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escalating energy demand in residential areas. The relationship between the United
States and other energy export states will continue to change as the United States
becomes more independent and non-OPEC resources become worthwhile especially
in Western Hemisphere. With expansion of global economic growth, maintained
multilateral relationship among countries and technological development are two
prominent concerns to secure long-term energy supplies and to enable further
exploration of new energy sources.
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1. Introduction

Sustained growth of energy markets can be maintained through development of a secure energy
system with the support of potent energy policies. The necessity to further improve the energy
security is profoundly emphasized by several issues which arise the economic instability such as the
elevating growth of energy demand, liberalization of energy markets, catastrophic natural disasters,
political unrest, and high reliance on fossil fuels [1].

North Americais a part of Organization for Economic Co-operation and Development (OECD) with
rapid economic development as well as high energy demand (Figure 1). The United States is one of
the North American regions with high productivity represented by GDP per person. Figure 2 shows
that in the last three months of 2017, U.S. economy expanded an annualized 2.9 percent on quarter,
which is 0.2 percent higher than the market expectation [13]. While three-quarters of global
expansion results from the increasing prosperity of developed countries, the United States will have

* Corresponding author.
E-mail address: Muhammad Adil Khattak (muhdadil@utm.my)
82



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 11, Issue 1 (2018) 82-98

its share for global oil and natural gas production equal to 18 percent and 24 percent respectively by
2040 [2]. Although oil exports from the Middle East and OPEC still remain vital for global oil market
balance, global oil supply has become more diverse due to an addition of new contributors in the
energy market.
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Shale gas and tight oil in North America recently become the driving factors for the transition of
energy markets [3]. Although both are unconventional gases, shale gas differs from tight gas in terms
of their reservoirs; shale gas is found within sedimentary shale formations while tight gas is found
within low-permeability sandstone or limestone formations. Large-scale contribution of shale gas in
the U.S. energy supply mix was initiated in 2000 when the shale gas quantified 1 percent of the U.S.
natural gas production. The production rose up to 20 percent in the next ten years and by 2035, U.S.
government's Energy Information Administration estimates 46 percent of natural gas supply in the
United States will come from shale gas [4]. Facilitated by drilling and horizontal fracturing
technologies for extraction process, tight gas has been in production since the early 1980. In 2017,
50 percent of U.S. crude oil production is sourced from tight oil with estimated production of 4.67
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million barrels per day [5]. Combined of tight oil and shale gas has made significant impact on the
economic growth by boosting the country’s exports.

Although the United States has been quite self-sufficient in oil production, U.S. oil and petroleum
product prices would remain exposed to international influences due to the global-scale
interconnection between producers and consumers [6]. If crisis occurs, North America has to import
a considerable amount of energy to bridge the gap between the demand and supply. Another issue
is related to imbalanced supply and demand, where the demand growth for refined product
outweighs the spare capacity available in North America. For instance, the increasing gasoline
demand in the United States is met by importing over 30 million tonnes of finished gasoline and a
further 17 million tonnes of gasoline blend stocks primarily from Europe, Canada and the Caribbean
[14]. With respect to this, the governments are incentivized to develop substituted source of energy
through the use of alternative fuels. Nonetheless, developing alternative energy sources also
introduces some other challenges. For instance, renewable energy still remains less competitive due
to high capital expenditure and long payback period [10]. Nuclear energy issue is associated to waste
disposal method and costly operation permit for safety purpose, which can be met by radical changes
in the energy system [11]. Issue on coal is referred to the technology needed to obtain cleaner
process with low carbon emission which can contribute to reasonable costs and tackle the issue of
climate change [12].

The ultimate goal of energy security is to maintain stability of oil supply and its affordability to
customers by safeguarding from the adverse effect of price volatility and unforeseen oil supply
disruption [6]. Apart from improved policy framework, market stability can be enhanced by
increasing the supply in supply from politically and economically stable regions, lower constraints on
trade, greater diversity of alternative sources and higher elasticity of supply [7].

