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ABSTRACT

The demand for energy has risen astronomically over generations and as of today, efficient
use of energy becomes a major concern. The built environment is responsible for 40% of the
global energy demand [1]. Changes have been made to make buildings more energy efficient.
Understanding the use of energy in buildings requires an insight into the amounts of energy
consumed and their ways of consumption. The most feasible technique to obtain such level

of understanding would be to perform an Energy Audit.

The objective of this dissertation is to obtain a clear understanding of energy efficiency in
buildings and specifically in commercial buildings, to find out the energy loss, provide

methods and techniques to compensate the loss and to present an energy audit tool.

The study aims to establish the fact that electrical energy use in commercial buildings in
Dhaka are quite inefficient and the consumption of electrical energy can be significantly
reduced up to 8%-15% energy reduction in electrical equipment and up to 28%-45% in

lighting by replacing them with more efficient components.
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1. INTRODUCTION

Electrical energy plays a crucial role in the economic and infrastructural development of a
nation. In today’s world, demand for electrical energy is so extensive that it penetrates all
economic sectors. As of 2013, the consumption of electrical energy increased by 1.4% than
that of 2012 which equates to 4185 tons of oil and 3030 tons of natural gas [1]. It is an
obvious indictor to extensive use of fossil fuels to produce our require energy which is non-
renewable in nature. Although extensive development resulted in alternatives such as wind,
solar, geothermal, tidal, wave and biomass as the sources to produce energy which is

renewable but these still remains as unsustainable solution.

In Bangladesh till May 2015, the record annual peak demand of power was 10806 MW [2].
According to Bangladesh Power Development Board, the installed power generation
capacity is about 11532 MW, out of which 250 MW is generated by coal-fired power plants,
7278 MW from thermal or gas power plants, 230 MW from hydro power stations and 500
MW are imported as of July 2015 [3]. In spite of this, the daily demand for electricity is not

met.

Bangladesh relies heavy upon natural gas for its power generation due to being the seventh-
largest producer of natural gas in Asia [4]. According to International energy experts,
Bangladesh has the reserve of 15 Tcf of natural gas to meet its need of immediate future and
it is expected to last for nearly next two decades and after Bangladesh will have to look for

substitutes in terms of non-renewable sources. [5]

Over the last six years, electricity users rose form 47% to 64% and it is believed to be
outreached to 90% by 2019 and by 2040, the electricity demand will extend to 63600 MW
with an annual increase of 8% [2]. According to a report published in June 2006,
agricultural and industrial demand accounted to about 48% while the domestic was about
42.4% and commercial needs resulted for 7.63% with the rest accounted the miscellaneous

activities [6].

Thus, improvement in energy efficiency and mode of conservation can pave ways to

mitigate energy demand on a cheaper and faster scale. Energy conservation means reduction

1



in energy usage by less energy service and energy efficient means less energy for a constant

output.

1.1 Energy Audit & Energy Footprint Definition

Energy Audit is the process of assessment, survey and analysis of energy flows within a
system to conserve energy in a building. The aim is to reduce the amount of energy input
into the system without having adverse effects on output [7]. Energy Footprint, on the other
hand, is defined as the estimated annual energy usage over the area of the structure. As such,
energy footprint produces a numerical value to a structure which results in easier
comparison between similar energy using buildings. In Bangladesh, the energy efficiency
and conservation rules were passed in 22"! October, 2012 from the Ministry of Power,
Energy and Mineral Resources which states that all the commercial buildings must comply
the rules and use efficient, and cost-effective life cycle appliances following Bangladesh
National Building Code (BNBC) [8].

1.2 Literature Review

Research and development on energy audit have been conducted by electrical engineers and
building specialists for quite some time. However, the energy crisis in 1973 accelerated the

major progress on the field onwards.

