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Introduction
Energy is a very fundamental resource in lives of people; it not only helps in production processes, but also for home consumption. Presently, sustainability of energy resource in US and across the world has become vital aspect because of its significance in economic growth and wealth creation for nations. This is because, natural resources of which energy created is considered essential. However, the most imperative issue regard ways technology might help in creating the required solution of keeping sustainability (Allcott & Greenstone, 2012). While discussing energy issues, important aspects that come into mind include energy production, basic use as well as end-use along with quality of energy. The main source of energy production originates from fossil fuels and used in energy supply. Other sources of energy include thermal, hydroelectric and nuclear sources. The quality related to energy source along with planning on better use of energy is important in coming up with strategies that necessitate sustainable energy consumption (Baker et al. 2015). This will help to control resource depletion, damage on environment and proper waste management. This paper will explore significance of electricity and discuss the fundamentals of present electricity system and offer explanation on the challenges and opportunities along with shaping policy around electricity.         
Importance of electricity as part of the U.S energy system

Electricity is necessary aspect of contemporary life and vital to the US economy. Everything in US and across the world depends on electricity and any delay or power shortage in few seconds could cause huge losses in billions that may cost economies (Allcott & Greenstone, 2012). In contemporary societies, travelling by train rely on power for train transport, same to industries across the world that depends on electricity for production purpose. 
The demand of electricity has been on rise since 1901 due to industrialization that was being experienced across US. A robust increase in demand occurred in 1970, with doubling of energy demand. The pre and post WWII had increased demand for power, in preparation of nuclear weapons by President Roosevelt, which contributed to singing of Bonneville Power Administration. The New Deal of TVA, REA and BPA helped to generate more power that was needed after WWII in restructuring and sustaining economic boom after the great depression. 

The electricity consumption demand has increased throughout because of growing population that require energy for lighting, warming, refrigeration, operating appliances like electronics , machinery, and public transport systems. 
Fundamentals of current electricity system

The 2016 consumption is approximated to have been 13 times larger than the electricity that was used during 1950. The overall consumption of electricity in US comprises consumer buying and direct use. According to Allcott and Greenstone (2012), the industrial sector produces and same time uses electricity, about 3.71 trillion kWh of entire electricity consumption is utilized in industrial. The residential consumes larger part of electricity, about 38 percent, slightly followed by commercial use at 37 percent, while industrial usage is 25 percent and transportation is 0.2 percent. 

a) Residential Sector

The estimates by US Energy Information Administration (EIA) shows that air conditioning consumed larger electricity in residential sector, and was closely followed by water heating, then lighting, refrigeration and electronic appliances respectively. The electrical equipment consumed about 40 percent of the entire residential sector share in 2016. 
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Source: US Energy Information Administration, Manufacturing Energy Consumption Survey, 2010, Table 5.1, March 2013

b) Commercial Sector
In the commercial sector, the largest consumer of electricity was refrigeration, within retail offices, learning institutions, government facilities as well as street lighting (US Energy Information Administration, 2013). Other areas of commercial sector that utilized huge power consumption included medical institutions, security, powering elevators and laundry equipment. 
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Source: US Energy Information Administration, Manufacturing Energy Consumption Survey, 2010, Table 5.1, March 2013

c) Manufacturing Sector

The operations of machinery used about 50 percent of manufacturers’ power portion. Boiler heating and lighting consumed 13 percent and 7 percent respectively of manufacturing sector power.  
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Source: US Energy Information Administration, Manufacturing Energy Consumption Survey, 2010, Table 5.1, March 2013
Challenges and Opportunities

Several challenges and opportunities have been presented in the production and consumption of electricity in US. These have been in terms of economics of power generation, reliability and load, transmission and distribution (Baker et al. 2015). There has been energy loses in some circumstance during transmission of power, which is presumed to cause negative impact on the environment. The thermodynamic efficiency has encompassed loss of primary energy in standard approaches, relating to thermal power plant production. Long-term for power demand has greatly grown since 1980s, however investment in transmission has continued to lag. Several federal policies have sometimes affected the retail electricity prices, particularly in mix of fuels utilities in generation of power. Similarly, the federal policies have influenced process of production, especially in nuclear power plants, to implement safety measures and avoid causing harm to the environment. Although the safety measures have inflicted more cost on production of nuclear power the cost is worthy for safety of our environment and those around the power plants. The only producers of power energy who have benefited in generation process are those who embrace economies of scale because of cost-related issues like fixed and variable costs, ramping costs. The variable costs have varied from fuel costs and fuel to conversion factors 
On the other hand, the challenges have initiated business opportunities. The growing demand for electricity has created business opportunities in power plants, where many have invested and created more job opportunities for Americans (Allcott & Greenstone, 2012). The retailing of power has also been another sector of business opportunity to satisfy the increasing demand of electricity. The cost of production of power has been rising and sometimes affected the pricing of electricity on power grid. The energy resources that are utilized in the production of electricity comprise of coal, geothermal, crude oil, hydroelectric and natural gas. The successful usage of the limited resources available in our disposal is very important, since may help in reducing the output of carbon dioxide as well as waste heat, which are potential hazards to the conservation efforts of the biosphere. Nuclear electricity, coal, oil and natural gas are all linked with vital pollutants because of their hazardous byproducts. These resources are at same time nonrenewable, implying that world may later entirely consume the resources of energy source. In nuclear power generation, the supply require more fissionable material to enhance sustainability, however the technical part and cost issues remain to be thorny issue, thus need to identify workable measures that can solve cost related matters placing into consideration the environmental effects and control measures. The sources of primary energy are lost through handling as well as in the stockpiling, and this could be ways the lost heat wasted through heat input and thermal energy could serve as the solution. The significant consideration while selecting the energy use must be the linked energy quality. Allcott and Greenstone (2012) asserts that this involves three criteria, the ease of extracting that particular energy, ease of transporting it as well as storing the energy, and lastly the ease of changing the energy from one form to the other. For instance, during processing plants, electricity and heat is required to enhance efficiency throughout the system and may be raised by burning fuel to produce steam particularly in higher temperature as well as pressure needed in the process (Storm, 2012). In this form, high-quality energy is transformed straight into comparatively stable base load alongside changeable peak load. To ensure the stability of the entire power grid, electricity must be produced at the same time it is used as large quantities of electrical power cannot be stored effectively.   
Need for “modernization” of the electric system

