
A We

 
 
 
 
 
 

eb-based Da

A

Technic

atabase Appl

Bachelo

A Web-based

Sch

cal Report, I

lication as an
Dioxid

or’s Thesis in

Bira

d Database A
and 

ool of Inform

IDE04XX, Ja

 

 

 

n Analysis a
de Emission

 

n Computer 

ay Turan 

 

 

 

 

 

Application a
Carbon Dio

 

mation Scien

anuary 2009

a Tool for En

Engineering

 

 

as an Analys
oxide Emissi

nce, Comput

9 

nergy Use an

g 

sis a Tool for
ion 

ter and Elect

Hal

nd Carbon 

r Energy Us

trical Engine

lmstad Univ

e 

eering 

versity



II 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
   

 
 
 

School of Information Science, Computer and Electrical Engineering 
Halmstad University 

Box 823, S-301 18 Halmstad, Sweden 
 
 
 
 

January 2009



III 
 

DETAILS 
 

First Name, Surname: Biray Turan 

University: Halmstad University, Sweden 

Degree Program: Computer Engineering 

Title of Thesis: A Web-based Database Application as an Analysis a Tool for 
Energy Use and Carbon Dioxide Emission 
 

Academic Supervisor: Wagner Ourique de Morais 
 
 
 
 

 



IV 
 

ABSTRACT 
 

The aim of this thesis project was to migrate an existing excel-based application, used 
to analyze energy use and carbon dioxide emission of companies, to a web-based application. 
Special development questions were put around which software development process, 
solution stack and user interface to be used according to the company needs. The spiral 
lifecycle model has been chosen because it provides a clear view of the process and has the 
concept of early prototypes. A solution stack based on Linux, Apache, PHP and MySQL has 
been chosen because such approach has met the company requirements in terms of cost, 
security, support, and maintenance. As a result, the developed web-based system overcomes 
the problems normally found in excel-based applications, such as application deployment and 
maintenance, and provides a more usable and richer user interface.  
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1. INTRODUCTION 
 

1.1. BACKGROUND 
 

Companies with high energy consumption and carbon dioxide emissions are 
developing too fast all around the world, which means more pollution and energy needs. So, 
there is a need for tools which allow industries to monitor their energy consumption as well 
their carbon dioxide emission.   

The idea behind this thesis project comes from SEE U, which is located in the Science 
Park in Halmstad. See U wants to provide an analysis tool to other companies which will 
allow them to observe how much energy is being consumed and how much carbon dioxide is 
being emitted. As a result, they can take some environmental actions to minimizing those 
problems. 

For this purpose See U looks at different parts of the customer's company, such as 
lighting, air conditioning, and transportation to see how much energy is being consumed and 
how much carbon dioxide is being emitted by their components. To make these calculations 
easier, they have an excel-based analysis tool. 

Their choice for an excel application was based in the fact that Microsoft Excel is a 
widely adopted tool for information analysis which does not require knowledge about 
programming, databases, and related things.  In addition, data and equations can be easily be 
added and modified 

 On the other hand, some problems may arise while having a complex system 
developed in excel such as application deployment and customization. If the company 
modifies a little part of the application, they have to inform all their customers separately 
about that change. This fact will bother both the customers and the company. In addition, 
customers who want to use that application must have the Excel application installed in their 
computers, what means an extra cost for customers.  

So, in order to overcome the drawbacks of this kind of solution, the SEE U Company 
wants to migrate the current solution to a web-based system. 

 

1.2. PROJECT OBJECTIVE 
 

The main goal of this project is to migrate the existing excel-based application to a 
web-based system. 

See U has some equations and the coefficient to calculate energy consumption and 
carbon dioxide emission. The structure of the equations will not be changed but the 
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coefficient and some required data must be changeable. Therefore, they will be responsible to 
inform the coefficients in the systems and users the data. 

According to calculations that are specified by the company, the system administrator 
will be able to add, delete and update information like regions, cities, coefficients etc. In order 
to calculate the carbon dioxide emission and energy usage, some information about the 
customer’s company will be needed and the next time when the user logins to the system they 
will be able to see the values previously entered. All these data is stored in a database. 

 

1.3. OUTLINE 
 

This report is organized as follows: 

• Chapter 2 presents the methods and tools that are used while developing the project. 

• Chapter 3 describes the project implementation.  

• Chapter 4 presents the results and explains whether the solution that is proposed fits the 
company requirements or not. 

• Chapter 5 presents the project conclusion. 
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2. METHODS 

 

2.1. WEB BASED APPLICATIONS 
 

A web-based application is any application that uses a website as the interface. Users 
access the application from any computer connected to the Internet using a standard browser. 

In order to run a web-based application, the client machine needs internet connection 
and a web-browser (Internet Explorer, Firefox and Netscape), which are available for 
different operating systems 

One advantage of the main advantages of web based application if the fact that 
application’s updates are performed in the server [1]. By that, users will benefit the updates 
immediately and will not waste their times to downloading/installing the applications. 

A customer who wants to work on an excel application has to buy the Microsoft 
Office solution what means an extra cost. On the other hand as it is said before a customer 
who wants to use a web-based application needs a web-browser and internet connection 
which means less cost and more acceptable. 