European Union Directive Building Conduct

European Union Directive on Energy Performance on Buildings was proposed (EPBD) on
16" December, 2002 which became the major subject for future studies on energy
performance on buildings. EPBD aimed to improve the energy performances of the building
by accounting the internal and external factors into considerations. Some of the requirement
stated by EPBD was an outline of integrated energy performance of a building along with

the minimum use of appliances and minimum requirements of energy performance in major



buildings that are subjected to renovation also provide energy efficiency certificates for the
buildings. A noticeable procedure of EPBD was the national energy performance calculation

procedure on buildings and is followed by improvement techniques and certification. [10]

The releases of EU directive on performance of buildings lead many countries such as UK,

Denmark, Ireland, Netherlands, France, Belgium, and Germany to follow the rules. [11]

Standard Assessment Procedure (SAP) is obligatory for new buildings in UK since 1995
and it is mainly concerned on annual cost of heating, lighting, building envelope insulation,
efficiency of heating and domestic hot water system. The fuel prices affect the SAP rating,
which ranges from 1-100. SAP does not include location, consumption on domestic

appliances and does not suggest for making buildings more energy efficient. [12]

In Ireland during the 1990s, HER (Heat Energy Rating) and ERBM (Energy Rating Mark)
8were introduced and was compulsory for all newly constructed buildings. ERBM provides
low energy consumption in the buildings and are widely used by fuel suppliers and house
builders. ERBM is based on the CO, emission and consumption of energy along with the
outputs of HVAC appliances. [13]

The Ministry of Housing and Transport of France setup the Decree 2000-1153 for new non-
industrial buildings so that all the new buildings comply with regulations. Two methods are
introduced for calculation purpose where method one is a precise process developed for

experts and the second one is for common people. [14]

In Belgium regulations such as NBN B62-002 and NBN B62-004 have commenced since
1997 and are obligatory for all buildings in residential areas. They are mainly concerned
with the heat transfer coefficient for a building, and the legislation limited to 0.55W/m?
degree Celsius [15].



1.3 Thesis Objective

The objective of this paper is to study how energy footprint can be developed to help make
buildings more efficient and the precursor to this is to study energy flows in commercial
buildings. However, due to numerous limitations of instruments | had to confine my

comprehensive study to some major areas which will be discussed in the following chapters.

1.4 Thesis Organization

In the first chapter, | explained the current scenario of overall energy crisis and defined
energy audit and energy footprint with recent energy studies. The second chapter of my
thesis paper will mainly discuss the significance of energy audit and energy footprint. It will
also outline the basic steps to perform an energy audit which is the precursor for energy
footprint of a building. Chapter three entirely focuses on my energy audit tool and explains
the working principle. The fourth chapter is based on the physical audits performed and
eventually calculating energy footprint. The last chapter is the conclusion part where further

research topics and developments are stated.



2. SIGNIFICANCE OF ENERGY AUDIT& ENERGY

FOOTPRINT

Energy Audit can be an essential tool to save energy bills and to conserve national energy
resources of a country. Bangladesh, a country with population over 170 million and greatly
depends upon natural resources for power generation; energy audit along with energy
footprint can be an effective combination to accomplish a comprehensive energy

management program.

2.1 Energy Footprint Basics

Energy Footprint refers to a numerical value which is the estimate annual energy

consumption over the area the energy is being consumed.

2.2 Energy Auditing Basics

Energy audits can pave way for faster and cheaper method of energy conservation and help
reduce energy cost. Quality of energy audit is largely dependent on the cost of hiring
auditors and their experience. Simple energy audit provides building owner with a list of
suggestions that can be implemented by maintenance staff. Generally energy services
companies (ESCOs), energy consultants and engineering firms offer the services of energy
audit. In order to conduct the auditing the whole process is divided into three levels. They

are as follows:
Level 1: Site Assessment Audit

Site assessment audit is physical site inspection of the building where the auditor takes the
note of key energy consuming systems. The activities include an assessment of electric bill,

gathering information on key energy consuming systems and minimal interviews with site



operating personnel. Typically, with level 1 we cannot expect a large change in the energy

conservation.
Level 2: Standard Energy Audit

Standard audit include an in-depth analysis of energy cost, energy usage, review and
analysis of equipment, systems and building characteristics. Interviews are conducted with
facility operating personnel to understand the major energy consuming system as well as
variations in daily and annual energy consumption and demand. Utility bills of 12 to 36
months are collected to evaluate the facility demand rate structure and energy usage profile.
This level of audit gives a bit more precise energy consumption patterns as more details

operation of the buildings provide usage data.
Level 3: Simulation Energy Audit

Level 3 energy audit is simulation based and is estimated using specialist software to
process data. It develops a dynamic model of energy usage pattern of both the existing
facility and all energy conservation measures are identified. The auditors need to develop
computer simulation software that will predict year round energy use for weather and other
variables. The actual utility is used as a baseline in comparison to the proposed measures.
Finally, a professional energy audit report have to be prepared by the auditors which

includes all the data, savings and a list of recommendations to save the energy.

