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ABSTRACT 
Consumption of energy is increasing everyday regarding emerging and 

high adoption of technology and it has become one of the factors that causes global 
warming. Many organizations around the world have information technology in order 
to help them keep their business running effectively; therefore, using virtualization 
technology will reduce the energy consumption problem provided the effectiveness of 
the new system I considered as well. This study contained a comparison of cost of 
investment of the technology and management between an existing system, which 
included 5 servers, and a new system, which is a virtual server. The applications have 
been installed accordingly. 

  
As a result of gathering information on the CPU, Memory, and Disk, the 

resource utilization of the new system in a real environment showed that the system 
can be run as effectively as ever. The energy consumption was collected for each 
electricity phase every 5 seconds for 7 days. Measurement showed that the existing 
servers consumed 296 units of electricity but the virtual server consumed 216 units. 
After total costs of investment has been forecasted for 5 years, the result showed that 
the breakeven point is at the 3rd year, if the virtual server is been deployed. 

  
Therefore, the results of the study could be used to indicate that replacing 

the existing servers with the virtual server doesn't affect to the effectiveness of the 
business; moreover, it can be used to save the environment of the earth. However 
before implement of virtualization on a production server, investigation into 
performance of existing servers and limitation of this technology is needed. 
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การศึกษาการใชพลังงานและคาใชจายในการใชเทคโนโลยีคอมพิวเตอรเสมือน 
ANALYSIS ON ENERGY CONSUMPTION AND COST IN DEPLOYMENT OF SERVER 
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บทคัดยอ 
การใชพลังงานที่เพิ่มสูงขึ้นในโลกจากความกาวหนาทางดานเทคโนโลยี เปนปจจัยหนึ่งที่

นําไปสูภาวะโลกรอนในปจจุบัน องคกรธุรกิจตางๆทั่วโลกตองใชระบบสารสนเทศในการ
ขับเคลื่อนธุรกิจใหสามารถทํางานไดอยางมีประสิทธิภาพ  การนําเทคโนโลยีคอมพิวเตอรเสมือนมา
ใชเพื่อลดปญหาดานการใชพลังงานจึงเปนอีกทางเลือกหนึ่ง  แตส่ิงที่ตองคํานึงถึงคือ ประสิทธิภาพ
ของระบบ และคาใชจายในการลงทุนเพื่อครอบครองและจัดการเทคโนโลยี การศึกษานี้ไดแสดงถึง
การเปรียบเทียบผลลัพธดังกลาว โดยเปรียบเทียบระหวางระบบเดิมที่ใชเครื่องคอมพิวเตอรแมขาย
แบบทั่วไปจํานวน 5 เครื่อง และเครื่องคอมพิวตอรแมขายแบบเสมือนจํานวน 1 เครื่อง โดยยังคงมี
แอพพลิเคชั่นครบทุกฟงกช่ัน 
      จากผลการศึกษาพบวา การวัดประสิทธิภาพของระบบในการทํางานบนสภาพแวดลอมจริง โดย
เก็บขอมูล CPU, Memory, Disk ทุก5 วินาทีเปนเวลา 7 วัน พบวามีประสิทธิภาพการทํางานที่
ใกลเคียงกัน  การวัดการใชพลังงานโดยเก็บขอมูลการใชพลังงานไฟฟาสําหรับไฟ 1 Phase ทุก 5 
วินาที เปนเวลา 7 วันพบวา กลุมคอมพิวเตอรแมขายทั่วไปมีอัตรากรใชพลังงานไฟฟา 296 หนวย 
คอมพิวเตอรเสมือนใชพลังงานไฟฟา 216 หนวย  ขอมูลการลงทุนเพื่อใหไดมาซึ่งการครอบครอง
เทคโนโลยีและคาใชจายในการดําเนินงาน เปรียบเทียบเปนระยะเวลา 5 ป พบวาจุดคุมทุนหากมีการ
เปลี่ยนมาใชเทคโนโลยีคอมพิวเตอรเสมือนจะอยูที่ 3 ป 

สรุปผลการศึกษาไดวาการเปลี่ยนมาใชระบบบนเครื่องคอมพิวเตอรแมขายเสมือนเมื่อนําไปใช
งานจริงไมไดสรางผลกระทบตอประสิทธิภาพการดําเนินธุรกิจใหแกองคกร และมีสวนชวยในการ
อนุรักษส่ิงแวดลอมอีกดวย แตอยางไรก็ตามกอนเริ่มติดตั้งเทคโนโลยีเสมือนเพื่อใชงานบนระบบ
จริง ควรพิจารณาถึงประสิทธิภาพของระบบเดิมและขอจํากัดสําหรับเทคโนโลยีนี้กอนดวยเชนกัน 
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CHAPTER I 

INTRODUCTION 

 

 

1.1 General Introduction 

 

Rapid increases of the population growth and industrial activities have 

been contributing high energy utilization. High energy utilization has become one of 

the factors that causes global warming due to large amount of CO2 produced in the 

process. It can be seen in non-environmental-friendly technologies which are deployed 

to acquire more energy. The earth is being destroyed and more disasters are 

foreseeable. 

Moreover today's economic world is a complex and rapidly changing one. 

The growth of the economy and the improvement of our standard of living depend on 

our ability to produce and compete in the global society. Information technology 

industry is a very important source of economic and productivity growth, and the level 

of technology is an exogenous factor meaning that being at the forefront of knowledge 

and of technological innovation is crucial for economic growth. For example, 

mechanization, electrification, and computerization - from which other technologies 

derive many uses. The contribution of these technologies to productivity is large and 

long-lasting.  

However, it can take many years for an economy to assimilate 

multipurpose technologies. Furthermore, at the beginning of the process the rate of 

productivity growth in a given economy may even decline as the new technology 

crowds out antiquated technologies.  
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1.2 Statement of Problems 

 

Emerging and highly adoption of the information technology by various 

organizations to achieve their business goals bring continuous impact on surrounding 

environment. From the organization point of view, the acquisition and administration 

cost are reflected in their electricity bill for each month. Thereby, we need to use 

technology wisely to make highly growth for company and to conserve energy and our 

environment. 

Servers play an important role for an organization's information 

technology business. Therefore, they should provide crucial services to run the 

business. Electricity for those servers that service 24 hours every day will take a lot 

electrical consumption. For examples, servers which provide one to one services (one 

server will be processed for only one specific task) in a data center consume a large 

amount of energy. This high electricity consumption increases with the number of 

servers.  

Therefore, this project is to use virtualization technology to reduce the 

server in datacenter electrical consumption. One server using this technology can be 

provided more than one specific tasks which means the high electricity consumption 

can be decreased and our environment will be conserved. 

 

1.3 Objectives of Study 

 

The objectives of the study are: 

1.3.1 To study and analyze the deployment process of using virtualization 

technology for replacing multiple physical servers into one physical server with 

logical server implemented virtually inside. 

1.3.2 To assess the deployment process of technology from energy 

(electricity) consumption and resource utilization perspectives and to prove that the 

virtualization technology is more feasible and more environmental friendly comparing 

many servers in present organizations. 
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1.4 Scopes of Study 

 

The scopes of this study are: 

1.4.1 To study virtualization technology that's related to virtual machine 

deployment. 