Geographic diversity of global oil supply and high concern on the environmental impact of
greenhouse gases emission as a result of fossil fuel exploitation have prompted the incentives to
diversify alternative energy sources and adoption of advanced technologies with greater efficiency.
Based on Industrial Info's 2018 Global Industrial Outlook, there will be 8.58 percent rise for spending
on North American Alternative Fuels projects in 2018 [8]. This can be directly implied to
transportation use, where the United States can minimize exposure to risk of oil disruption by
utilization of biofuel which shifts away the reliance on petroleum-based fuels [9]. Despite the existing
development of alternative fuels, energy consumption for transportation is still heavily dominated
by oil until now and later in 2040 it will comprise 85 percent of the total transport fuel demand as
shown in Figure 3 [2].

Billion toe
35
Other*
3.0 | ®Electricity —
—
= Gas =8 8 -B B
=
25 | moOil =
2.0
1.5
1.0
0.5
0.0
2000 2010 2020 2030 2040

*Other includes biofuels, gas-to-liquids, coal-to-liquids, hydrogen

Fig. 3. Energy consumption for
transportation [2]

84



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 11, Issue 1 (2018) 82-98

This paper is divided into five main sections. First, scrutinization of primary energy supply sources
in global context comprising the growth of supply and demand. Second, comparison and
differentiation of the energy sector performance between North America and the other oil-exporting
countries. Third, determination of associated challenges as a result of climate change and economic
or political crisis. Fourth, the assessment of North American energy security through the
implemented policy or innovation. Fifth, explanation on contribution of alternative fuels to diversify
the energy supply.

2. Supply and Demand of Primary Energy Source
2.1 Global Perspective

Energy security is the availability of energy supply at the point of final consumption, economic
price and have sufficient amount of supply in a long time. It is to ensure that the energy supply can
meet the future demand [1-5]. There are several types of sources that can produce energy such as
natural gas, petroleum includes crude oil, coal, renewable energy and nuclear power [6]. From all
these sources the review will focuses more on oil and gas as they are among the most fuel
consumption in North America.
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Fig. 4. Fuel Consumption [7]

Currently the oil demand is increasing and is expected to keep on increasing as times goes on [8].
The oil consumption will increase to 102.3m barrel/day in 2022 from 95.4m barrel/day in 2016 due
to increasing in population growth rates and middle class peoples have expending their economics
[9]. The population is expected to increase to 9.2 billion in 2014 compare to 7.3 billion in 2015. Even
though demand in oil keep increasing, the government for every country has taken an action to
reduce the consumption of oil as it will release a lot of carbon dioxide. The emission of carbon dioxide
can cause air pollution. It can be expected that the future energy panorama will evolve as most of
the countries are considering other energy as alternative energy supply [10].

The natural gas demand is surging as times goes by. This is due to increasing in natural gas
consumption around the world. It is expected that the consumption of natural gas will increase 8.8
percent in 2018. China is expected to import most of the natural gas by 2025. The country has taken
action to reduce air pollution by switching the fuel sources from coal to natural gas that was cleaner
[12-13].

As the energy demand increasing, the energy supply also need to increase to ensure the energy
security for future generation. The energy supply in the world almost constant from year 2000 until
2014 [14]. This should not be sustained as the economy for each country keep on flourishing every
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year [15]. As the energy supply is having a crisis due to supply secure, conflicts surrounding oil rich
country, environmental concerns, fossil fuel reserves have exhausted and increasing in fuel price;
every country is considering renewable energy sector to meet the energy demand in the future [16].

mb/d

8 S R &
|
|
|
|
I
I
|
|
I
|
[
*1
e
— |
(N
|
I
|
I
|
I —
| |
I —
| |
I
_ [ |

88
2Q2013  4Q2013  2Q2014  4Q2014  2Q2015  4Q2015 2Q2016  4Q2016
© 2018 OECD/IEA

Fig. 5. World Oil Demand [11]
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2.2 North American Perspective

North America’s share of global energy production and consumption in 2040 are estimated to be
19 percent and 16 percent, respectively. As the largest LNG exporter, natural gas still remains North
America’s leading fuel which accounts for 41 percent of energy consumption in the region [1]. This is
also true for the United States, where the highest primary energy produced is natural gas (27
quadrillion Btu) as shown in Figure 8.
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Fig. 8. U.S. primary energy production in 2016 [2]

