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most electricity customers see electricity rates that are based on average electricity costs
and bear little relation to the true production costs of electricity as they vary over time
demand response is a tariff or program established to motivate changes in electric use by
end use customers in response to changes in the price of electricity over time or to give
incentive payments designed to induce lower electricity use at times of high market prices
or when grid reliability is jeopardised price based demand response such as real time
pricing rtp critical peak pricing cpp and time of use tou tariffs give customers time
varying rates that reflect the value and cost of electricity in different time periods armed
with this information customers tend to use less electricity at times when electricity prices
are high incentive based demand response programs pay participating customers to
reduce their loads at times requested by the program sponsor triggered either by a grid
reliability problem or high electricity prices limited demand response capability exists in
the u s today total demand response and load management capability has fallen by
about one third since 1996 due to diminished utility support and investment states should
consider aggressive implementation of price based demand response for retail customers
as a high priority this book examines the electricity market benefits and energy efficiency
co ordination corresponding to demand response service

most electricity customers see electricity rates that are based on average electricity costs
and bear little relation to the true production costs of electricity as they vary over time
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demand response is a tariff or program established to motivate changes in electric use by
end use customers in response to changes in the price of electricity over time or to give
incentive payments designed to induce lower electricity use at times of high market prices
or when grid reliability is jeopardized price based demand response such as real time
pricing rtp critical peak pricing cpp and time of

the power system has often been cited as the greatest and most complex machine ever
built yet it is predominantly a mechanical system technologies and intelligent systems are
now available that can significantly enhance the overall functionality of power distribution
and make it ready to meet the needs of the 21st century this book explains how sensors
communications technologies computational ability control and feedback mechanisms can
be effectively combined to create this new continually adjusting smart grid system it
provides an understanding of both intelligridsm architecture and energyportsm as well as
how to integrate intelligent systems to achieve the goals of reliability cost containment
energy efficiency in power production and delivery and end use energy efficiency

this book is the first of its kind to comprehensively describe the principles of demand
response this allows consumers to play a significant role in the operation of the electric
grid by reducing or shifting their electricity usage in response to the grid reliability need
time based rates or other forms of financial incentives the main contents of the book
include modeling of demand response resources incentive design scheduling and dispatch
algorithms  and  impacts  on  grid  operation  and  planning  through  case  studies  and
illustrative examples the authors highlight and compare the advantages disadvantages and
benefits  that  demand response  can have on grid  operations  and electricity  market
efficiency first book of its kind to introduce the principles of demand response combines
theory with real world applications useful for both professionals and academic researchers
covers demand response in the context of power system applications

demand  response  dr  is  a  load  management  tool  which  provides  a  cost  effective
alternative to traditional supply side solutions to address the growing demand during
times of peak electrical load according to the us department of energy doe demand
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response reflects changes in electric usage by end use customers from their normal
consumption patterns in response to changes in the price of electricity over time or to
incentive payments designed to induce lower electricity use at times of high wholesale
market prices or when system reliability is jeopardized 1 the california energy commission
cec defines dr as a reduction in customers electricity consumption over a given time
interval relative to what would otherwise occur in response to a price signal other
financial incentives or a reliability signal 2 this latter definition is perhaps most reflective of
how dr is understood and implemented today in countries such as the us canada and
australia where dr is primarily a dispatchable resource responding to signals from utilities
grid operators and or load aggregators or dr providers

demand  response  dr  is  a  load  management  tool  which  provides  a  cost  effective
alternative to traditional supply side solutions to address the growing demand during
times of peak electrical load according to the u s department of energy doe demand
response reflects changes in electric usage by end use customers from their normal
consumption patterns in response to changes in the price of electricity over time or to
incentive payments designed to induce lower electricity use at times of high wholesale
market  prices  or  when  system  reliability  is  jeopardised  this  book  examines  select
experiences from the u s and abroad corresponding to reduced energy usage through
demand response

