)

there [s a negative comelation existing between ‘energy efficiency’ and
dwelling density of aparlment buildings in Dhaka city. Higher dwelling
density corresponds o lower encrgy consumption per unit area of a building
(see Figure 2.24a and 2.24h).

Houschold affordability has & strong posilive corrclation with the energy
consumption per unit area of an apartment bullding. It can be said that people

tend to consumme more energy when their affordability is higher.

3.1.2 Urban texture and ‘energy efliciency’ of residential buildings

3121

Open space 10 buill-up arca ratio and “energy efficiency’ of residential

apariment buwtdings

Pearson correlation analysis done by using the survey data show that there is a

significant negative correlation at .05 level, between ‘open space- buwilt up arca ratio”

and ‘energy eflicicney’ of a building. This means that the higher the proportion of
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open space in an urban location, the lower the energy consumption in a building

located there (see Table 2,14}

3.1.2.2 Green or soll surface coverage and cxposed hard surface ratio and

“enerey efficiency” of buildings

Pcarson correlation analysis shows lhat there 1s a negative comrelation significant at
U5 level, between the green or sofl surfuce 0 exposed hard surface ratio and ‘energy
cfficicncy” of buildinps. That is. greater coverage of sofl surface will lead 1o lower
cnergy consumption in a building (see Table 2.13).

3.1.2.3 LEnergy consumption in apartment buildings and ambienl thermal

environmernt

The survey results were imconclusive in lerms of establishing substantial relationship
patlern belween ambient thermal condition and energy cfficiency of building. The
probable reason for that is the small sample size taken for the survey due o time and

resource imilations.
3.2 Planning implications

The Uurd and the [inal objective of this rescarch stated carlicr in Chapter 1 is to
evaluale the lindimgs from the case study analyses discusscd above from urban
planmng point of view. To achicve the goal of imprmoved cnergy efficiency in the
residential sector of Dhaka City, 1l would be useful to do the cvaluation on the basis
of the ools available lor urban planners to intluenee the development process of the

ciby,

Urban planning can intervene in the deselopment process though three main
insiruments; plans, control and promotion {Adams D.1994). Development plans
provide a context for control decigions by stating the strategics and prineiples that the
planning authority will adopt in sceking to manage land use and environmental
change. A development plan, like the “Dhaka Metropolitan Development Plan {1995-
2015Y, indicates where the authonty wishes to encourage, prevenl {e.g. in casc of
flood planes or green bell) or direct a specilic lype of development. Such guidance

provide a framework for the land market by helping landowners, developers and
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investors o know in advance what is likely to be acceptable on thewr own land as well

as on the neighboring land.

Development control provides an  administrative mechanism  for the planning
authority to exercise discretion on specific development proposals. The planning
authority may try to control the form of a development as well as its location,
specifying requirements such as access. scale, design and external appcarance. One
cxample of this type of control tool is the ‘Dhaka hfabanagar Tmaral Nirman

Bidhimala 2008 implemented by RAJUK for Dhaka City.

Development promotion is the most active way in which urban planning mieracis with
ithe development process. Authorities seek to stimulate development and mvestments
within their arcas by promoting and marketing locations, making land available to

developers and providing prants and subsidies.

Relevance of proper implementation and up-gradation of these 1ools with the Tindings

of (his tescarch is discussed belows

Spatially un-balanced urbanization in Bangladesh has created un-sustainable
built environment in the capital city, The wiplanned high density built up arca
is creating residential environment unpleasant and dependant on cnergy
intensive artificial solutions, Decentralization of infrastruclural faality and
coonomic activities should be the priority of remponal spatal plannimy
abjectives.

Dhaka’s housing sector is primarily dependant on the private sector, Although
the research showed that public housing lacilities are more energy eflicient
than private developmenis. it 18 unrcalistic to go for all-public developments.
Rather private development sector should be enabled and regulated by
inducing proper policy measures to enhance their energy efficiency.