In order to develop a dynamic website, the designer needs to use four major 
components which work together as described in Figure 1. They are web server, databases, 
server-side script and operating systems. 

 

Figure 1: Web-based application architecture 
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 When the user tries to access a web page, the following steps are performed: 

1. A client computer calls a page from web server via www. 

2. Web server sends the client the title of the relevant page. 

3. If the page that client wanted is a dynamic page web server interprets dynamic 
page and generates html pages. 

4. Html page that generated from dynamic page is sent to client by web server. 

5. Client show Html page on the screen that reach it. 

The combination of the components previously mentioned is called as solution stack. 

 

2.2. SOLUTION STACKS 
 

Although there are many combinations of these components (OS, Web server, database 
and server side scripts), three major combinations are in use today are WISA, LAMP and 
WIMP (see Table 1).  

 

 OPERATING 
SYSTEM 

WEB SERVER DATABASE SERVER SIDE 
SCRIPT 

WISA Windows IIS SQL Server ASP 
LAMP Linux Apache MySQL PHP 
WIMP Windows ISS MySQL PHP 

Table 1: Solution Stacks 

 

Each of these solution stacks is a viable choice, and each carries its own set of pros 
and cons. It is difficult to say which one is better, so the company needs will determine the 
one to be used. 

 

2.2.1. OPERATING SYSTEMS FOR WEB APPLICATIONS  
 

There are different operating systems for web hosting where Windows and Linux are 
mainly used. Two main factors must narrow the choice about the operating system, security 
and cost. As Linux is a free open source operating system and system vulnerabilities can be 
extracted by expert users, what is an advantage over Windows [2]. 
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As present in Table 2, Linux is free, secure and open source, it represents an 
appropriate choice for the See U Company. 

 Linux Windows 
Open Source Yes No 
Free Yes No 
Security High High 

Table 2: Comparison between Linux and Windows 

 

2.2.2. WEB SERVER 
 

Internet Information Services (IIS) is tightly integrated with the Windows operating 
system, and is only available on that platform. Apache is open source and is available on both 
the Linux and Windows platforms (as well as many others) [4]. 

Apache and Linux are used as a combination the system is said to be more secure [12]. 
On the other hand, other combinations like ISS-Windows and Apache-Windows will cause 
some secure problems [5]. Most webmasters think that Apache is more secure than ISS. The 
most important reason is that a default Apache doesn't install any Apache modules. On the 
other hand Windows 2000 and IIS install seven external Dynamic Link Library (DLL) files 
plus FrontPage server extensions. The second reason is that Microsoft ISS allows system-
level access, so a user with root permission can access, change, and delete any file anywhere 
on the system. On the other hand Apache components, if their installed, run as a 
nonprivileged user, so if a buffer overflow occurs, damage is minimal [6]. 

Apache and IIS are both free, but support contracts can be purchased. Comparison of 
ISS and Apache can be seen from the Table 3. 

 

 ISS Apache
Open Source No Yes 
Software Price Free Free 
Security Weak Strong 
Platform Windows any 

Table 3: Comparison of ISS and Apache 

 

2.2.3. DATABASE 
 

Different options are available as database like MySql, SQL Server, PostgreSQL, 
Oracle, among others. In this section, a comparison between MySQL and SQL Server is 
presented. 



6 
 

There is no restriction on any platform to run MySQL. Including Windows operating 
systems it can work with all operating system such as MacOS, Linux, many UNIX variants 
seamlessly [8]. Contrarily SQL can only work with Windows-based platforms, including 
Windows 9x, Windows NT, Windows 2000 and Windows CE [8]. 

MySQL is an open source database management system so it is free under the terms of 
GNU General Public License [8]. For commercial usage its price is more acceptable than the 
other database management tools. On the other hand SQL server is Microsoft product. 
Therefore, if you choose SQL you have to pay for it. 

It is difficult to compare SQL Server and MySQL about their performance. Both of 
them nearly show the same performance. In addition it is possible to define transactions, 
which used in airline reservation systems, inventory control systems and banking systems [8]. 
Comparison of SQL Server and MySQL can be seen from the Table 4. 

 

 SQL Server MySQL 
Open Source No Yes 
Free No Yes 
Performance Good Good 
Platform Windows-Based Platforms Any 

Table 4: Comparison of SQL Server and MySQL 

 

2.2.4. SERVER-SIDE SCRIPT LANGUAGES 
 

When creating web sites generally two popular languages are selected. One of them is 
ASP (Active Server Pages) and the other is PHP (Hypertext Preprocessor). Both languages 
help us to interact with database. There is some plus and minus of these languages. 

The choice for ASP implies to have a server with Windows as operating system and 
IIS as web server, which means an extra cost. On the other hand someone who chose PHP can 
use MySQL and Apache which is open source and free of charge like PHP. Some plug-ins 
and helper libraries are free for PHP but if you want these for ASP you have to pay for it [7]. 

If the speed of PHP and ASP are compared, the result shows that PHP codes run faster 
than ASP. PHP code runs in its own memory space on the other hand ASP is built on COM 
based architecture, which is an overhead for the server [7]. 

