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ABSTRACT

The objective of this research was to analyze, design and develop a
computer program for energy consumption analysis of air conditioning and lighting
systems in buildings with reference to the analytical procedure in the Energy
Conservation Act., 1992. This program can enhance the working potential on energy
consumption audits and analysis as well as prepare reports to be more effective,
convenient, and accurate, even saving work time for officials.

The database was designed by using Microsoft Access 2000 as the
Database Management System (DBMS). Visual Basic 6.0 was used to develop this
program. The computer program for energy consumption analysis of air conditioning
and lighting systems in the building was divided into 4 major processes: input data ,
show result, energy conservation and reporting processes.

In testing the program it was found that it was able to support all of the
objectives and cover the proposed scope. The evaluation of the computer program for
energy consumption analysis of air conditioning and lighting systems in buildings
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CHAPTER I
INTRODUCTION

1.1 Background and Statement of Problem

According to the Energy Conservation Promotion Act B.E.2535 prescribed that
the owner of the designated building shall conserve energy, audit and analyze energy
consumption in his building in accordance with the standard, criteria and procedures
as prescribed in the Ministerial Regulation including set up the objective as well as
conservation plan in the controlling building and propose to the Department of Energy
Development and Promotion in accordance with the standard, length of time as
prescribed in the Ministerial Regulations. By audit and analyze energy consumption
primarily, thoroughly in order to be factors of set up the objective and conserve
energy plan which conducts by energy conservation consultant that already registered
under Department of Energy Development and Promotion.

Up to now, energy audit in the building still use paper to record a result of
testing and they will be calculated, summarized into report and finally propose to
Department of Energy Development and Promotion. Each energy audit, many data are
recorded which perhaps have the mistakes during data recording, error on value as
well as complicated methodology. These make the energy consumption analysis in the
building, report development did not facilitate the energy audit work through
smoothly.

In this study, the system development on energy consumption audit and analysis
was initiated including do a report by using soft ware on air conditioning systems and
lighting systems. These systems have enough electrical energy in the building in order
to enhance a working potential on energy consumption audit and analysis as well as
prepare the report to be more effective, convenience, accuracy even saving the

working time for officials.
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1.2 Objectives
e To study a system of data recording and energy analysis in air conditioning
systems and lighting systems in the building.
e To design and develop application program in order to analyze energy
consumption in air conditioning systems and lighting systems in the

building.

1.3 Scope of Work

e The ways of energy analysis including report the result of energy audit in
accordance with standard, criteria and procedure as prescribed in the
Ministerial Regulations.

e Type of air conditioning systems which can be used by the program
o Central Unit
o Package Unit
o Window Type
o Split Type

e Type of lamps in lighting systems which can be used by the program
0 Incandescent Lamp

o Discharge Lamp

1.4 Expected Result
e The analysis program on energy consumption in air conditioning systems
and lighting systems in the building.
e The time-saving system that facilitate officials on energy audit and do

report.
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CHAPTER 11
LITERATURE REVIEW

2.1 Database
2.1.1 Concept of Database

A database is an integrated collection of data stored in different types of
records, and in a way that makes them accessible for multiple applications. The
interrelation of the records derives from the relationships in the data, not from their
physical storage location. Records for different entities are typically stored in a
database (whereas files store records for a single entity). In a university database, for
example, records for students, courses, and faculty are interrelated in the same
database. The structure of the relationship in most database follows one of three
logical database models: Hierarchical, network, and relational. Hierarchical and
network models are still being used today, but relational models are the most popular.
A brief outline of database models follow:

2.1.1.1 Hierarchical or Tree Model:

A Hierarchical model is organized in top-down or inverted tree-like
structure. An organization chart, for example, shows the layers of executives, middle
managers, and operational personnel. The hierarchical model is shown with the
highest level of tree known as the root. The nodes of the tree represent entities. A
hierarchical model permits two type of relationship:

e One-to-one: An entity at one level is related to one entity at the next level.
e One-to-many: An entity at one level is related to zero, one, or more entities at the
next level

The design of a hierarchical database will affect the accessibilityof
the data. In the store example, Items are always related to an order. In addition, orders
are always related to a specific customer.

It is very efficient to have the orders for certain customer or the

items in a particular order. Anomalous (undesirable) side effects occur under certain
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database designs. Hierarchical database involve anomalous with respect to the
following:
e Insert of records: A dependent record cannot be added to the database without a
parent. For example, Items cannot be added without their inclusion in an order.
e Deletion of records: Deleting a parent from the database also deletes all its
descendant. For example, deleting a customer also deletes outstanding orders.
2.1.1.2 Network Model:

A network model is similar to the hierarchical model, except that an
entity can have more than one parent. In the college example, a relationship can be
shown between instructors and students. This capability introduces the use of an
additional type of relationship in the data:

e Many-to-many: An entity can be related to zero, one, or more than one entity at
another level

In network database, as in hierarchical database, the relations
between entities must be established at the time the data model is established and the
database created. The system analyst must conform to these details when developing
applications that enter or retrieve data during processing.

The hierarchical and network database are conceptually simple and
appear uncomplicated when first examined. In a large database environment,
however, they can rapidly evolve into a complicated web of interrelationships that are
difficult to manage as the database evolves with use.

2.1.1.3 Relational Model:

The relational data model, developed in 1970 by E.F. Codd, is based
on a relation, a two-dimensional table. Row in the table represent the records; and
columns show the attributes of the entity Relational databases use on a model to show
how data are logical related.

The order of the data in the table is not significant and no order is
implied when records are included in the relation. Similarly, the physical details of
storage are not of concern to the analyst. Relational tables show logical, not physical,
relationships.

When a request for information is made, the system produces a table

containing the information. In the laundry example, if a manager wishes to determine
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who use napkins, the system will produce a table containing the name of all users of
napkins.

The relational database model is by far the most widely used. It is
easier to control, more flexible, and more intuitive than the others because it organizes
data in table. The ability to link relational tables also allows user to relate data in new
ways without having to redefine complex relationships. Because of its many
advantages, many companies use the relational model for large corporate databases,
such as marketing and accounting. The relational model can be used with personal

computers and mainframe systems.

2.1.2 Normalization
Normalization is a process of simplifying the relationship between data
elements in a record. Through Normalization a collection of data in a record structure
is replaced by successive record structures that are simpler and more predictable and
therefor more manageable. Normalization is carried out for four reasons:
e To structure the data so that any pertinent relationship between entities can be
represented
e To permit simple retrieval of data in response to query and report requests
e To simplify the maintenance of the data through updates, insertions, and deletions
e To reduce the need to restructure or reorganize data when new application
requirements arise
2.1.2.1 The Steps in Normalization

First Normal Form (INF): A relation is in INF if the values in the
relation are atomic for every attribute in the relation. By this we mean, simply, that no
attribute value can be set of values or, as it is sometimes expressed, a “repeating
group”

Second Normal Form (2NF): A relation is in 2NF if no nonkey
attribute is in functionally dependent on just a part of the key. The process of
decomposing the non-2NF relation into 2NF relations follows a few simple steps: (1)
Create a new relation by using the attributes from the offending FD as the attributes in

the new relation. (2) The attribute on the right side of the FD is the eliminated form
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the original relation. (3) If more than one FD prevents the relation from 2NF, repeat
steps 1 and 2 for each FD.

Third Normal Form (3NF): A relation is in 3NF if for every
functional dependency (FD): X ->Y, X is a key. The 3NF is often called Boydd Codd
Normal Form (BCNF).

Fourth Normal Form (4NF): A relation is in 4NF if it is 3NF and
has no multivalued dependencies (MVD). Since the problem of multivalued
independencies arise form multivalued attributes, we can reach a solution by placing
all multivalued attributes in relations by themselves, together with the key to which
the attribute values apply.

Fifth Normal Form (SNF): Functional dependency and
multivalued dependency constraint result in the need for Second, Third, and Fourth
Normal Form. The 5SNF eliminates anomalies that results from a special type of

constraint called join dependencies.

2.1.3 Relational Model Terms

Key A minimal set of attributes that uniquely identifies each
row in a relation.

Primary Key A single column or the combination of multiples columns
that uniquely identifies the row in the table.

Foreign Key A single column or multiple columns that relate to the
primary key in another table.

Table (relation) It is used to stored data. It is organized in a row (tuple)

and / column (attribute) manner that data can be

manipulated by DBMS.
Constraint A rule that restricts the values in a database.
Atomic value Atomic values
Functional The value of an attribute in a tuple determines the value of

Dependency (FD) another attribute in the tuple.
Determinant The attribute(s) on the left side of a functional
dependency; determine(s) the value of other attributes in

the tuple.
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Multivalued A constraint that guarantees the independence of multi
Dependencies valued attributes.
(MVD)

2.1.4 The Database Management System (DBMS)

The database management system is a program for binding the file
structures that store data and the data structure that represent the data needs of users.
DBMS consist of group of programs that can be used as an interface between a
database and the user or the database and application programs. Typically, this

software acts as a buffer between the application programs and the database itself.