In the existing condition “Walk-ups® are more efficient than high rise
gparlment buildings in Dhaka City. Bwt the later type 13 the obvious solution
for addressing land scarcity and gmlwiﬂg housing demand. The problem
should be addressed by considering the eptimum mumnber of {loors for 4 mulu-
storicd apariment building to achieve the *economies ol scale” and provizion

ol open gpace and green space for enhanced natural lghting, sentilation and
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natural lighting and ventilation, It intended to evaluate energy performance of the
buildings of this panicular type apainst the urban textural quality that affcet urban
micro-climate. ‘The assumption was that the energy efliciency ol remdential buildings
is affccted by wvarving provision of natural lighting, ventlation and thermal

convironmett.

In order to fulfill the objectives ol the study, case smdy buildings located in
prominent residential areas of older and newer developments of Dhaka City
Corporation area were surveyed. The study findings revealed that different types of
residential developments vary in urban fextural quality and thers is substantial
vamation in ‘energy elliciency’ of buildings in these locations. The summary of
survey [Tndings regarding the impact of physical and environmental characteristics ol
immediate surroundings of a residential building shows that, cnergy efficiency of a

residential apartnent bnlding can be positively atfeeted by:

1. larger amount of open space in the surrounding area,
II.  pgreater provision ol green and waler bodics,
1. cooler indoor thermal condilions in warmct scasons.
IV, linearity of the shape of {loor plate
V. Higher ratio of distance o height of adjacent buildings and

VI, IMigher access of natural fight into the indoor spaces

According to the study. planoed public housings consume lesser clectricity per unit
area than buildings located in other ivpes of development. Although walk-ups are less
glecineily consurming. they arc not a feasible solution to meet Dhaka’s bousing
demand Therelore priority should be piven to proper design, construction and
maintenance of multi storicd housing equipped with efficient technology. Provision of
urban open space and greenery is proven to be conducive o improved cnergy
cfficicncy, therefore land-use plamning for future residential arcas in Dhaka city
should conform to proper gwdehines of providing these elements. Increased awareness
and incentives 10 use efficient technology can be vital 1o improved energy elliciency

ax higher affordability and ignorance can lead 1o misuse ol energy.

Mindless densification of dwelling structures Lo merely meet the demand s destroying

urban space quality as well as resulting in higher dependency on fossil fucl to run
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artificial systems for improvement ol mdoor environment. As the most appropriate
solution at hand, the flourishing sector of multi-stoned apartment buoitdings demand
more in depth research regarding appropriale scale, lorm, bwilding mailenal, utility
and mechanical systems etc in order 10 make the whole sysltem more cfficient to
reduce its impact on the environment. This can be achieved through proper planning

and implementation of control and enahling pohey measures [rom cily planner’s par.

L Recommendations

Planning {or sustainable urban development must be oricnted towards long-term poals
and utilize knowledge about the envirommental consequences of different solutions.
Along wath a supportive policy framework, three approaches should be adepted to
gain improved energy efficiency in buildings;
I.  Ahelistic design approach,
If. Appropriate financial mechanisms and relationships among dilferent market
actors, and

fll.  Behavioral chanpes in market actors and end uscrs.

Policics should be focuscd to cncourage interdependence by adopting helistic.
intcgrated approaches among the stakcholders (such as. investors. land owners, local
authority, designers. supplicrs, service providers, end users ete) thal assure a shared
responstbility and aceounlability toward improved encrgy performance 1o buildings
and their communilies. Energy should be made more valued by those involved in the
development, operation and use ol buildings. Policies should create enabling
cnvironment to transformn behavior by educating and motivating the prolessionals
involved in building transactions lo aller their course loward improved cnergy

elliciency in butldimgs.
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I1.

11

IV,

I1.

I1LL

3.4.3

Development of a strong and eflicient legislative frame on ihe enerpy
performance of buildings. Enactment of a proper “building energy code’
Promoting solar energy use at the houschold level! by inlormation
dissemination aboul solar home sysiems, promotional activities highlighting
savings in Monitory terms 2L,

Promoting 1esearch and development in the ficlds of uscr-friendly and cost
effective renewable energy lechnology.