this  book  analyzes  issues  surrounding  the  efficient  integration  of  demand  response
programs drps on operation problems in smart grids the benefits offered by demand
response programs drps for load serving entities grid operators and electricity consumers
are  explained  including  decreased  electricity  prices  and  risk  management  in  depth
chapters  discuss  the  flexibility  of  market  operations  market  power  mitigation  and
environmental benefits making this a must have reference for engineers and related
practicing  professionals  working  for  organizations  in  the  electricity  market  including
reliability organizations distribution companies transmission companies and electric end
users
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with different intensities depending on the season every morning and evening of any
weekday  there  are  the  same  peaks  in  electricity  demand  peaks  can  bring  about
significantly negative environmental and economic impacts demand side response is a
relatively recent solution in europe which has the potential to reduce peak demand and
ease impending capacity shortages peak energy demand and demand side response
presents evidence on a set of demand side response activities ranging from price based
to  incentive  based  programmes  and  policies  examples  are  drawn  from  different
programmes  for  both  residential  and  non  residential  sectors  of  electricity  demand
including time of use tariffs  critical  peak pricing automated demand controllers and
ancillary services the book also looks at the actual energy saving impacts of smart meters
the activities which constitute peak demand and the potential opportunities associated
with  european  smart  grids  and  capacity  markets  this  is  the  first  book  presenting
comprehensive analysis of the impacts cost benefits and risks associated with demand side
response programmes and policies it should be of interest to students scholars and policy
makers in the areas of energy environmental economics and applied economics

demand  response  dr  is  a  load  management  tool  which  provides  a  cost  effective
alternative to traditional supply side solutions to address the growing demand during
times of peak electrical load according to the u s department of energy doe demand
response reflects changes in electric usage by end use customers from their normal
consumption patterns in response to changes in the price of electricity over time or to
incentive payments designed to induce lower electricity use at times of high wholesale
market prices or when system reliability is jeopardized the california energy commission
cec defines dr as a reduction in customers electricity consumption over a given time
interval relative to what would otherwise occur in response to a price signal other
financial incentives or a reliability signal this latter definition is perhaps most reflective of
how dr is understood and implemented today in countries such as the u s canada and
australia where dr is primarily a dispatchable resource responding to signals from utilities
grid  operators  and or  load aggregators  or  dr  providers  this  book examines  select
experiences from the u s and abroad corresponding to reduced energy usage through
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demand response

this book analyzes the economic and technical effects of demand response programs in
smart  grids  a  variety  of  operational  and financial  benefits  are  offered by demand
response programs drps for load serving entities grid operators and electricity consumers
the most notable advantages of drps are presented in this book including decreased
electricity prices risk management market power mitigation and flexibility of market
operations in depth chapters discuss the integration of demand response programs for the
planning and operation of smart grids and explore the uncertainties of market prices
renewable resources and intermittent load management making this a useful reference for
a variety of different organizations and players in the electricity market such as reliability
organizations  distribution  companies  transmission  companies  and  electric  end  users
analyzes  economic  and  technical  elements  of  drps  in  smart  grids  discusses  the
uncertainties of market prices renewable resources and intermittent load presents the most
up to date technological approaches to energy integration

this book analyzes the economic and technical effects of demand response programs in
smart  grids  a  variety  of  operational  and financial  benefits  are  offered by demand
response programs drps for load serving entities grid operators and electricity consumers
the most notable advantages of drps are presented in this book including decreased
electricity prices risk management market power mitigation and flexibility of market
operations in depth chapters discuss the integration of demand response programs for the
planning and operation of smart grids and explore the uncertainties of market prices
renewable resources and intermittent load management making this a useful reference for
a variety of different organizations and players in the electricity market such as reliability
organizations distribution companies transmission companies and electric end users

the concept of demand response dr generally concerns methodologies technologies and
commercial arrangements that could allow active participation of consumers in the power
system operation the primary aim of dr is thus to overcome the traditional inflexibility of
electrical  demand  and  amongst  others  create  a  new  powerful  tool  to  maximize



The Smart Grid Enabling Energy Efficiency And Demand Response

7 The Smart Grid Enabling Energy Efficiency And Demand Response

deployment of renewable energy sources as well as provide active network management
solutions to help reducing the impact of limited grid capabilities dr allows consumers to
actively  participate  in  power  system  operation  thus  bringing  new  opportunities  in
emerging energy markets as well as tangible system benefits in this sense dr is considered
one of the key enablers of the smart grid concept however dr also poses a number of
challenges particularly when active demand is connected to the low voltage network thus
affecting all the actors involved in the electricity chain this book presents for the first time
a  comprehensive  view  on  technical  methodologies  and  architectures  commercial
arrangements and socio economic and regulatory factors that could facilitate the uptake
of dr the work is developed in a systematic way so as to create a comprehensive picture
of challenges benefits and opportunities involved with dr the reader will thus be provided
with a clear understanding of the complexity deriving from a demand becoming active as
well as with a quantitative assessment of the techno economic value of the proposed
solutions in a smart grid context many research contributions have appeared in recent
years in the field of dr both in journals and conference proceedings however most
publications focus on individual aspects of the problem a systematic treatment of the
issues to be tackled to introduce dr in existing electricity grids involving the extended
value chain in terms of technical and commercial aspects is still missing also several books
have recently been published about smart grid in which there is some mention to dr
however again while dr is seen as a key pillar for the smart grid there is no dedicated
comprehensive and systematic contribution in this respect

