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Abstract- Now a day, the energy crisis is a burning issueundomestic and nation life. For this reas
optimized design strategy can be implemented ippocgoriate building and facade design. As moshe
analyses in this paper demonsgatrongly, there is a need to consider energgieffcy before the impe
of renewable technologies can be maximized. Thersigns that energy efficiency and renewable g
are now being more appreciated and considered byptiblic. Therefore buildgs should be designec
optimize energy in use and without compromisingfgserance in terms of, air quality and com
conditions. There is also a great potential to psessive and active renewable energy technologi
buildings. In order to maxime energy efficiency within a building, heat lossgkin the building enveloj
must be kept to a minimum. This is achievable ngalation to the roof, walls, windows and flo
Insulation can be improved via joining of unitsriorease thermal massg and minimize heat loss throt
exposed walls. Meanwhile on the other hand adequedilation without draughts is essential to a
condensation problems. All these issues can be dgnthe Environmental and Energy Analysis of

Buildings and this is \ry important for Bangladesh in context of contengugrenergy crisis.
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1. INTRODUCTION
The use of energy in buildings has increased ientec
years due to the growing demand in energy used for
heating and cooling in buildings. Without energy
buildings could not be operated or inhabited.
Improvements have been made in insulation, plant,
lighting and controls and these are significantuess
that help towards achieving an energy efficientding.
At this stage it is important to know what is meagt
“Energy Efficiency”.

2. PROBLEM DEFINITION
The aims of this paper are as follows:
i) To identify the use of energy and energy analysi
according to building’s microclimate. ii) To idefytithe
integration process of climate and energy in boddi
iii) Considering renewable energy and combined heat
and power in buildings with environment.

3. ENERGY EFFICIENCY
Energy efficiency means utilizing the minimum ambun
of energy for heating, cooling, equipments andtligh
that is required to maintain comfort conditions an
building. An important factor impacting on energy
efficiency is the building envelope. This includak of
the building elements between the interior and the

exterior of the building such as: walls, windowsptk,

roof and foundations. All of these components must
work together in order to keep the building warntha
winter and cool in the summer. The amount of energy
consumed varies depending on the design of thecfabr

the building and its systems and how they are apéra
The heating and cooling systems consume the most
energy in a building; however controls such as
programmable thermostats and building energy
management systems can significantly reduce theygne
use of these systems. Some buildings also use zone
heating and cooling systems, which can reduce rigati
and cooling in the unused areas of a building. In
commercial buildings, integrated space and water
heating systems can provide the best approach to
energy-efficient heating.

In the past huge dependence on energy was noahleil
due to higher cost of production. Energy audits ban
conducted as a useful way of determining how energy
efficient the building is and what improvements d¢an
made to enhance efficiency. Tests should be uridarta

to ensure that the heating, cooling, equipment and
lighting all work together effectively and efficigyn

Buildings also produce Carbon Dioxide (COZ2) emissjo
but this sector receives less attention comparexthier
pollution contributors such as the transportatiod a
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industry sectors. In addition to energy conservatad
energy efficiency measures introducing renewable
energy would be an advantage to the building sextdtr
will reduce the carbon dioxide emissions, and thergy
generated from the renewable energy could be wsed f
heating, cooling, ventilating or lighting.

4.1 DESCRIPTION of BUILDING MODULES

The building modules are built at Chittagong inogen
location with uninterrupted solar access. The Ondute

is shown in the background of Figure 1. The module
containing the window (brick with plaster and clear
glass) is shown in the foreground and door. Theutexd
have a rectangular floor plan of 190 feet x 48 feet
(approx) and are spaced 10 inches shading and m@im
wind obstruction. With the exception of the wallke
buildings are of equal construction, being built an
concrete slab and aligned in a manner so that ahh n
wall of the buildings is perpendicular to astronoahi
north. The building has a ceiling height of 10'.€Th
ceiling consists of 6” RCC (thermal resistance erdRue

= 2.560 m2.K.W-1). Entry to the building is via a
standard lobby with glass & aluminum glass dooated

on the eastern face of the building. The room dowell
fitting and normally kept shut. It is only openedlyto
allow necessary access, making the building aSggit-

as possible. No carpet or other floor covering hesn
placed over the concrete slab. In summer, a highntal
mass wall (10" brick wall in some fagcade but babjcal
brick wall) can reduce the transfer of heat by afbisqg

the heat energy flowing in from the outside. Thisgess

is slow and results in a delay. As a result it takeveral
times to make it cool. Windows are normally recdsse
and constructed by 2 mm colored glass not tempédred.
the inner zone of the building, the capacity tocabs
large quantities of heat energy for a small rise in
temperature combined with the thermal lag effetyive