Promoting adopbon of “green consumption’ ameong urban citizens

Recommendations regarding urban design

Steps should be taken o protect urban parks and water bodies against illegal
encroachment driven by immediate profit motive.

Urban micro chimate considerations should be given priority while designing
new setllements and improyving cxisting conditions to reduce urban heat 1sland
etfect on buildings.

Proper iImplementalion of existing regulatory rules for new residential
developments  in the privale scctor c.p. “Private housing project land
development rule 2004 and "Ponds, play ground and open space preservation

rule’.

Recommendations regarding residential building design

Lnergy efficiency in buildings should begin at ihe neighborhood or city planning

slage, A holistic approach should be adopted which will consider energy use over the

whaole life evele of the building:

11

Holistic design approach should be adopted which combines different
components such as space arrangemenl. building envelope, building material,
construction management ete and lechmelogies in the building such as [IVAC,
insulation, waste wanagement, ublity such as water supply. wastewater
treatment elc in an integrated approach rather than focusing on individual
elements.

The bwlding envelope is critical to cnerpy efficient design, which also needs

Lo integrate shade. orientation. daylight, ventilation and appropriale materials.
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[IL. Desipn should include on-site energy generation {tom renewable and

otherwise wasted resources.
244 [Reeommendations for further soudy

Lhe present rescarch on the topic of energy efficiency ol residenfial buildings in
conlext of Dhaka city has been carried out by a single researcher in a hmited scale and
boundary duc to time and resource constraints. Appreciating the importance of the
15sue, (urther in depth studics should be done which would contribute o develop
beller understanding of the impact of urban texture and micro climatic conditions on
energy consumplion in urban buildings. Computer aided simulations to predict indoor
lighting ventilation and thermal comfort in varying urban textural condition would be
very uscful in this rcgmd.l Studies on the factors unigue 0 our socio-economic and
cubtural context that affect the energy consumpiion in households are also cssential to

1
make informed choices in future urban developments.

Creating an urban buill anlm-imnment conducive to cfficient cnergy use is a job that
neither city planners nor the archilects could accomplish on their own. City planners
deal with land use at a macro lesvel while the architects deal with site specific aspects.
But there remain many in-berween 1ssues thal connect these two rcalms when it
comes to managing commeraial energy demand and consumption in a holistic way by
addressing its socio-cultural, econonue, lechmical and environmental aspeets which is
a prerequisite for sustainable urban development. In many instances planners
fornmilate well-intentioned land-use plans but they rarely are realized i time and then
lose their contextual relevance. A development plan that would ensure livability and
energy efficiency requires at the same time a holistic as well as a detailed approach to
design. Unfortunately, Dhaka city still awaits that kind of a well informed, well

[reused and inlcerated plat.
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Apncaure Al

‘Enerpy Efficieney' Calculation

Case study building: BUET Teachers’ Quarter, Building No, 48, Dhakeswary area, BUE'L
Building type: Apartment building with LA

Numhber of loors' 10 + ground floar

Total flocr area (1272711 ) m#

Electricity gonsumption al 6% foor and 10" floar: {source, Records from BUET Superintendant s
Ungineer's office)

hanthly consumption (KKWh) 2008-200% -
o -
o 2
. L=
ed =
Jan Felr war | apr | Say [ Tun Tul Aug | Hep Dt Mow [ [es :-:: b
fi=p1 9] | 4G fal a5 G623 413 di3 A37 i 204 111 415
6-k 507 475 a3 Bad 592 543 3 g LN 47 s0R 07 401
1&41
G-¢ 435 91 414 TEQ A3 a2d 693 0T T30 Tl 3Tl 394 REL
fi-d 187 163 23 &2 2U4 J44 313 T 138 Lye) 203 214 271
14- 1349 121 147 177 I 5% 120 165 16% L#1 AL 141 154 1id
A
10- 32 Tha 318 428 305 414 355 37k 424 103 s a2 b
b
1473
1= 363 Jis 3in 474 456 436 144 144 s20 317 304 2 100
T
| 1= 351 349 404 550 534 N 6o Gl3 K23 41 444 15 523
d

