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Introduction

The current grid system is antiquated and iciefiit, essentially having grown out of the sam&teys
originally developed with the spread of electrifioa through regions which are not always compatibl
with each other. The grid is nonuniform and urlligent in which the demand side cannot communicate
with the supply side. Its incommunicability ang@ampatibility hinders energy efficiency and increas
utility of electrical services. A smart grid, whitcncludes communication and interconnectivity of
utilities, would reduce the frequency and sevearithlackouts improving the quality of electricahgee
in the country. Smart grids have the potentiakolucing CQ emissions by eliminating excessive
standby power, which can account for 40-50% ofilayis electricity output. The current grid syste
requires the large standby power to accommodatditteeence between peak and off-peak power
demands. The final issue is that the current lmssimodel only rewards the utilities for expandhmgr
sales of power and building more generators. Tisene incentive to make improvements in terms of
efficiency or to work with consumers to achievergyademand reductions. These issues create the
opportunity for dramatic efficiency increases thgbuhe development of smart grid technology leadiing
decreases in carbon dioxide emissions.

Smart Grid Solution

The ability for electricity users and suppi¢o communicate would enable centralized contvel o
individual appliances in which standby power coogdminimized and non-critical tasks could be
performed automatically during off-peak hours.céises of extreme demand the grid could shut off non
essential loads in order to prevent blackouts.s Tbimmunication would enable easier metering of
overall power consumption as well as individuallegre usage and power generation of installed
renewable energy systems. Communication betweetriely users and producers would allow the
consumer to have a larger amount of informatiaihait fingertips in order to manage their own egerg
demands. A smart grid, solely operating in a il area, would save 586 billion kwh by minimigi
vampire loads [1]. If we use the EPRI’'s estimdté1,000 tons of C@per billion kWh sold then the
minimization of vampire loads could yield a 358 Iroih ton reduction of C@emission per year [2,3].

The majority of CQemission savings stem from the smart grid acting eatalyst for clean
technologies. Advanced metering and compatibibtydistributed power supplies would bring down
costs for connecting solar panels and wind turbiogke grid. The smart grid would encourage
consumers to buy smart and energy efficient appiarso they may save money on electricity bills by
purchasing cheap and renewable energy from sothward sources. Furthermore, plug in hybrids or all
electric cars could use vehicle to grid (V2G) tembgy and serve as energy storage sites for tlde gri
V2G also encourages solar and wind power by stalactricity generated during off peak hours. llif a
vehicles in the United States could store 25 kWiiin(ia-electric), that would amount to a maximum of
6.25 billion kWh in backup power [5,6]. Even adtian of the backup power would be sufficient to
satisfy spikes in electricity demand thus negatiregneed to run standby G@mitting power plants.
Also plug in electric hybrid vehicles (PHEV) emiiaut 70% less C&than internal combustion engines
therefore if we phased in PHEVs we would cut oansportation emission by 1.3 billion metric tons a
year [16, 17].

Feasibility

There are a number of technological requires#rdt must be met in order for a smart grid ta be
viable option. The first requirement, the needtfas way communication between the utility and the
consumer, is essential. This system must be daepéndegularly updated, and, most importantly, be
able to interconnect with any consumer or utiliggtem. The next requirement, smart appliancedses a
of critical importance. In order for the grid te btilized to its full potential, appliances mustdble to
make "decisions" based on the current cost of patvany given time, which the appliance must be abl
to monitor. The last objective is the ability betgrid to be able to decentralize power storagestm
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likely be fulfilled by the large scale use of hybxiehicles where power can be stored and drawn upon
through the car's battery. Fortunately, almosbfthe tools necessary for the smart grids impldatem
already exist. The two way communication systeainsady available through the preexisting internet
infrastructure in the form of wireless mesh netvgof®/MNs) which are used by the City of Burbank, CA
[14]. Also available is "broadband over power §héBPL) which can transmit the data right over the
existing power line infrastructure. Both of thesentnunication systems can and have been implemented
to serve as two-way energy information portals. t@munications chips are available from several
manufacturers including the Ember Corporation iistBo [13]. There are a number of plug-in hybrid
vehicles with smart grid compatibility already dwetroad (the Ford Escape PHEV 25 and Toyota Prius
PHEV 15 for example [12]and many more on the way. Though it may take somefor there to be
enough of them to produce sufficient backup powea darge scale, the rising cost of oil and greater
socio-political emphasis on conservation and eneffigiency will likely drive consumers to purchase
hybrid vehicles in the numbers required in the rieare.

In order to integrate a smart grid into sogigbvernment regulation is required to create enun
incentives for utility companies and consumersdop to this system. This could be done by creatin
subsidies for home projects which promote enerfigieficy and implementing a carbon tax, setting
renewable energy standards, or creating a caprade $ystem which would set limits to the overall
consumption of energy in a given region. Ontaflanada is a current example of a tiered carbon tax
system in which the Ontario Energy Board incre@bestricity price rates if a certain threshold
consumption is passed. In 2007, this thresholdsgaat 250,000 kilowatt hours per year for redidén
customers and 750 kWh per year for non-resideatisiomers [11].

The economic choice to implement a smart grid region depends on the current use, projected
growth, and cost of retrofitting the existing irdtaicture. On the consumer side, the front-entscos
associated with a smart grid are entailed in rétmog current appliances with smart chips. Sosrce
estimate that the average household could sper@ 48500 to retrofit their current appliances with
smart chips [7]. Assuming a 10% reduction in eleity consumption, achieved in Seattle pilot study
caused by the smart chips, the payback periocheoconsumer is between 40 and 50 months [8,9]. On
the supply side, a study in San Diego estimatetithigatotal cost to build and maintain a smart gvauld
be approximately $970 million per utility for twgnyears. In the same time period, the utility camp
could realize $1.4 billion in revenues [10]. Sianianalyses have shown economic benefits from
implementing smart grid technologies in Seattlesiank, and Boulder. These analyses do not include
subsidies provided by the government to incenticmesumers and utilities companies. In general,
current technologies allow for payback periods srdhan the lifespans of the smart grid infradtrces
components on the supply and demand side.

Conclusion

A smart grid that enables communication betwaeopliers and consumers and improves
compatibility between utility companies would beideal replacement for the outdated traditionadl.gri
A smart grid minimizes necessary backup power,geglfrequency of blackouts, and allows consumers
to choose when to power their appliances. Curesiirtology supports the implementation of a smadit gr
as evidenced by pilot studies. The benefits aharsgrid creates payback periods that are shtivéer
the lifetime of the hardware and infrastructurerewgthout potential added incentives from the
government. Government policies are necessargdougage utility companies and consumers to use
energy more efficiently. Though its effect variegerms of CO2 emissions, the immediate redudson
approximately 358 million tons of CO2. Reducti@am&missions of 1.3 billion can be realized with a
whole fleet of PHEVs. If PHEVs make up the wholerket by 2030 and a smart grid was implemented
nationwide by 2020 the prevented emissions would@@billion metric tons of C® This is a modest
estimate since we are assuming no rise in enengrade. Also further benefit from the large scale
storage of PHEVs is the ability to make possibigda market penetration of distributed generatiochs
as wind and solar power for an even greater sawn@, emissions.
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