From 2010 to 2016, gas consumption in global-scale is averaged 1.5 percent per year and North
America’s gas consumption is estimated 1.1 percent in 2016, driven by strong growth in Canada (8.9
percent) and Mexico (1.6 percent) [3]. Generally, the primary fossil fuel mix in the United States has
been relatively stable since 1980s with the development of shale gas as the main component of
natural gas. Out of 2,543 trillion cubic feet of the total natural gas resource, 34 percent of the
domestic natural gas resource is covered by the shale gas. The percentage will continue to rise in
which by 2035 shale gas production will constitute 46 percent of U.S. natural gas production [6].
Production of shale gas potentially improves the security of gas supply in North America which
consequently results the gas price to be highly competitive. Nevertheless, development of U.S. shale
gas supply is prompted to the declining price of natural gas from $15/MMBtu in 2008 to $4/MMBtu
in 2014 because of the imbalanced level between the drastic increase in supply availability and the
demand growth [4,7].
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Similar to gas, oil also holds equally vital position in the global energy mix. Technological
improvement on oil recovery and enhanced distribution network have made it possible for crude oil
to develop commercially [8]. One of North American potential oil reservoir is located in the Gulf of
Mexico, which has long been one of the world’s most active site for oil exploration since 1990. The
production of crude oil from U.S. Federal Gulf of Mexico is set 1.7 million b/d in January 2017 and is
expected to increase further in 2018 [5].
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Fig. 9. Oil production from U.S. Federal Gulf of Mexico in January for 9 years

(5]

The price of crude oil is one of the important aspects in determining the economic stability. Two
influencing factors for the price change are global economic activity and international-based crude
oil prices. Customers are more likely to be less sensitive to oil price changes in the short run but are
more responsive in the long run, especially to the regional import prices where price volatility results
a negative impact [10]. The resulting shock can lead to reduction in domestic final demand [11-12],
depression of real stock returns [13], and long-term variations in exchange rates followed by global
financial crisis [14]. Overall, the effect of demand and supply shocks in energy market and price
fluctuation are key parameters to characterize the economic performance and the country’s share in
global energy mix [15].

3. Diversification of Energy Supply as Alternative Solution

The main energy resources in North America is contributed by oil and gas. Oil and gas sources
might face difficulties and crisis in various aspect such as supply shortage. Therefore, many solutions
had been proposed throughout the decades including introduction of new policies. Besides, energy
supply should be diversified which means other sources of energy besides oil and gas should be
explored. Diversifying of energy sources will provide North America more choices in securing their
energy security. There are a lot of energy sources that are highly potential in securing the energy
security of North America. Among these energy sources, renewable sources such as solar and wind
are the top alternatives that are considered by the nation [17-18].

Solar energy which is also known as photovoltaics is worth to be developed in commercial scale.
Photovoltaic technology started to be developed since 1960s. It has a lot of advantages such as clean,
safe, and the source is unlimited. However, the construction of photovoltaic station is too expensive
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as compared to the conventional energy sources such as oil and gas. This situation has changed and
improved in 50 years, which studies show that the module prices of photovoltaics show a long decline
trend in the last 5 years [19-21]. Hence, to diversify the energy sources, the advantages of
photovoltaic are discussed. First and foremost, the development of photovoltaic cells helps to reduce
global warming. Global warming is mainly caused by the emission of greenhouse gases such as carbon
dioxide. While the emission of greenhouse gases is caused by the combustion of fossil fuels such as
oil and gas. Thus, the generation of electricity by using photovoltaic cells shall be promoted as no
greenhouse gases will be emitted and global warming crisis is able to be solved.

Next, solar energy is able to provide energy reliability. The energy source of photovoltaic is
originated from solar energy which is from the sun. The behaviour of the rising and setting of sun is
well studied and therefore, the amount of solar energy to be received daily can be calculated.
Besides, although the condition of weather such as the movement of clouds is less predictable, the
amount of solar energy still can be received sufficiently with good seasonal and daily projections in
all locations. Thus, solar energy is very reliable and sustainable. Furthermore, solar energy can
provide energy independence. Unlike oil and gas, solar energy cannot be exploited by a single person
or country. Solar energy is attainable by anyone in anywhere and it is free. The construction of
photovoltaic cells is the only device or structures that is needed to obtain unlimited energy. This
causes a huge impact to a country’s economy as it allows the country to have its own energy source
and a lot of money can be saved by reducing the import of oil and gas [22-23].
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Fig. 10. The areas with highest solar energy generation potential in U.S. [23]

As compared to photovoltaics, wind energy is better developed in the pass decades. 30 years
ago, wind energy in North America is still isolated and less developed. The high potential of wind
energy as the main energy source in North America was still unseen by people. However, in the
present time, wind energy has become the main and reliable energy source which generating 5% of
total electricity generation in U.S. There are a lot of advantages which make wind energy worth to be
developed. Firstly, wind energy is free of charge. The price of electricity generated from wind energy
is cheap and the price is fixed for more than 20 years [24]. Besides, the generation of electricity by
wind energy is stable as wind source is free and always available. Wind energy has eliminated the
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uncertainties that faced by fossil fuels such as politic stability of a country which might affect the
price of the energy source [25,26].