1.4.2 To study virtual server tools which are five existing servers, one 

virtualized server and monitoring software. 

1.4.3 To prove that using virtual machine instead of using many general 

servers can reduce energy consumption for organization and help promote 

environment conservation. 

 

1.5 Expected Results 

 

Comparisons of the analysis of the information that contains with power 

usage, resources (CPU, Memory and Disk) utilization between using the virtual 

machine and using many servers for the organization would be reliable enough and 

can be used to reduce total cost of ownership for company. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

2.1 Virtualization Technology 

 

Virtualization technology is a method of running multiple independent 

virtual operating systems on a single physical computer.  It is the approach of 

maximizing physical resources to maximize the investment in hardware. Virtualization 

essentially has been used to manage one computer doing the job of multiple computers 

called Virtual Machines (VM's) by sharing the resources of a single physical computer 

across multiple operating system environments and to deploy the virtualization; virtual 

machine, operating system and virtualization tool are required.  

The virtual machine is a tightly isolated software container that runs its 

own operating systems and applications as if it were a physical computer. A virtual 

machine behaves exactly like a physical computer and contains it own virtual (ie, 

software-based) CPU, Memory and Disk. 

 

 

Figure 2.1 Physical machine compare with virtual machine 
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The Virtualization tool 

Virtualization tool is software technology which uses a physical resource 

such as a server and divides it up into virtual resources. Virtualization allows users to 

consolidate server, storage, and network devices into a shared, global pool of 

resources. This can help reduce space, power, and cooling requirements while 

simultaneously helping make datacenters more flexible and agile. 

Popular virtualization products include: 

- VMware 

- Microsoft Hyper-V  

- SUN Solaris Container 

- IBM Virtual I/O Server 

 

2.2 System Monitoring 

 

As stated earlier, a great deal of system administration revolves around resources 

and their efficient use. By balancing various resources against the people and 

programs that use those resources: 

2.2.1 Resources utilization 

Resource monitoring is a process to obtain information concerning the 

utilization of one or more system resources. 

Before monitor resources utilization, first must know what resources there 

are to monitor. All systems have the following resources available: 

- CPU 

- Memory 

- Disk 

The systems monitoring will fall into one of these two categories: 

- The system is currently experiencing performance problems at least 

part of the time and would like to improve its performance 

- The system is currently running well and would like it to maintain that way. 

The first category means monitor resources from a system performance 

perspective, while the second category means monitor system resources from a 

capacity planning perspective. 
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2.2.2 Energy consumption 

Power availability is one of the most important challenges facing 

datacenters today and Power consumption is the amount of work per hour. Power is 

the rate of energy transfer or conversion. The unit of measurement for electrical power 

is the watt and the instrument that measures it is called a wattmeter. 

When energy is converted from one form to another, such as from 

electrical energy to heat, it is not actually consumed, but since we have "used" the 

electrical energy to get heat, we say that we have consumed it. Electrical energy is 

power, the rate of flow, multiplied by time. When we pay for electrical energy, it is 

measured in thousands of watt-hours or kilowatt-hours. The instrument that is used to 

measure electrical energy consumption is called a kilowatt-hour meter. 

Server virtualization plays a large role in the reduction of power 

consumption. In the current environment, power consumed by these servers is wasted 

on idle systems. On the other hand, advanced energy saving features, far less energy is 

wasted on idle systems.  

Power Factor 

Power quality issues such as harmonics, low power factor, and voltage 

sags. The power factor of an AC electric power system is defined as the ratio of the 

real power flowing to the load to the apparent power, and is a number between 0 and 

1. Real power is the capacity of the circuit for performing work in a particular time. 

Apparent power is the product of the current and voltage of the circuit. Due to energy 

stored in the load and returned to the source, or due to a non-linear load that distorts 

the wave shape of the current drawn from the source, the apparent power can be 

greater than the real power.  

Advantages of Power Factor correction 

Correcting low Power Factor has other benefits besides avoiding penalties 

imposed by the utilities. Other advantages of improving the Power Factor include: 

- Reduced heating in equipment 

- Increased equipment life 

- Reduction in energy losses and operating costs 

- Freeing up available energy 

- Reduction of voltage drop in the electrical system 
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2.3 Cost-Benefit Analysis  

Total Cost of Ownership (TCO) 

TCO is sometimes referred to as "total cost of operation". TCO is a 

business case designed especially to find the lifetime costs of acquiring, control and 

operating. 

Table 2.1 Total Cost of Ownership Model 

Acquisition Cost 
Administration Cost 

Control Cost Operation Cost 

-Hardware 

-Operating System 

-Software 

-Application 

-Implementation of 

Centralization 

-Implementation of 

Standardization 

 

-Support 

-Evaluation 

-Upgrade 

-Training 

-Downtime 

-Futz Factor 

-Auditing 

-Security 

-Power Consumption 

 

The table above, for instance is the structure of an IT acquisition cost 

model that works well for many situations. Cells of the matrix identify cost items that 

are planned and managed together. The virtualized server is operated to function 

instead of the existing server therefore it has been established the operating cost. The 

amount of electricity required to support working of existing servers tend to be higher 

that the virtualized server. This is because the number of servers of existing servers is 

larger than the number of virtualized server. However, TCO analysis is used to support 

acquisition and planning decisions for a wide range of assets that bring significant 

maintenance or operating costs across a usable life of several years or more. Total cost 

of ownership is used to support decisions involving computing systems. 

The Time-of-use (TOU) rate is an energy-pricing scheme which 

approximates the cost of power at different times of the day. TOU rates are based on 

the time of day electricity is produced and on the cost of supplying electricity during 

that time and it’s used as an Electrical Rate of Thailand. 
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CHAPTER III 

MATERIALS AND METHODS 

 

 

3.1 Research Methodology and Procedure 

Research is performed on existing server and virtual server to compare the 

advantages and disadvantages. The process of research methodology considered of: 

 

3.1.1 Research Framework 

Research framework is demonstrated to work flow in case of the usage of 

resource utilization and energy consumption in both existing servers and virtual server. 

 

Figure 3.1 Research Framework 
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1. Gathering related information from several sources, i.e. books, journal, 

electronic data, datasheet, meeting and standard of datacenter infrastructure. 