From the above three levels, the auditing phases and activities can be summarized in Table
2.1:

Table 2.1: Audit Phase

Auditing Lewel Activities

1.Collect and analyze utility data
Level 1:Walk-Through Audit 2.Minimal interview with site personnel

3.Visually inspect building and key systems

] 1.Comprehensive interview of building staff
Level 2: Standard Audit




Auditing Lewel Activities

2.Evaluate and compare utility and site data

3.Generate energy and cost savings

1.Develop simulation tool

Level 3: Detailed Energy Audit 2Prepare a report

3.Energy conservation measures are presented

2.3 Instrumentation

In order to collect the data to identify and analyze the present energy consumption, auditors
require specialist instruments to find the approximate saving from the analysis. The
common measures required to identity for a commercial building are the following, area of

windows and rooms and their air flow with leakage, light intensity and temperature etc.
Commonly used instruments are mentioned below.
Lux Meter

A lux meter is a photocell which measures the output lights and expresses the measured

value as lux to find the illumination level of light in a room.
Leak Detectors

Leak detectors are used to find out the leaks between the windows and door panels which

are impossible to identify with human eyes.
Infrared Thermometer

This instrument is used to measure the surface temperature of a hot body e.g. walls to find
out the heat transfer through the walls. It shows the direct temperature reading of any heat

source.

Anemometer



During energy audit of commercial buildings, anemometer is used to find the velocity and

pressure of air that passes through the leaks.

2.4 Lighting Audit

Although Bangladesh has one of the lowest per capita energy usage in the world (321
kWh), only 62% of the total population has access to electricity [16]. Lighting consumes a
larger portion of the total generated power in the world which is about 25% to 35% [17].
Lighting systems consumes up to 15% and 30% respectively in residential and commercial
buildings [18]. Fluorescent Lamps (FLs) and Compact Fluorescent Lamp (CFLs) are higher
preferred to Incandescent Lamps because of four times higher efficiency and three times
higher lifetime at the same luminous level [19]. Lighting energy usage can be reduced by

75% to 90% compared to the conventional practice [20].

2.5 Electrical Audit

Electrical audit refers to the audit conducted on electrical appliances used by residential,
commercial buildings and these include the equipment that we use in our daily life. The
purpose is to identify the energy consumption of this equipment to understand how
alternatives if necessary can be proposed. The owners get benefit from reduced energy

consumption and due to better equipment.

2.6 Envelope Audit

The building envelope defined the structural boundary of the building, some of which are
the roof, sub floor, ceiling, windows and exterior walls. The significance of envelope audit
is often underestimated due to lack of proper instrumentation. Envelope audit identifies the
ways energy is wasted, leaked which are not visible to our human eye. Improvement in

better sealant for windows and doors help improve energy conservation.



3. DEVELOPMENT OF AN ENERGY AUDIT TOOL

A complete energy audit is the precursor to calculating energy footprint and to perform an
energy audit, the steps mentioned in the previous chapters are to be performed.

Developing this tool has made it more convenient to perform the audit.

3.1 Programming Language

The energy audit tool is created using Microsoft Office Software in particular MS Excel.
The programming language used in MS Excel is VBA which stands for Visual Basic for
Applications.

3.2 Introductionto EnergyWise

The developed energy audit tool is named as “EnergyWise”. The tool has three primary
sectors which correspond to the three audit subsections discussed in the last chapter. The

sections are Lighting Audit, Electrical Equipment Audit and Envelope Audit.

Upon starting the tool, the starting page is the instruction tab which is shown in Figure 3.1.

EnergyWise

Note: You may need to decrease your computer's security level to allow the macros within this spreadsheet to function properly. Consult the Maero Instructions for Microsoft Excel 2007 and 2010 HELP.
file if you are experiencing macro related problems.

PURPOSE: This dsheet-based energy use tool has been designed to assess energy consumption and costs and to identify areas for improved energy efficiency and operational savings.

USE: The energy use assessment tool contains several separate workshsats that take you through the process to establish your energy basline. These workshests can be accessed using the diflerent colored tabs located at
the bottom of the screen. Descriptions of each tab are provided within the worksheet

THE FOLLOWING KEY APPLIES THROUGHOUT: Yellow boxes indicate that data can be entered by the user.
I:lught blue boxes indicate that values are calculated using the input data. (They are read only.)