2.2 Visual Basic

Visual Basic is a complete set of tools to simplify rapid application
development. The “Visual” part refers to the method used to create the graphical user
interface (GUI). Rather than writing numerous lines of code to describe the
appearance and location of interface elements. The “Basic” part refers to the BASIC
(Beginner All-Purpose Symbolic Instruction Code) language, a language used by
more programmers than any other language in the history of computing. Visual Basic
has evolved from original BASIC language and now contains several hundred
statements, functions, and keywords, many of which relate directly to the Windows

GUIL

2.3 ADO (ActiveX Data Object)

ADO is one of data access interfaces in Visual Basic. The ADO object model
defines a collection of programmable objects that support the Component Object
Model (COM) and OLE Automation to leverage the powerful partner technology
called OLE DB. The OLE DB is COM-based interface between data provider and
client applications. Data provider can be anything from relation databases to file
system. Microsoft knew it needed to create an easy-to-use object layer on top of OLE
DB, The OLE DB Model shown in Figure 2-1. Thus ActiveX Data Objects were born.
The ADO object model - when compared to other data access objects such as RDO or
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ADO - is flatter (has fewer objects) and simpler to use. The ADO object model is

shown in Figure 2-2.

Data
Objéot ADO RDO DAO
Interface
v v
AP OLE DB ODBC
Programming
Interface

Other Data

Source

-
Relational
Database

Figure 2.1 The OLE DB Model

There are seven objects in the ADO object model, as described in the following

lists.

Command Object Maintains information about the command, such as
query string, parameter definitions, and so on. We can execute a command string on a
Connection object of a query string as part of opening a Recordset object, without
defining a Command object. The Command object is useful to define query
parameters or execute a stored procedure that returns output parameters. The
Command object supports a number of properties to describe the type and purpose of
the query and help ADO optimize the operation.

Connection Object Maintains connection information such as cursor
type, connection string, query time-out, connection time-out, and default database.

Error Object Contains extended error information about error conditions
raised by the data provider. Because a single statement can generate two or more

errors, the Error collections can contain more than one Error object at a time.
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Field Object Contains information about a single column of data within a
recordset. The Recordset object uses the Fields collection to contain all of its Field
objects. This Field information includes data type, precision, and numeric scale.

Parameter Object A single parameter associated with a Command. The
Command object uses the Parameters collection to contain all of its Parameter objects.
ADO Parameter objects can be created automatically by sending queries to the
database. However, we can also build this collection programmatically to improve
performance at run time.

Property Object A provider-defined characteristic of an ADO object.
ADO objects have two types of properties: built-in and dynamic. Built-in properties
are those properties implemented in ADO and available to any new ADO objects.
Dynamic properties are defined by the underlying data provider and appear in the
Properties collection for the appropriate ADO object. For example, a property may
indicate if a Recordset object supports transactions or updating. This is one of the
greatest features of ADO, in that it lets the ADO service provider present special
interfaces.

Recordset Object A set of rows returned from a query, including a cursor
into those rows. We can open a Recordset object (that is, execute a query) without
explicitly opening a Connection object. However, if we do first create a Connection
object, We can open multiple Recordset objects on the same connection. Objects in

ADO shown in Figure 2-2
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— |  Connection |

] eror |
— Property |
—  Command |

—  Parameter |
= Property |
—  Recordset |

| — Field |

—| Property |

_| Property |

Figure 2.2 ADO Object Model

2.4 Air Conditioning System

Air conditioning system is control temperature, humidity, air volumetric flow
and quality of the air in the building. The appropriate temperature is 24-26C°,
appropriate relative humidity is 50%-60% RH, the appropriate air volumetric flow
range is 300-450 cfm/ton and it should have fresh air in the building too.

In the general of the building use large amount of air conditioning system. So
we can assume that air conditioning system is the most of energy consumption in the

building. It is about 50%-70% of energy consumption in the building.

2.4.1 Type of Air Conditioner
1. Window Type : This type contain 4 main equipments of air
conditioning ( condenser, evaporator, expansion valve and compressor) in
itself. evaporator side tuned into the room. condenser side tuned out the

room. It has small size until 2 ton.
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2.4.2

2. Split Type : This type separates condenser and compressor out side
the building. But evaporator and expansion valve are installed in the
building. It has size 1-40 tons.

3. Package Type : This type contains all equipments in one. The
difference from other type is condenser always use water cooled system or
use air cooled system in some time. And usually supply cool air pass
through air duct. It has size 10-40 tons.

4. Water Chiller : It contain with compressor, condenser, thermal
expansion valve and cooler. Beside, it has water pump that supply cool
water from cooler to AHU that installed in building. They are classified in
air cooler water chiller and water cooled water chiller. For water cooled
chiller it has water pump that discharge water into condenser then sent to

reducing heat at cooling tower. It has size from 100 tons up.

Method of Measure an Efficiency For Air Conditioner

The method finding an efficiency of air conditioner that measure in EER

or Chp (kW/ton) up to requirement. It classifies into 2 methods.

2.4.2.1 Measure an Efficiency by Analysis Water System

Usually this method is used for only air conditioner that has heart

exchange from refrigerant to water and deliver cool water to AHU. In ordinary,

analyzing usually analyze from cooler side more than condenser side because cooler

side is close system but condenser side is open system. There are calculating as

follows :

1. Electric Power per Ton

Chp = kW/ton
kW s Electric power that chiller used
ton is Refrigeration capacity at full load

ton = [F*(T,- Ty)]/50.40
is Water flow rate passed AHU
is Return temperature of chiller water

is Supply temperature of chiller water
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Because capability and efficiency of chiller is depend on several
factors as; temperature of condenser water, temperature of chiller water, load while
testing. Then the testing result may be difference depend on variable factor. So in
finding Chp value must test in principal as follows:

e While testing, chiller must work at full load or work nearly full load as it
possible.

e Flow rate of chiller water must be 2.4 gpm/ton and condenser water must be
3.0 gpm/ton. The allowance is not over 10% except chiller designed to work at
difference flow rate from this. Then use the flow rate that engineer who design
air conditioning system define it in testing.

e If chiller water temperature and condenser water temperature different for
standard value (standard value of chiller water temperature is 7.2 C° and
standard value of condenser water temperature is 32.2 C°) it will use rectify

factor of refrigeration capacity and electric power in the table as follows:
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Table 2.1 Rectify Factor of Refrigeration Capacity and Electric Power
Consumed for Air Cooled Chiller

Cooling Air Supply Air Rectify Factor
Temperature | Temperature |Refrigeration| Electric Performance
) Cc Capacity Power kW/ton

5 1.03 0.88 0.85

6 1.06 0.89 0.84

7 1.09 0.91 0.83

25 7.2 1.10 0.92 0.83
8 1.13 0.93 0.82

1.17 0.95 0.81

10 1.20 0.97 0.80

0.98 0.92 0.94

6 1.01 0.93 0.92

1.04 0.95 0.91

30 7.2 1.05 0.96 0.91
1.08 0.97 0.90

1.11 0.99 0.89

10 1.15 1.01 0.88

0.93 0.96 1.03

6 0.96 0.98 1.01

0.99 1.00 1.00

35 7.2 1.00 1.00 1.00
8 1.03 1.02 0.99

1.06 1.04 0.98

10 1.09 1.06 0.97

0.88 0.99 1.12

6 0.91 1.01 1.11

0.94 1.04 1.10

40 7.2 0.95 1.04 1.10
8 0.97 1.06 1.08

9 1.01 1.50 1.48

10 1.04 1.10 1.06

0.83 1.03 1.23

6 0.86 1.05 1.22

0.89 1.07 1.20

45 7.2 0.90 1.07 1.19
8 0.92 1.05 1.14

0.95 1.08 1.13

10 0.99 1.14 1.16
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Table 2.2 Rectify Factor of Refrigeration Capacity and Electric Power
Consumed for Water Cooled Chiller

Condenser Water | Supply Water Rectify Factor
Temperature Temperature |Refrigeration| Electric Performance
C C’ Capacity Power kW/ton
5 1.02 0.88 0.86
6 1.05 0.88 0.84
"4 1.08 0.89 0.83
25 y2 1.08 0.89 0.83
8 1.11 0.90 0.82
9 1.13 0.91 0.81
10 1.15 0.92 0.80
5 0.72 0.95 1.31
6 0.99 0.96 0.96
7 1.02 0.97 0.95
30 7.2 1.03 0.97 0.94
8 1.05 0.98 0.93
9 1.08 0.99 0.92
10 1.11 1.00 0.90
5 0.80 0.98 1.22
6 0.97 0.99 1.02
7 1.00 1.00 1.00
32.2 7.2 1.00 1.00 1.00
8 1.02 1.01 0.98
9 1.05 1.02 0.97
10 1.08 1.03 0.95
5 0.90 1.01 113
6 0.94 1.03 1.09
7 0.97 1.04 1.07
35 7.2 0.97 1.04 1.07
8 0.99 1.05 1.06
9 1.02 1.06 1.04
10 1.05 1.07 1.02
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Table 2.2 Rectify Factor of Refrigeration Capacity and Electric Power
Consumed for Water Cooled Chiller (Continued)

