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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
Asphalt and road oil
Aviation gasoline
Distillate fuel ail
let fuel
Kerosene
LPG
Fossil fuel3 Lubricants
Motor gasoline
Residual fuel oil
Petroleum coke
Coal
Matural gas
supplemental gasecus fuels
Electricity (nuclear power)
Electricity
EBiomass
Geothermal energy
Hydroelectricity
Photovoltaic and solar thermal energy
Wood and waste
Electricity produced from wind
Fuel ethanol
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 20009, 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

rate of change(®)

Califarnia energy vear 2000 2005 2009 >000-2005]2005-2009
Coal 70011.7 67422.3 52403.1 -049 -6.1
Distillate fuel oil | 544379.1 | 564453.1 [ 526665.1 0o -17
Jet fuel 584018.1 | 5931478 | 5555754 04 -16
unrenewable Fossil fuels Kerosene 2_104.3 2291.2 11425 2.2 -16.0
energy LPG : 4529?.1 44797.2 609%4.4 -0.3 8.0
Motor gasoline [1786458.2 |1989629.7 [1866541.0 2.7 -16
Matural gas 2456438.2 23044629 |2391376.8 -16 09
Electricity {nuclear power) 3668453 | 3773125 | 3322494 07 -3.1
Electricity 8327232 | B67499.3 | 8856993 10 05
Biomess 164988.7 | 2254952 | 2246625 8.1 -0.1
Geothermal energy 127599.7 | 1323754 | 1274611 09 -09
renewable HYQFOE@THCHY 3910430 | 396279.0 | 272187.2 0.3 -9.0
energy Photovoltaic and solar thermal 2_312[]_8 22_[3_35.1_ 3139_?.[3 -12 93
Wood and waste 1591808 | 1455875 | 1401592 -22 -0.9
Electricity produced from wind | 35887.4 42618.0 56996.6 4.4 7.5
Fuel ethanol 55138 790103 81718.3 946 0.8
Table 3: Energy profile of Arizona
) _ rate of change(%)
Arizona energy year 2000 2005 2009 5000-2005]2005-2009
Coal 4328100 | 4284448 | 413258.9 -0.3 -0.9
Distillate fuel oil | 116054.2 | 151044.2 | 1433729 6.8 -1.3
Jet fuel 591557 | 454633 32288.3 -6.4 -8.2
. Fossil fuels Kerosene 311 515 8.2 134 -36.8
unrenewable LPG 50879 | 50486 | 73185 | -42 97
Energy Motor gasoline | 2940061 | 3521277 | 3318391 | 456 -15
Matural gas 2081371 | 3283017 | 3766748 12.2 3.4
Electricity (nuclear power) 3168390 | 2693265 | 3207230 -4.0 45
Electricity 208575.7 | 236761.0 | 250553.2 3.2 14
Biomess 136034 251217 354128 16.6 9.0
Geothermal energy 286.2 28289 3291 -0.3 3.8
renewable Hydroeletricity 352214 64084.2 627309 -6.9 -05
energy Photovoltaic and solar thermal | 3515.0 294907 47321 -40 122
Wood and waste 121505 | 113759 | 12867.3 -16 3.1
Electricity produced from wind 0.0 0.0 288.4 0.0 /
Fuel ethanal 14529 137458 19451.0 75.4 9.1
Table 4: Energy profile of Texas
_ rate of changel(%)
Texas energy vear 2000 2005 2009 2000-2005]2005- 2009
Coal 1548184.3 |1627863.3 |1497854.3 13 -2.1
Distillate fuel oil | 6515121 | 744862.2 | 769735.1 34 0.8
Jet fuel 5824034 | 4657654 | 3504506 -5.9 -6.4
unrenewable Fossil fuels Kerosene 1832.8_ 1690.0 6155 _ —2._C -223
eneray LPG _ 1466%?&19 14%6823.6 1%89198_5 05 -0.1
Motor gasoline  |1301556.3 [1452431.1 |1510370.3 28 1.0
Matural gas 4550105.7 |36251164 |34622104 -55 -1.1
Electricity (nuclear power) | 391669.5 | 398994.3 | 434065.1 05 21
Electricity 1085911.7 [1140489.2 11781485 12 0.8
Biomess 871621 815396 | 1482636 -17 16.1
Geothermal energy 562.0 1161.0 2057.0 199 154
renewable Hy;ﬂroeletricity 3456.3 13324.3 10039.7 12.0 -6.8
eneray Photovoltaic and solar thermal | 5675 563.6 8198 -0.2 9.8
Wood and waste 817400 801479 72108.5 -0.5 -26
Electricity produced from wind| 50204 423679 | 1954548 704 16.6
Fuel ethanal 54222 37590.0 66731.0 623 154
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Table 5: Energy profile of New Mexico