From the daily experience and filed survey, it agiced
that a lag of four hours, which is typical for Wkic
construction, the maximum heat flow would not reach
the interior until four hours later. By then extarrair
temperature will usually have dropped and thertaal f
will reverse, allowing the building to cool for the
following day. The study found that a large portafrthe
heat is reflected and radiated back to the external
environment by the exterior surface of the brichspbr
and glass materials. It's also show that significan
amounts of the heat stored in the wall are relebael to
the exterior environment at night. This indicatessbrick
walls allow heat flow in and out of the buildingig also
noticed that maximum Heat flow through the westlwal
of the brick plaster building

front glass facad
front solid wall
solid wall
windows

P windows
glass
solid wall
glass facade

Fig.2: Perspective view of high rise building at
Chittagong; CNF Tower

4.2 BUILDING FORM

From an integrated building perspective ttehidect

increases the R-value performance over the complete must balance and reconcile the functional, progratiun

day-night cycle. Maximum external air temperatuse i
usually reached between noon and 2pm-4pm.
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Fig.1: Front elevation of high rise building at @agong;
CNF Tower

contextual, and economic drivers of the buildingrip

and at the same time investigate passive solar, day
lighting, sun shading, landscaping, and natural
ventilation strategies to optimize use of the ratur
features of the site to maximize energy efficienEyhe
building form. The following building is rectangula
shape and maximum surface is in north south faceyE

is situated in eastern side. Building form consatien is
given bellow:

ETVPICAL
Fig.3: Building orientation
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i) Orient the building on a north/south axis tooallfor

the highest wind flow and the lowest summer sotang
and to maximize beneficial day lighting to occupied
spaces. But from field survey it is found that nmaxim
window or glass surface is fixed and they have no
contribution of wind flow. For cooling system ACused

for daytime (9.00 am to 5.00 pm).

i) Less consideration about to regional climate aite
microclimates because from the figure 1 we cartlsae
maximum west facade is made by glass surface no
consideration about sun shading and these surface i
fixed by blue colored glass.

M TYPICAL FLOOR PLAN

Fig.4: Building typical floor plan

iii) No consideration about minimize exterior suda
complexity to reduce chance of leaks and energy. los
And no use roof overhangs to shelter facades atediex
walkways from harsh sun and weather.

iv) Considered the use of porches and pergolaketibes
exterior spaces and activities.

Name Materials Sectional Quality
Outer wall | 10 “ brick plaster Normal
Internal 5 “ brick plaster Normal
wall
Door Wood/plastic Well varnished
Window Clear glass with Slit & normal
aluminum frame (1.5'x4.5")
Roof Concrete slab 6" cc
False no
ceiling
Floor Concrete slab Norma
(cc) i
Grill MS and Normal
aluminum frame
Color White /ash Distemper

Table 1: Building materials & sectional quality

4.4 ENERGY USE IN BUILDING

v) No use of landscaping features to channel aretdli Object | Unit | Unit | Total energy Total
natural breezes and deflect harsh winds. energy | no | demand energy
demand Per floor | demand
vi) Carefully site the building to take advantagé o (watt) (watt)
natural site features such as topography, sunigade, _
and breezes to develop the most energy-efficiedt an | C€lling | 65 watt | 32 | 2080 29120
cost-effective building design. fan
Tube | 40watt| 54 | 2160 30240
light
AL Energy | 35watt | 40 | 1400 19600
- - --1 saving
| - - - -« light
- < Normal | 60 —| - - -
- < light 100
N watt
= HVAC |1 ton 2| - 110000 660000
g ., .8, .8 | . g 8; Kw
T Lift 6 3 15000 for 6| 45000
[ sencis i core person persons
mTVPICALFLOORPlAN 1 KW
i _ L Power | 500 40 20000 250000
Fig.5: Wind flow and artificial lighting system socket | watt
Normal | 60 — 70| 60 | 3600 50400
socket | watt

4.3 BUILDING MATERIALS

From the field survey the following materials ameit
cross section are found.

Table 2: Per day energy use in building
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Total need: 1084360 watt, Use 70 % = 759052 watt
=759.052 KW, Electricity cost per day: 4240.80 taka
(unit price 5.58 BDT)

Source | % of | Per | Per Total Total
of total day | month | energy | ener
energy | energy | need | need need ay
per cost
year per
year
environ | 16 1130| 33900 | 40680 | 2269
ment KW | KW 0 KW | 944
TK
Energy | 64 4518| 13554 | 16264 | 9019
source KW | O KW | 80 KW | 958.
from 4TK
region
Renewa| 0 0 0 0 0
ble
energy
Generat| 20 1412| 42360 | 50832 | 2836
or KW | KW 0 KW | 425,
6 TK