Similar to photovoltaic, wind energy is very clean and safe. It does not emit any types of
pollutant. Wind sources is also considered as unlimited. Wind is caused by heat that transferred from
sun. The heat will make the atmosphere warm, thus the difference of temperature between lower
and upper of the atmosphere will induce wind. Besides, wind is also caused by the rotation of Earth
and the irregularities on the Earth’s surface. Thus, from the above factors, wind energy is also
unlimited. Moreover, the construction of wind power plant or wind turbine is easily achievable. It
can be constructed on anywhere that the wind speed is sufficient to generate electricity. Due to the
reliability of wind power plant, the economy of a country can be boosted. This is because wind
turbine can be installed in rural areas or unurbanized areas. By doing so, people at the rural areas is
able to generate income by producing electricity with wind energy. The difference inincome between
urban area and rural area will be reduced [27-29].
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Fig. 11. Wind capacity installed annually by continent, 2004 — 2012 [29]

The diversification of energy sources in North America is important to ensure the energy security
of the nation. Fossil fuels such as oil and gas are estimated to be depleted in the next 50 years.
Therefore, development of new or highly potential energy sources must be conducted immediately
to ensure the energy security in the future. Renewable sources such as solar, wind, and hydro which
their resources is unlimited, and they are environmental friendly. The future of energy security for
North America even the whole world will rely on the renewable sources. Therefore, from now on,
energy sources should be diversified to practice and fully develop the renewable energy sources [30-
33].

4. Performance Analysis of North American Energy Market

The prospects for an energy abundant North America are compelling. Combined, the three
countries’ oil production compares favourably with those of the Middle East. As the United States
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surpasses Saudi Arabia as the world’s largest producer, and with both Mexico and Canada on the
verge of significant increases in production, North America’s long-standing position as a
hydrocarbons importer will then be reversed [34]. Already, the dependency of the United States on
imported oil has been greatly diminished by the combination of higher production and greater fuel
efficiency standards in the United States, which has resulted in downward pressure on international
oil prices [1-2]. The outlook for North American energy is therefore bright, and the transformation in
the regional energy paradigm has been dramatic. From an obsession with energy security, the
conversation has been transformed to a focus on energy abundance. This newfound abundance is
commonly referred to as one of the major underpinnings of present and future regional
competitiveness and it is indeed a crucial factor in the equation [1,3].

Given that the three countries have lacked any joint mechanism for studying the transformation,
they were unable to produce a coordinated response to the change. Now, after a hiatus from
collective analysis and discussion of the North American energy system on the part of the
governments, they return to a world transformed [4-5]. Mexico has its reform, the United States is
producing in excess of 3 million barrels of oil more than in 2008, and Canada has seen its production
increase by almost a million barrels in the same period [39]. The major challenge facing the region in
2008 was one of meeting demand for oil; by 2014, policy makers and analysts had The major
challenge facing the region in 2008 was one of meeting demand for oil; by 2014, policy makers and
analysts had switched their paradigm from scarcity to abundance [4,7]. With oil production projected
to increase still further, and with fuel efficiency standards and energy efficiency efforts holding
consumption steady at the regional level, policy makers are now more concerned with the possibility
of North America becoming a net exporter of oil [41].

World North America

Africa
3%

Fig. 12. Primary consumption in the world specifically in North
America in year 2010 [42]

Canada depends almost entirely on the United States as an export market for energy [1-2, 10]. In
2013, Canada sent 97 percent of its oil exports to the United States, cementing its position as the
number one supplier of crude oil. Canada exported 2.6 million bbl/d of crude oil, showing an increase
of 59 percent in the past decade, and providing one-third of all oil imports [44]. While western
Canada, especially Alberta, is the main source of crude exports to the United States, eastern Canada
imports crude oil from the United States. A major challenge for Canada in the coming years is the
guestion of how to get its growing oil production to market. Alberta expects to double its current oil
production within the next 15 years, meaning that total Canadian oil production would rise to 6.4
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million barrels per day in 2030, compared with 3.5 million bpd in 2013 [10-11]. This will mean almost
3 million bbl/d more that need to find their way to refineries and then to regional or global
consumers. With limited pipeline and refining capacity, and with rising production in the United
States, Canada needs to look for alternatives to get its product to tidewater [45].