PHP codes can run on a huge area of operating systems like Linux, UNIX, Windows, 
MacOS X, Solaris, BSD Unixler and Netware. But ASP can run on Windows, other operating 
systems do not support it. 
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Active Server Pages (ASP) and PHP were developed on different platforms so ASP 
runs on Windows Server while PHP runs on Linux servers with better performance. 
Comparison of ASP and PHP can be seen from Table 5. 

After giving some explanation for ASP and PHP, talking about their pros and cons it 
can be said that it depends on your web site’s feature to choose one of them. For this thesis 
project PHP is an appropriate solution. 

 PHP ASP 
Open Source Yes No 
Software Price Free Free 
Platform Price Free $$ 
Speed Strong Weak 
Platform Any Win32(ISS only) 

Table 5: Comparison of PHP and ASP 

 

SUMMARY 

According the features that are explained for the components of solutions stack, a 
comparison table has been created as it is seen from the Table 6. 

 

 LAMP  WISA WIMP  
Open 
Source  

Yes  No  Just PHP and MySQL  

Cost  Very Low  Very High  High  
Support  Community-Supported Corporate  PHP and MySQL is 

community  
Security  More Secure  Secure  Secure  

Table 6: Comparison of Solution Stacks 

 

2.3. SOFTWARE DEVELOPMENT PROCESS 
 

Tasks or activities that take place during the process is called as Software 
Development Process. In order to develop software, some methods like waterfall and spiral 
model can be used. If a good plan is not been done even the software is simple developer can 
be faced with a lot of problems while developing it. In addition without clarifying the steps at 
the beginning resources (labor force, time and finance) will be used 3-4 times then it is 
needed. Therefore the aim of the software development process is to prevent this problem and 
minimize the required resources.  
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2.3.1. SPIRAL MODEL 
 

In this model (see Figure 2), the project is divided into sequential steps. One step is 
taken, after the requirements are collected, analyzed and designed for that step a prototype is 
implemented and it is given to the costumer for her/his evaluation. According to feedback 
developer does some modification. If that prototype is acceptable for customer developer can 
pass to the second step. This is done until an acceptable system is delivered [9]. 

Because the whole project is divided in steps or interactions, and an interaction just 
start when the previous interaction finishes, and a complete cycle will result in a prototype, 
the model provides flexibility for redesign, if needed. Otherwise it would be difficult to make 
some modification and uncover important issues early before problems or faulty assumptions 
can lead to disaster after implementing the whole project. In addition it is an efficient modal 
for customer too. The client's knowledge of the project grows as the project grows, so that 
they can interface effectively with management [9]. 

 

 

Figure 2: Spiral Model [13] 
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3. A WEB-BASED DATABASE APPLICATION AS AN ANALYSIS A TOOL FOR 
ENERGY USE AND CARBON DIOXIDE EMISSION 

 

While developing a web-based database application as an analysis tool for energy use 
and carbon dioxide emission some requirements will be needed for system as mentioned 
below. 

• Nice user interface : An attractive interface  

• Membership and profiling: A system to allow user to be a member and save important 
information and allow some part of the application to be special to administrator. 

• Initial data for companies: Some required initial data to calculate carbon dioxide emission 
and energy usage. 

• Parts of the companies. In order to calculate the carbon dioxide emission and energy usage 
companies are divided some parts like electricity, heating, air conditioning etc. 
Administrator can add some information for those parts and according to that information 
user adds and enters some values to see the result.  

In the next sections, each of these requirements will be claimed. 

 

3.1. WEB SITE LAYOUT DEVELOPMENT 

 
3.1.1. PROBLEM 
 

One of the major issues while developing web-based systems is to provide an 
attractive and easy to use interface to users. It is known that appearance is important. It can’t 
be over passed the importance of first impact. Company which is customer and users are not 
technical people. They don’t have knowledge about the codes so they can’t be impressed the 
codes that is written. Suppose you have an ugly user interface even if your site is fast and 
scalable and you have perfect performance unfortunately your site will not be visited. 
Furthermore your customer will not be satisfied. In addition to this you have to create an 
interface that can satisfy not all of the users but most of them. As a result, selecting the way of 
the design, used colors and pictures are important. 

Different user might have different preferences about which web browser to use. Web 
developers need to ensure that a web page will have the same appearance in any web browser, 
regardless distinct features present in each browser. As an example this thesis project had a 
problem like that, where a transparency problem appeared on Internet Explorer 6 and the 
same problem could not be seen for upper IE versions and other browsers. 
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3.1.2. DESIGN 
 

While designing an interface HTML and CSS will be used. In addition, in order to 
create an effective interface a graphics application such as Photoshop will be used. Logo of 
the company (SEE U) and some buttons for deleting, updating, saving and calculating 
information have created via Photoshop. Then these small pieces are used in HTML page. 

This thesis project consists of two parts. The first part is administrator part and the 
second part will be user part. Basic layout of the interface for this project is showed in Figure 
2. Common layout code will be called as theme. Theme consists of footer, header, login part, 
upper menu, left menu, copyright notices and main content which are the common areas that 
every page will share. The header part is the part that includes company’s logo, upper menu 
and date. For user, main content part is the part that user can keep her company’s information 
on the database and see the result of energy consumption and carbon dioxide emission. And 
admin part is the part that administrator can add some coefficients for calculations and 
structures. Left part consist of some links to the pages. This part is different for both 
administrator and user. 