Condenser Water | Supply Water Rectify Factor
Temperature Temperature |Refrigeration| Electric Performance

c’ C Capacity Power kW/ton

5 0.86 0.96 1.11

6 0.89 1.09 1.23

7 0.91 1.08 1.19
40 7.2 0.91 1.09 1.19

8 0.93 {12 1.20

9 0.96 1.13 1.18

10 0.99 1.14 115

5 0.81 1.14 1.41

6 0.83 1.16 1.39

7 0.86 1.17 1.37
45 7.2 0.86 1.17 1.36

8 0.88 1.19 1.35

9 0.91 1.20 1.32

10 0.93 1.22 1.30

2.4.2.2 Measure an Efficiency by Analysis Air System
This method usually use for air cooled air conditioner. It uses
temperature data, relative humidity data from supply and return of air conditioner
include volume of air flow too. The value that use in measuring an efficiency in Chp

and EER. There are sequence of calculating as follow:

1. Calculating Enthalpy of Supply and Return (hs, h;)
Data that used in calculating enthalpy are temperature data and relative
humidity. There are 2 methods for calculating enthalpy.
e From Psychometric Chart
e Calculating from ASHRE method for liquid that have temperature
between 0-200 C°
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In(Py) = Ci/Typ + Ca+ C3 Typ+ C4T?yp + CsTp + C6INT,y,

Pys 18 Saturation Pressure (kPa)
Tuyp 1S Wet-Bulb Temperature (K°)
C = -5800.2206

C, = 1.3914993

Cs = -0.04860239

Cy = 4.1764768 * 107

Cs = -1.4452093 * 10°°

Ce = 6.5459673

[(0501-2316T o 0622 Py AP = Py )~ (T 0o - T )
" (2501 +1087T ,, ~4.186T )

W
w is Humidity Ration (%)
is Standard Atmospheric Pressure (kPa
s 1S Saturation Pressure (kPa)
Tap s Dry-Bulb Temperature (K°)
A £is Wet-Bulb Temperature (K°)

Ah = (Tap2 -Tap1)+2501(W2—W1)-4.186 Tap2(W2—W1)+1.87(Tap2W2— Tan1 W1)
Ah is Differential Enthalpy (kJ/kg)
Tar s Supply Dry-Bulb Temperature (K°)
Tao 1S Return Wet-Bulb Temperature (K°)
WA is Supply Humidity Ration (%)
W, s Return Humidity Ration (%)
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2. Electric Power per Ton

Chp = kW/ton
kW s Electric power that air conditioner used
ton is Refrigeration capacity at full load

ton =5.707 * 10™ * CMM *( Ah)
CMM is Supply Air Flow Rate (m’/min)
Hi is Enthalpy of supply air (kJ/kg)
H, is Enthalpy of return air (kJ/kg)

Because capability and efficiency of air conditioner depend on

several factors as; Cooling air temperature, Return air temperature, load while testing.

Then the testing result may be difference depend on variable factor. So in finding Chp

value must test in principal as follows:

While testing, air conditioner must work at full load or work nearly full load
as it possible.

If AHU or FCU able to adjust flow rate, adjust it in maximum. And check
flow rate per ton (cfm/ton) for using in recheck correctly measurement. That
ctfm/ton should be in 300-450 cfm/ton.

If cooling air temperature and return air temperature different for standard
value (standard value of Cooling air temperature is 35 C° and standard value
of Return air temperature is 19.4 C°) it will use rectify factor of refrigeration

capacity and electric power in the table as follows:
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Table 2.3 Rectify Factor of Refrigeration Capacity and Electric Power

Consumed for Window/Split Type and Package Unit Air-Conditioner

Cooling Air Return WetBulb Rectify Factor
Temperature Temperature
C a
Refrigeration | Electric Power
Capacity

16 0.96 0.83
18 1.03 0.85

25 19 1.07 0.86
19.4 1.08 0.87
20 1.10 0.88
22 1.18 0.90
16 0.92 0.89
18 0.99 0.91

30 19 1.02 0.93
19.4 1.04 0.93
20 1.06 0.94
22 1.14 0.97
16 0.89 0.95
18 0.95 0.98

35 19 0.98 0.99
19.4 1.00 1.00
20 1.02 1.01
22 1.09 1.04
16 0.85 1.01
18 0.91 1.04

40 19 0.94 1.06
19.4 0.95 1.07
20 0.97 1.08
22 1.04 1.11
16 0.81 1.08
18 0.86 1.11

45 19 0.89 1.13
19.4 0.91 1.14
20 0.92 1.15
22 0.98 1.18




Fac. of Grad. Studies, Mahidol Univ.

M.Sc.(Tech. of inform. Sys. Manag.) / 19

Table 2.3 Rectify Factor of Refrigeration Capacity and Electric Power

Consumed for Window/Split Type and Package Unit Air-Conditioner

(Continued)
Cooling Air Return WetBulb Rectify Factor
Temperature Temperature
C C
Refrigeration |Electric Power
Capacity
16 0.76 1.15
18 0.81 1.18
50 19 0.84 1.20
19.4 0.86 1.21
20 0.87 1.22
22 0.93 1.26

2.4.3 Criteria of Energy Survey for Air Conditioning System

A S I AR A e

p— e e ek e e
LN A W NN = O

2.4.3.1 Central Unit
Chiller
Room Name, Floor Number, Building Name
Serial Number
Working hours in a year
Type of compressor 1)reciprocation 2)centrifugal 3)screw
Type of cooling I)water-cooled 2)air-cooled
Year in used
Maintenance Schedule
Brand

Model

. Cooling Capacity

. Ambient Temperature, Ambient Relative Humidity

. Chilled Water Flow Rate, Chilled Water Temperature (in/out)
. Condenser Temperature (in/out), Condenser Water Flow Rate
. Cooling Air Temperature (for air-cooled)

.V, LLP.F.
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Application of pump 1)primary pump 2)secondary pump 3)condenser pump

1. Refrigeration Capacity (actual)
2. Chiller Performance

3. Energy Consumed/Year

e Pump

1. Room Name, Floor Number, Building Name
2. Serial Number

3.

4. Working hours in a year

5. Year in used

6. Maintenance Schedule

7. Brand

8. Model

9. Rated Capacity

10. Water Flow Rate

11. Suction Pressure

12. Discharge Pressure

13. Shut-Off Pressure

14.V, 1, P.F.

Calculation shall be show as follows:
1. Pump Efficiency

2. Energy Consumed/Year

e Cooling Tower

1. Room Name, Floor Number, Building Name
2. Serial Number

3. Working hours in a year

4. Year in used

5. Maintenance Schedule

6. Brand

7. Model

8. Typeoffan 1)propeller 2)centrifugal
9. Rated Capacity
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10. Water Flow Rate

11. Water Temperature (in/out)

12. Wet-Bulb Temperature (in/out)
13. Dry-Bulb Temperature (in/out)
14.V, 1, P.F.

Calculation shall be show as follows:
1. Energy Consumed/Year

AHU

Room name, floor number, building name
Serial number

Working hours in a year

i

Installation ~ 1)Floor mounted 2)Ceiling mounted 3)Horizontal mounted
4)Cassette 5)Plan room mounted

5. Year in used

6. Maintenance schedule

7. Brand

8. Model

9. Cooling capacity

10. V, I, P.F.

11. Type of Thermostat 1)Bi-metal 2)Electronic
Calculation shall be show as follows:

1. Energy Consumed/Year

2.4.3.2 Package Unit

1. Room Name, Floor Number, Building Name

2. Serial Number

3. Working hours in year
4. Year in used

5. Maintenance Schedule
6. Brand

7. Model

8.

Cooling Capacity
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9. Ambient Temperature, Ambient Relative Humidity

10. Grill Area

11. Supply Air Velocity

12. Return Air Temperature, Return Air Relative Humidity

13. Supply Air Temperature, Supply Air Relative Humidity

14. Condenser Water Temperature, Condenser Water Flow Rate
15.V, L P.F.

16. Time of compressor operate cycle (do not less then 3 cycle)
17. Type of thermostat  1)bi-metal 2)electronic

Calculation shall be show as follows:

1. Supply Air Flow Rate

Enthalpy of supply air

Enthalpy of return air

Refrigeration Capacity

Performance of air-conditioning

PN iy

Energy Consumed/Y ear

2.4.3.3 Window Type/Split Type
1. Room Name, Floor Number, Building Name
Serial Number
Working hours in a year

Type of air conditioning I)window type 2)split type

A

Installation ~ 1)window mounted 2)ceiling mounted 3)horizontal mounted
4)cassette

Year in used

Maintenance Schedule

Brand

Model

A S

10. Cooling Capacity

11. Ambient Temperature, Ambient Relative Humidity
12. Grill Area

13. Supply Air Velocity
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14. Return Air Temperature, Return Air Relative Humidity
15. Supply Air Temperature, Supply Air Relative Humidity
16. Cooling Air Temperature (in/out)

17.V, I, P.F.