Table 3: Per day energy demand of CNF building,
Chittagong

5.1 THERMAL ANALYSIS

From the field survey it also noticed that the hidat
entering the building through the window is sigetfintly
smaller than the heat flux entering through thelswval
because of small square size windows. The perfazenan
of the building was influenced by the heat entettimg
window. The incoming solar radiation via the window
becomes the dominant driver for the internal terapee.
The heat exchange occurs through the window fan bot
winter and summer. In winters the peak incidentisol
radiation falling on the north facing window. Innsmer
due to the higher solar altitude no direct soldiation is
observed on the north face of the building, but the
reflected and diffuse radiation still enters thelding.
The diffuse radiation enters the building throughihe
day, from 6.30am until 5.30pm, and peaks in theoad

at 12.30-2.00pm. (Field observation) Approximately
75 % of heat enters into building through ordinelsar
colored glass windows. The amount of solar radmatio
entering through the window is beneficial in wintéren
this heat energy can be stored by the thermal mobss
internal brick walls and the concrete slab (roaf #aor).

Direct solar radiation falls on the white wall sagé
during the day time and increases the temperafutteeo
room because of the small size zone height bubhet t
middle portion of the building, temperature is I¢isan

the other zone of the building.

Commercial buildings have a significant impact on
energy use and the environment. They account for
approximately 18% (17.9 quads) of the total primary
energy consumption in our country. The energy used

the building sector continues to increase, primgaril
because new buildings are added to the nationklibgi
stock faster than old buildings are retired. Energy
consumption by commercial buildings will continue t
increase until buildings can be designed to prodooee
energy than they consume.
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Fig 6: Whole day monitoring result by simulation

In case of commercial buildings we studied hasiguen
purpose and function, but all have commonalitiesche
building must provide visual, acoustic, and thermal
comfort for the occupants. All must stand up toneliic
conditions, and all must meet or exceed
programmatic requirements for their spaces.
building in this study is not fully successful ihese
respects, and is all not good energy performers.

the
The

5.2 BUILDING FABRICATIONS

An important aspect of building materials is théding
fabrication. Fabrication consists of materials that
minimize the flow of energy through the surfaces of
buildings. This includes materials to reduce both
conduction and radiation of energy. Without insolat
the energy flow in buildings would be too immensee t
preserve comfortable conditions via passive meiaas.
without the use of mechanical techniques for hgeadimd
cooling.

In this building brick, glass and concrete are nyaiised.
These materials are values are the followings:

Brick: 0.8, concrete: 1.8 and glass: .14, gypsuardo.6
(for interior use) and wood: 1.01-1.4

5” FLOOR SLAB

5” BRICK WALL
5” WINDOE SILL

5mm CURTAIN GLA!

5” WINDOE SILL

5” BRICK WALL

Fig 7: Wall & window section of the building

Thermal resistance (R) is a measure of the effecéss
of the insulating material, the larger the "R -ue&l of a
material, the better. For the purpose of calcufatibtotal
energy transfer, the reciprocal of the thermaktasice is

© ICMERE2011



the "U - value", and is measured in W/oC/m. Thellema
the U - value the larger the thermal resistance.

In this building thermal Conduction is the procetheat
transfer through a material medium in which kinetic
energy is transmitted through the material fromtiplar

to particle without displacement of the particles.

Building surface Total Area
Window 2000 sgm

Glass 1525 sgm
Solid wall 3800 sgm

Table 4: Building surface area of various composient
5.3 SITE PLANNING AND LANDSCAPE

Lack of Careful building sitting and no consideoati
about preserve native vegetation, agriculture eagasn,
and wildlife habitat while providing a serene amalhy
setting for this building. There is always a gapa@en
Building exterior and landscape Management plan.
During Site Development and construction period tmos
of the built site has no consideration about pitotac

restore open habitat and Pest Management, erosion
Control and landscape Management plan From the

physical field survey it is noticed that the buildihas no
consideration about the ratio of open space antt bui
space. The building has less than 40% open gresesp
and no consideration about the future expansioh. |
creates tremendous problem in future. There are als
some lacks findings are given below:

i) Contaminated Site Remediation

i) Storm water Quantity Control

management

iii)  Heat island reduction

iv)  Compliance with Local Regulations
v)  Soil Erosion Prevention & Control

and

5.4 WATER CONSUMPTION

From the physical field survey it is noticed thaet
building has less consideration about the water
conservation and water efficiency strategy. Tlais less
efficient indoor plumbing fixture and water harvagt
system. There is no use of water that comes framrarad

no consideration about water efficient landscaping.
There are also some findings from the field suraey
given below:

i) Lack of Minimum indoor plumbing fixture
and fitting efficiency
i)  Water performance Measurement is rarely

found

iii) Lack of consideration about Water use
reduction

iv)  Lack of water efficient landscaping

v)  No consideration about Rainwater Harvesting

5.5 INDOOR ENERGY AND ATMOSPHERE

Achieving a sustainable production building regsiiee

commitment from developing the initial energy
conservation and atmosphere documents through
detailing and commissioning.