A theme code can be reused when a new page created. To avoid physically copying 
and pasting the entire code to each page for this project a more effective way will be used. 

 

<html…..  page_top.php 

code partitions ………. 

The page content goes here... 

code partitions ……… page_bottom.php 

</html>. 

 

  The whole code can be separated in two partitions and saved as page_top.php and 
page_bottom.php. When a new page is created the only thing that is needed is to include these 
pages to new page as shown below.  

<!-- page_top.php --> 
<?php include("includes/page_top.php");?> 
<table width="100%" border="0"> 
<tr><td> 

<!-- START --> 

The page content goes here... 

<!-- FINISH --> 
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</td></tr> 
</table> 
<!-- page_bottom.php -->   

<?php include("includes/page_bottom.php");?>   

Such approach is modular, facilitating maintenance, and is less time consuming if 
compared to core reuse using copy and paste. 

 

3.1.3. SOLUTION 
 

It can be seen how the interface looks like from the Figure 3. After the user logins to 
the system successfully, the user will be able to see the links to the page which is shown on 
the left part. This part is consists of six main titles: Start, Electricity, Heating, Transports, Air 
conditioning and Result. Start part is the part that user must enter some information of her 
company that will be needed to make calculation of energy consumption and CO2 emission. 
The other parts give the opportunity to the user to see how much energy is spent in which 
areas by her company.  Similarly left part for administrator is used to reach to the pages where 
she can add, delete and modify some values that will be used for providing some option to the 
user and other values that will be needed for calculations. 

 

Figure 3: Home Page for the user part 



12 
 

3.2. MEMBERSHIP AND USER PROFILING 

3.2.1. PROBLEM 
 

 This project is divided in two main parts, administrator part and user part. Some part 
of the system is specific sections or individual pages. For instance administration section is 
dedicated to management and only the administrator, who is a privileged user, has the right to 
change or update these parts. Or only user who is given permission by the administrator can 
see specific section for some calculations and registrations of their data that they want to see 
the next time when they login to the system. 

New users with the intention to use the system need at first to register to the system. 
Thus that user can be tracked to distinguish her from other visitors who want to login to the 
system. Administrator should see the list of the registered members and they can control the 
membership. It is up to the administrator to accept and give permissions to user or to disable 
the account. 

 

3.2.2. DESIGN 
 

 In order to give some specific permission to a specific user, their information must be 
saved on database. For these purpose two tables have been created, named user and settings 
for users and administrator, respectively. In the membership process, users are asked a 
number of questions. This question is not asked a certain standard [11]. User information will 
be requested, this information will be written to database and administrator is expected to 
approve membership. 

 

3.2.3. SOLUTION 
 

This web site has two login systems. One belongs to administrator (see Figure 4) and 
the other belongs to users. When they try to login to the system their user name and password 
will be compared with values that have been previously saved on database by user and 
administrator. If new values that are entered coincide with the values that is previously 
entered then Session will start. Session variables hold information about one single user, and 
are available to all pages in one application. Therefore if the person who tried to login the 
system is a user then some part of the page will be visible to that user and some user 
information that will be needed for other pages like username, user id can be taken from the 
database and stored on the server for later use. If login is not successful user will be directed 
back to the home page. 
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 Figure 4: Administrator login system  

 

3.3. INITIAL DATA FOR COMPANIES 

3.3.1. PROBLEM 
 

  The aim of this thesis project is to give the opportunity to customers to have an 
overview about their company’s energy consuming and carbon dioxide emission. In order to 
achieve this goal the first job is to get some initial information about user’s company for later 
use. Therefore, administrator must specify which values should be entered by user. These 
values are sent to the server and saved into the DB. Later, when user login to the system these 
values will be showed to them. In addition, values that user had selected must be shown when 
the next time they login to the system. Administrator part and user part will be separated into 
its own section within. They are Start, Electricity, Heating, Air Conditioning, Cargo transports 
and Employee Transport for both of them. In addition there is Result section for user part. 

 

3.3.2. DESIGN-SOLUTION 

3.3.2.1 ADMINISTRATOR 
 

Administrator will be able to add, modify and delete certain values in the system, such 
as: 

• County: In this part name of the Sweden’s county and average temperature that belong to 
that county is needed. Average temperature will be used for energy consumption 
calculations. 

• City:  City should belong to a county so county have to be listed in a combo box and after 
selecting county, administrator can add city name, average oil price and district temperature 
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3.4.1. ADMINISTRATOR PART 

3.4.1.1. ELECTRIC OFFICE EQUIPMENTS 
 

In electricity section some areas that electricity is used must be considered.  There are 
three areas that a company can use electricity- Electric office equipment, machines and 
lighting. 

