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Abstract Based on State Energy Data System (SEDS) Complete Dataset through 2009, energy and renewable 

energy profiles of four US states are analyzed through mathematical modeling. The four states are California 

(CA), Arizona (AZ), New Mexico (NM) and Texas (TX). First, we establish a composite index of energy to 

describe the energy profile for each states. Considering the integrity and redundancy of the data, we do data 

cleaning and filtering by manual and principal component analysis (PCA) selection. The 28 variables are 

screened from 605 ones, such as natural gas, biomass, hydroelectricity and so on. We focus on different types of 

energy use and supply, as well as energy consumption in different sectors. The basic energy profile is available 

through the datasheet. Then, to understand the similarities and difference between the four states, we develop a 

time evolution model of the energy profile. Through PCA attached other factors, the indicators with similar 

characteristics are combined to replace the large data. Finally, by the TOPSIS method, we find that, California 

uses the new renewable energy source most widely, while New Mexico relies heavily on non-renewable energy 

sources. Empirical research is performed on the analysis of energy development, which may help to exploit and 

utilize energy better, especially renewable energy. 
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1. Introduction 

The production and use of energy are always the main part of any economy [1]. With the increasing pollution 

problem and the decrease of the non-renewable traditional energy sources, the clean and renewable new energy 

has gradually become the goal of energy development in all countries in the world [2]. In 1970, 12 western 

states in the U.S. formed the Western Interstate Energy Compact (WIEC) [3]. These states agree on specific 

policy issues and adopt a set of standards. California (CA), Arizona (AZ), New Mexico (NM) and Texas (TX) 

are along the U.S. border with Mexico. In the following, we take the four states to conduct empirical research on 

the analysis of energy development. This may help to understand the similarities and difference of energy and 

renewable energy profiles between them, and promote mutual cooperation on energy production and usage. 

2. Data analysis of energy profile 

The SEDS Complete Dataset through 2009 [4] provides 50 years of data in 605 variables on each of these four 

states’ energy production and consumption, along with some demographic and economic information. Data 

processing is needed before data analysis of energy profile, for it is a very large total of about 100,000 data.  

2.1. Data sorting 

First, we have the data in sheet seseds divided into four parts according to the four states, coupled with sheet 

msncodes data using excel “vlookup” function with the year as the abscissa and the consumption type as the 
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ordinate. We have got four two-dimensional forms, and the nonexistent items are empty. Then, we carry out 

data filtering before data analysis by manual and PCA selection [5].  

In order to extract the important data and simplify the data analysis, we reduce the dimension of this large 

amount of data set.  The standard data cleanup model is to enter data into the data cleanup processor of 

“dimensionality reduction”, clean up the data in a series of steps and then output the cleansed data in the desired 

format. Data cleaning use statistical methods to identify possible false values or outliers. After processing, the 

incomplete data in the table is deleted. Depending on the type of data and the relationship among the data 

according to the additional information, we have selected the most representative of the total energy 

consumption of various energy sources as a basis for data analysis and summarization. 

Table 1:  Composite classification of energy 

 

2.2. Data analysis of different types of energy use and supply 

To observe each state’s energy profile, the data is first divided into two parts of renewable and non-renewable 

energy from the years of 2000, 2005 and 2009. 

California In fossil fuel use of California, natural gas has the largest proportion and kerosene accounts for the 

smallest proportion. From 2005 to 2009, its fossil fuel consumption decreased to varying degrees. California is 

clearly ahead of other states in the use of renewable energy. Biomess , geothermal energy, hydroeletricity , 

wood and waste all reached six digits (Billion Btu). Other minimal consumption also reached five digits (Billion 

Btu). In particular, hydroelectric power consumption reached about 390 million Billion Btu. Second, the total 

biomass consumption also exceeded 200,000 Billion Btu. From 2005 to 2009, Photovoltaic and solar thermal 

energy increased by 9.3% and Electricity produced from wind energy increased by 7.5%. 