Average per floor consumpton of the butlding = (1861+ 1473%2 = 1667 KWh/Tleor/maonth
Consumplion for commeon utility services = 3000 KWhi month {assutned)

Tolul consumption of building per year = (L66T*10 + 2000) 12 = 294040 K¥Whivear.
Frergy Efficicney of Building no. 48,

EE = 296040/ (1272511} = 21 KWh/ m*/ yr.
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Cuestinnnaire survey formai

Anneaure A2

Flectricity Consumption of a Residentinl Apartment Building

i Genernl Information:

T | Name & Address® " -
2 {lLand arca Katha/Bigha
3 | Building arca* 56
4 | Number of floors* Nes,
5 | Number of units per floor® Nos
& | Car parking Ground f1 o 1% basement g 2™ basement & other +-
7 | Total number of flats! units in the
L Nos,
building
8 | Community area Ground f1 o 1™ fioer o other ————m
I Service lacility: T -
- n . _— ]
Size:
i, | Lifs
Capacity:
Type:
2. | Generntor
Capacity:
Llectricity consumed for common K Wh month
3. | purposcs (commen-space ' v
lighting. lifl, water supply cfc) b
Lfltc surrounding: * . - }
T ek P e ], o o el il J
Land use Height of
srciures
l. { East Side
1. | West side
3. | North side
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4, 1 South side

Electrclty consumption In an apartment unlt-

" Apartment unit: Floor* Exposcd skdoes @ eastD westO nerthD southD
Inside aree” T D
Number of residents” i Nos
i 30,000- 50,000
+50.001- 70,000
:‘mmrmm‘?" 70,001- 90,000 TR month
£0.001- 1,10.000
| above
' Elei::t."lcal appliances numbor lpucfﬁ;:ltlm A
I O " Tons 4
3 binda fan
Fans [ceiling A other) 4 thode fan
Extausl tan
a4 feel long
Tube Ggita
2 foet oy
incandeseent bufts WWtt
Enargy saving butba* Watt

4 Monthly record of electriclty consumption (last one year):

Menth | Jan* | Fer* {Msi Ape by Thm Tt |Aup [Sep (O JHw | Dec

oy i il Sl o an oo, " o

k¥

H3



Physien! Survey check lisi

Date;
Tirme:
Localion:

Address;
Building lype: Aportment bullding wNit ; Walk-up epantmea_]building

immediate- outdoor tamperature of the time of surveyl_____ 38 [ ]
Wi

Photo groph (sireet front):

interno! loyout:

tevelflloor ; Exposed Indeor Light lovel|lux)
: sides temperoture
' ("C)
(Central
lacation)
Common Torimty
ooivity M| C
DB wa ren (din- Mbed Krehen
‘. - curm i)
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Weather archive: Reference temperatures for survey dates
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Apnexure Ad

TES 1332 Digital Lux Meler

SFECIFICATIONS

«  Dusplay: 3-1/2 dige 1LCD

«  Measunng Range: 200200, 2000/20000/ 200000 1LLX

s Orverrange Display: Highest digit of {1) is displayed

»  Eespluson 0.1 LUX

v Accuracy' + 3% odg 2 0.5 %l Calibrated to siandand mcandescent lamp 2830°K)
s Spectral response CIE Photopic (CIE human eve response curve)

*  Speciral Accuracy: CIE YU Functhion £ 1<=6%

*  Repoamability: + 2%

»  Temperalure Chamactenstics: £ 0.1% £C

+  Mcasuning Rate Approximatcly 2.0 imefsce

s Photo sensor: Silicon Photodiodes

e Operating Temperaiune and Humdity °C-A0°CG 2P~ T04°F) & U-80% RH

Ranges (LUX) Allowance

0-20040.1 + 3% rdg +0.5%

0-2000/1 fos (=10000 1L.UX)

Q=-20000/10 = 4% rdg £10 dm

(-200000/100 s (1UBBULTX)
FEATLRES

» Accurate and instant response
s Data hold function

»  Speocial  sensitivity close to CIE

photopie Curve

»  Cosine Angular corrected

»  Analog output jack for recording

& (NS 35119class 1

131
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