Mexico and the United States have a similarly interdependent relationship to that between the
United States and Canada. The United States has traditionally relied on Mexico as one of its major
suppliers of crude oil, while Mexico depends on U.S. markets for its exports [1-2, 13-14]. Given the
fact that Mexican oil, to date, has been produced either in the Gulf of Mexico or from onshore fields
around the edges of the Gulf, oil has been moved primarily by oil tanker to Houston and Galveston
refineries, where it is refined and then either sold in the United States or re-exported back to Mexico.
Mexico has typically been one of the top three exporters of oil to the United States, with 850,000
bbl/d of crude oil exported to the United States in 2013, behind Canada and sometimes Saudi Arabia.

Mexican oil exports have been in steady decline since 2004, when Pemex reached its peak
production of 3.4 million bbl/d, with exports to the United States at 1.6 million bbl/d, but that drop
off in production has been more than compensated by rising U.S. national production [48]. Of course,
the crude that is being produced in the United States is of a very different quality than Mexican Maya
blend; whereas the new oil production from shale and tight oil fields in the United States has been
predominantly light, sweet crude. However, there is cause to believe that Mexican shale production
will begin to pick up after 2020, which will likely mean an increase in production of lighter crude [49].
This may help Mexico to satisfy its national demand for lighter crude, which it needs in its refinery
mix to be able to handle the heavier crude generally produced. At the present time, Mexico does this
through its Olmec and Isthmus crude streams [15-16].

Crude oil net exports
million barrels per day
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Disclaimer: Estimates were provided by each country using a limited set of common assumptions and donot necessarily reflectthe
countries’ own individual outiooks; combined resultsdo not reflect an integrated tri-country model and may contain unresolved
inconsistencies.

Fig. 13. Crude oil net exports in United States, Mexico and Canada [49]

5. Energy Security Crisis

Energy crisis is a society concerned-issue which should not limited to only personal matter for a
country. President Carter has highlight the importance on the awareness of the issue where it will be
the greatest challenge ever in our lifetime [50]. It pervades a tremendous consequence in economical
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aspect, water and land quality, and even for the foreign relations. It is already being known that
America is one of the nations on the energy crisis pathway with major shortfall looming with up to
2.4GW due to the increasing of electricity demand. It is expected to have around 21 percent for the
energy consumption in fast-forward to 2030. The oil prices jumped 350 percent in conjunction with
the OPEC oil embargo in 1973 as well. The country itself is then forced to rely on less secure and
reliable energy to commit for the needs [51-53]. As seen, economic stagnation and inflation are the
results from energy crisis in North America. In order to combat this issue, a great interest is shown
towards renewable energy sector which dominant mix energy for required demand to command the
energy shortfall [54-55]. Also, some realistic solutions should be proposed for clean energy policy
that play more attention on both energy and safety perspectives.
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Fig. 14. Worldwide Mix of Power Generation from 1965 to 2005 [56].

Besides, a research indicates that the climate change has left negative impact on energy policy
shifting as well as for the livestock production in North America [57-60]. A total of 46 nations with
2.6 billion people is concurrently having armed conflict and war that dealt with climate change
whereby it has become a threat for international energy security. The problem arises whenever over-
reliance on carbon trading which serves as a polluter thus, induces growth of emissions in greenhouse
gas as showing in the figure below. Climate catastrophe is treated as a serious matter that pay a
higher price more commensurate with their pollution. It is a need to have a sustainability policy to
enhance the core principle of climate and energy. This is very important to boost the energy efficiency
in long term by considering current state of North America regionalism. It stated out four sets of
potential benefits that is, policy learning, taking adaptation challenges, capture of economic
efficiency and training of global leadership [59, 61-62]. The reality is that, further in-depth study is a
must on risk assessment and costs from solving the issue. A pragmatic and comprehensive action has
to take in order to secure the energy as the consequence of climate change.
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Fig. 15. Keeling Curve of Atmospheric CO, Concentrations [63].