Considering the excel application that SEE U has developed there is only three kinds 
of electric office equipment. They are computers, screens and printers. Tables can be created 
for all kind of electric office equipment separately but then a problem can occurs. What will 
happen when administrator wants to add another kind in the future? Therefore, in order to 
make a more flexible application, which means to give the administrator the capability of 
adding electric office equipments, the first step was to design a table called 
elec_device_type_category (see Figure 8). It can be seen that column description can change 
according to different kinds of electric office equipment as it is shown on Figure 6. As an 
example, the first and second column descriptions are same for Screens and Printers but third 
column is different for both. Thus, the administrator has to be allowed specify column names 
independently.  As a result, elec_device_type_category table contains 
Category_Active_Description, Category_StandBy_Description 
andCategory_Rest_Description to save three different column descriptions. The second step is 
to design a table called elec_device_type which allows the administrator to add electric device 
type for each electric office equipment, like flat screen for screens and laser for printers. In 
order to specify which electric device type belongs to which electric office equipment this 
table has Elec_Device_Type_Category field. Its value is taken from 
elec_device_type_category table and added to elec_device_type table. Energy consumption 
for screens is calculated as:  

3 /1000                                         (1)  

A = Active  

R = Rest 

N = Numbers 

Equation (1) is general for all kind of electric office equipment. The bold values- as it 
can be seen from the equation – is some coefficient for columns that administrator defined 
and saved at elec_device_type_category table. These coefficients are different for each 
electric device type and they can change in the future. Administrator must be allowed to save 
these coefficients (fields Elec_Device_Type_Number, Elec_Device_Type_Active…) at 
elec_device_type table while they define electric device type. 

 In order to achieve these steps two different pages have been created- 
elec_dev_type_cat.php and elec_device_type.php. After administrator added some values to 
the database these values will be produced on the same page. The opportunity to delete and 
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update these values will be given to the administrator. Therefore, any change in the future will 
not affect the application in a bad way. 

 

 

Figure 6: Electric office equipment user interface from excel application. 

 

3.4.1.2. OTHER DEVICES 
 

In order to calculate energy consumption of machines and lighting that company has, 
there is two equations as shown at equation (2) and equation (3). 

,                                                             (2) 

⁄                                                   (3) 

P = Power 

HOUW = Hours of use /week 

N = Numbers                                    

It is thought that the bold and underlined part of the equations is coefficients for 
machines and lighting. Therefore, these coefficients have to be saved on database for later 
calculations. The table for that aim is other_device as showed on Figure 8. 

 

3.4.2. USER PART 

3.4.2.1. ELECTRIC OFFICE EQUIPMENT 
 

Users can keep their company’s electric device, energy consumption of these device 
and total CO2 emission on database with the help of elec_device.php page. According to 
electric office device that administrator has saved on database before, user will see all of them 
in a combo box and after selecting one of these electric office devices she can see all devices 
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type related to selected electric office device as it is seen from Figure 7. According to the 
features are already set by admin, user can save her values like the number of device, device 
idle time in a week, device active time in a week and so on table elec_device. While data 
related to electric device is recorded on the database by user, calculation of energy 
consumption for that device is done at the same time and is recorded on the same table 
(elec_device). While doing calculation coefficient will be taken from elec_device_type table. 
When the next time user login to the system she can automatically see what she entered 
before via the code shown below. First SELECT creates a row if the user has records for that 
device and second SELECT creates a row if user does not have record for that device. 

 
 

$result2 = mysql_query("select  
edt.Elec_Device_Type_Name, 
edt.Elec_Device_Type_ID, 
el.Elec_Device_Number_Of,  
el.Elec_Device_Active,  
el.Elec_Device_StandBy,  
el.Elec_Device_Rest, 
from elec_device_type edt, elec_device el 
where  
edt.Elec_Device_Type_ID = el.Elec_Device_Type_ID AND 
el.Company_ID = $CompanyID AND edt.Elec_Device_Type_Category_ID = $CID 
union 
select  
Elec_Device_Type_Name,Elec_Device_Type_ID, 
'','', '', '', 0 
from elec_device_type edt 
where  
Elec_Device_Type_ID not in  
(select Elec_Device_Type_ID from Elec_Device where Company_ID = 
$CompanyID) 
AND Elec_Device_Type_Category_ID = $CID 
" ); 

 
 

 

Figure 7: The main part of the user interface for electric office equipment 

 

3.4.2.2. OTHER DEVICES 
 

User can add as much as machine and lighting tool they like. In order to record user’s 
information two tables called machine and lighting (Figure 8) have been created. According 
to equation 3 Power (W), Numbers, amount of lighting that is used in a week (h/week) will be 
needed to calculate energy consumption. Therefore, the fields of lighting are Lght_Power, 
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Lght_Number, Lght_Hours_Of_Use. In addition, in order to specify the owner of this lighting 
tool contains Company_ID too. Power (kW), Hours of use/week, ID-number Name is 
required for machines according to equation (2).  