- Technology of virtualization server 

- Virtualization tools 

- Resource utilization 

- Energy consumption 

- Method of calculate incentive electricity 

- Cost-benefit analysis 

 

2. Prepare the existing server in Organization for replace to virtual server. 

1. Customer Support Center Server 

 

 

 

System Type Sun E450 

Server Name csc.oct.co.th 

Operating System Solaris 9  

Application 
Call Center System, 

DNS(EXT) 

Hardware Specification 

CPU: UltraSparcII 256MHz x 2 

Memory: 256MB 

Disks space: 53GB 

Power Supply Unit: 605Watt x 2 = 1,210Watt 

Figure 3.2 System specification of Customer Support Center Server  

 

2. SunOne Mail Server 

 

System Type Sun Fire V120 

Server Name mail.oct.co.th 

Operating System Solaris 9 

Application SunOne Mail Server 

Hardware Specification 

CPU: UltraSparcII 500MHz 

Memory: 512MB 

Disks space: 36GB 

Power Supply Unit: 130Watt 

Figure 3.3 System specification of SunOne Mail Server  
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3. Name Service Server 

 

System Type Sun Netra X1 

Server Name ns.oct.co.th 

Operating System Solaris 9 

Application DNS(INT), DHCP Server 

Hardware Specification 

CPU: UltraSparcII 500MHz 

Memory: 512MB 

Disks space: 36GB 

Power Supply Unit: 80Watt 

Figure 3.4 System specification of Name Service Server 

 

4. Customer Relationship Management Server 

 

System Type Acer Aspire T310 

Server Name opentechnology.oct.co.th 

Operating System Redhat Enterprise Linux 4 

Application CRM, Website 

Hardware Specification 

CPU: Intel Pentium 4 2.8GHz 

Memory: 1024MB 

Disks space: 36GB 

Power Supply Unit: 230Watt 

Figure 3.5 System specification of Customer Relationship Management Server 

 

5. Zimbra Mail Server 

 

System Type Acer Aspire T310 

Server Name zimbra.oct.co.th 

Operating System Redhat Enterprise Linux 4 

Application Zimbra Mail Server 

Hardware Specification 

CPU: Intel Pentium 4 2.8GHz 

Memory: 1024MB 

Disks space: 36GB 

Power Supply Unit: 230Watt 

Figure 3.6 System specification of Zimbra Mail Server 
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3. Choose the most reliable virtualization tool to be used in this project by 

studying market share of the tool and the tool must be easy to install, configure and 

manage. 

VMware ESX Server 3.5 has been used as the virtualization tool in this study. 

 

4. Select the server which meets the minimum VMware ESX Server 3.5 

installation prerequisites as followings. 

4.1. Processor: At least two processors 1500 MHz or higher INTEL or 

AMD x86. 

4.2. Memory: At least 1 GB minimum, 256GB maximum. 

4.3. Networking: 1 or more Ethernet interfaces 

-  10 Gigabit Ethernet NIC card are supported. 

- For best performance and security, use separate Ethernet 

controllers for the service console and the virtual machines. 

4.4. Disk storage 

- A SCSI adapter, Fiber Channel adapter, iSCSI adapter or internal 

RAID controller. 

- A SCSI disk, Finer Channel LUN, iSCSI disk or RAID LUN with 

unpartitioned space. 

 

5. Designing and planning how to do the virtualization on existing servers for 

long term benefit of reducing energy consumption using tool VMware ESX server 3.5 

 

Application Application Application Application 

Operating System  Operating System Operating System Operating System 

Virtual Machine 

A 

Virtual Machine 

B 

Virtual Machine 

C 

Virtual Machine 

D 

Virtualization Layer 

Physical Hardware 

(CPU, Memory and Disk) 

Figure 3.7 Virtual server partitioning 
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6. Set up virtual machine and ensure there must be sufficient resources for 

each virtual server. Deploy the collected data into each virtual server depended on 

application installed on the server. 

 

No. Hostname CPU Memory Disk OS Application 

1 Mail 4 4GB 200GB Fedora core 10 Zimbra Mail Server 

2 Web 4 2GB 50GB Fedora core 10 Sugar CRM, Website 

3 AD 4 2GB 20GB Windows 2003 AD, DHCP 

4 Backup-

AD 

4 2GB 20GB Windows 2003 Backup AD, 

Check Point, 

ManageEngine 

VMware ESX Server 3.5 

 

System Type: IBM X3650;  

Hardware Specification: CPU: QC3.0GHz, Memory: 10GB, Disk Space: 146GB x4=438GB  

Power Supply Unit: 835Watt x 2 = 1,670Watt 

Figure 3.8 System specification of virtual server 

 

7. Data Collection, this research divides the collections into two cases. 

7.1 Resource utilization monitoring by using ManageEngine 

Application Manager 

ManageEngine Applications Manager is a network monitoring software 

that can automatically monitor devices in real-time. ManageEngine Application 

Manger performs network by monitoring devices and services to check CPU, Memory 

and Disk availability. 

- Collect resource utilization on existing servers in each server  

focused on business driven. 

- Collect resource utilization on virtualized server after  

partitioning and deployment from original server environment. 

 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.   M.Sc. (Tech. of Info. Sys. Management) / 13 

7.2 Energy Consumption by using Fluke 1735 Three-Phase Power Logger. 

Fluke 1735 Three-Phase Power Logger is monitors receptacles, the source 

of power for many critical loads and generates professional power quality reports. 

- Collect power usage on existing servers before deploy to 

virtualized server. 

- Collect power usage on virtualized server after partitioning and 

deployment from existing server environment. 

 

Figure 3.9 Single phase connection 

 

8. Calculate Electricity Cost 

After collecting the data regarding the resource utilization and energy 

consumption, the incentive cost of electricity bill will be calculated as following. 

Method of Calculate Electricity Rate: 

Table 3.1 Method of calculate electricity cost 

Step 1:    

Electric Power (Watt) x Hours per days x Day per month = Unit 

                                 1,000 

Step 2: 

(1) (Unit x Electricity tariffs of Thailand) + Service charge  = Electricity charge 

(2) Unit x FT = Energy adjustment charge 

Step 3: 

(1) + (2) + VAT(7%) = Electricity cost per month 
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9. Analysis and Comparison 

9.1 Analysis the data to compare the resource utilization of the existing 

server before and after implementing virtual machine on the server. 

9.2 Analysis the data to compare the power usage of the server before 

and after implementing virtual machine on the server. 

9.3 Analysis total cost of ownership between using existing servers and 

using virtual server in order to select the best solution. 

 

10. Conclusion and Recommendation  

Summarized collection of resource utilization and energy consumption that 

can be used to calculate for energy consumption and proving to virtual machine it will 

preserve energy and prevent increase of global warming. 

 

3.2 Materials 

Hardware 

1. Sun E450 

2. Sun Fire V120 

3. Sun Netra X1 

4. Acer Aspire T310 

5. Acer Aspire T310 

6. IBM System x3650 

Virtualization Tool 

7. VMware ESX 3.5 Server 

System Monitoring Tools 

8. ManageEngine Application Manager 

9. Fluke 1735 Three-Phase Power Logger 
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3.3 Research Schedule 

 

The study consumes time as table below 

Table 3.2 Research Schedule 

Task Name Duration Nov Dec Jan Feb Mar Apr May 

1. Prepare Materials 60 Days        

2. System Monitoring 14 Days        

3. Submit Proposal 1 Days        

4. Cost Collection 15 Days        

4. Analysis & Comparison 30 Days        

5. Conclusions & 

Recommendations 
30 Days 

       

6. Documentation 30 Days        
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CHAPTER IV 

RESULTS 

 

 

Results of the data collection from existing server and virtual server, this 

research divide the collections into two cases. 

 

1. Resource utilization monitoring by using ManageEngine Application 

Manager by keep data logs interval 5 second. 

2. Energy consumption monitoring by using Fluke 1735 Three-Phase 

Power Logger by keep data logs interval 5 second. 

 

4.1 Existing Server 

 

Resource utilization and Power consumption collected from 19 November 

to 26 November 2008. 