Arizona In Arizona, The consumption of non-renewable energy is dominated by coal consumption, it consumes 

about 420000 Billion Btu. While, it consumes a very small amount of kerosene. In 2009 it even had only 8.2 

Billion Btu in the consumption of kerosene. In the consumption of renewable energy, the consumption of 

hydropower accounts for about 70%. In 2009, Arizona had wind power for the first time, consuming 288.4 

Billion Btu. Ethanol fuel consumption increased rapidly between 2000 and 2005, increasing by 75.4%. 

Texas Texas is the nation's largest producer of lignite coal. Texas is a major oil producer. Natural gas 

consumption has reached about 4000000 Billion Btu. However, between 2000 and 2009, natural gas 

consumption maintained a sustained and slow decline. Texas's consumption of wind power is up 70.4% from 

2000 to 2005 and 46.6% from 2005 to 2009. Fuel ethanol also increased by 62.3% and 15.4% respectively. 

Texas maintains rapid growth in the development of both. 
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Table 2:  Energy profile of California 

 
Table 3: Energy profile of Arizona 

 
Table 4: Energy profile of Texas  
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Table 5: Energy profile of New Mexico 

 

2.3. Data analysis of energy consumption in different sectors 

We extracted the total energy consumption of each state's industrial sector, the commercial sector, the 

residential sector, the transportation sector, and the electric power sector to making a line chart [6]. We can 

visually see the energy consumption of one state's different sector. The figure below shows the energy profile 

for California.  

 
Figure 1: Energy growth of California 

California The total energy consumption of the five selected parameters in 2009 is 9728241.747 Billion Btu. 

The industrial sector accounted for 18.19%. The commercial sector accounted for 16.23%. The residential sector 

accounted for 15.70%. The transportation sector accounted for 31.87%. The electric power sector accounted for 

17.98%.  

The transportation sector accounted for the largest proportion in California's total energy consumption. The 

commercial sector usually accounted for the smallest proportion. But it seemed to surpass The energy 

consumption of the residential sector after 2000. The energy consumption of the industrial sector remained 

stable from 1984 to 2009. It is about 2000000 Billion Btu. All data showed a downward trend after 2006 

Arizona The total energy consumption of the five selected parameters in 2009 is 2491456.496 Billion Btu. The 

industrial sector accounted for 8.34%. The commercial sector accounted for 14.12%. The residential sector 
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accounted for 16.09%. The transportation sector accounted for 18.19%. The electric power sector accounted for 

42.25%.  

In Arizona, the consumption of the electric power sector had the fastest growth in the past. Its value is more than 

twice the value of the second(the transportation sector).The maximum reached about 1100000 Billion Btu. The 

consumption of the industrial sector has been stable at around 200000 Billion Btu.At the same time, it became 

the minimum after 1998. 

New Mexico The total energy consumption of the five selected parameters in 2009 is 1055839.718 Billion Btu. 

The industrial sector accounted for 21.53%. The commercial sector accounted for 11.59%. The residential sector 

accounted for 11.17%. The transportation sector accounted for 18.09%. The electric power sector accounted for 

37.42%.  

The consumption of the industrial sector fluctuated around 200000 Billion Btu. The electric power sector has 

consumed more and more energy very fast. It reached 400000 Billion Btu after 2009. In 2009 the industrial 

sector was the second largest part. The commercial sector and the residential sector maintain a synchronous 

growth. They reached about 120000 Billion Btu in 2009. 

Texas The total energy consumption of the five selected parameters in 2009 is 14757336.96 Billion Btu. The 

industrial sector accounted for 37.28%. The commercial sector accounted for 9.89%. The residential sector 

accounted for 10.92%. The transportation sector accounted for 17.79%. The electric power sector accounted for 

24.20%. 

The consumption of the commercial sector, the residential sector, the transportation sector, the electric power 

sector maintain very stable growth throughout historical data. The industrial sector is still the largest part of 

energy consumption but it is showing a downward trend after 1998 when it almost reached 7000000 Billion Btu. 