 

 

Figure 8: Diagram for electricity part 

 

 

3.5. HEATING 

3.5.1. ENERGY CONSUMPTION 

3.5.1.1. ADMINISTRATOR PART 
 

Energy that is consumed to heat a building will be different for each building elements 
like window, glass, roof etc. Administrator has to specify what kind of building elements are 
there. Therefore a table called structure_type (see Figure 9) has been created. This table will 
contain building element’s name. There is also a Formula field, which can be set to 2 when 
building element is glass or glass-like element otherwise it will be set to 1. Why it is needed 
to set a field named Formula? Looking at the pseudo-code of energy consumption for heating, 
shown below, it is possible to notice that the equation of energy consumption will change 
according to U-Value and type of building element. In order to give the opportunity to 
administrator to specify which equation will be used while calculating energy consumption of 
building element, Formula field has been created. 
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If (U-Value == 0) 
{ 
  If (Build Element == Glass and elements like glass)  
 energy consumption = (Glass1*Value1 + Glass2*Value2+ .... 
+Glassn*Valuen) *Area * County      Average Temperature * (8760/1000) 
  else 
energy consumption = (1/Total thickness of construction     materials) 
*Area * County Average Temperature * (8760/1000) 
} else { 
energy consumption = U-Value*Area * County Average Temperature * 
(8760/1000) 
} 

 

 In a building there are different construction materials and different glass types. In 
order to store these materials and glass type’s information, a material table has been created 
(see Figure 9). This table consists of material or glass type name and coefficient for each of 
them. 

 Building elements will be composed of different construction materials. Therefore, the 
aim is to give the administrator the ability of specifying which building element consists of 
which construction materials. In order to achieve this goal a table called 
structure_type_material has been created (see Figure 9). This table contains building 
element’s id and material id.  

 

Figure 9: Diagram for heating part 
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3.5.1.2. USER PART 
 

A company can have more than one building. Therefore, the aim is giving the 
opportunity to the user in order to save information for more than one building building table 
has been created (see Figure 9).   This table contains building name and company id. 

According to pseudo code for energy consuming of heating, area and U-value of the 
building element or area of the building element and thickness of the construction materials is 
needed. Structure table will keep the information of U-value, area and energy consuming of 
the building element. A building element may contain more than one construction material so 
it is important to save them in another table called build_struct_mat (see Figure 9). This table 
will contain material id in order to take coefficient- that is needed while calculating energy 
consumption- for that material, structure id in order to specify this material belongs to which 
building element of the user and the thickness of that material. 

 

3.5.2. CO2 EMISSION 
 

 It is important to know type of heating, Thermal efficiency, the amount of usage of 
heating in a year while calculating CO2 emission for heating. Table build_heating will keep 
this information. Users will choose one of the heating types that administrator had specified 
before. District Heating is one of the heating type and it is already saved on database while 
administrator added cities on database. And if user selects her/his company’s city the District 
Heating for that company is known. If company uses District Heating as heating type then to 
make the calculation district heating of the company must be taken from the table city with 
query as shown below: 

$resultheating = mysql_query( 
       "SELECT District_Heating  
        FROM city  
        WHERE City_ID =  
       (SELECT City_ID FROM company WHERE Company_ID = $CompanyID)"); 

 

 As it can be seen, at first city id must be taken from company table and then district 
heating must be taken from table city (see Figure 5). Same way must be applied to take 
electricity supplier CO2 emission from electiric_suplier table. Pseudo-code for calculating 
CO2 emission is shown below. 

if  (type of heating == Destrict Heating) { 
COemission = =amount of usage of heating* district heating/1000 
} else { 
   if (Thermal efficiency == 0) { 
      COemission = 0; 
   } else { 
      if(administrator  specified a value for heating type) { 
         COemission = (Usage (kWh/year) / Thermal efficiency)*specified  
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3.6. AIR CONDITIONING 

3.6.1 DESIGN 
 

 Total energy consumption of air conditioning is the sum of energy consumption of air 
warming (blue part of the equation) and energy consumption of a fan power (red part of the 
equation) as shown below. 

,
,    (4)     

AF= Air flow 

R = Recycling 

IT = Indoor Temperature 

ATOC = Average Temperature of county 

HOU = Hours of use 

FP = Fan power 

 

 As presented in the calculation some values which must entered by user and some 
coefficients that must be specified by administrator are needed. These coefficients are the 
values that shown in the calculation as black and bold style. As an example coefficient for 
“recycling” is 1 and coefficient for “hours of use” is 1, 2*1005. To save these coefficients into 
the database a table called air_condition (see Figure 13) has been created. This table contains 
coefficients for air flow, recycling, indoor temperature, average temperature of county, hours 
of use, and fan power.  

 

 

Figure 13: Diagram for air conditioning part 
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 User will save the information about air conditioning on air_condition_device table 
(See Figure 13). This table contains user’s company’s premises, air flow, recycling, hours of 
use, fan power, energy consumption, CO2 emission for fans and CO2 emission for air 
warming. User can add air conditioning as much as she wants. At the calculation of energy 
consumption of air conditioning described by equation (4), the average temperature from the 
county comes from the Table County and company’s indoor temperature from Table 
Company. 

 Calculation for CO2 emission is shown at calculation (5). It can be released that energy 
consumption of air warming and energy consumption of fans have already been calculated 
and saved on database. Therefore in order to calculate total CO2 emission for air conditioning 
CO2 emission of heating system must be taken from build_heating table and CO2 emission of 
electric supplier must be taken from electricity_suplier table. 

                                                    (5) 

ECFAW = Energy Consuming for air warming 
COEOES = CO2 emission of ElectricSupplier 
ECFF = Energy Consuming for fans 
TCOEOHS = Total CO2 emission of Heating system 

 

3.6.2. SOLUTION 
 

 If user enters the values for an air conditioner that are needed and clicks SAVE button, 
calculations for CO2 emission and energy consumption will be done at the same time and they 
will be saved on database. After that, user can see the list of the air conditioners with their 
values, some result and two buttons for updating and deleting an air conditioner as presented 
in Figure 14. 

