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Preface
CĂƐĞ ƐƚƵĚŝĞƐ ŽīĞƌ ƚŚĞ ƌĞĂĚĞƌ ƉŽŝŶƚƐ ŽĨ ĐŽŵƉĂƌŝƐŽŶ ďƵƚ͕ ŵŽƌĞ ŝŵƉŽƌƚĂŶƚůǇ͕ ƚĞůů ƐƚŽƌŝĞƐ ŝŶ Ă ďƌŝĞĨ
ĂŶĚ ĐŽŶĐŝƐĞ ǁĂǇ ƚŚĂƚ ŵĂŬĞƐ ŝƚ ĞĂƐŝĞƌ ĨŽƌ ƚŚĞ ƌĞĂĚĞƌ ƚŽ ĞǆƚƌĂĐƚ ŬĞǇ ƉŽŝŶƚƐ ĂŶĚ ŐĂŝŶ ŝŵƉŽƌƚĂŶƚ
ŝŶƐŝŐŚƚƐ ƚŚĂƚ ĨĂĐƚƐ ĂŶĚ ĮŐƵƌĞƐ ĂůŽŶĞ ĐĂŶŶŽƚ ĐŽŶǀĞǇ͘ TŚĞǇ ƉŽŝŶƚ ŽƵƚ ŽƉƉŽƌƚƵŶŝƟĞƐ͕ ƉŝƞĂůůƐ͕ ĂŶĚ
ŽƚŚĞƌ ůĞƐƐŽŶƐ ůĞĂƌŶĞĚ ŝŶ ĚĞǀĞůŽƉŝŶŐ ĂŶĚ ĚĞƉůŽǇŝŶŐ ƚŚĞƐĞ ƚĞĐŚŶŽůŽŐŝĞƐ ƚŚĂƚ ĐĂŶ ŚĞůƉ ƐƚĂŬĞŚŽůĚĞƌƐ ĞŶŐĂŐĞĚ ŝŶ ĚĞǀĞůŽƉŝŶŐ ƐŵĂƌƚ ŐƌŝĚƐ ŵĂŬĞ ŵŽƌĞ ĞīĞĐƟǀĞ ĚĞĐŝƐŝŽŶƐ ĂŶĚ ĂǀŽŝĚ ĐŽƐƚůǇ ŵŝƐƐƚĞƉƐ͘
TŚŝƐ CĂƐĞ ŽŽŬ ĂƩĞŵƉƚƐ ƚŽ ƐƚƌƵĐƚƵƌĞ ƚŚĞ ĐĂƐĞ ƐƚƵĚŝĞƐ ŝŶ ƐƵĐŚ Ă ǁĂǇ ƚŚĂƚ ƚŚĞŝƌ ƐƚŽƌŝĞƐ ĐĂŶ ďĞ
ƵŶĚĞƌƐƚŽŽĚ ĂŶĚ ůĞǀĞƌĂŐĞĚ ďǇ ŽƚŚĞƌƐ͘ EĂĐŚ ůŝƐƚƐ Ă ĐŽŶƚĂĐƚ ƉĞƌƐŽŶ ǁŚŽ ĐĂŶ ŽīĞƌ ĨƵƌƚŚĞƌ ŝŶĨŽƌŵĂƟŽŶ ĂŶĚ ĚĞƚĂŝůƐ͘