Textin blue  |Blue text cosists of instructions for that section of the tool

|:|wme boxes with an arrow are dropdown lists. Click the arrow and select an option from the pre-populated list

REQUIRED INFORMATION: We recommend that you compile the following required information before using the EnergyWise tool. This will allow you to iuse the tool with ease and to its full capabiiity

Electric Utilty Data (use and cost information ) by month (minimum of 12 months) for up to 2 year of analysis.
List of Lighting Fixtures (by type and size) and AC equipment nameplate data (horsepower, efficiency rating, full load amp rating) and average motor operating amperageffor each building and room)

Figure 3.1: Instruction Page



Figure 3.2 shows us the next tab, which is the background information and electricity bill

page.

EnergyWise e

‘ General Information ‘

Background Information Input Information

Electricity Bill Data Reset | Refresh |

Figure 3.2: Background Information

In this second tab, the general information about site is recorded. The lower half of the tab

records the electricity bill data.
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4. AUDITING OF SELECTED BUILDINGS

At this point, the field investigations of the selected buildings were made in the months
between October — November of 2015. This step is considered as the primary walkthrough
of the energy audit where data are being collected for secondary processing. The following

buildings are chosen for this analysis.

1. BRAC University Building 4
2. BRAC University Building 1

3. Yeasmin Tower

4.1 BRAC University Building 4 Audit

The building located at Plot 44, Mohakhali C/A Dhaka, was built for office use purposes
which now houses the fourth academic building of BRAC University. There are 19 floors in
the building except the ground which is used for parking and generator facilities. Each floor
has an approximate area of 3600 sg.ft. The working hour of the building is from 8am — 9pm

but the occupancy rate is most high during 9am — 5pm.

The building is south facing with windows only on the south and north faces. The east and

west sides are blocked by the adjacent buildings.

All floors are air conditioned except ground floor and stairways area. The building has two

elevators that run on alternate floors.
Lighting System:

The hall, lobby and public lavatory can be considered as the public zone of the commercial-
building. The lighting system of the public zone can be basically divided into twotypes:1)
23W CFL lamps; 2) 36WT8 fluorescent light.

11



The lighting system used in the classroom, computer lab, faculty area all has T8 fluorescent
lamps of 4 in one fixture with reflectors. Spotlights are being used in exhibition hall of
Architectural Department.

Air Conditioning:

The classrooms, computer lab and faculty housing areas are mostly air conditioned.
Although their no central air conditioning system installed rather the use of split air
conditioner meet the cooling needs in the summer days. In my observation, it is necessary to
point out their lacking of maintenance which has drastically reduced their cooling capacity.
Also, inadequate number of air conditioner may stress the utility bill as they are required

operate longer and in inefficient conditions.
Office facilities:
The academic building mostly houses the following departments

1. Department of Architecture
2. School of Law

3. School of Economics and Social Studies

The electrical equipment required by these offices is mostly computer, some projector, a
couple of photocopiers.

4.2 Calculations of BRAC University Building 4

From the electricity bil, we have a precise idea about the building’s energy consumption.
Although we did not get much idea about variation of energy consumption due to seasonal
change as we did not get the 12 month electricity bill. We get the electricity bill of July,
August and September. According to our assumption, the electricity bill of those months is
higher compared to the other month as summer season is consisting of those months.
However, data is entered to “EnergyWise” and it generates corresponding chart which will

be shown later in this chapter.

12



Figure 4.1: BRAC University Building 4 Electricity Bill of July




The data we have collected from the building, we put them into “EnergyWise” to get
calculations and the output of the tool for the building.

Starting the process with lights, table 4.1 shows the concise lighting information of the
BRAC University building 4.

Table 4.1: Concise Lighting Audit Calculation of BRAC University Building 4

. Lighting Load Monthly Energy Monthly Cost
Lamp Type | Quantity (KW) Consumption (KWh) (BDT)
CFL (23W) 178 4.094 818.8 57,844
Fluorescent T8
(36W) 1128 40.608 8121.6 577,805
LED Spot Lights
(50W) 30 15 300 52,874

From the “EnergyWise” we get monthly lighting cost for CFL equals to BDT 7844,

77805BDT for FL T-8 and 2874BDT for spotlights. The monthly energy consumption of are

stated as shown but the operating hours equal to 10 hours per day for 20 days in a month.