 

Figure 14: User interface for air conditioning 
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3.7. TRANSPORTS 

3.7.1 CO2 EMISSION 

3.7. 1.1. ADMINISTRATOR PART 
 

 According to excel application developed by SEE U there are two different kinds of 
transports. The first one is cargo transport and the second is employee transports. For the web 
application the first step will be giving the opportunity to the administrator to determine 
available transports type (car, airplane, truck….).Therefore a table called transport_type (see 
Figure 15) that contains transport type name has been created. Similarly a second table called 
fuel (see Figure 15) that contains fuel name has been created to save the fuel type used by all 
kind of the transports. In addition, this fuel table can save some other attributes for transports 
too. For instance administrator can save “diesel,” which is a kind of fuel for transports like 
bus, car and “50 -100 people” which is an attribute for transport like airplane to user_name 
field on fuel table. 

 The second step is to create a table called transport (see Figure 15) to save available 
transports. This table contains Transport type id and fuel id that administrator have saved on 
database before. It also contains transport name, CO2 emission for that transport and transport 
category. As mentioned before there is two type of transport category, employee transports 
and cargo transport. Employee transport is divided two different types in itself as To/From 
Work and Business Trips.  Have a look at the calculation (6), calculation (7) and calculation 
(8) it must be noticed that the difference between two kinds of employee transport is that 
To/From work is multiplied by 2. Therefore, to distinguish calculation of CO2 emission for 
transports, category of transports must be considered as cargo transport, employee to/from 
work and employee business. 

2 2 /1000                        (6) 

2 /1000       (7) 

2 /1000       (8) 

 

3.7. 1.2. USER PART 
 

In order to save user’s company’s information two different tables called 
cargo_transport and employee_transport (see Figure 15) have been created. Two tables will 
contain transport id to fetch CO2 emission-g/km which will be used to calculate CO2 emission 
of that transport. In order to give the opportunity to the user to see her values the next time 
when she logins to the system, company id of that user must be saved on both cargo_transport 
and employee_transport. According the calculations that is shown above, stretch and weight 
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values of transport is needed to calculate   CO2 emission of cargo transport. Similarly, in order 
to calculate   CO2 emission of employee transport it must be known that how many miles 
transport is used in a day. So cargo_transport must contain fields called Stretch and Weight 
and employee_transport must contain Km_Day. In addition to save calculated values 
cargo_transport contains Carg_Trans_COemission and Emp_ToFrom_COemission 
employee_transport contains Emp_ToFrom_COemission. 

 

Figure 15: Diagram for transports part 

 

3.7. 2. SOLUTION 
 

 As it can be seen from the Figure 16 there is two combo boxes where all transport 
types and all fuel names are shown, text boxes to enter transport description and CO2 
emission -g/km of the transport that is wanted to be saved and check boxes to give the 
opportunity to administrator to determine category of the transport. When the administrator 
clicks the Post button a line is dynamically added at the end of the list. In addition if the 
administrator wants to make changes on the data she will enter the values that she wants to 
change and click UPDATE button. On the other hand if she wants to delete that transport she 
must click DELETE button. 



27 
 

 

Figure 16: Transport page (Administrator Part) 

  

 Three different pages have been created for transports. They are cargo_transport.php, 
emp_to_from.php, emp_business.php. As an example, user interface of cargo_transport.php is 
presented in Figure 17. According to transports category and transports type that administrator 
has saved on database user can see the option transports. As it can be seen from the Figure 17 
administrator has added four transports for cargo transports category. “Heavy truck with 
trailer”, “Package car – Diesel “belongs to transport type of Truck and “Airbus 300-B4”, 
“Boeing 727-200” belongs to transport type of Truck Airplane as we can see from the Figure 
17. If user enters the weight of the transport and clicks SAVE-UPDATE-CALCULATE 
button system will calculate CO2 emission of that transport and will add user’s information on 
database. If the information is already on database than user’s information will be modified 
and saved on database.   

 

Figure 17: CO2 emission For Cargo Transports 

 

3.8. GENERATING STATISTICS of ENERGY CONSUMPTION AND CO2 
EMİSSİON of a COMPANY 

3.8.1. PROBLEM 
 

 After getting information from a user, doing some calculation and saving it on 
database, the next step is to gather and analyze statistics of the company’s energy usage and 
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CO2 emission according to company’s usage area like electricity, heating and transport in a 
presentable format. In order to achieve this, steps that are shown below will be followed. 

• Data that is related to energy consumption and CO2 emission of a specific user will be 
taken from database and some extra calculation will be done in order to find sum of 
energy consumption and sum of CO2 emission of each field. 

• Calculations will be done to find the percentage of CO2 emission for electricity, heating, 
air conditioning, cargo transport and employee transport as well as the percentage of 
energy consumption for electricity, heating and air conditioning. 

• GD library will be used to create images through PHP's image creation functions. 

