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CHAPTER 1 

INTRODUCTION 

 

1.1 Background 

  

It is important to understand how technological development has negative impact on 

the environment while positive impact becomes predominant among the society. 

Current researches emphasize on this concern and work towards inventing the 

solution for minimizing environmental pollution and overall energy consumption. 

Reducing energy consumption & waste is a critical factor for mankind as energy is 

the most limiting factor in the world. Therefore, it is much beneficial to find out the 

more efficient ways to minimize the energy consumption. 

 

After the energy crisis in 1970s, people felt the need for efficient energy usage. Since 

natural resources used in the generation of electricity are limited, energy remains the 

most deciding factor for the success of economy during the short and long-term 

forecast. Moreover, it has direct association to the design of the building and hence it 

is the major factor while considering the cost effectiveness of energy in operation 

and maintenance of the building. Electricity, the major form of energy is used in the 

building to operate equipment such as emergency systems, air-conditioning, lighting, 

office systems and other appliances.  

 

High energy consumption is a result of various guiding factors mentioned above but 

also from some common deficiencies in the building design including outdated and 

inefficient equipment, inappropriate equipment selection and installation, and 

inadequate maintenance. One of the most cost-effective ways of minimizing high 

consumption is by enhancing energy efficiency through the application of energy 

conservation measures (ECMs). For example, United States of America has initiated 

different building energy conservation programs such as, Federal Energy 

Management Program (FEMP, 1996) and the International Performance 

Measurement and Verification Protocol, [48]. 
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One of the important elements in the implementation of energy conservation program 

is the ability to verify the savings from measured energy use data; Fels and Keating, 

1993, [41]. However, there is no definitive way of measuring energy use or savings, 

since instruments cannot measure the absence of energy use or demand after 

retrofitting. Determinations of energy savings require both accurate measurements 

and replicable methodology. 

 

Many past researches were focussed mainly to devise solutions to reduce the energy 

consumption in buildings and to their amazement found that the simplest way of 

doing this is making current buildings less wasteful. Prediction of energy 

consumption of a building is the crucial point that needs to be considered while 

building undergoes it’s retrofitting & designing. Furthermore, Fels [1];  Kissock [2]; 

Krarti et al [3]; Dhar et al [4] & Dong et al [5,6]; had done similar researches  on  

prediction of consumption of energy in buildings.  The main factors affecting the 

energy consumption in a building can be classified by its physical properties, (optical 

and thermal properties) and environmental data which affect the building 

performances. Modeling with all affecting parameters for a building is very difficult 

to consider at the time of building energy predictions. Increase in the input 

parameters is proportionate to the complexity of the model, thereby resulting in a 

misleading model with lower accuracy. In the past, researchers predicted the building 

energy consumption with by understanding the importance to save energy usage, [7–

14].With the raising interest on energy forecast in our everyday life, new innovations 

emerged, such as the correlation method, [15,16]; admittance and Fourier methods, 

[17];   the neural networks method, [18];  and so  on.  Furthermore, new software 

packages to analyse the building energy consumption, such as Energy Plus, DeST 

(Designer’s Simulation Toolkit) and ESP-r, were also used for better prediction of 

energy consumption. Most of these tools were used in several projects successfully to 

predict the building load, [19–22]. However, the feedbacks were not optimistic about 

the applicability of this software’s as they needed highly skilled professionals to 

operate under critical time-constraint factors.  
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Therefore, its operational feasibility by low grade technicians to predict building load   

by applying these highly advanced technical products may result in incorrect data 

output. However, in building load forecasting techniques; the artificial neural 

networks (ANNs) is the most efficient and widely accepted as it eradicates most of 

the problems mentioned above. When using NNs, after the model has been 

established, it becomes easier for the lower-grade technician to handle it. Moreover, 

the properties of ANN; such as competitive non-linear mapping ability make it more 

convenient to handle complex problems such as multiple inputs in the form of 

matrix. Therefore, the application of ANNs plays a significant role in predicting 

building energy consumption, [23]. However, there are certain setbacks of ANNs, 

which affect the accuracy of the prediction. 