Furthermore, it is undeniable truth that grand energy transition fast is alarming the global energy
consumption and demand-supply side fundamentals. High uncertainty and impact is regarded as
critical issue at top of global agenda where influence much on price volatility due to peak in energy
demand growth [64-65]. Energy industry is largely depending on carbon policy, energy efficiency and
renewable energy development that make up energy trade become the priority of the whole. North
America do adopt strategic at which regarding natural gas as a bridging and warm welcoming for the
era of renewables to provide enough capacity for the electric storage with no disruption of reliability.
Briefly to say, North America is believed to have lots of opportunity in developing traditional forms
and new technology of energy as provider for clean energy [66].

6. Evaluation of Energy Security Strategy

When come to energy, one of the main problem that always comes in mind is the security of
supply chain. Lack of energy security can have some negative impact on the economic and social of
the nation where either physical unavailability of energy, or prices that are not competitive to the
international market [67]. So it is important to ensure the supply chain of energy. We will specific on
how North America decision on ensuring energy security supply. The United States is one of the
world’s largest energy importer, tend to enhance its security of supply through diversity, where it will
makes a lot of variety of supply. Therefore, the US buys crude oil from more than 60 different
countries. Still the US tend to worry constitutes of the domestic unstable of key energy-producing
countries, as it is may be predicted that by 2020 half of the world oil production will come from the
countries that have a high risk of internal instability like civil wars within them [68].

Respect of natural gas, the supply of gas from the rural parts of US and Canadian production is
expected to reduce, and generally, LNG is seen as a major substitute for oil. An make better
dependence on LNG, would further extend and strengthen the strategic interest of the US towards
those countries like Qatar, Abu Dhabi and Oman where this areas of gas production and gasification
will take place and it can be the maritime routes that will used for gas would be transported to the
US. This shows that US will not only depend on oil but also LNG as the price of the oil is reducing now.
By increasing the dependent of LNG, the US will improve its supply chain of energy security [69]. As
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Canada is also a part of North America, it will strengthen their relationship. The security interests in
the Persian Gulf were in red zone already since the early 1990s because of the over the political and
strategic position of both Iran and Iraq and it have cause the US to involve war with them to secure
the security of supply of energy to their nations [70]. This is one of the ways the US have done to
ensure their supply of energy security. In the UN Security Council, the best way to deal with Iraq
were long-standing unsolved that led to the failure to agree on a ‘smart sanction’ regime in June
2001. U.S. uses their partners to improve their energy security position by removing trade barriers
that limit the trades that involves energy and expanding their connections to global energy markets
[71].

Still, US have involved in investing in renewable energy to ensure its supply. The first Gulf War
have caused the important energy security supply back on to the public views and official policy
agenda. It have been an important agenda for a time that this new oil crisis might make the United
States onto a different journey where it will emphasis on renewable energy. The Bush administration
had addressed it called for both more energy efficiency and greater development of renewable
energy. Members in the House and Senate prepared their own comparable bills and after a legislative
process, the President signed the Energy Policy Act of 1992 on October 24, 1992. For renewable
energy, the bill stated from US have provided numerous tax breaks that means the company involve
in this sector will have not much tax to pay, including the 1.5 cents per kwh production tax credit for
wind energy and increases in renewable energy R&D [72]. An increment R&D program created the
chances for the technological innovation that renewable energy would need so it can come down in
cost and better penetrate as its key player in the market. President Bush upgraded the Solar Energy
Research Institute to the National Renewable Energy Laboratory that show US emphasize the
important of solar as part of its security for energy supply. In addition, hydrogen and fuel cell R&D
budgets have gain a lot of increment that shows not part of the traditional types of renewable energy
are put into that budget category of US [73].

Renewable energy had taken on a strong root cast in the United States from 1970s that cause to
the most political influences decisions. While that image start to change in sometimes soon after
1990s, it was still important in term of politics where it have caused the renewable energy R&D
budget went up and down from 1990s to 2000s. Among renewable energy US have started to invest
for supply of energy is wind. Tax available in the states in US and also their policy become an
important effect on wind energy development. This impact have shown us when wind generation is
already nearly as par with more traditional generation source like oil. Federal policies become a key
player where it become an important role in supporting recent wind power development. The
effective of these is the Federal Production Tax Credit, which has decrease the cost of wind energy
[74].
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