 

4.1.1 Resource utilization monitoring 

Result of resource utilization of the existing server 

4.1.1.1 Customer Support Center Server 

CPU utilization 

 

Minimum value in % Maximum value in % Average value in % 

0.17 5.17 1.27 

Figure 4.1 CPU utilization of Customer Support Center Server 
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Memory utilization 

 

Minimum value in % Maximum value in % Average value in % 

84.58 88.75 86.65 

Figure 4.2 Memory utilization of Customer Support Center Server 

 

Disk utilization 

 

Disk utilization % 

/ 77 

/proc 0 

/etc/mnttab 0 

/dev/fd 0 

/var/run 1 

/tmp 1 

/explorer_old 99 

/oct 76 

/explorer 37 

/export/home 98 

Figure 4.3 Disk utilization of Customer Support Center Server 
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4.1.1.2 SunOne Mail Server 

CPU utilization 

 

Minimum value in % Maximum value in % Average value in % 

0.0 13.33 4.83 

Figure 4.4 CPU utilization of SunOne Server 

 

Memory utilization 

 

Minimum value in % Maximum value in % Average value in % 

85.36 89.0 87.39 

Figure 4.5 Memory utilization of SunOne Server 
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Disk utilization 

 

Disk utilization % 

/ 42 

/proc 0 

/etc/mnttab 0 

/dev/fd 0 

/var/run 1 

/tmp 1 

/mail 83 

Figure 4.6 Disk utilization of SunOne Server 

 

4.1.1.3 Name Service Server 

CPU utilization 

 

Minimum value in % Maximum value in % Average value in % 

0.0 0.91 0.28 

Figure 4.7 CPU utilization of Name Service Server 
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Memory utilization 

 

Minimum value in % Maximum value in % Average value in % 

28.0 28.0 28.0 

Figure 4.8 Memory utilization of Name Service Server 

 

Disk utilization 

 

Disk utilization % 

/ 29 

/proc 0 

/etc/mnttab 0 

/dev/fd 0 

/var/run 1 

/tmp 1 

Figure 4.9 Disk utilization of Name Service Server 
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4.1.1.4 Customer Relationship Management Server 

CPU utilization  

 

Minimum value in % Maximum value in % Average value in % 

0.0 4.08 0.06 

Figure 4.10 CPU utilization of Customer Relationship Management Server 

 

Memory utilization  

 

Minimum value in % Maximum value in % Average value in % 

18.0 28.67 20.05 

Figure 4.11 Memory utilization of Customer Relationship Management Server 
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Disk utilization 

 

Disk utilization % 

/ 16 

/dev/shm 0 

Figure 4.12 Disk utilization of Customer Relationship Management Server 

 

4.1.1.5 Zimbra Mail Server 

CPU utilization 

 

Minimum value in % Maximum value in % Average value in % 

0.0 40.67 2.58 

Figure 4.13 CPU utilization of Zimbra Mail Server 
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Memory utilization 

 

Minimum value in % Maximum value in % Average value in % 

21.92 95 34.85 

Figure 4.14 Memory utilization of Zimbra Mail Server 

 

Disk utilization 

 

Disk utilization % 

/ 43 

/dev/shm 0 

Figure 4.15 Disk utilization of Zimbra Mail Server 
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4.1.2 Energy consumption monitoring 

Results of energy consumption in the existing server 

Summary 

 

Figure 4.16 Summary of energy consumption from existing server 

 

Root Mean Square (RMS) 

 

Figure 4.17 RMS of energy consumption from existing server 
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Statistics 

 

Figure 4.18 Statistics of energy consumption in existing server 

 

Frequency/Unbalance 

 

Figure 4.19 Frequency/Unbalance of energy consumption from existing server 
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Power 

 

Figure 4.20 Power of energy consumption from existing server 

 

Screens 

 

Figure 4.21 Screen shot of energy consumption from existing server 
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Energy 

 

Figure 4.22 Energy consumption of existing server 
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4.1.3 Summary of existing server 

Information summary of existing server 

CPU utilization 

Summary of cpu utilization from existing server 

Table 4.1 Summary of CPU utilization from existing server 

Server Name Minimum (%) Maximum (%) Average (%) 

Customer Support Center Server 0.17 5.17 1.27 

SunOne Mail Server 0.0 13.33 4.83 

Name Service Server 0.0 0.91 0.28 

CRM Server 0.0 4.08 0.06 

Zimbra Mail Server 0.0 40.67 2.58 

 

Memory utilization 

Summary of memory utilization from existing server 

Table 4.2 Summary of memory utilization from existing server 

Server Name Minimum (%) Maximum (%) Average (%) 

Customer Support Center Server 84.58 88.75 86.65 

SunOne Mail Server 85.36 89.0 87.39 

Name Service Server 28.0 28.0 28.0 

CRM Server 18.0 28.67 20.05 

Zimbra Mail Server 21.92 95 34.85 

 

Energy consumption (Watt) 

Summary of energy consumption from existing server 

Table 4.3 Summary energy consumption from existing server 

Minimum Maximum Average 

410 440 414.02 

Analysis on 1,995 records of collected data 

Power Factor: 0.86 
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4.2 Virtual Server 

 

Resource utilization and power consumption collected from 26 November 

to 3 December 2008. 

 

4.2.1 Resource utilization monitoring 

Result of resource utilization in the virtual server 

4.2.1.1 Mail Server 

CPU utilization  

 

Minimum value in % Maximum value in % Average value in % 

0.0 13.25 4.74 

Figure 4.23 CPU utilization of Mail Server 

 

Memory utilization  

 

Minimum value in % Maximum value in % Average value in % 

85.33 90.18 87.88 

Figure 4.24 Memory utilization of Mail Server 
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Disk utilization 

 

Disk utilization % 

/ 16 

/boot 9 

/dev/shm 0 

/home 3 

/opt 40 

Figure 4.25 Disk utilization of Mail Server 

 

4.2.1.2 Web Server 

CPU utilization  

 

Minimum value in % Maximum value in % Average value in % 

24.83 28.27 25.21 

Figure 4.26 CPU utilization of Web Server 
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Memory utilization  

 

Minimum value in % Maximum value in % Average value in % 

40.0 65.0 60.1 

Figure 4.27 Memory utilization of Web Server 

 

Disk utilization  

 

Disk utilization % 

/ 28 

/boot 9 

/dev/shm 0 

/home 14 

Figure 4.28 Disk utilization of Web Server 
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4.2.1.3 Active Directory Server 

CPU utilization  

 

Minimum value in % Maximum value in % Average value in % 

0.0 4.55 0.7 

Figure 4.29 CPU utilization of Active Directory Server 

 

Memory utilization  

 

Minimum value in % Maximum value in % Average value in % 

57.08 59.0 58.16 

Figure 4.30 Memory utilization of Active Directory Server 
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Disk utilization  

 

Disk utilization % 

C 30 

Figure 4.31 Disk utilization of Active Directory Server 

 

 

4.2.1.4 Backup-AD Server 

CPU utilization  

 

Minimum value in % Maximum value in % Average value in % 

0.0 4.33 1.13 

Figure 4.32 CPU utilization of Backup-AD Server 

 

 