i) Lack of Components of the energy
conservation and atmosphere in this
building are given bellow:

i) lack of opportunity about performance
Measurement—Building automation

System
Lack of on-site and off-site renewable energy

ii)

Ml

Feb March April May June July Aug Sept Oct Mov  Dec

Jan

Btemp (max) M Relative humicity indoar tema (max)

Fig 8: Whole year indoor environment analysis by
simulations

5.6 BUILDING ENVELOP

By now, the building envelope serves multiple rolés
protects the occupants from changing weather condit
and it plays a key part in meeting the occupamsifort
needs. The heating, ventilating, air-conditioniragnd
lighting (HVAC&L) systems complement the
architectural design, govern the building’s operatnd
maintenance costs, and shape the building’s lormg-te
environmental impact. But in our country even nbere

is no consideration about sustainable ventilatighting,
building envelope etc. From the field survey, wéaced
that most of the occupants who sit beside the A€nof
suffer from various health’s hazardous. In working
section thermal level is high and no perfect maimtp
system is found in the building. Noise level cohig
another problem. Maximum building floors maintain
24-28 degree Celsius temperature for indoor
environment by mechanical ventilation system babit
excessive cost for whole month and whole year awedin
extra energy. On the other hand the east/west &ai,
providing excessive solar heating and day lightl aa
horizontal architectural elements shading the dawmin
summer. Heat generates from machine in the office
section of the building.

5.7 LIGHTING

Most of the floor there is no consideration abdu t
diffuse day lighting. From the field survey it isticed
that most glass surface is fixed and ventilatiostesy is
poor. And the ratio of floor height and floor widghnot
proper for day lighting. So artificial light is u$dor the
maximum working time and it need extra energy Idad.
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costs almost 5,000 take per floor for just art#ici
lighting system. When the time of load shading —
generator is used for power (electricity).lightilegel is
not considered. So they are not able to know tleahc
value of lighting level that they need. According t
energy analysis it's a big matter of consideration.
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Fig 9: Artificial lighting analysis by simulations

5.8 NATURAL VENTILATION

Natural ventilation techniques of this building goeor
because of fixed window and fixed glass. Most & th
time maximum windows are closed and as a result
natural air flow movement is being hampered.

H NATURAL AIR FLow ”

: -

The potential for reducing the cooling load by tise of
natural ventilation is not considerable and dep@mdhe
location. The maximum reaches 50% which means that
the other 50% have to be cooled mechanically. Takin
this into consideration there remains the probléna o
hybrid ventilation strategy to ensure that buildirgre
naturally cooled when possible and the annual ebégt
potential is used additionally. From the field snit is
noticed that

NEGATIVE ZONE

NEGATIVE ZONE

Object | Unit Unit | Total energy| Total energy|
energy | no | demand demand
demand Per floor| (watt)

(watt)

HVAC | 1 ton 2| - 110000 660000

KW

For 1 month: 660000x8=5280000x30=158400 KW and
for 1 year 158400x12=1900800 KW
Total unit price: 1900800X5.58 (Per
=10606464 taka

And the electric bill is very high for the year amibnth
just for lack of natural ventilation system.

Unit Cost)

6. CONCLUSION REMARK

The data presented here represents only a smaibmpor
of the overall volume of data collected to dateeTh
thermal behavior of the buildings surface is infloed

by the day-to-day and seasonal variations. Thearther
behavior of the modules also represents upperamer|
extremes as there is no direct entry of solar tefiato
provide solar passive heating in winter, or nighitet
ventilation during summer to cool the building’sarior.
The response of the modules is also affected bgrakv
other parameters related to the geometry of thiglibgi
including wall/floor area ratio and the lack of émtal
partitions. the data provides a useful understandfrthe
energy used in a commercial building under Banglade
climatic conditions. This can be observed by cormgar
the internal/external mean temperatures. These
temperatures are similar, with the internal tempees
generally being slightly higher. The higher meamrinal

air temperature in the buildings is likely to beedo the
absorption and conduction of solar radiation by the
masonry walls. The presence of cloud cover sigaifity
reduces the maximum temperatures observed on the
surface of the external masonry walls. The building
shows the ability of masonry walls to attenuate the
day-night temperature variation. The internal air
variations were in the order of 2.5-3.5°C for theity
brick module and 3-5°C for the brick veneer foreexal

air variations up to 22°C. The cavity brick module
showed a smaller variation despite this wallingtesys
having only approximately half the R-value of brick
veneer construction. According the whole building
energy analysis it is noticed that for being ofklaxf
natural ventilation, facade design and materialdding
height and depth ratio, window and glass pattdmg, t
energy cost of this building is very high. It shble
reduced by the proper energy efficiency design ouh
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