Now The industrial sector has dropped to 5500000 Billion Btu.  

3. Modeling and analysis of energy and renewable energy profiles 

3.1. Outline of the approach 

Principal component analysis method The principal component analysis method (PCA) is a statistical method. 

Through this method’s orthogonal transformation, a set of variables that may have correlation is transformed 

into a set of linearly uncorrelated variables.  

Import raw data matrix X , standardized the matrix into R . 
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Calculate the eigenvalues of the matrix R and the corresponding eigenvectors. Then reach the contribution rate.  

 1

cr (3)i

p

i

i









 

Finally, calculate the score of the main component.  
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Continue modeling on the base of these statistics. 
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TOPSIS method Technique for Order Preference by Similarity to an Ideal Solution（TOPSIS）method [7] is a 

multi-criteria decision analysis method. Its main idea is transform the solution to distance. The chosen solution 

should have the shortest geometric distance from the positive ideal solution (PIS) and the longest geometric 

distance from the negative ideal solution (NIS). In this task, the PIS represents the using of clear, renewable 

energy while the NIS represents unrenewable energy. Through the use of PCA, we can obtain essential data. 

The data processing method is described below. 

Firstly, create the decision matrix ( )ij m nA a  . In order to remove the dimension effect, standardized processing 

is essential.  
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Compare the contribution of each factor, form different weights. The matrix after calculation is ( )ij m nC c  . 

Then, determine the PIS and NIS. 
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Sort if  from large to small, the largest if  represents the most use of clear and renewable energy. The value 

shows the evolution of the usage of clear, renewable energy from 1960 to 2009. 

3.2. Time evolution model of energy and renewable energy profiles 

In order to find out how the energy profile of each of the four states has from 1960–2009, The main components 

need to be extracted from the cleaned data, the relevant data should be replaced by fewer groups, the principal 

component analysis can be used in the process. Analyzed data can be divided into renewable energy and non-

renewable energy. 

We acquire the results of PCA, the picture is displayed below. 

 

 
Figure 2: Result of principal component analysis method 

According to the analyzing results, most of the factors tend to show greater impact on the usage of clear, 

renewable energy. Only few factors show significant impact on unrenewable energy consumption. 
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Table 6: Scores of the TOPSIS analysis 

 
We calculated the data from 1963 to 2009 by using the model. In order to list the table so we selected half of the 

data, however, the line chart is based on the complete data. 

 
Figure 3: Performance in using renewable energy 

From the line chart, we can find that California is the best performer in new energy usage, followed by Texas. 

Texas has exceeded California. We have found the reason by looking up the energy usage data that Texas 

electricity aspect has shifted from export to import. 

4. Conclusions 

Taking four states in the United States, we conducted empirical analysis of energy and renewable energy 

development. We made energy classification, and then performed data analysis on different types of energy use 

and supply, as well as energy consumption in different sectors. Finally, by the PCA and TOPSIS methods, we 

constructed and solved the time evolution model of energy and renewable energy profiles.  

We have got that from 1960 to 2009, although California has almost not any coal reserves or production, it 

produces most electricity generation from renewable resources, while Arizona and New Mexico rely too much 

on the non-renewable resources, where solar and wind energy are not fully developed until 2003. Meanwhile, as 

one of the biggest energy state, the use of non-renewable energy in Texas dropped when the proportion of 

renewable energy increased sharply, which means it has already realized the huge meaning of renewable energy 

using. 

The extracted categories are much smaller than the 605 categories given, and the data errors of doing so will be 

more obvious. The interpretation of PCA has somewhat fuzzy, unlike the original meaning of the variable so 

clear, exactly. This is the price that the variable dimension has to pay. Because each state has its own 

background in the TOPSIS method, the weight of information also has a priori law, so the result has some 

subjectivity. All of this is left for future improvements and for future work. 
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