18. Time of compressor operate cycle (do not less then 3 cycle)
19. Type of thermostat  1)bi-metal 2)electronic
Calculation shall be show as follows:

1. Supply Air Flow Rate

Enthalpy of supply air

Enthalpy of return air

Refrigeration Capacity

Performance of air conditioning

Oy N

Energy Consumed/Y ear

2.4.4 Air Conditioning Standard within Building
Air conditioning system installed in the building shall consume power
demand per ton refrigeration, at full load or actual load, not exceeding the values in

the following table:

Table 2.4 Standard Value of Water Cooled Air Conditioner

Type of Cooling Component/Cooling Unit ~ New Building Existing Building

(kW/Tr) (kW/Tr)

a. Centrifugal Chiller

Max.Capacity of 250 Tr 0.75 0.90

More than 250 upto 500 Tr 0.70 0.84

More than 500 Tr 0.67 0.80
b. Reciprocating Chiller

Max. Capacity 35 Tr 0.98 1.18

More than 35 Tr 0.91 1.10
c. Package Unit 0.88 1.06

d. Screw Chiller 0.70 0.84
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Type of Cooling Component/Cooling Unit  New Building Existing Building
(kW/Tr) (kW/Tr)

a. Centrifugal Chiller

Max.Capacity 250 Tr 1.40 1.61

More than 250 Tr 1.20 1.38

b. Reciprocating Chiller

Max. Capacity 50 Tr 1.30 1.50

More than 50 Tr 1.25 1.44

c. Package Unit 1.37 1.58

d. Window/Split Type 1.40 1.61

2.5 Lighting System

Index that pointed for using energy in any lighting system whether better or not

in energy consumption, measure in Watt per square meter (W/m?) that can find in

equation
% %
w /s N QY Bl
area
W is Watt of Tube

N is Number of Lamp
n is Tube per Lamp
BI is Ballast Loss

area 1S Utilized Area
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2.5.1 Criteria of Energy Survey for Lighting System

1. In case that building has working area in many type. Finding installed electric
power per working area separate by type.

2. In case that building can not be classified in any type. Installed electric power
per working area. To report value by not to compare with standard. For this
data will be a data to making new standard.

3. Measuring illuminance

e Measure high from floor 0.75 m or if in office will measure on
working table dividing area in suitability.
e In case that building can not be classified in any type, should measure
high from floor 1 m by dividing area in suitability.
e Measuring illuminance in case there are natural illuminance
a) Measure natural illuminance include electric illuminance.
b) Turn off electric illuminance then measure only natural
illuminance.
¢) If you want only electric illuminance by (a) — (b)
e In case shopping mall or building that install temporary lighting.
Should divide in 2 cases.
a) Finding W/m® by calculating from permanent lighting.
b) Finding W/m? by calculating include temporary lighting too.

2.5.2 Electric Lighting Standard within Building
Consumption of the electric lighting equipment in the building, not

including its parking are, shall not exceed the following values.

Table 2.6 Standard Value of Electric lighting

Category of Building Max.Lighting load
(W/m? of Utilized Area)
a)Offices, Hotels, Educational buildings, 16

and Hospitals / Recovery Centers
b)Shops, Shopping Centers 23
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2.6 Previous Studies and Related Works

Natthawud Dussadee, (1998) had developed the program for Energy Auditing in
Buildings. The program is divided into 3 main sections. The first section is a loading
input program which is to be used with OTTV and ASEAM3 Program. The second
section is the main energy conservation opportunities Energy Analysis Program which
considers both the saving in electrical and thermal energy. Electrical energy can by
reduced by 6 methods, namely, using the energy-saving lamp, using low watt loss
ballast, using high reflector, using high energy efficiency ratio air-condition,
improving the value of transformer power factor, and reducing peak demand of
electric power. The thermal energy saving is to improve the boiler combustion
efficiency. The third section of program is to print the energy audition report.

Sarun Udakarn, (1997) had developed the program for the overall thermal
transfer value (OTTV) and the roof thermal transfer value (RTTV) of buildings. In
operation, the program started to characterize various type of walls and roofs and then
the data were storage. Following with the OTTV and RTTV were calculated. Azimuth
angle of facades of walls and roofs could also be precisely determined down to one
degree. The program can be employed to improve the OTTV and RTTV in the
standard range by adjusting factors including azimuth angle, equivalent temperature
difference, thermal transmittance coefficient, shading coefficient, window to wall

ratio and skylight to roof ratio
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CHAPTER IlI
METHODOLOGY

3.1 Step of Studying

Finding user

requirements
A

System analysis
and design

Development of
software

A

Testing

Evaluation

4
Conclusion

v
Documentation

Figure 3.1 Software Development Life Cycle (SDLC)
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3.1.1 Finding User Requirements
Request clarification and gathering data of the energy consumption
analysis system. The initial requirement of users can be found by interviewing the
specialist and staffs about system requirement, then screen the data to find out what
they would like to have in the system. The collected data can be classified into two
types as followed;
1. Primary data are collected from interviewing specialists and staffs and
observe steps of work.
2. Secondary data are collected from existing system documents, reports, and
affect laws as following:
e Energy Conservation Promotion Act, B.E.2535
e Ministerial Regulation, B.E.2538 (lIssued under the Energy
Conservation Promotion Act)
e Report of energy consumption analysis in the designated building.

e Other additional documents.

3.1.2 System Analysis and Design
After completion of data collection, the next phase is system analysis and
design. Once the problem is understood, the solution must be determined.
e System Analysis Phase
In the system analysis phase, involved the identification of
requirements and features of the new system. The aim of this phase is to analyze and
define system to be built. Attributes, table and relationship of tables will be defined,
then Data Flow Diagram, which comprises a structural technique to chart graphically
the input, process and output of the system, will be created. The E-R diagram that
used to represent the conceptual design of database system are also created to
identified relationships of tables.
e System Design Phase
Database design bases on relational model of the data contained in
tables. The structure of the database is determined during this step. Database design

provides a data model that supports any transactions required on the data. Primary
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keys are identified for each table and relationship between tables will be identified
either. After the design, the database will be normalized.

User interface design requires understanding of human factor and
interface technology. Input and output screens, which communicate with users, will

be designed.

3.1.3 Development of Software
Develop the application under PC, Windows XP Operating system, Visual
Basic 6.0 and MS Access 2000 database. This phase is complete when all code is

written, compiles error-free, and meets any requirements and standards of the project.

3.1.4 System Testing
The testing and debugging should do on any individual modules. The
testing process focuses on logical internal of the application, ensuring that all
statements have been tested. All errors must be uncovered and fixed to make sure that

defined input will produce actual results that agree with required results.

3.1.5 Evaluation
During this step, the software will be installed and the actual application
will be tested by user who work at Registered Consultant about 20 user are required.

Analyzing a questionnaire with user satisfaction will do evaluation process
3.1.6 Conclusion
After evaluation the system, conclusion and suggestion for the thesis will

be described.

3.1.7 Documentation
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3.2 Tools of Studying
Software:
e Operating System : Windows XP

e Developing Tool : Visual Basic 6.0

e Database : MS Access 2000

Copyright by Mahidol University
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CHAPTER IV
RESULT

The result of the application software for energy consumption analysis of air
conditioning systems and lighting systems in building, which uses the system
development life cycle combined with the structured analysis method for
development. The content of this chapter consists of results from system analysis and
design (which is accomplished by using data flow diagram, data dictionary, entity-
relational diagram, structure chart) and the evaluation of the application

4.1 System Investigation

From the interview of officials and concerned experts as well as document
study, it can be seen that areas and procedure of energy analysis of air conditioning
and lighting systems in buildings can be summarized into steps as following:

4.1.1 Data Collecting : survey, testing ,collect the values that are necessary to
energy consumption analysis

% Lighting Systems
o Lighting - Data of lighting systems survey
o IHlumination - Data of illumination value (LUX)
s Air Conditioning Systems
o0 Split Type - Detailed survey data of Split Type
o0 Package Type - Detailed survey data of Package Type
o Central Units

Chiller - Detailed survey data of Chiller
AHU - Detailed survey data of AHU

Pump - Detailed survey data of Pump
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CoolingTower - Detailed survey data of Cooling Tower

% Other Electric Equipment - Detailed survey data of other equipment
4.1.2 Data Analysis : Take the data from data collecting to calculate, analyze a
result following the Ministerial Regulation
« Lighting Systems
o Lighting - Calculate the yearly energy
Consumption (kWh/Year)

- Calculate a value of w/m? in each room
- Compare a value of w/m?

o0 Ilumination - Calculate a value of illumination(LUX)
in each room
- Compare a value of illumination(LUX)
+« Air Conditioning Systems
0 Split Type - Calculate a value of air flow rate

enthalpy of supply air, enthalpy of return

air, performance, energy consume

- Compare kW/Tr value with standards

o Package Type - Calculate a value of air flow rate

enthalpy of supply air, enthalpy of return

air, performance, energy consume
- Compare kW/Tr value with standards
o Central Units
Chiller - Calculate a value of chiller performance
refrigeration capacity, energy consume