 

 

 

 

 

Copyright by Mahidol University



Suparoek Charoenphol  Results / 34 

Memory utilization  

 

Minimum value in % Maximum value in % Average value in % 

83.75 89.36 86.57 

Figure 4.33 Memory utilization of Backup-AD Server 

 

Disk utilization  

 

Disk utilization % 

C: 45 

Figure 4.34 Disk utilization of Backup-AD Server 
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4.2.2 Energy consumption monitoring 

Results of energy consumption in the virtual server 

Summary 

 

Figure 4.35 Summary of energy consumption from virtual server 

 

Root Mean Square (RMS) 

 

Figure 4.36 RMS of energy consumption from virtual server 
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Statistics 

 

Figure 4.37 Statistics of energy consumption from virtual server 

 

Frequency/Unbalance 

 

Figure 4.38 Frequency/Unbalance of energy consumption from virtual server 
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Power 

 

Figure 4.39 Power of energy consumption from virtual server 

 

Screens 

 

Figure 4.40 Screen shot of energy consumption from virtual server 
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Energy 

 

Figure 4.41 Energy of energy consumption from virtual server 
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4.2.3 Summary of virtual server 

Information summary of virtual server 

CPU utilization 

Summary of cpu utilization from virtual server 

Table 4.4 Summary of CPU Utilization from Virtual Server 

Server name Minimum (%) Maximum (%) Average (%) 

Mail Server 0.0 13.25 4.74 

Web Server 24.83 28.27 25.21 

Active Directory Server 0.0 4.55 0.7 

Backup-AD Server 0.0 4.33 1.13 

 

Memory utilization 

Summary of memory utilization from virtual server 

Table 4.5 Summary of Memory utilization from virtual server 

Server name Minimum (%) Maximum (%) Average (%) 

Mail Server 85.33 90.18 87.88 

Web Server 40.0 65.0 60.1 

Active Directory Server 57.08 59.0 58.16 

Backup-AD Server 83.75 89.36 86.57 

 

Energy consumption (Watt) 

Summary of energy consumption from virtual server 

Table 4.6 Summary of energy consumption from virtual server 

Minimum Maximum Average 

290 320 301.52 

Analysis on 2,004 records of collected data 

Power Factor: 0.90 
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CHAPTER V 

DISCUSSIONS 

 

 

5.1 Resource utilization comparisons 

 
As a result of gathering information of CPU, Memory, and Disk, the 

resource utilization of system in the real environment for both existing servers and 

virtual server is compared as followings 

5.1.1 Comparison of the utilization of CPU 

CUP usage on existing server and virtual server are compared as shown 

graphically in Figure 5.1 and Figure 5.2 

 
Figure 5.1 CPU usages on existing server 

 

 
Figure 5.2 CPU usages on virtual server 
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The CPU idle state has been used as a measurement of the resource 

utilization. There is not much different between the average of the CPU idle of 

existing servers and the average of the CPU idle of virtual server. Regarding figure 5.1 

and figure 5.2, the average of the CPU idle for existing servers is 98.19%, the average 

of the CPU idle for virtual server is 92.05% 

In contrast to summarize that CPU utilization on virtual Server is better 

than CPU utilization on existing servers, the different of the average of both system is 

only 6.14% therefore the CPU utilization on both system is almost at the same. 
 

5.1.2 Comparison the utilization of Memory 

Comparison memory usage between existing Server and virtual Server 

 
Figure 5.3 Memory usages on existing server 

 

 
Figure 5.4 Memory usages on virtual server 
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Memory Idle has been used to measure the resource utilization. There is 

not much different between the average of the memory idle of existing servers and the 

average of the memory idle of virtual server. Regarding figure 5.3 and figure 5.4, the 

average of memory idle for existing servers is 48.62%, the average of the memory idle 

for virtual server is 26.82% 

The different of memory utilization of both systems is 21.8% which can be 

summarized as followings 

1. The memory on virtual server is used more effectively. 

2. The memory on virtual server is sufficient enough on the system and 

there is no problem of lack of the memory on the system. 
 

5.1.3 Comparison the utilization of Disk 

The utilization of disk or storage on both systems cannot be compared 

because the usages of the storage keep growing up. Therefore the usage of space will 

be increased depended on system requirement. For example, Mail server definitely 

needs the storage more than Active Directory server. 

The utilization is optimized if the storage is sufficient for the server which 

is an important factor that the server requires. 

Regarding to chapter 4, the disk space is sufficient enough for both 

existing servers and virtual server. 
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5.1.4 Comparison of the energy consumption 

Energy Consumption 

Table 5.1 Energy consumption on existing server and virtual server 

Energy consumption on existing server: 

Average energy consumption: 414.02 watt 

Power Factor: 0.86 

Energy consumption on virtual server: 

Average energy consumption: 301.52 watt 

Power Factor: 0.90 

 

After comparing the energy consumption between existing servers and 

virtual server, the existing servers consume 414.02 Watt with very low power factor at 

0.86; this has been indicated that the effectiveness of power of electricity is low 

because there are many servers connect to same electricity channel. In the other hand, 

the virtual server consumes 301.52 Watt with a good power factor at 0.90. Therefore 

the energy consumption of the virtual server is much better than the energy 

consumption of the existing servers. 
 

5.1.5 Summary of resource utilization in real environment  
The energy consumption of virtual server is 110.50 Watt less than the 

energy consumption of the existing servers. This show the different in effectiveness of 

energy consumption of the existing servers and virtual server although percent 

memory idle of existing servers is greater than percent memory idle of virtual server 

but the CPU idle of the virtual server is higher than the CPU idle of existing servers. 

Therefore, replacing the existing servers with virtual server doesn’t affect to the 

business and the system can be run effectively as well. 
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5.2 Cost-Benefit analysis 

 

The total cost of ownership can be separated into 2 sections 

1. Direct Cost – including acquisition costs which are composed of 

hardware, operating system, application cost and control cost. 

2. Indirect Cost – including operation costs which are composed of 

maintenance and electricity cost. 

The total cost of ownership model is shown in table below 

Table 5.2 Total Cost of Ownership Model 
Direct Cost 

Acquisition Hardware 

Operating System 

Software 

Application 

Control Implementation 

Indirect Cost 

Operation Electricity 

Service and Maintenance 

 

The table below shows the detail of both direct and indirect cost for the 2 

choices in this study that must be concerned with. 

1. Continue running the business with using existing servers. 

2. Replace existing servers with virtual server.  

If the business is still running using the existing servers, there will not be 

direct cost for new technology investment but the expenses for indirect cost for the 

existing servers will be greater than the indirect cost of using the virtual server.  

According to the revenue code number 145, it has been indicated that the 

company limited can deduct their expense of the provision of wear and tear and the 

cost of fixed assets to calculate their net profit. When the assets have been used for 

more than one year, the cost of total assets will be reduced for each year and it will be 

equal to zero at the 5th year. Therefore, 5 years usage of existing servers in this study 

will give the cost of the total assets to zero baht. 
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5.2.1 Cost of the existing server 

5.2.1.1 Direct cost 

There is no direct cost for supplying new hardware, Operating system, 

Software and Application therefore the indirect cost in the table below is equal to 0 baht. 