 

3.8.2. DESIGN 
 

3.8.2.1. THE STATISTICS THAT ARE NEEDED 
 

 Total CO2 emission for electric devices:  At electricity part, according to information 
that user have entered, energy consumption for each device was calculated and saved on 
database. In order to find total CO2 emission of company’s electric device, sum of the energy 
consumption of electric office equipment will be taken from elec_device table, sum of the 
energy consumption of machines will be taken from machine table and sum of the energy 
consumption of lighting will be taken from lighting table. As an example total energy 
consumption for machine is taken from database as shown below. 

SELECT SUM (Mach_Energy_Cons) AS MachEnCons FROM machine  
WHERE Company_ID = $CompanyID 

Then, according to electric supplier that company uses electric supplier CO2 emission 
will be taken from electricity_suplier table and CO2 emission for machines will be calculated 
as:  

1000⁄           (9)                      

SOECOM = sum of the energy consumption of machines 

ESCE = electric supplier CO2 emission  

 
 Same calculation will be done for lighting and electric office equipment and added to 
machines in order to find   total CO2 emission for electric devices. 

• Total CO2 emission for Heating: CO2 emission that is calculated when user entered her 
company’s information for heating is saved on build_heating table. The only job is 
taking this from this table. 

• Total CO2 emission for Air Conditioning: CO2 emission for an air conditioning is saved 
on database as CO2 emission for air warming and CO2 emission for fans separately. 
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Therefore, in order to calculate the total CO2 emission for all air conditionings these 
two values must be taken from air_condition_device table and must be summed up. 

• Total CO2 emission for Cargo Transports and Employee Transport: CO2 emission of 
cargo transports is saved on cargo_transport and CO2 emission of employee transports 
is saved on employee_tofrom_transport. Sum of all cargo transports and sum of all 
employee transport for specified user must be taken from database. 

 

3.8.2.2. CREATE THE GRAPHIC GENERATION PAGE 
 

In order to create a pre-generated gif, it is necessary to dynamically generate graphic 
files through PHP. Statistics will change according to information that user can enter and 
change any time. If a pre-generated file is used it will be easy to generate statistics table 
which values are changeable according to percentage of user’s statistics. For this project two 
different statistics tables will be shown to the user, one of them is for CO2 emission and the 
other one is for energy consuming. For this purpose two different graphic generated pages 
called gdEnCons.php and gdCOEmis.php have been created. 

 

3.8.2.3. CREATE PERCENTAGE DATA 
 

 After determining the statistics values that are needed to show to the user, now it is 
time to calculate the percentages of these values in order to draw graphs of the statistics 
tables. This is important when implementing the graphic () function that is used to send these 
percentages to the graphic files. It provides the percent height of each graphic bar in 
comparison to its competitive graphic bar. As an example to find the percentage of energy 
consumption for heating, equation (10) must be followed. 

/              (10) 

POECFH = the percentage of Energy consumption for heating 

ECFH = Energy consumption for heating 

TEC = Total energy consumption 

3.8.3. SOLUTION 
 

 As presented in Figure 18 there are two different statistics table, one for energy 
consumption and the other one is for CO2 emission. Furthermore, user can see the amount of 
energy consumption and CO2 emission for each area like heating, air conditioning etc. 
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Figure 18: Result part 
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4. RESULT 
 

This thesis project has been implemented to overcome the problems encountered by 
SEE U Company while maintaining, customizing and deploying their excel-based solution. 

Deployment was a big problem that bothered customer and administrator. Even a 
small modification on the excel application caused deployment problems. This problem can 
be solved by web-based application. As changes are performed in the server, the company 
does not need to send a software update to their customers.  

The same functionalities found in the excel-based application, such as calculations of 
CO2 emission for electricity, heating, air conditioning and transports, are found in the solution 
proposed in this work. Furthermore, the proposed web application provides a more attractive 
and usable interface.  

The implemented web-based application has a registration feature. First, the user 
registers their intention to use the system. Second, the administrator approves or not the users’ 
request. If the administrator accepts the user request, the user will be able to login into the 
system. 

Finally it can be said that web-based application is an appropriate application as an 
analysis tool which gives the opportunity to observe how much energy is being consumed and 
how much carbon dioxide is being emitted. 
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5. CONCLUSION 
 

An important point for this project was whether the implemented web application met 
See U requirements or not. According to the company, the proposed solution addressed all the 
requirements and was above the company expectation. The main features identified by the 
company are related to flexibility, rich user interface and application management, 
maintenance, and deployment. 

LAMP as a solution stack was most appropriate option according to the company 
requirements mainly in term of cost, security and support. The Spiral Model has been select as 
software development process for this project and the process is composed basically by four 
steps, requirement specifications, requirement analysis, prototype implementation, and 
prototype evaluation, which presented an excellent way to manage the project and also to 
have early prototypes to present to the company. 

In order to implement this project HTML, CSS, PHP, MySQL and Photoshop have 
been used. The steps to implement some features were similar like heating, air conditioning, 
electricity and transports. The first implemented functionality was related to electricity and 
lessons learned during this interaction served as a guide to the next ones. 

In summary, the proposed solution stack, development process model, and the 
proposed web-based solution have met the company requirements. The knowledge and the 
experience gained during the project regarding decision making, programming, database 
modeling and project management were the main contributing characteristics observed by the 
student.  
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