This approximation is made to make the estimate for realistic. Moreover, the total monthly

lighting cost is 88.523BDT. From lighting summary fifth tab of the tool, we get two pie

charts, shown in figure 4.5 and 4.6.

B CFL (23W)
B Fluorescent T8 (36W)
M LED Spot Lights (50W)

Figure 4.2: Total Lighting Load of BRAC University Building 4
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% 2,874

m CFL (23W)
M Fluorescent T8 (36W)
W LED Spot Lights (50W)

Figure 4.3: Monthly Lighting Cost of BRAC University Building 4

From this figure, we can see FL T-8, CFL and Spotlights are responsible for 88%, 9% and
3% lighting cost respectively.

Next we move to electrical equipment calculations, table 4.2 shows the concise information

about electrical equipment.

Table 4.2: BRAC University Building 4 Electrical Equipment Cost in Concise way.

. . Monthly Ener Monthly Cost
Equipment Type | Quantity Load (kW) C onsump¥i on (ki%h) ® DXI')
Air Conditioner 31 124 24800 237,584
Desktop
Computers 475 166.25 33250 318,535
Projectors 15 4.95 990 9,484
Ceiling Fans 114 9.12 1824 517,474

15



1%

m Air Conditioner
m Desktop Computers
& Projectors

Ceiling Fans

Figure 4.4: Electrical Equipment Summary Pie Charts of BRAC University Building 4

From the above pie charts we can see, air conditioner and the desktop computer shares equal

consumption cost which is 48% of total electrical equipment cost. Then the rest altogether

consumes 4%.

Table 4.3: Electrical bill date of building 4

Billing Month Value (BDT)
July 3,20,455
August 4,02,923
September 3,561,911

The table 4.3 show the bill amount of three months and their average total for 3 months

equals to BDT 3, 58,430.

So the following pie chart illustrates the percentage of each system as a part of the monthly

bill.
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2%

\W

m CFL(23W)

M Fluorescent T8 (36W)
M LED Spot Lights (50W)
B Air Conditioner

M Desktop Computers
m Projectors

Ceiling Fans

Figure 4.5: Summary Pie Charts of BRAC University Building 4with respect to actual monthly bill.

Therefore, we estimated that about 43% and 42% of the entire one month’s cost corresponds
to the most used equipment of the building which is desktop computer and air conditioner
respectively. | would like to comment on this estimation and that is in this research waste of

energy through intangible means like envelop loss are not considered.

4.3 BRAC University Building 1 Audit

BRAC University building 1 is located at 66 Mohakhali C/A Dhaka. The building has the
height of seven floors but it is six storied and it is north-west facing. The floors are about
3600 sq.ft each. The ground floor which has a height equal to two floors comprises of the
cafeteria and the conference hall. Floors from first to the fourth had same floor plan
consisting of five — six classrooms. Lastly, the top floor houses the administrative offices.

Classrooms and in other floors, T8 fluorescent lamps in a fixture of four are used. CFL are
used in lobby, washrooms and in stairways.

There is at least one air conditioner for every classroom with a capacity of 4 TON, along

some ceiling fans in the hallway areas.
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At least one desktop computer with a projector is available in every classroom and few more

PCs in the offices.

4.4 Calculations of BRAC University Building 1

The following table shows the total lighting load and electrical equipment load of the

building:

Table 4.4: Electrical Equipment and Lighting Load along monthly cost data in a concise way

. . Monthly Ener Monthly Cost
Equipment Type | Quantity | Load (kW) C onsump¥i on (k%h) B D¥I')
CFL (23W) 30 0.69 138 1,322
Fluorescent T8
(36W) 720 25.92 5184 549,663
Air Conditioner 26 104 20800 199,264
Desktop
Computers 34 11.9 2380 22,800
Projectors 25 8.25 1650 15,807
Photocopiers 2 1.23 246 2,357
Ceiling Fans 17 1.36 272 52,606

The monthly cost of lighting load and electrical equipment totals to about BDT 2,93,813.

Here, is a pie chart representation of the data above in percentage.

