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Abstract — This paper presents a development of Graphical User Interface (GUI) system using web application tool of Microsoft 
Visual Studio for Option B energy saving of International Performance Measurement and Verification Protocol (IPMVP). The 
objectives of the project are to: 1) develop a web application by using Microsoft Visual Studio 2010 and 2) determine energy saving 
for Option B. Option B focuses on retrofit isolation of Energy Conservation Measure (ECM) with all parameters is measured. This 
work covers the most applied Option B of ECM projects: 1) Retrofitting Chiller System and 2) Variable Speed Drive. Results show 
that the web application tool proposed in this paper is able to calculate energy saving with uncertainty in the cost saving, total 
investment cost and payback period adhere to IPMVP. This tool is very useful and could help Energy Service Company (ESCO) 
and facility owner to calculate energy saving created by the ECM using online internet application. 

Keywords - Microsoft Visual Studio 2010;Web Application; Chiller  System; Variable Speed Drive System; IPMVP ; Option B of 
Energy Saving. 

I. INTRODUCTION  

Energy Efficiency is the efficient use of energy in a 
manner that utilises less energy for producing the same 
output [1].The benefits of the energy efficiency is to 
improve economy, business competitiveness, reduce local 
air pollutant, lowering household energy bills and save 
money [2]. There are various ways to implement energy 
efficiency, for example, insulating a home allows a building 
to use less heating and cooling energy to achieve and 
maintain a comfortable temperature. The improvements in 
energy efficiency are generally achieved by adopting a more 
efficient technology or production processes to reduce 
energy losses. 

 In Malaysia, energy consumption increase yearly in line 
with the development of the country. The increasing of the 
population is one of the factors that increase the energy 
usage. There are various energy efficiency programs have 
been conducted such as Green Building Certifications, 
Malaysian Industrial Energy Efficiency Improvement 
Project (MIEEIP), Energy Efficiency Awareness Campaign 
and installation of various ECM projects. The performance 
of this programs and ECM projects in term of energy 

savings must be evaluated using Measurement and 
Verification (M&V) approach. 

There are some tools have been developed for M&V. 
GUI system in [6] focuses on retrofitting of lighting and 
chiller. Option A is determined by partial field measurement 
of energy use by ECM project. Other case in [7], focuses on 
the Option C -whole facility building where user can choose 
single or multiple variable of linear regression model. This 
paper focuses on Option B to provide a measurement and 
verification of the energy saving in chiller system and 
variable speed drive system by using web application tool. 
Option B will be more costly compared than Option A as it 
involves more complex measurements.  

II. IPMVP FRAMEWORK 

Saving is performed by comparing measured use or 
demand before and after implementation of energy saving. 
The baseline energy use pattern before ECM installation is 
first developed to determine the relationship between energy 
production and energy use. This baseline relationship is 
used to estimate the energy would have used if there had 
been no ECM i.e. adjusted baseline energy. Based on the 
framework, the energy saving is the difference between the 
adjusted baseline energy and the reporting period measured 
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energy (after ECM) [4]. This is shown in the mathematical 
equation (1) as below: 

. 

III. METHODOLOGY 

A. Software Development Using Microsoft Visual Studio 

In this paper, the software application for Option B 
energy saving is developed using web application by 
asp.net. Web application calculates energy savings based on 
data provided by users. Using this web application, user can 
calculate energy savings based on Option B for two types of 
ECMs, i.e. 1) retrofit chiller 2) variable speed drive. 

B. Framework of Option B of Energy Saving 

The main part of this software is the type of retrofitting 
projects in which the energy savings will be calculated. User 
can choose the type of retrofitting at the main page. The 
application will performs savings calculation with respect to 
the type of retrofitting. Figure 1 shows the framework of 
Option B energy saving using web tool application. 
 

 
Figure 1: Framework of Option B energy saving using Web Application 

Tool 

 

C. Retrofit Chiller System 

For this type of retrofitting, the GUI focuses on 
replacement of old chiller to electric centrifugal chiller. The 
performance of the old chiller must be tested before its 
removal. The baseline data will be collected from the old 
chiller from several weeks of testing while the post retrofit 
data is from the new chiller installation. For this retrofitting, 
all the key parameter measurements of the ECM must be 
measured. The baseline equation of linear line and the 
coefficient of determination (R2) will be calculated. In the 
baseline equation, the dependent variable Y is the average 
electrical in kW, meanwhile the independent variable X is 

the average cooling load (ton). The equation of linear line 
(2) and the coefficient of determination, R2 (3) will be 
calculated based on equations below: 

 
Equation of Linear Line; Y =mX + C 

    (2) 
 
where m is the slope of the linear line, X  is the average 

load in ton, and C is the intercept. 
 
Formula for coefficient of determination: 
 

  

  (3) 
 
where Ῡi is the model predicted energy value for a 

particular energy value for a particular data point using the 
measured value of the independent variable, Ῡ is the mean 
of the n measured energy value, and Yi is the actual observed 
value of energy. 