- Compare kW/Tr value with standards

AHU - Calculate a value of energy consume
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Pump - Calculate a value of pump efficiency
- Calculate a value of energy consume
CoolingTower - Calculate a value of energy consume

+«+ Other Electric Equipment - Calculate a value of energy consume

4.1.3 Energy Conservation : In case of a result of analysis is over standard in
the Ministerial Regulation, they will suggest a suitable standard to adjust in order to
energy consumption can achieve the standard. This research apply 4 standard as
following:

% Change air conditioner to be high quality air conditioner (Number 5)
= Change the air conditioner with has kW/Tr over standard
= Calculate a result of investment, length of Simple Pay Back,Internal
Rate Return (IRR)
% Change on Thermostat
= Change the air conditioner with Bi-Metal Thermostat into Electronic
Thermostat
= Calculate a result of investment, length of Simple Pay Back,Internal
Rate Return (IRR)
% Change on Lamps
= Change incandescent lamp into compact fluorescent lamp
= Calculate a result of investment, length of Simple Pay Back,Internal
Rate Return (IRR)
+«+ Change on Ballast
= Change Standard Magnetic Ballast into Low Loss Ballast or Electronic
Ballast
= Calculate a result of investment, length of Simple Pay Back,Internal
Rate Return (IRR)
4.1.4 Report Process : Apply data from survey and result of analysis into the

report and propose to Department of Energy Development and Promotion
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4.2 Data Flow Diagram
Data flow diagram is a graphical technique that depicts information flow and
the transforms that are applied as data move from input to output. The data flow
diagram may be used to represent a system or software at any level of abstraction. In
fact, it may be partitioned into levels that represent increasing information flow and
functional detail. Therefore, it provides a mechanism for functional modeling as well
as information flow modeling.
For this study, the data flow diagram can be used to describe the movement of
data through the Energy Analysis System, which consists of several levels as follows:
4.2.1 Level 0 : Context Diagram
A level 0 DFD represents the entire software as a single bubble with input
and output data indicated by incoming and outgoing arrows respectively, which is
shown in figure 4.1
The diagram shows all types of user that interact directly with the energy
analysis system and the consequences which are resulted from the software when

users put some actions into the system.

Ener
Analygs¥s
System

User I Input Data Monltor I

Low Efficiency Equipment l T Method for Energy Conservation

User I

Figure 4.1 Context Diagram of Energy Analysis System
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4.2.2 Level 1: Overall Energy Analysis System
A level 1 DFD can provide more useful detail information of the whole
system. It should be noted that information flow continuity is maintained between

level 0 and 1.

Data Input

Data Input
Data Input

1

Meter

3

2

Analysis

Lighting AirCondition
Analysis Analysis
Meter Analys|s Information
Lighting Analysis Informak‘ Anditioning Analysis Information

Database

Low Efficiency Equipment

Energy Conservatiol

5

4 Low Efficiency Equipmen

Change

Change

AirConditio

Lighting

Make Report

v

Report

Figure 4.2 Data Flow Diagram Level 1 of Energy Analysis System



Tanade Chaisit Result / 36

4.2.3 Level 2 : Process Details
The process represented at DFD level 1 can be further refined into lower
levels. Note once again that information flow continuity has been maintain between

levels. Here are the detail descriptions for the each process identified in DFD level 1

The 2" L evel Data Flow Diagram — 1.Meter Analysis

lData Input lData Input lData Input

11 1.2

Calculate Calculate

1.3

Calculate

Unit Price Unit Price

Unit Price

lMeter Information l TOU Information lTOD Information
Normal I TOU I I

TOU Information
Meter Information TOD Information

1.4
Plot
Graph

lGraph

Figure 4.3 Data Flow Diagram Level 2 for Meter Analysis Process
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The 2" Level Data Flow Diagram — 2.Lighting Analysis

fata Input

Data Input

22

Cal. Energy

Consumption

2.3

Calculate
: w/m’ W/m2 Lamp Informatio
Lux Information

I I L I

Standard W/m’ Room amp

Standard W/m” Wi \ 2.4 Amplnformation
KWh/Year

Calculate

2.5 KWh/Year

Compare
Wim?

Figure 4.4 Data Flow Diagram Level 2 for Lighting Analysis Process

The 2™ Level Data Flow Diagram — 3.Air Conditioning Analysis

Data Input Data Input Data Input Data Input

3.6
Cooling
Tower

3.5
Pump
Analysis

3.4

3.1

Chiller
Analysis

AHU

Package

Split Type
Analysis

Analysis

Analysis Analysis

Information

nformation llnformaton Information Informanon

\4
Split Type I Package I Chiller I AHU I Pump I Cooling Tower W

Figure 4.5 Data Flow Diagram Level 2 for Air-Conditioning Analysis Process
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The 2" L evel Data Flow Diagram — 4.ChangeL ighting

Incandescent Lamp

4.1

Change To

Compact

Economic Analysis Result

Compact I

StandardMagneticBallast

4.2

Change

Ballast

Economic Analysis Result

Ballast I

Figure 4.6 Data Flow Diagram Level 2 for ChangeLighting Process

The 2" L evel Data Flow Diagram — 5.ChangeSplit
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Figure 4.7 Data Flow Diagram Level 2 for ChangeSplit Process
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4.2.4 Level 3 : More Specific Process Details

The refinement of DFD continues until each bubble performs a simple
function. That is, until the process represented by the bubble performs a function that
would be easily implemented as a program component.

For all Level 2 DFD of System mentioned above, some of them can be
further expanded into more specific details. This would help simplifying some
complicated functions. Here are the level 3 DFDs for the complicated process
contained in some of DFDs level 2.

The 3" L evel Data Flow Diagram — 2.1 ux Analysis

Input Data Input Data

LUX (turn on) LUX (turn off)

Average LUX
Standard LUX

2.1.4
Compare Standard LUX

LUX

l LUX Information

Room I

Figure 4.8 Data Flow Diagram Level 3 for Lux Analysis Process
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The 3" Level Data Flow Diagram — 2.2Calculate Energy Consumption Analysis

Input Data Time In Used

2,281

KW 222

Calculate
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Calculate

kWh/Year

kWh/Year

Figure 4.9 Data Flow Diagram Level 3 for Energy Consumtion Analysis Process

The 3" L evel Data Flow Diagram — 3.1SplitType Analysis
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Figure 4.10 Data Flow Diagram Level 3 for Split Type Analysis Process
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The 3" Level Data Flow Diagram — 3.2Package Analysis
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Compare
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Figure 4.11 Data Flow Diagram Level 3 for Package Analysis Process

The 3" Level Data Flow Diagram — 3.3Chiller Analysis

Input Data l Input Data

Time In Used

kWh/Year

kWh/Year
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Figure 4.12 Data Flow Diagram Level 3 for Chiller Analysis Process
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The 3" Level Data Flow Diagram — 3.4AHU Analysis

/ﬂe In Used

Cal.

kWh/Year

KWh/Year
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Figure 4.13 Data Flow Diagram Level 3 for AHU Analysis Process

The 3" L evel Data Flow Diagram — 3.5Pump Analysis
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Figure 4.14 Data Flow Diagram Level 3 for Pump Analysis Process
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The 3" Level Data Flow Diagram — 3.6Cooling Tower Analysis

KW Time In Used

Cal.
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CoolingTower I

Figure 4.15 Data Flow Diagram Level 3 for Cooling Tower Analysis Process

The 3" L evel Data Flow Diagram — 4.1Change Compact
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Figure 4.16 Data Flow Diagram Level 3 for Change Compact Process
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The 3" Level Data Flow Diagram — 4.2Change Ballast
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Figure 4.17 Data Flow Diagram Level 3 for Change Ballast Process

The 3" L evel Data Flow Diagram — 5.1Change Air Conditioner
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Figure 4.18 Data Flow Diagram Level 3 for Change Air Conditioner Process
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The 3" Level Data Flow Diagram — 5.2Change Thermostat
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Figure 4.19 Data Flow Diagram Level 3 for Change Thermostat Process

4.3 Entity Relationship Diagram

The entity relationship model yielded a graphical representation of entities and
their relationships in database structure. It is precisely that graphical data presentation
popularized the use of the E-R diagrams as a tool for conceptual level data modeling.
In this section E-R diagram represent relationship of each in the inventory system as
shown in figure 4.20

Firstly, the entities and attributes of the database have to be defined, for
example, users, suppliers, inventory and draw orders, etc.

Each entity will then be considered how relevant they are to another, such as,
suppliers versus inventory, users versus draw orders, request orders versus purchase
orders. Thereafter, the attributes of each entity must be considered. The appropriate
attributes of each entity will be selected for linking foreign key to another entity.
Some entities have only one relation with an entity but some entities have multiple
relationships with others. Not only the number of relationship to be defined, but also

the type of relationship to be addressed at this stage, i.e. one-to-one, one-to-many,
many-to-many.
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Figure 4.20 Entity Relationship Diagram of Energy Analysis System
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4.4 Data Dictionary
The data dictionary is used to provide a detailed accounting of all table
contained within the database. Thus the data dictionary contains every attribute names

and characteristics for each table in the system.