1%
1%
0

%

B CFL (23W)

B Fluorescent T8 (36W)
B Air Conditioner

@ Desktop Computers
B Projectors

B Photocopiers

Ceiling Fans

Figure 4.6: Summary Pie Charts of BRAC University Building 1 with respect to actual monthly bill




4.4 Yeasmin Tower Audit

The commercial building named Yeasmin Tower is located at House# 6/A, Road# 116,
Gulshan Dhaka. It has six floors and is north facing with the floor size of 3600 square foot.
It is has a toy shop, furniture shop, clothing store and a restaurant. The building also has an
elevator and water pump.

Lighting system:

The lights used in this building vary in different types namely CFL, Fluorescent T8 with
warm and colored tubes, High Intensity Spot lights and small LED spot lights.

CFL lamps are mostly used in the common public areas such as in the staircase, lobby and
on the ground floor. The toy shop was seen to have a large number of these lamps as well.

Air conditioning:

Each floor had at least three split air conditioning units. The capacity of which ranged from
1 TON —5 TON but 4 and 5 TON were mostly used.

Other Equipment:

Among other equipment desktop computer, printer, close circuit camera, microwave oven,
refrigerator was noticed.

4.5 Calculations of Yeasmin Tower

The data collected from this buildingis presentin afloor wise scheme foraclearpicture.

Table 4.5: Summary of all electrical and light load of Yeasmin Tower

kWh Average Monthly
Level Electrical Equipment used Consumed Electricity bill
(monthly)

Ground Floor e 2 water pump 3100 kWh BDT 30,000

e 1 Lift (6 person capacity) Estimated

e 6 cccamera

e 12 CFL lamps
Floor 1 e 1PC 6350 kWh BDT 60,833
(Toy Shop) e 78 CFL lamps

e 10 T8 Tube Lamps

e Three 4 ton AC
Floor 2 e 35ton AC Assuming BDT 95,800
(Furniture Shop) e 78FLTS8 10000 kWh
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2PC

Floor 3
(Furniture Shop)

Three 5 ton AC
S8OFL T8
1PC

Assuming
10000 kWh

BDT 95,800

Floor 4
(Clothing Store)

Three 5 ton AC
83 T8 Tube lamps
1PC

13120 kWh

BDT 1,25,690

Floor 5
(Clothing Store)

Three 4 ton AC
36 LED spot lights
70 CFL lamps

8956.5kWh

BDT 85,803

Floor 6
(Restaurant)

Three 4 ton AC
One 1ton AC

43 50W LED Lights
2 Air Cutter

10 23W CFL Lamp
1 Microwave oven
1 Desktop Computer
1 Refrigerator

7075.80 kWh

BDT 80,346

Total per month

58602.3kWh

BDT 5,61,410

The table 4.5 represents the summary of all the electrical load and lighting load along with

the estimated cost per month. It is necessary to say the information for floor 6 is as per

actual bill data. Calculated bill amounts of other floors are based on interview conducted

with the shop representatives and on observed load conditions.

Name & Address: RS, BH 3
HOUSE#&/4, ROA

Billing Month © SEF

Bill No.

Issue Date

Current

i
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4.4 Energy Footprintof the Selected Buildings

The estimated energy footprint is based on the estimated annual electricity energy use for
your building divided by the estimated square footage. The estimated energy footprint
enables us to compare the audited building to similar buildings for energy use. For example,
if we have a retail building, the energy footprint is compared to the average energy footprint

of buildings in the same building category: retail.

The more efficient a building is, the lower the building’s energy use per square foot and thus
the lower the building’s estimated energy footprint. As the building becomes more efficient,
the energy use intensity (kBtu/square foot) decreases. The higher the building’s energy

footprint, the less efficient and more costly it will be to operate the building.

The following table documents the information collected from the energy audit of the three
buildings. Annual estimate energy consumption is interpolated from the collected data, which is then

used to calculate the energy footprint of the buildings.

Table 4.6: Estimating energy footprint

Floor Area Estimated Annual Energy footprint
(square foot) Energy consumption (kBtu/square foot)
(kBtu)
BRACU Building 4 3583.13 266503.3 74.03
BRACU Building 1 3600 1255804.6 348.80
Yeasmin Tower 3600 2399512.2 666.53

As we can see the energy footprint of the audited commercial buildings are represented
above. Here, we can get a clear comparison factor to easily locate a building which is more

efficient compared to others.