 
The savings in kW then will be computed using the 

equation (4) below:  
 

  
(4) 

 
Finally, the annual energy saving for Option B and the 

payback period of this retrofitting over the expected savings 
are calculated using equation (5): 

 
Annual Saving (kWh) = Total saving x 365  
Annual Energy (RM) = Annual Saving x Tariff C1 
Payback Period (year) = Total Cost investment / Annual 

Energy Saving             (5) 
 

D. Variable Speed Drive System (VSD) 

 
GUI focuses on installation of variable speed drive 

(VSD) system to the pump motor for reducing flow rate at 
times of low heat demand. The constant baseline power data 
from the motor in kW will be logged for one week period. 
During the post retrofit period, all the key parameter 
measurements i.e. the operating hours and power 
consumption (kW) of the motor must be measured. The 
adjusted baseline energy of the motor is calculated by 
multiplying the constant power of the motor (before 
installing VSD) with the motor operating hours during the 
post retrofit period. Energy savings is then equal to the 
difference between adjusted energy baseline (kWh) and the 
energy measured (kWh) during retrofitting period.  
 
 
 



ISFALINDA ISMAIL et al: DEVELOPMENT OF GUI SYSTEM USING WEB APPLICATION TOOL OF MICROSOFT . 

DOI 10.5013/IJSSST.a.17.41.46                                            46.3                             ISSN: 1473-804x online, 1473-8031 print 

 
3.5 Reporting Uncertainty Considering Uncertainty 

The application also provides user to express savings 
considering uncertainty or standard error from the 
measurement and baseline modelling. Energy savings 
should be reported as in the equation (6) below; 

 
Energy Saving = Annual energy savings (kWH) ± 

relative precision (%)  
                        (6) 

       
In order  to express savings as in equation above, user is 

required to provide data which includes the number of 
sample data, meter class (%) used during the measurement 
and at what confidence level (%) the savings wish to be 
calculated. The web application will identify the T-value 
from t-statistical table and calculate standard error of the 
metering. The standard error of the measurement from the 
meter is calculated using equation (7). 
 

SE = Meter relative precision x Measured Value / t value 
          (7) 

 

IV. RESULTS AND DISCUSSION 

User has option to select the navigation menu at the top 
of web application. The methodology for this web 
application is explained in the form of flow chart and detail 
information for Option B of energy saving based on IPMVP 
is provided. Figure 2 shows the graph of linear regression 
line for electrical load versus cooling load. The baseline 
equation for this example is Y= 95 + 0.62X and the R2 is 
0.9108. R2 greater than 0.75 shows that the independent 
variable has strong correlation with the energy being 
measured. 
 

 
Figure 2: The graph of linear regression line for electrical load versus 

cooling load 

 

Using the baseline equation, the adjusted baseline power 
is calculated as in Figure 3. The graphs of the electrical load 
during the post retrofit period and the adjusted electrical 
load are displayed as in Figure 4.  The annual energy saving 
is RM 2,13,692.90 and the total cost investment for 
installing a new chiller is RM 310,000.00. The standard 
error of modeling the regression line in this example is 
45.0299 with T-value equal to 2.16. The reporting result of 
energy saving after the old chiller has been replaced with 
the new chiller will be displayed. In this example, the total 
saving for one day is 1,604 kW. The relative precision 
calculated is 6.06% at 95% of confidence level. The savings 
for one day is expressed as 1,604kW ± 6.06% at 95% 
confidence level.  
 

 
Figure 3: The database of energy during reporting period 

 

 
Figure 4: Graph of post and baseline energy data 

After the retrofit, the accumulated kWh and operating hours 
were recorded. This example calculates energy saving for 
one year. Figure 5 shows the baseline energy data from web 
application.  
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Figure 5: Post retrofitting data for variable speed drive 

Figure 6 shows the graph of saving for adjusted baseline 
data and post retrofit data. The annual saving after installing 
variable speed drive is calculated as 117,281 kWh and 
equivalent to RM 42,807.57. The investment cost for 
variable speed drive is RM 7,000.00. 

 

Figure 6: Graph of saving or avoided energy use 

The standard error of metering for this energy saving 
project is 0.0511 kWh with T-value equal to 2.23. The 
annual energy savings for this project is expressed as 
117,281 kWh ± 0.2% at 95% confidence level.The 
uncertainty in the M&V is acceptable if the annual energy 
saving is greater than two annual standard error (SE). In this 

example it is acceptable as the annual savings is higher than 
2SE. 

V. CONCLUSION 

The web application using Microsoft Visual Studio 2010 
based on GUI developed in this paper can be used to 
determine energy saving for Option B of the IPMVP. The 
web application of energy saving consists of five sections. 
This Option B for web application GUI could help ESCO 
and facility owner to calculate energy saving created by 
ECM adhere to IPMVP. In the future, this software could be 
extended to include other ECMs such as lighting with 
dimmer and sensor. 
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