Table 5.3 Detail of direct cost of existing server 
No. Server name Acquisition Cost Details Price  

1 CSC. 

oct.co.th 

Hardware Sun E450 0.00 

Operating System Solaris 9 0.00 

Application Customer Support Center 0.00 

DNS external 0.00 

2 Mail. 

oct.co.th 

Hardware Sun Fire V120 0.00 

Operating System Solaris 9 0.00 

Application DHCP Server 0.00 

DNS internal 0.00 

3 Ns. 

oct.co.th 

Hardware Sun Netra X1 0.00 

Operating System Solaris 9 0.00 

Application DHCP Server 0.00 

DNS internal 0.00 

4 Opentech 

nology.oct.co.th 

Hardware Acer Aspire T310 0.00 

Operating System Redhat Enterprise Linux 4 0.00 

Application CRM 0.00 

 Web Site 0.00 

5 Zimbra. 

oct.co.th 

Hardware Acer Aspire T310 0.00 

Operating System Redhat Enterprise Linux 4 0.00 

Application Zimbra Mail  Server 0.00 

   Total before VAT 0.00 

   VAT (7%) 0.00 

   Grand Total (Baht) 0.00 

 

5.2.1.2 Indirect Cost  

The indirect cost of using existing servers are composed of electricity bill 

and maintenance cost per month.  

5.2.1.2.1 Electricity Cost  

Power Consumption = 414.02 watt 

Power Factor = 0.86 
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The formula in following table show how to calculate electricity cost per month 

 

Unit = Electric Power (watt) x Usage house per day x Usage day per month 

                                 1,000 

 

 

Unit  = 414.02 x 24 x 30 = 298.08 

    1,000 

Quality of power consumption in existing server is 298 Unit/Month 

 

The existing servers consume energy at 298 units. According to the usage 

of electricity which is greater than 150 units (type 1.1.2), the rate of payment have to 

be separated and calculated into 3 levels as followings: 
First 150 kWh (1st – 150th) Baht 1.8047 per kWh 

Next 250 kWh (151st – 400th) Baht 2.7781 per kWh 

Over 400 kWh (up from 401st) Baht 2.9780 per kWh 

Service charge: Baht 40.90 per month, FT: 0.77 

 

Calculate of electricity cost: 
First 150 kWh (150 x 1.8047)  = 270.71 Bath 

Next 250 kWh (148 x 2.7781) = 411.15 Bath 

Service charge    =   40.90 Bath 

Summary    = 721.95 Bath 

Calculate of energy adjustment charge: 

  FT     = 298 x 0.77 

       = 229.46 Bath 

  Summary    = 721.95 + 229.46 = 951.41 Bath 

Calculate of VAT: 

  VAT (7%)    = (951.41 x 7)/100 = 66.59 Bath 

Total Summary   = 951.41 + 66.59 = 1,018 Bath 

Summary of electricity cost is 1,018 Bath/Month 
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5.2.1.2.2 Maintenance price list of existing server 

Table 5.4 Maintenance prices list per month 

No. Brand 
Server 

Type 
Description Application Qty MA Price 

1 Sun Microsystem E450 CSC server PHP web service 1 18,934.00 

2 Sun Microsystem V120 
SunOne 

mail server 
SunOne mail server 1 2,968.00 

3 Sun Microsystem Netra X1 NS server Sun Solaris 1 3,750.00 

4 Acer Aspire T310 CRM server Sugar CRM 1 1,500.00 

5 Acer Aspire T310 
Zimbra  

mail server 

Zimbra 

Collaboration Suit 
1 1,500.00 

VAT(7%) = (28,652 x 7)/100 = 2,005.64 Baht 

Summary of maintenance cost with VAT is 30,657.64 Bath/Month 

 

5.2.1.2.3 Cost of existing server per month 

Table 5.5 Cost of existing server per Month 
Direct Cost Details Price (Baht) 

Acquisition Hardware 0.00 

Operating System 0.00 

Software 0.00 

Application 0.00 

Control Implementation 0.00 

Indirect Cost     

Operation Electricity 1,018.00 

Service and Maintenance 30,657.64 

  Grand Total (Baht) 31,675.64 

Summary cost of existing server with VAT every month is 31,675.64 Baht 

 

5.2.1.2.4 Grand total cost of existing within 5 year 

Table 5.6 Grand total cost of existing server within 5 year 
No. Details Year 1 Year 2 Year 3 Year 4 Year 5 

1. Direct Cost 0.00 0.00 0.00 0.00 0.00 

2. Indirect Cost 380,107.68 380,107.68 380,107.68 380,107.68 380,107.68 

Grand Total (Baht) 380,107.68 760,215.36 1,140,323.04 1,520,430.72 1,900,538.4 
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5.2.2 Cost of the virtual server 

5.2.2.1 Direct cost 

There is direct cost if using the virtual server because of new technology 

investment. The direct cost has been shown as followings: 

Table 5.7 Detail of direct cost of virtual server 

No 
Server 

name 
Infra Acquisition Cost Details 

Price 

(Baht) 

1 Mail 

IB
M

 x
36

50
 a

nd
 V

M
w

ar
e 

E
SX

 3
.5

 

Operating System Linux Fedora Core 10 0.00 

Application Zimbra Mail Server 0.00 

2 Web Operating System Linux Fedora Core 10 0.00 

Application Sugar CRM 0.00 

 Website 0.00 

3 AD Operating System Microsoft Windows 2003 Server 25,287.00 

Application AD Server 0.00 

 DHCP Server 0.00 

4 Backup-AD Operating System Microsoft Windows 2003 Server 25,287.00 

Application Backup AD 0.00 

 Check Point SG103 128,000.00 

 ManageEngine 0.00 

  IBM x3650 277,577.79 

  VMware ESX 3.5 309,376.00 

   Control Cost Implementation Cost 35,000.00 

    Total before VAT 800,527.79 

    VAT (7%) 56,036.94 

    Grand Total (Baht) 856,564.73 
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5.2.2.2 Indirect cost 

The indirect cost of using the virtual server is composed of electricity and 

maintenance cost.  

5.2.2.2.1 Electricity cost 

Power Consumption = 310.52 watt 

Power Factor = 0.9 

 

The following formula table shows how to calculate electricity cost per month 

 

Unit = Electric Power (watt) x Usage house per day x Usage day per month 

                                 1,000 

 

 

Unit  = 310.52 x 24 x 30 = 223.57 

    1,000 

Quality of Power Consumption in Virtual Server is 224 Unit/Month 

 

Virtual Server consumes energy at 224 units. According to the usage of 

electricity which is greater than 150 units (type 1.1.2), the rate of payment have to be 

separated and calculated into 3 levels as followings:  

 
First 150 kWh (1st – 150th) Baht 1.8047 per kWh 

Next 250 kWh (151st – 400th) Baht 2.7781 per kWh 

Over 400 kWh (up from 401st) Baht 2.9780 per kWh 

Service charge: Baht 40.90 per month, FT: 0.77 
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Calculate of electricity cost: 

First 150 kWh (150 x 1.8047)  = 270.71 Bath 

Next 250 kWh (74 x 2.7781)  = 205.57 Bath 

Service charge    =   40.90 Bath 

Summary    = 516.37 Bath 

Calculate of energy adjustment charge: 

  FT     = 224 x 0.77 

       = 156.8 Bath 

  Summary    = 516.37 + 156.8 = 673.17 Bath 

Calculate of VAT: 

  VAT ( 7%)    = (673.17 x 7)/100 = 47.12 Bath 

  Total Summary   = 673.17 + 47.12 = 720.29 Bath 

Summary of electricity cost is 720.29 Bath/Month 

 

5.2.2.2.2 Maintenance price list of virtual server 

The maintenance cost for new technology investment will be calculated since 

the 4th year because there is a warrantee by supplier for first 3 years after purchasing.  