Based on the audit conducted along certain limitations, it is concluded that BRAC Building

4 is the most efficient among the three.
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4.5 Comments

A primary challenge faced during the audit was that all the consumed electricity cannot be
measured using equipment’s rated values. The energy consumption of these equipments are
classified as miscellaneous. For example, air conditioners - have internal control system
which regulates the operation of the compressor in order to make it efficient. So here in our
calculation, we assumed that the compressor was running through the period whereas in
actual scene it does not and that creates difference in actual bill with the estimated bill.
Henceforth, our calculated value is close to the original energy bills and we can assume an
error percentage of our calculation to be approximately +20 to -20% due to the above

mentioned problems.
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5. CONCLUSION

The demand energy has been never dwindling and that we cannot live without electricity as
of today it became quite obvious. Despite the fact that increases in resource consumption
could have them one day depleted so we must strive to harness the waste energy by
implementing more efficient structures. Although, energy auditing cannot produce exact
solution to mitigate the consumption but brings out several possibilities for improving our
usage which as a result may produce a good proportion of saving. The techniques and
calculation methods used are for small scale audit only. In this study, we have mainly
focused on BRAC University Building-1 and 4 and another commercial building named
Yeasmin Tower with the objective of calculating energy usage, and loss to predict their
operating efficiency. The operating efficiency is based on energy footprint which provides a
numerical measure to compare similar for their energy uses. The tool ‘EnergyWise’- that
was developed estimates the annual consumption from lighting, electrical equipment and
envelope sectors. Our study concluded that a proper energy audit can save reasonable
amount of energy. However, many factors were avoided due to limitations of

instrumentation.
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APPENDIX A. DATA COLLECTION FORMS

A.1 Lighting Audit Forms

Building Energy Audit
Lighting
Bukimg Identfication: Floor No:

Ploazo uie 2 now shest for each ama, locaticn or room = the ety

Existine hights and controks

Lypel Lype 2 Lype 3 Iype=

" Type of Inaures

"Number of fhmes.

Number of Dnps per Immre:

[ Tffiaorescent maxare Enzth of
bops (2 £, 3R, 45 86)

"Watts per fndure: (Inciade
tallast wattage ff known}

Foxure heht from work
surface(ft'm)

Pressnt operanon of hehts -
hours/day

Present operaton of azhts -
days'week

PTesels operanon of oas —
weeks year

Presant operation of ashts -
hours/day

Present operanon of Aas -
days'week

Present light levek: Bright Adequate Dm

Reflectance of walls and ceiinzs: Good Average Poor

Cankshts be swiched on and off as deszed” Yes No Comment

Can Jower wattagz hops be mstalled? Yes No____ Commers:

Noezs:

Lizhting Legend

A- Ixandescent B.- Fiomescent T-12 C- Flnomscent T-12 HO (Figh Output) D.- Conpact Flromscent E-
Marcury Vapowr F- Fnomacent T-12 VEIO (VH Output) G- High Prossure Scdimm H- Low Pessusm Sodmm I-
Mstal Halide (Waie Light) J- Flnomscant T-8 K- Quartz Halogea Li- IFD M Othar-specy



A.2 Envelope Audit Form

Envelope

Building Info & Floor no:

Building Energy Audit

Direction Wall Faces
For cach wal ama of Scilry (Sont, sides and back of 2 buildng) please use ome shest.

Window
No of Do Wamdow | Iypeof | Descoption ofumdow | Wmdowsx | Is e Azy
windows | wndows | Ama (3q-£) | ghs wsed wpe {pocr, &ax. cpeang | Cartams
open’? good) betuosa Used?
wadow Type
fanrg:? and
Cozamont color
oz detadk
antightness.
Door:
No. et % door escIption 02 dooT Ype Condmon | 25 2 ass Deor” Notes
doors | Imsulated? of door Gaszs oyps.
Artizhmess
{conxmat)

Number Locaton of broken or cracked windows:

Descrption of door or window repars or rephcements needed (mchims door closers):

Obzerwtory Dezcription
Wall Color, commmats on wall condition

Floor type (mosax, tled, wocdsa, phi cemsnted)
Geilng typeand conditicn (bare cedmg, msulation used. décor, Hke oam cedmg):

Cozxmnt ox ventiation, space or cpenng

Arr Conditioning
Numnber of umits:

Make type, size, bcaton of each:

Frequency of senvicms;

Date of hst senxms:




APPENDIX B. FLOOR PLAN

B.1 BRAC University Building 1
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