 

In order to overcome the above stated problems, further researches were conducted 

to explore more accurate systems. In Min-Yuan et al., [24]; he utilized multivariate 

adaptive regression splines to predict the residential building energy consumption 

and the results show a higher level of accuracy. Moreover, Risheek. Jain et al., [25]; 

developed a forecasting tool by utilizing novel method of Support Vector Machines 

(SVM), to predict the energy consumption of multifamily residential buildings, with 

higher level of accuracy in predictions. However, the accurate prediction of energy 

consumption of the building is quite challenging and time consuming event, which 

involves gathering of enormous data. Chunlei Zeng et al., [26]; observed the energy 

consumption of a multiproduct pipeline, to develop a forecasting model with the help 

of artificial neural networks. The research carried out by Bing Dong et al., [27]; 

studied the application of SVM in building predictions and it showed a higher level 

of accuracy when compared to Neural Networks and other prediction methods such 

as regression method. However, Bing Dong et al., [27]; did not address about the 

Kernel parameter, and storage effect analysis optimization process for energy 

prediction which affect the overall performance of the model. In this research these 

two areas, (kernel parameter optimization & storage effect analysis) are evaluated 

and adopted in the model. 
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1.2 Definition of Baseline Model 

 

The baseline model provides a way to compute energy savings. In ASHRAE 

Guideline 14P, 2002, [39]; it is defined as the set of arithmetic factors, equations, or 

data used to describe the relationship between energy use or demand and other 

baseline data. According to Reddy et al., [42]; baseline methodology helps to verify 

savings from energy conservation programs and determines progress towards the 

present energy-efficiency goals. Furthermore, the baseline model can tell how much 

energy the building would have used if the retrofit had not been made; Chen, 2003, 

[46].Overall, the baseline model is defined as the method to measure savings by 

comparing pre and post retrofit energy usage by considering the complicated impacts 

of weather conditions and other usage factors. Thus, an accurate baseline model 

helps to measure the true energy savings. 

 

Figure 1.1, shows the importance of the baseline model. The bold line represents the 

measured energy usage while dotted line represents the adjusted energy usage based 

on baseline model calculation. This is calculated by considering the changes of 

weather condition and usage factors. The area in-between the bold and dotted line 

represent the actual energy savings during the post-retrofit period. 

Figure 1.1: Determination of savings using the baseline model, [39]. 
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The basic energy saving equation used in base line method is given below. 

𝐸𝑠 = 𝐸𝑏 −  𝐸𝑝 ± 𝑑                 (1.1) 

 

Where, Es is energy savings, Eb is base year energy use, Ep is post-retrofit energy 

use and d is an adjustments. The base year is the period of time, which is prior to the 

implementation of energy conservation measures (ECMs). The base year energy 

usage is determined using the measured equipment performance data, prior to the 

ECM coupled with the assumptions about how that equipment would have operated 

in the post-retrofit period; IPMVP, 2001,[48]. Thus, baseline model is used as a tool 

to develop and verify the base year energy usage. 

 

1.3 Research Objectives 

 

This research is mainly focused on studying base line landlord building energy 

consumption and the objectives are given below. 

 

1) Evaluate the existing methods for baseline landlord building energy consumption. 

2) Explore and establish Support Vector Machine incorporating electricity bills and 

weather factors for analysing the baseline building monthly & daily landlord 

electricity consumption. 

 

1.4 Scope and Limitations 

 

Five commercial buildings in the central business area of Sri Lanka, which is 

considered for the tropics, have been selected randomly. The base line model of 

landlord energy consumption was developed using the monthly utility bills collected 

from the owner of the building or from the power supply companies. The weather 

data including outdoor temperature, relative humidity and solar radiation are 

considered as affecting variables to the energy consumption. Furthermore, the 

limitations and assumptions for this study are summarized below. 
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(1) Due to the limitations to get in to the building and time constraint, only a small 

sample of buildings (i.e.) 5 buildings, have been studied to develop the baseline 

model of landlord energy consumption assuming that all the five buildings are 

retrofitted on the landlord level. Every building is taken as one package and the 

method of retrofitting has not been considered. 

(2) All the utility bills are assumed to be representing the electricity consumption of 

the selected buildings. 

(3) Occupancy rates are assumed to be constant during the baseline year.  

(4) Factors affecting the building performance such as thermal comfort inside the 

building have not been considered. 

 

1.5 Organization of Thesis 

 

This thesis contains five chapters. The chapter 1 summarizes the background and 

definition of baseline model. It is further extended to explain the research objectives, 

scope and limitations. Chapter 2 describes the development and applications of the 

various baseline models used in the measurement and verification and retrofitting 

projects. Differences and applicability of different methods have also been discussed 

in this chapter. Chapter 3, explains the methodology for performance evaluation and 

pre-preparation techniques in the development of baseline model of landlord building 

energy consumption for the tropics. Chapter 4 explains in detail the Research design 

and results. Moreover, Support Vector Mechanics (SVM) and stepwise search to 

optimize new parameters are introduced in this chapter to predict building landlord 

energy consumption. Finally the last chapter of the thesis, Chapter 5, contains 

conclusion and recommendations for future research. 

 