Table 5.8 Maintenance prices list per Month 

No. Brand Server Type Description Application Qty MA Price 

1 IBM X3650 Mail Zimbra Mail Server 1 9,252.00 

Web CRM, Website 

AD AD, DHCP 

Backup-AD Backup AD, Check Point, 

ManageEngine 

VAT (7%) = (9,252 x 7)/100 = 647.64 Baht 

Summary of maintenance cost with VAT is 9,899.64Bath/Month after 3 year 
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5.2.2.2.3 Cost of virtual server in first month of implementation 

Table 5.9 Acquisition cost of virtual server  
Direct Cost Details Price (Baht) 

Acquisition 

Hardware 277,577.79 

Operating System 50,574.00 

Software 309,376.00 

Application 128,000.00 

Control Implementation 35,000.00 

 Total Cost with VAT 856,564.73 

Indirect Cost     

Operation 
Electricity 720.29 

Service and Maintenance 0.00 

  Grand Total Baht 857,285.02 

Summary cost of virtual server in first month is 857,285.02 Bath 

 

5.2.2.2.4 Cost of virtual server per month between year 4 – year 5 

Table 5.10 Operation cost of virtual server 
Direct Cost Details Price (Baht) 

Acquisition 

Hardware 0.00 

Operating System 0.00 

Software 0.00 

Application 0.00 

Control Implementation 0.00 

Indirect Cost     

Operation 
Electricity 720.29 

Service and Maintenance 9,899.64 

  Grand Total Baht 10,619.93 

Summary cost of existing server with VAT between year 4 – year 5 is 10,619.93 

Bath/Month 
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5.2.2.2.5 Cost of virtual server within 5 year 

Table 5.11Grand total cost of virtual server within 5 year 
No. Details Year 1 Year 2 Year 3 Year 4 Year 5 

1. Direct Cost 856,564.73 0.00 0.00 0.00 0.00 

2. Indirect Cost 8,643.48 8,643.48 8,643.48 127,439.16 127,439.16 

Grand Total (Baht) 865,208.21 873,851.69 882,495.17 1,009,934.33 1,137,373.49 

 
5.2.3 Summary of cost-benefit analysis 
 The graph show total cost of ownership for both choices 

Figure 5.5 Cost comparison 

Regarding to the graph, the total cost of ownership at the year 3rd of using 

existing servers is started to be higher than the total cost of ownership in using virtual 

server. 

Because the effectiveness of resource utilization in using virtual server is 

acceptable, the breakeven point has been found at the 3rd year therefore the business 

should invest in the virtualization technology. 

The virtualization potential is determined by considering two major 

categories: workload requirements and workload limitations. The workload 

requirements are defined by the physical memory, processor, network, and storage 

resources needed to achieve the required level of performance. The workload 

limitations include specific hardware or operational dependencies that could prevent 

workload execution in a constrained virtual machine environment. Therefore, we must 

concern the limitation of workload when the virtualization is being deployed. 
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

 

 

6.1 Conclusions 

 

This study is to analyze the deployment of virtualization technology in 

order to replace existing servers with virtual server. There are two cases of 

comparisons including in the study which are the comparison of resource utilization 

and the comparison of energy consumption between using existing servers and using 

virtual server. Also, the cost analysis has been used as a method to measure whether 

there will be cost benefit if the business uses the virtual server instead of the existing 

servers. Moreover, the study would be beneficial in helping many organizations 

reduce consumption of energy in order to support decreasing global warming problem. 

According to the result of the deployment of virtualization technology, 

there are three conclusions as followings: 

1. There is not much different in effectiveness between running existing 

servers and virtual server in real environment. 

2. If using virtual server, the energy consumption will be reduced but the 

effectiveness is still remain. 

3. If using virtual server, the total cost of ownership will be decreased 

especially electricity and maintenance cost. 

After the deployment on real environment, it has been found that the 

effectiveness of the virtual server is acceptable and the organization can achieve their 

goal in order to reduce their investment costs and save energy more on the earth. 

Therefore it would be a great opportunity if there are many organizations replace their 

existing servers with virtual server especially in the datacenter, this would be very 

helpful for the organizations and also our earth. 
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6.2 Recommendations 

 

The implementation of this project and future related research are 

proposed in this part as follows: 

1. There is a limitation in testing network effectiveness because the 

organization is not an internet or network service provider and there is not much traffic 

on the network in the organization. Therefore, the effectiveness of networking should 

be added for further study. 

2. Regarding to the study, if the number of existing servers is getting 

smaller, the energy consumption will be reduced and the heat generated from the 

servers will be decreased as well. 

3. The study covers for only at a specific area basically in Bangkok 

because there are many companies and datacenters taken care by Metropolitan 

Electricity Authority in Bangkok.  

4. The rate of electricity payment can be changed any time especially for 

the FT rate. The next study must be concerned with the latest rate. 

5. The costs in the study are not constant depended on many factors for 

example economics, business type, supplier agreements, etc. 

 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.   M.Sc. (Tech. of Inform. Sys. Manage.) / 55 

 

REFERENCES 

 

 

1. Energy Star. “Energy helping us all save money and protect the environment 

through energy efficient products and practices.”, http://www.energystar.gov 

2. TCO Development. “TCO Development works for a better work environment in the office.”,  

http://www.tcodevelopment.com 

3. Micro Computer Magazine Vol. 25 No. 268 November 2007 

4. IBM, Big Green Project: “Applying energy efficient technology, products, skills 

and services to help you reduce data center energy consumption.”, 

http://www-03.ibm.com/systems/optimizeit/cost_efficiency/energy_efficiency 

5. IBM, Big Green Project. “Consolidation through virtualization”, 

http://www-03.ibm.com/systems/optimizeit/cost_efficiency/consolidation 

6. VMware, Inc. “Server Virtualization Products”, 

http://www.vmware.com/products/server_virtualization.html 

7. VMware, Inc. “VMware Infrastructure ESX Server 3 and ESX Server 3i”,  

http://www.vmware.com/products/vi/esx/ 

8. Redhat, “Resource Monitoring”,  

http://www.redhat.com/docs/manuals/linux/RHL-8.0-Manual/admin-primer/ch-resource.html 