Table 4.1 Data Dictionary for BuildingAddress Table

Key Name Description Type Size | FK Ref. Table
PK | Building Building Name Text 50
No No. Address Text 20
Road Road Name Text 50
Local Local Name Text 50
District District Name Text 50
Country Country Name Text 50
Code Code Number Number -
Telephone Telephone Number Number -
Floor Floor Number Number -
FK | OldBuilding Age (Old/New) Text 5 StandardSplit
Hour Working Hour in Day | Number -
Day Working Day in Week | Number -
FK | BuldingTypelD | BuildingTypelD Number - StandardW
Bed Number of Beds Number -
AirArea Air-Conditioning Area | Number -
NoAirArea Don’t Conditioning Number -
Area
ParkingArea Parking Area Number -
Table 4.2 Data Dictionary for StandardAirSplit Table
Key Name Description Type Size | FK Ref Table
PK | OldBuilding Age (Old/New) Text 5
kW/Ton kW/Ton Value Number -
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Table 4.3 Data Dictionary for StandardW Table

Result / 48

Key Name Description Type Size | FK Ref. Table
PK | BuildingTypelD | Building Type ID Number -
BuildingType Building Type Text 50
W/m W/m? Value Number | -
Table 4.4 Data Dictionary for BuildingCul Table
Key Name Description Type Size | FK Ref. Table
PK | Building Building Name Text 50
YearAir LifeTime of Number -
SplitType
YearThermostat | LifeTime of Number -
Thermostat
YearBallast LifeTime of Ballast | Number -
YearCompact LifeTime of Compact | Number -
Units Units Price Number -
Interest Interest Price Number -
Wilight KWh/Year (Lighting) | Number -
Wair KWh/Year (Air) Number -
Wother KWh/Year (Other Number -
System)
Wmeter KWh/Year (All) Number -
Table 4.5 Data Dictionary for NormalMeter Table
Key Name Description Type Size | FK Ref Table
PK | ID Record ID Number -
Month Month Text 50
EnergyConsum | Energy Consumption | Number -
DemandPeak Demand Peak Number -
ElectricCost Electric Cost Number -
UnitsCost Units Cost Average Number -
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Key Name Description Type Size | FK Ref. Table
PK | ID Record ID Number -
Month Month Text 50
EnergyConsum | Energy Consumption | Number -
OnPeak Demand Charge (On | Number -
Peak)
OffPeak Demand Charge (Off | Number -
Peak)
ElectricCost Electric Cost Number -
UnitsCost Units Cost Average Number -
Table 4.7 Data Dictionary for TODMeter Table
Key Name Description Type Size | FK Ref. Table
PK | ID Record ID Number | -
Month Month Text 50
EnergyConsum | Energy Consumption | Number -
OnPeak Demand Charge (On | Number -
Peak)
OffPeak Demand Charge (Off | Number -
Peak)
Partial Peak Demand Charge Number -
(Partial Peak)
ElectricCost Electric Cost Number -
UnitsCost Units Cost Average Number -
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Table 4.8 Data Dictionary for Room Table

Result / 50

Key Name Description Type Size | FK Ref. Table
PK | RoomID RoomID Number -
FK | Building Building Name Text 50 | Building
RoomNo Room Number Text 10
RoomFloor Room Floor Number -
RoomArea Room Area Number -
FK | RoomType Room Type Text 50 | StandardLux
LuxAvg Lux Average in Number -
Room
StandLux Standard Lux Number -
CompareLux Compare Lux Result | Text 10
Wm W/m*Value Number | -
StandWm Standard W/m® Number | -
CompareWm Compare W/m? Text 10
Result
kWhYear kWh/Year Value Number -
Table 4.9 Data Dictionary for StandardLux Table
Key Name Description Type Size | FK Ref Table
PK | RoomType Room Type Text 50
Lux Standard Lux Value | Number -
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Table 4.10 Data Dictionary for Light Table

Key Name Description Type Size | FK Ref. Table
PK | LampID LampID Number -
FK | RoomID RoomID Number - Room
RoomNo Room Number Text 10
RoomFloor Room Floor Number -
RoomArea Room Area Number -
FK | LampTypelD Lamp Type ID Number - LampType
LampType LampType ID Text 50
Watt Watt of Lamp Number -
UseBulb Number of Used Number -
Bulb
LampQuantity Number of Lamp Number -
Bulb/Lamp Number of Number -
Bulb/Lamp
FK | LanternlD LanternlD Number - LanternType
FK | CoverLanternID | CoverLantern|D Number - Coverlantern
ReflectType Reflect Type Text 20
FK | BallastlD BallastID Number - Ballast
BallastType Ballast Type Text 50
BallastLose Ballast Lose Number -
WattAll Watt All Number -
Hour Working Hour in Number -
Day
Day Working Day in Number -
Week
Factor Diversity Factor (%) | Number -
Wm W/m? Value Number | -

kWhYear kWh/Year Value Number -
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Table 4.11 Data Dictionary for LampType Table
Key Name Description Type Size | FK Ref. Table
PK | LampTypelD Lamp Type ID Number -

LampType LampType ID Text 50
Table 4.12 Data Dictionary for LanternType Table
Key Name Description Type Size | FKRef. Table
PK | LanternlD Lantern ID Number -

LanternType Lantern Type Text 50
Table 4.13 Data Dictionary for CoverLanternType Table
Key Name Description Type Size | FK Ref. Table
PK | CoverLanternID | CoverLantern Type | Number -

ID

CoverLantern CoverLantern Type | Text 50
Table 4.14 Data Dictionary for Ballast Table
Key Name Description Type Size | FKRef. Table
PK | BallastiD Ballast ID Number -

BallastType Ballast Type Text 50

BallastLose Ballast Lose Number -
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Key Name Description Type | Size | FKRef Table
PK | ID Record ID Number | -
FK | RoomID RoomID Number | - Room
AirNo Unit Number Text 20
FK | SplitCatID Split Type Catalog ID Number | - SplitCatalog
Model Model of Air Split Type | Text 20
Btuh Btuh Number | -
Install Type of Installation Text 20
Thermo Type of Thermostat Text 20
Use State (St.by/Duty) Text 20
Hour Working Hour in Day Number | -
Day Working Day in Week Number | -
kw kW (Actual) Number | -
Factor Factor of Compressor Number | -
WarillSup Water Flow Rate Number | -
LgrillSup Water Temp In Number | -
VelocitySup | Water Temp Out Number | -
TdbSup Dry-Bulb Temp In Number | -
TwbSup Wet-Bulb Temp In Number | -
TdbRe Dry-Bulb Temp Out Number | -
TwbRe Wet-Bulb Temp Out Number | -
TdCoilHot Dry-Bulb Cooling Number | -
AirTemp
ChangekW Rectify Factor (kW) Number | -
ChangeTon Rectify Factor (Ton) Number | -
Hsup Enthalpy of Supply Air Number | -
Hreturn Enthalpy of Return Air Number | -
CMM Supply Air Velocity Number | -
Ton Cooling Capacity Actual | Number | -
RealkW kW (Actual) Number | -