. . - rate of change(®)
MNew mexico | energy year 2000 2005 2009 5000-200512005-2000
Coal 3055129 | 317916.1 | 3061615 1.0 -0.9
Distillate fuel oil | 69533.8 8370485 745059 47 -29
Jet fuel 17109.0 129418 7587.3 -6.7 -125
unrenewable Fossil fuels Kerosene 1645 49.1 1.7 -26.1 -37.1
energy LPG : 10301.0 10286_.8 22673.8_ 0.0 218
Motor gasoline | 1106979 | 1200853 | 1207805 21 0.1
Matural gas 259018.0 | 225352.0 | 2471196 -3.4 2.3
Electricity {nuclear power) 0.0 0.0 0.0 / /
Electricity 641479 704201 73860.0 2.4 12
Biomess 73232 130201 17295.2 155 74
Geothermal energy 637.9 £90.1 317.1 0.1 -17.7
renewable Hydroeletricity 22_56.C 16498 26dc1._6 -7.5 125
eneray Photovoltaic and solar thermal 4_232__4 208.8 2825 -17.6 78
Wood and waste 45159 10807.8 11633.2 244 19
Electricity produced from wind 0.0 79455 15096.0 / 17.4
Fuel ethanaol 22125 10448 4114.8 -171 40.9

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.

California(Billion Btu)

4000000

3500000

3000000

2500000

2000000

1500000 e

1000000

500000
0
O N < O 00 O N < O 0 O N < O 0 O N < U 0 O N < O
O O O O O IN IN NN ™ 00 60 0 0 0 O O O OO Oy O O O O O©o
a OO OO OO OO OO0 O OO OO OO OO OO OO OO OO O OO OO0 O OO0 O O O O O
™ = = e e e e e e e e e e e e e AN AN N AN AN

——TEICB ——TECCB TERCB ———PAACB ——TEEIB

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 .

, h - f

1p
r r R ¢
=7 7 r @
o Toa 0 Tp
n
Z(Xi _Xi)(xj - Xj)
r; = Cov(x;, x;) =+ n>1 (2)
n-1

Calculate the eigenvalues of the matrix R and the corresponding eigenvectors. Then reach the contribution rate.

cr= pﬂ" 3)

DA
i=1

Finally, calculate the score of the main component.

f11 f12 o flk

F = f21 f22 flk (4)
fnl I‘-n2 T fnk
fy =a; X, +a;,X, +--+a;,X, i=12,---,n j=12,---k (5)

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 A= (a,-j)rnxn . In order to remove the dimension effect, standardized processing
is essential.

b =

ij ™ ’
,/Z&?

Compare the contribution of each factor, form different weights. The matrix after calculation is C = (Cij)mxn .
Then, determine the PIS and NIS.
dil represents the distance between the factor and the PIS while di0 represents the factor and the NIS.

di1:1¢2;(cij_cﬁ)z i=12:---m diozﬂle(cij_c?)z i=12.-m (7)
j= 1=

Calculate the distance dil,diO and the evaluation reference value f; .
— di0
bod+d!

Sort fi from large to small, the largest fi represents the most use of clear and renewable energy. The value

i:]_’...’m, j:]_’...,n (6)

i=1,2,--,m ®)

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.
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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.

Journal of Scientific and Engineering Research

131



Shen W et al Journal of Scientific and Engineering Research, 2019, 6(2):126-133

Table 6: Scores of the TOPSIS analysis
1965 19689 1973) 1977 1%81| 1985) 1989 1995| 1937| 2001 Z005] 2003
A7 |0, 0923(0. 0728(0. 0809|0. 1015[0. 09230, 1247(0. 08080, 0746|0. 0853| 0. 093]0. 08A4[0. 0902
C4 10.7181|0. 3154|0. 76390, TTEG|0. 7181 (0. F182) 0. T28|0. 6982 |0, 66420, 6543| 0. TO5[0. 6981
WM |0, 0393(0. 0892(0. 0RRA|0. 0904[0. 0RS3|0. 08RR[0. 08710, 0871]0. 08A4|0. 0871]0. DRTI[0. 007
TE |0. 84230, 58038|0. 6037|0. 6427[0. 64830, 8392(0. 61080, 6212|0. 63460, G296|0. H296[0. 7249
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.
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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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