9. PEA, “Time Of Usage rate (TOU)”, 

http://www.pea.co.th/services/services_index.htm, October 2005 

10. Student Chula, “Electricity Tips”, 

 http://www.student.chula.ac.th/~49718863/elec.htm, April, 2004 

11. Metropolitan Electricity Authority, “ER Calculate, Microsoft Excel”, 

http://www.mea.or.th/internet/index_mea1.html 

12. Thailand Board of Investment, “Cost of doing Business in Thailand”, 

http://www.boi.go.th/thai/how/utility_costs.asp  

13. Neil Rasmussen , APC “implementing energy efficient consolidates”, White paper#114, 

  www.apc.com, Rev2006-0 

 

Copyright by Mahidol University

http://www.energystar.gov/
http://www.tcodevelopment.com/
http://www-03.ibm.com/systems/optimizeit/cost_efficiency/energy_efficiency
http://www-03.ibm.com/systems/optimizeit/cost_efficiency/consolidation
http://www.vmware.com/products/server_virtualization.html
http://www.redhat.com/docs/manuals/linux/RHL-8.0-Manual/admin-primer/ch-resource.html
http://www.pea.co.th/services/services_index.htm
http://www.student.chula.ac.th/~49718863/elec.htm
http://www.mea.or.th/internet/index_mea1.html
http://www.apc.com/


Suparoek Charoenphol Reference / 56 

14. APC “Avoiding Costs From Oversizing Data Center and Network Room Infrastructure”, 

  White Paper #37,  www.apc.com, Rev 2002-4 

15. Standard TIA-942 “Telecommunications Infrastructure Standard for Data Centers”  

  has completed the ANSI approval process and was published. April 1, 2005. 

16. Mitchell-Jackson, J.D., Koomey, J.G., Nordman, B., Blazek, M., “Data Center  

  Power Requirements: Measurements From Silcon Valley”, Master’s 

Thesis, Energy and Resources Group, University of California. Berkeley, 

California., http://enduse.lbl.gov/Projects/InfoTech.htm , May 16, 2001. 

17. Robert White and Tim Abels: Energy Resource Management in the Virtual Data 

Center, Dell Inc, 2004 

 

Copyright by Mahidol University

http://www.apc.com/


Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Tech. of Info. Sys. Management) / 57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Copyright by Mahidol University



Suparoek Charoenphol Appendix / 58 

 

APPENDIX A 

TIME OF USE RATE (TOU) IN THAILAND 

 

 

 

ELECTRICITY TARIFFS 

Metropolitan Electricity Authority 
 

1. SMALL GENERAL SERVICE 

 

APPLICABILITY 
This schedule of tariff is applicable to a business enterprise, business enterprise cum 

residence, industrial and state enterprise or the alike, including its compound, with a maximum 15-

minute integrated demand of less than 30 kilowatt through a single Watt-hour meter. 

 

 

MONTHLY TARIFF 

 

1.1 Normal tariff 

 

Energy Charge: 

 

1.1.1  12 - 24 kV.  Baht  2.4649  per kWh 
 

Service charge: Baht 228.17 per month 

 

1.1.2  Below 12 kV. 

First 150 kWh (1st – 150th) Baht 1.8047 per kWh 

Next 250 kWh (151st – 400th) Baht 2.7781 per kWh 

Over 400 kWh (up from 401st) Baht 2.9780 per kWh 

Service charge : Baht 40.90 per month 
 

1.2 Time of use tariff (TOU tariff) 

  Energy Charge 

(Baht/kWh) 
Service Charge 

(Baht/Month) 
On peak Off peak 

2.2.1 12 - 24 kV. 3.6246 1.1914 228.17 

2.2.2  Below 12 kV. 4.3093 1.2246 57.95 
On Peak  : Monday – Friday from 09.00 AM to 10.00 PM 
Off Peak  : Monday – Friday from 10.00 PM to 09.00 AM 

: Saturday – Sunday ,National Labor Day and normal public holiday 
(excluding substitution holiday and Royal Ploughing Day) from 00.00 AM to 12.00 PM 

 

2. MEDIUM GENERAL SERVICE 
 

APPLICABILITY 

This schedule of tariff is applicable to a business, industrial, and state enterprise, as well as 

the foreigner entities and international organizations including its compound, with a maximum 15-

minute integrated demand from 30 to 999 kilowatts. Of which the average energy consumption for 

three (3) consecutive months through a single Watt-hour meter does not exceed 250,000 kWh per 

month. 
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2.1 Normal tariff 

  Demand Charge 

(Baht/kW) 

Energy Charge 

(Baht/kWh) 

3.1.1 69 kV and over 175.70 1.6660 

3.1.2 12 - 24 kV. 196.26 1.7034 

3.1.3 Below 12 kV. 221.50 1.7314 

 

2.2 Time of use tariff (TOU tariff) 

  Demand 

(Baht/kW) 

Charge Energy 

(Baht/kWh) 
Charge Service Charge 

(Baht/Month) 
On peak On peak Off peak 

3.2.1 69 kV and over 74.14 2.6136 1.1726 228.17 

3.2.2 12 - 24 kV 132.93 2.6950 1.1914 228.17 

3.2.3 Below 12 kV. 210.00 2.8408 1.2246 228.17 
On Peak  : Monday – Friday from 09.00 AM to 10.00 PM 
Off Peak  : Monday – Friday from 10.00 PM to 09.00 AM 

: Saturday – Sunday ,National Labor Day and normal public holiday 
(excluding substitution holiday and Royal Ploughing Day) from 00.00 AM to 12.00 PM 

 

3. LARGE GENERAL SERVICE 
 

APPLICABILITY 

This schedule of tariff is applicable to a business, industrial, government institutions, state 

enterprise, foreign entities and international organizations including its compound, with a 

maximum 15-minute integrated demand over1,000 kilowatt, or the energy consumption for three 

(3) average consecutive months through a single 
Watt-hour meter exceeds 250,000 kWh per month. 

 

MONTHLY TARIFF 

 

3.1 Time of day tariff (TOD tariff) 

  Demand Charge 

(Baht / kW) 

Energy Charge 

(Baht /kWh) 

On peak Partial peak Off peak All The Time 

4.1.1 69 kV.and over 224.30 29.91 0 1.6660 

4.1.2 12 – 24 kV. 285.05 58.88 0 1.7034 

4.1.3 Below 12 kV. 332.71 68.22 0 1.7314 

On Peak : Everyday from 06.30 PM to 09.30 PM 
Partial Peak : Everyday from 08.00 AM to 06.30 PM (only the amount of demand 

that is in excess of the On -Peak maximum demand will be applicable.) 
Off Peak  : Everyday from 09.30 PM to 08.00 AM (No demand charge) 

 

3.2 Time of use tariff (TOU tariff) 

  Demand Charge 

(Baht /kW) 

Energy Charge 

(Baht / kWh) 
Service Charge 

(Baht/month) 
On peak On peak Off peak 

4.2.1 69 kV. and over 74.14 2.6136 1.1726 228.17 

4.2.2 12 - 24 kV. 132.93 2.6950 1.1914 228.17 

4.2.3 Below 12 kV. 210.00 2.8408 1.2246 228.17 
On Peak : Monday – Friday from 09.00 AM to 10.00 PM 
Off Peak : Monday – Friday from 10.00 PM to 09.00 AM 

: Saturday – Sunday ,National Labor Day and normal public holiday 
(excluding substitution holiday and Royal Ploughing Day) from 00.00AM to 12.00 PM 
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