Tanade Chaisit Result / 54
Table 4.15 Data Dictionary for AirSplit Table (Continued)
Key Name Description Type | Size | FKRef Table
kWTon kW/Ton Number | -
StandkWTon | Standard kW/Ton Value | Number | -
EER EER Value Number | -
kWh KWh/Y ear Number | -
Compare Compare Result Text 20
(kW/Ton)
Table 4.16 Data Dictionary for SplitCatalog Table
Key Name Description Type |Size | FK Ref Table
PK | SplitCatlD Split Catalog 1D Number | -
FK | SplitBandID | Split Brand ID Number | -
Model Model of Air Split Type | Text 20
Btuh Btuh Number | -
Refri Type of Refrigerator Text 20
CFM Supply Air Velocity Number | -
EER EER Value Number | -
Table 4.17 Data Dictionary for BrandSplit Table
Key Name Description Type | Size | FK Ref Table
PK | SplitBandID | Split Brand ID Number | -
SplitBand Brand of Air Split Type | Text 20
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Key Name Description Type | Size | FKRef Table
PK | ID Other ID Number | -
FK | RoomID RoomID Number | - Room
FK | OtherTypelD | Other Type ID Number | - OtherType
Brand Brand Text 20
Number Number of Other Number | -
Hour Working Hour in Day Number | -
Day Working Day in Week Number | -
Factor Diversity Factor (%) Number | -
kw kW (Actual) Number | -
kWh kWh/Year Value Number | -
Table 4.19 Data Dictionary for OtherType Table
Key Name Description Type |Size | FK Ref Table
PK | OtherTypelD | Other Type ID Number | -
OtherType Type of Other Text 20
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Table 4.20 Data Dictionary for Package Table
Key Name Description Type | Size | FKRef Table
PK | ID Record ID Number | -
FK | Building Building Name Text 50 | Building
PackageNo Unit Number Text 20
RoomFloor Room Floor Number | -
PackBrand Brand of Package Type Text 20
Model Model of Package Type | Text 20
Btuh Btuh Number | -
Cool Type of Cooling Text 20
Thermo Type of Thermostat Text 20
FK | StandPackID | Standard Package ID Number | - StandardPakage
Use State (St.by/Duty) Text 20
Hour Working Hour in Day Number | -
Day Working Day in Week Number | -
kw kW (Actual) Number | -
Factor Factor of Compressor Number | -
WarillSup Water Flow Rate Number | -
LgrillSup Water Temp In Number | -
VelocitySup | Water Temp Out Number | -
TdbSup Dry-Bulb Temp In Number | -
TwbSup Wet-Bulb Temp In Number | -
TdbRe Dry-Bulb Temp Out Number | -
TwbRe Wet-Bulb Temp Out Number | -
TdCoilHot Dry-Bulb Cooling Number | -
AirTemp
ChangekW Rectify Factor (kW) Number | -
ChangeTon Rectify Factor (Ton) Number | -
Hsup Enthalpy of Supply Air Number | -
Hreturn Enthalpy of Return Air Number | -
CMM Supply Air Velocity Number | -
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Key Name Description Type | Size | FKRef Table
Ton Cooling Capacity Actual | Number | -
RealkW kW (Actual) Number | -
kWTon kW/Ton Number | -
StandkWTon | Standard kW/Ton Value | Number | -
EER EER Value Number | -
kWh kWh/Year Number | -
Compare Compare Result Text 20
(kW/Ton)
Table 4.21 Data Dictionary for StandardPackage Table
Key Name Description Type | Size | FK Ref Table
PK | StandPackID | Standard Packge ID Number | -
OldBuilding | Age (Old/New) Text 5
Cool Type of Cooling Text 20
StandkWTon | Satandard kW/Ton Value | Number | -
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Table 4.22 Data Dictionary for Chiller Table

Result / 58

Key Name Description Type | Size | FKRef Table
PK | ID Record ID Number | -
FK | Building Building Name Text 50 | Building
RoomFloor Room Floor Number | -
ChillerNo Unit Number Text 20
ChillerBrand | Brand of Chiller Text 20
Model Model of Chiller Text 20
Btuh Btuh Number | -
Type Type of Compressor Text 20
Cool Type of Cooling Text 20
FK | StandChilllD | Standard Chiller 1D Number | - StandardChiller
Hour Working Hour in Day Number | -
Day Working Day in Week Number | -
kw kW (Actual) Number | -
Tin Chiller Water Temp In Number | -
Tout Chiller Water Temp Out | Number | -
GPM Chiller Water Flow Rate | Number | -
TCin Cooling Water Temp In | Number | -
TCout Cooling Water Temp Out | Number | -
GPMc Cooling Water Flow Rate | Number | -
TCA Cooling Air Temp In Number | -
ChangekW Rectify Factor (kW) Number | -
ChangeTon Rectify Factor (Ton) Number | -
Ton Cooling Capacity Actual | Number | -
RealkwW kW (Actual) Number | -
kWTon kW/Ton Number | -
StandkWTon | Standard kW/Ton Value | Number | -
EER EER Value Number | -
kWh kWh/Year Number | -
Compare Compare Result Text 20
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Table 4.23 Data Dictionary for StandardChiller Table

Key Name Description Type | Size | FKRef Table
PK | StandChillID | Standard Chiller ID Number | -

Type Type of Compressor Text 20

Cool Type of Cooling Text 20

Ton Cooling Capacity (Ton) | Text 20

OldBuilding | Age (Old/New) Text 5

StandkWTon | Standard kW/Ton Value | Number | -
Table 4.24 Data Dictionary for AHU Table
Key Name Description Type Size | FK Ref Table
PK |ID Record ID Number -
FK | Building Building Name Text 50 | Building

RoomFloor Room Floor Number -

AHUNo Unit Number Text 20

AHUBrand Brand of AHU Text 20

Model Model of AHU Text 20

Btuh Btuh Number -

Install Type of Installation | Text 20

Thermo Type of Thermostat | Text 20

Use State (St.by/Duty) | Text 20

Hour Working Hour in Number -

Day
Day Working Day in Number -
Week
kw kW (Actual) Number -
kWh KWh/Y ear Number -
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Table 4.25 Data Dictionary for Pump Table
Key Name Description Type | Size | FKRef Table
PK | ID Record ID Number | -
FK | Building Building Name Text 50 | Building

PumpNo Unit Number Text 20

RoomFloor Room Floor Number | -

PumpBrand Brand of Pump Text 20

Model Model of Pump Text 20

kWr Rated Capacity (kW) Text 20

Duty Application of Pump Text 20

Use State (St.by/Duty) Text 20

Hour Working Hour in Day Number | -

Day Working Day in Week Number | -

kw kW (Actual) Number | -

GPM Chiller Water Flow Rate | Number | -

Psuc Suction Pressure Number | -

Pdis Discharge Pressure Number | -

kWh kWh/Year Number | -

Eff Pump Efficiency Number | -
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Table 4.26 Data Dictionary for Cooling Tower Table

Key Name Description Type | Size | FKRef Table
PK | ID Record ID Number | -
FK | Building Building Name Text 50 | Building
CoolingNo Unit Number Text 20
RoomFloor Room Floor Number | -
CoolingBrand | Brand of CoolingTower | Text 20
Model Model of CoolingTower | Text 20
Fan Type of Fan Text 20
Use State (St.by/Duty) Text 20
Hour Working Hour in Day Number | -
Day Working Day in Week Number | -
kw kW (Actual) Number | -
GPM Water Flow Rate Number | -
Tin Water Temp In Number | -
Tout Water Temp Out Number | -
Tdbin Dry-Bulb Temp In Number | -
Twhbin Wet-Bulb Temp In Number | -
Tdbout Dry-Bulb Temp Out Number | -
Twbout Wet-Bulb Temp Out Number | -
kWh KWh/Y ear Number | -
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Table 4.27 Data Dictionary for ChangeToCompact Table

Key Name Description Type | Size | FKRef Table

PK | LampID Lamp ID Number | -
RoomNo Room Number Text 20
LampType Lamp Type Text 20
UseBulb Number of Used Bulb Number | -
Watt Watt of Incandescent Number | -

Lamp

FK | CompactiD CompactiD Number | -
Hour Working Hour in Day Number | -
Day Working Day in Week Number | -
Factor Diversity Factor (%) Number | -
SaveEnergy | Save Energy Number | -
Units Units Price Number | -
SaveCost Save Cost Number | -
Invest Invest Number | -
Year Simple Pay Back Value | Number | -
IRR IRR Value Number | -

Table 4.28 Data Dictionary for Compact Table

Key Name Description Type | Size| FK Ref Table
PK | CompactiD Compact ID Number | -
Watt Watt of Incandescent Number | -
Lamp
CompactType | Type of Compact Text 20
WattCompact | Watt of Compact Number | -
Cost Cost Number | -
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Key Name Description Type | Size | FK Ref Table

PK | LampID Lamp ID Number | -
RoomNo Room Number Text 20
LampType Lamp Type Text 20
Watt Watt of Incandescent Number | -
UseBulb Number of Used Bulb Number | -
BallastType | Ballast Type Text 20
BallastLose Ballast Lose Number | -

FK | NewBalastID | NewBallastiD Number | -
Hour Working Hour in Day Number | -
Day Working Day in Week Number | -
Factor Diversity Factor (%) Number | -
SaveEnergy Save Energy Number | -
Units Units Price Number | -
SaveCost Save Cost Number | -
Invest Invest Number | -
Year Simple Pay Back Value | Number | -
IRR IRR Value Number | -

Table 4.30 Data Dictionary for ElecttronicBallast Table

Key Name Description Type | Size | FK Ref Table

PK | NewBalastID | New Ballast ID Number | -
NewBallast Type of NewBallast Text 20
NewBallast New Ballast Loss Number | -
Loss
Cost Cost Number | -




Tanade Chaisit Result / 64

Table 4.31 Data Dictionary for ChangeToHIghEER Table

Key Name Description Type | Size | FKRef Table
PK | SplitID Split Type ID Number | -
AirNo Unit Number Text 20
RoomNo Room Number Text 20
RoomFloor Room Floor Number | -
Btuh Btuh Number | -
kW/Ton kW/Ton Value Number | -
FK | EERID High EER ID Number | - HighEER
Hour Working Hour in Day Number | -
Day Working Day in Week Number | -
Factor Diversity Factor (%) Number | -
SaveEnergy | Save Energy Number | -
Units Units Price Number | -
SaveCost Save Cost Number | -
Invest Invest Number | -
Year Simple Pay Back Value | Number | -
IRR IRR Value Number | -

Table 4.32 Data Dictionary for HIghEER Table

Key Name Description Type | Size | FK Ref Table
PK | EERID High EER ID Number | -