in 2006 the public interest energy research program pier demand response research
center drrc at lawrence berkeley national laboratory initiated research into automated
demand response openadr applications in california industry the goal is to improve electric
grid reliability and lower electricity use during periods of peak demand the purpose of
this research is to begin to define the relationship among a portfolio of actions that
industrial facilities can undertake relative to their electricity use this electricity value chain
defines energy management and demand response dr at six levels of service distinguished
by the magnitude type and rapidity of response one element in the electricity supply
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chain is openadr an open standards based communications system to send signals to
customers  to  allow them to  manage  their  electric  demand in  response  to  supply
conditions such as prices or reliability through a set of standard open communications
initial drrc research suggests that industrial facilities that have undertaken energy efficiency
measures are probably more not less likely to initiate other actions within this value chain
such as daily load management and demand response moreover openadr appears to
afford some facilities the opportunity to develop the supporting control structure and to
demo potential reductions in energy use that can later be applied to either more effective
load management or a permanent reduction in use via energy efficiency under the right
conditions some types of industrial  facilities can shift or shed loads without any or
minimal disruption to operations to protect their energy supply reliability and to take
advantage of financial incentives 1 in 2007 and 2008 35 industrial facilities agreed to
implement openadr representing a total capacity of nearly 40 mw this paper describes
how integrated or centralized demand management and system level network controls
are linked to openadr systems case studies of refrigerated warehouses and wastewater
treatment facilities are used to illustrate openadr load reduction potential typical shed and
shift strategies include turning off or operating compressors aerator blowers and pumps at
reduced capacity increasing temperature set points or pre cooling cold storage areas and
over oxygenating stored wastewater  prior  to a dr event this  study concludes that
understanding industrial end use processes and control capabilities is a key to support
reduced service during dr events and these capabilities if dr enabled hold significant
promise in reducing the electricity demand of the industrial sector during utility peak
periods

renewable energy generation has been increasing for years and is likely to increase even
more in the future private households contribute to the increase of renewable generation
for  example  with  the  installation  of  roof  mounted  photovoltaic  plants  owners  are
interested in making the most out of their local resources to keep energy costs as low as
possible to reach this aim a household can apply energy storage and the change of load
demand also called demand response or cooperate with other houses in the vicinity by
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sharing renewable generation and coordinating load demand to minimize the collective
energy costs the aim of this thesis is to examine the influence of energy storage and
demand response on domestic energy costs in the residential sector special focus is put
on the influence of both on the energy supply strategy and the resulting energy costs it
is  also  examined whether  additional  benefits  arise  from a combination  of  demand
response and energy storage and if a cooperation between a group of houses can
increase the overall welfare compared to individual energy supply this work considers a
single family house in moderate climate and one in hot climate as well as a group of
houses in moderate climate to examine the topics presented above the required heating
or cooling power and energy as well as warm water and electricity have to be provided
by a number of conversion and storage technologies the devices are aggregated in a
multi energy hub and coordinated such that they best exploit the available renewable
resources and variable energy prices to minimize the household s energy costs an energy
hub is a device that models the processing conversion and storage of various energy
carriers both conventional and renewable to determine the optimal power supply for a
given load demand for a group of six houses a multiple level approach is proposed to
model  the  interdependencies  and the  cooperation  of  the  actors  the  two cases  of
coexistence and cooperation are compared for the group of houses in the first case each
actor defines its own energy supply strategy in the latter case the houses share excess
electricity and information about demand response and energy storage use to increase
common benefits the results show that in moderate climate electric demand response is
without large influence on energy costs also an electrical domestic hot water tank allows
larger cost savings than an electric storage device in hot climate it is the other way
round electric demand response is well suited to decrease costs as well as an electric
storage device in both climate zones the combination of demand response and energy
storage is only beneficial if sufficient renewable excess electricity is available and load
demand is high enough a cooperation of a number of households is only beneficial and
expedient  if  the  renewable  generation  sites  are  concentrated  in  few  places  as  a
consequence  of  the  obtained  results  single  family  houses  in  moderate  climate  are
recommended to use excess electricity for thermal load demand while houses in hot
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climate should invest in small electric storage devices in a group of houses energy
storage is best installed such that it  supplies a number of houses while renewable
resources should be exploited individually
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