The need for modernization requires development of sustainable energy in a country entails deploying cost-effective technologies on provision of clean energy.  This call for power sector that has effective electricity systems, sound regulation measures and better infrastructure that necessitate and have room for  those technologies. According to Baker and others (2015), developing that framework in power sector may need technological changes within the power system as well as basic changes, particularly in the regulation and control of the functioning electricity utilities. 
The producers of power energy like investors in the owned utilities (IOUs), federal owned utilities such as TVA, Bonneville Power Authority, and Independent power producers (IPP) are expected to heavily invest in renewable forms of energy to meet the increasing demand and for sustainability in the power sector. The dependence on natural resources may easily be depleted and need for measures to safeguard the resources and conserve the environment is essential in contemporary society. The natural monopoly and capital costs in production sector have affected the power energy generation and distribution. Stakeholders in this sector require to sound policies that will promote investment and same time uphold fair business environment for producers. Additionally, for efficiency purposes in the energy sector, power systems, particular in transmission of electric power and delivery grids are required to integrate latest technologies in larger quantities (Allcott & Greenstone, 2012). For all these to be attained, regulators will require to implement measures that offer utilities incentives to completely get involved in the innovation. The use of latest technologies allows eliminates any discriminatory aspects and allow reasonable access to effective transmission system to enhance success in the delivery.      
The use of modern facilities and innovation will be helpful in enhancing successful generation and transmission of power in electric systems. They will assist to save wastage that occurs during the transmission process and as a result help in conserving the environment (Storm, 2012). The implementation of latest innovation in the power plants will help to cut on related costs of production, such as variable costs since efficiency will be enhance in the system. 

Shaping Policy around Electricity

Several trends in electricity generation, transmission and consumption have been shaped by existing policy. A number of regulations have been initiated to control the energy sector; the policies have inclined on environmental regulations, power distribution and pro-clean energy production. These have involved the restructuring grid modernization, management distributed generation fuel mix and climate change (Baker et al. 2015). All along, coal power had faced stringent policies due to increased regulation, especially for mercury and air toxics standards. This has affected coal plants in regional markets because of increased pressure to upgrade the electric system and ensure the plant does not cause pollution to the environment. 
i) Restructuring Grid Modernization

The existing electricity system that generate and transmit highly quality electricity were built decades ago using the system designs that were existing at that time. Increasing demand of electricity in residential, commercial and manufacturing sector necessitate need to restructure the current electric power system to fit into grid modernization. The upgrade of current power plants may help double their production (Baker et al. 2015). On the other hand, the equipments and appliances used in industries and residential places must be upgraded to use little power in operating them. This could be upgrading of induction motors to steadily raise use of electronic converters used in home appliances, industrial equipments and also transitioning systems from analog to digital system.
ii) Management Distributed Generation Fuel Mix

The distributed generation in must encompass safety measures to avoid environment effects. The generation systems should be upgraded and well safeguarded, especially in turbines, fuel mix and gas-fired fuels cells. There should also be need for emergency backup to ensure to ensure efficiency is maintained in the future operation of the grid.  
iii) Climate Change

The power generation in US is presumed to be the major emission of carbon dioxide; coal is considered the primary source of these emissions. Coal is estimated to be leading source of entire energy used to generate electricity (Storm, 2011). Several environmental policies have been implemented to ensure plants using coal control the emissions of CO2. There has been advocacy also to use other source of energy like solar, geothermal, nuclear plants and wind energy that produce less or no carbon emission. 
Conclusion 

The electricity remains an essential resource in lives of individuals and any blackout that cannot be controlled with backup may cause huge losses to economies. The significance of electricity to economy is immense. Several policies have been introduced to safeguard the environment by reducing emissions to the air, particularly, in coal combustion, resulting in advocacy of safe source of energy like nuclear plants, geothermal, wind and solar. The challenges and opportunities have been experienced in the energy sector but have been managed although. 
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