NewBtuh New Btuh Text 20

NewkWTon | New kW/Ton Number | -

Invest Invest Number | -
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Table 4.33 Data Dictionary for ChangeThermo Table

Key Name Description Type | Size | FKRef Table

PK | SplitID Split Type ID Number | -
AirNo Unit Number Text 20
RoomNo Room Number Text 20
RoomFloor Room Floor Number | -
Btuh Btuh Number | -
Thermo Type of Thermostat Text 20

FK | ThermolD New Thermostat 1D Number | -
kWh kWh/Year Value Number | -
SaveEnergy | Save Energy Number | -
Units Units Price Number | -
SaveCost Save Cost Number | -
Invest Invest Number | -
Year Simple Pay Back Value | Number | -
IRR IRR Value Number | -

Table 4.34 Data Dictionary for ElectronicThermo Table

Key Name Description Type | Size | FK Ref Table

PK | ThermolD New Thermostat 1D Number | -
NewThermo | Type of New Thermostat | Text 20
SavekWP Energy Reduce (%) Number | -
Invest Invest Number | -
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Table 4.35 Data Dictionary for Invest Table

Key Name Description Type | Size | FKRef Table
PK | ID Record ID Number | -

Subject Name of Methods Text 20

SaveEnergy Save Energy Number | -

Units Units Price Number | -

SaveCost Save Cost Number | -

Invest Invest Number | -

Year Simple Pay Back Value | Number | -

IRR IRR Value Number | -

4.5 Structural Chart

The structural chart is used to represect the program structure. It define the
components of the system, which are called modules, and the manner in which those
components are packaged and interact with one another. The structure chart is
designed to cover all processer in DED. The overall structure charts of the system is
shown in figures 4.21 and the details are shown in figures 4.22-4.25

Energy Analysis

Program

Input Data Show Result Conservation Report

Figure 4.21 The Structure Chart of Energy Analysis Program
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4.6 Evaluation

The evaluation of the program has been performed by evaluation of user’s
satisfaction, by filling a questionnaire after they have used the program. The decoding
criteria value of evaluation was show in table 4.36 and the results of the evaluation
were was show in table 4.37
Table 4.36 The Decoding Criteria Value of Evaluation

Domain value Meaning
0.0-1.99 less satisfied opinion
2.00-2.79 moderate satisfied opinion
2.80-3.59 high satisfied opinion
3.60-4.00 highest satisfied opinion
Table 4.37 The Results of The Evaluation
Considered Excellent | Good Fair Poor Mean | Satisfaction
Issues N | % | N|% | N| % | N | %
1 Easy to
Understand U AN (7 y i A 3.30 high
2 Easy of Use A \WSGR )R I | - 2.95 high
3 Speed of .. N\ N - 3.00 high
Execution
4 Correctness 2 |10 | 18 | 9 | - 1 b S 3.10 high
5 Data Search 2 10 | 15 | 75 | 3 15 3 - 2.95 high
6 Adequacy of - - 18 | 90 | 2 10 - - 2.90 high
Report
7 Flexibility - - | 16 | 80 | 4 |20 | - - 2.80 high
8 Decrease
Error 6 | 30 | 14 | 70 | - - - - 3.30 high
9 Decrease
Working Time 4120 16| 8 | - i i i 3.20 high
10 Decrease
Working Force 4 120 1 16 180 | - i i i 3.20 high
Total 28 | 14 | 158 | 79 | 14 | 7 - - 3.07
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According to table 4.37 the results of the evaluation, 14.00% of the users felt
that it was excellent, 79.00% of the users felt that it was good, 7.00% of the users felt
that it was fair, and Mean 3.07, For each evaluation considered issues, the user’s
satisfaction is as following:

Easy to Understand, 30.00% of the users felt that it was excellent, 70.00% of the
users felt that it was good, and Mean 3.30, user were satisfied to a high level.

Easy of Use, 10.00% of the users felt that it was excellent, 75.00% of the users
felt that it was good, 15.00% of the users felt that it was fair, and Mean 2.95, user
were satisfied to a high level.

Speed of Execution, 10.00% of the users felt that it was excellent, 80.00% of the
users felt that it was good, 10.00% of the users felt that it was fair, and Mean 3.00,
user were satisfied to a high level.

Correctness, 10.00% of the users felt that it was excellent, 90.00% of the users
felt that it was good, and Mean 3.10, user were satisfied to a high level.

Data Search, 10.00% of the users felt that it was excellent, 75.00% of the users
felt that it was good, 15.00% of the users felt that it was fair, and Mean 2.95, user
were satisfied to a high level.

Adequacy of Report, 90.00% of the users felt that it was good, 10.00% of the
users felt that it was fair, and Mean 2.90, user were satisfied to a high level.

Flexibility, 80.00% of the users felt that it was good, 20.00% of the users felt
that it was fair, and Mean 2.80, user were satisfied to a high level.

Decrease Error, 30.00% of the users felt that it was excellent, 70.00% of the
users felt that it was good, and Mean 3.30, user were satisfied to a high level.

Decrease Working Time, 20.00% of the users felt that it was excellent, 80.00%
of the users felt that it was good, and Mean 3.20, user were satisfied to a high level.

Decrease Working Force, 20.00% of the users felt that it was excellent, 80.00%

of the users felt that it was good, and Mean 3.20, user were satisfied to a high level.
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Result of tester satisfaction shows by using radar chart below.

Easy to Understand

S

Decrease Working Force.- -~ - Easy of Use

Decrease Working Time Z Speed of Execution

Decrease Erro ~ Correctness

Adequacy of Report

Figure 4.26 The Radar Chart of Tester Satisfaction
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CHAPTER V
DISCUSSION

The objective of this study is developing the application program for energy
consumption analysis of air conditioning systems and lighting systems in buildings.
The system development life cycle (SDLC) was the framework of this study. It was
consists of 7 step: finding use requirements, system analysis and design, development
of software, testing, evaluation, conclusion, and documentation.

The aim of this chapter is to discuss problems and their solutions in this study.
At the end, the advantages and disadvantage of Energy = Consumption Analysis
Program are discussed.

In the system analysis and design phase, data of energy audit have several type
of recording; depend on each registered consultant who will design it The different
input data happen from each registered consultant. Using standard, criteria as
prescribed in the Ministerial Regulations, can solve this problem.

In the implementation phase, in the part of interface, the result of some
functions display several information. Therefore the system requires large and many
display areas. Some monitors and display cards can not handle. The required
resolution is at least 1024x768.

There are many advantages of Energy Consumption Analysis Program as
following:

% To enhance the potential of working that serve on effective report to be more
convenience, accuracy as well as saving the time for officials

« To be equipment for mind decision to invest on changing the low-potential
equipment into high-potential equipment. The program will consider its one
by one so that testing process will be conducted in order to adapt it more
effective and worth for investment

However, some disadvantages of Energy Consumption Analysis Program are

found and discussed as following:
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)/
A X4

This program is able to consumption energy analyze the building one by one;
each database for a building. The database can not be used together. It will
make space overload on database if they conduct consumption energy analysis
in many buildings.

The report is to export data from the database that can not change and edit on
the report, however it can export file into HTML File and Text File. This
makes inconvenience time during working do not like Excel File. During do
the research, Data Report of Microsoft Visual Basic 6.0 can not export file

into Excel File.
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CHAPTER VI
CONCLUSION AND RECOMMENDATION

6.1 Conclusion
The objective of this study is developing the application program for energy
consumption analysis of air conditioning systems and lighting systems in buildings.
The system development life cycle (SDLC) was the framework of this study. It was
consists of 7 step: finding use requirements, system analysis and design, development
of software, testing, evaluation, conclusion, and documentation
This application program was developed by using Microsoft Access 2000 for
designing and creating relational database, Microsoft Visual Basic 6.0 Service Pack 5
for coding and graphic user interface on Window XP operation system.
The program works in 4 major process as follows;
“ Input Data  : In this process is to input data from the survey, testing on
lighting systems and air conditioning systems into the program
% Show Result : In this process is to show a details of testing and energy
consumption analysis in each system by present in form of graphs and tables
“+ Energy Conservation: In this process is to adjust the low potential lighting
or under standard of Ministerial Regulations into high potential lighting
including analyze the value of economic on business
“* Reporting - In this process is to do the testing report and energy
consumption analysis in each system and equipment
The working process of program is quick, convenient and accesses the thorough
result calculation. There are obviously separate works that can select the working
process, as they require without any complex. The mistake can be canceled, retrieved

or edit on every process.
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6.2 Recommendation
To increase the usefulness of the Energy Consumption Analysis Program, the
recommendations for further development are as follows:
% Add a module for create Data Check List in order to access input data that
relevant with the program
¢ Add a module for calculate the overall thermal transfer value (OTTV) and
the roof thermal transfer value (RTTV)
¢+ Enforce standard on energy conservation to be cover all equipment
¢+ The report , come from program should develop to be able to improve by

Microsoft Word or Microsoft Excel
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USER MANUAL
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