TŚŝƐ CĂƐĞ ŽŽŬ ƌĞĨůĞĐƚƐ ŽŶĞ ǁĂǇ ƚŚĂƚ ISGAN ďƌŝŶŐƐ ƚŽŐĞƚŚĞƌ ĞǆƉĞƌƚƐ ĂŶĚ ƐƚĂŬĞŚŽůĚĞƌƐ ĨƌŽŵ
ĂƌŽƵŶĚ ƚŚĞ ǁŽƌůĚ ƚŽ ĂĐĐĞůĞƌĂƚĞ ƚŚĞ ĚĞǀĞůŽƉŵĞŶƚ ĂŶĚ ĚĞƉůŽǇŵĞŶƚ ŽĨ ƐŵĂƌƚĞƌ ĞůĞĐƚƌŝĐ ŐƌŝĚƐ͘ Iƚ
ŝƐ ƚŚĞ ƐĞĐŽŶĚ ŝŶ Ă ƐĞƌŝĞƐ ŽĨ CĂƐĞ ŽŽŬƐ͕ ĞĂĐŚ ĨŽĐƵƐŝŶŐ ŽŶ ŬĞǇ ƐŵĂƌƚ ŐƌŝĚ ƐǇƐƚĞŵƐ Žƌ ĂƉƉůŝĐĂƟŽŶƐ
ǁŝƚŚ ƌĞƐƵůƚƐ͕ ůĞƐƐŽŶƐ ůĞĂƌŶĞĚ ĂŶĚ ďĞƐƚ ƉƌĂĐƟĐĞƐ ƚŽ ďĞ ƐŚĂƌĞĚ͘ WŚĞŶ ĂƉƉƌŽƉƌŝĂƚĞ͕ ISGAN ĂůƐŽ
ŵĂŬĞƐ ƚŚĞƐĞ CĂƐĞ ŽŽŬƐ ͞ůŝǀŝŶŐ ĚŽĐƵŵĞŶƚƐ͕͟ ǁŚŝĐŚ ĂƌĞ ƉĞƌŝŽĚŝĐĂůůǇ ƵƉĚĂƚĞĚ ǁŝƚŚ ŶĞǁ ĐĂƐĞ
ƐƚƵĚŝĞƐ ĨƌŽŵ ISGAN ƉĂƌƟĐŝƉĂŶƚƐ ĂŶĚ ĂĸůŝĂƚĞĚ ŽƌŐĂŶŝǌĂƟŽŶƐ͘ SƵďƐĞƋƵĞŶƚ ǀĞƌƐŝŽŶƐ ǁŝůů ďĞ ĂǀĂŝůĂďůĞ ŽŶ ƚŚĞ ISGAN ǁĞďƐŝƚĞ ĂŶĚ ĨĞĂƚƵƌĞĚ ŽŶ ƚŚĞ CůĞĂŶ EŶĞƌŐǇ MŝŶŝƐƚĞƌŝĂů ǁĞďƐŝƚĞ͘
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хххďďƌĞǀŝĂƟŽŶƐ
AD or ADM

AcƟǀe Demand or AcƟǀe Demand Management

ADSL

Asymmetric Digital Subscriber Line

AMI

Adǀanced Metering InĨrastructure

BEMS

Building Energy Management System

CEMS

Community Energy Management System

CPP

CriƟcal Peak Pricing

DMS

DistribuƟon Management System

DR

Demand ResƉonse

DM or DSM

Demand Management or Demand Side Management

DP

Dynamic Pricing

DSO

DistribuƟon System OƉerator

EMS

Energy Management System

ESS

Energy Storage System

HEMS

Home Energy Management System

ISO

IndeƉendent System OƉerator

LV ͬ MVͬ HV

Low͕ Medium and High Voltage (networks)

PCS

Power CondiƟoning System

PV

Photoǀoltaic

RES

Renewable Energy SuƉƉly (Sources)

SCADA

SuƉerǀisory Control and Data AcƋuisiƟon system

TSO

Transmission System OƉerator

VPP

Virtual Power Plant
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>>> Key Findings
E͗͘ƚĞĐŚŶŝĐĂůƚĞƌŵƐƉƌĞƐĞŶƚĞĚŝŶƚŚĞ<ĞǇ&ŝŶĚŝŶŐƐĂƌĞĨƵƌƚŚĞƌĚĞƚĂŝůĞĚŝŶƚŚĞŝŶƚƌŽĚƵĐƟŽŶƐĞĐƟŽŶ͘

Case book context
The lessons learned and best ƉracƟces Ɖresented in the twelǀe case studies included in this case book
Ɖroǀide ƋualitaƟǀe insights into the comƉleǆity oĨ deƉloying Demand Side Management (DSM) iniƟaƟǀes͘
These case studies are based on a diǀerse range oĨ technologies and under sƉeciĮc market rules͘ They
incorƉorate ǀarious Ɖrogram and Ɖolicy mechanisms and include inĨormaƟon on costs and the associated
business cases Ĩor inǀestment͘
Each case Ɖresented has its own uniƋue set oĨ characterisƟcs and driǀers͕ which is indicaƟǀe oĨ the diǀerse range oĨ driǀers Ĩor smart grid and DSM͘
The cases are at ǀery diīerent stages throughout the world͘ While some countries haǀe comƉleted Įrst
rounds oĨ Ɖilots and are building on lessons learned͕ the others are at earliest stage oĨ these iniƟaƟǀes͘
The size͕ customer class͕ choice oĨ technologies deƉloyed͕ sƉeciĮc costs͕ beneĮts and business cases ǀary
Ĩrom case to case͘
SƟll͕ there are a number oĨ best ƉracƟces and common themes emerging Ĩrom these cases that are likely
to be useĨul Ĩor any stakeholder inǀesƟgaƟng or deƉloying Demand Side Management͘ Those best ƉracƟces and insights are Ɖresented here͘
The key Įndings are a synthesis aƩemƉt oĨ the broad range oĨ the aƉƉroaches tackled by the diīerent
smart grid demonstrators described by the 12 cases͘ It highlights the main lessons learned and best
ƉracƟces shared by the ƉarƟciƉaƟng cases͘ These lessons learned mainly concerns technical aƉƉroaches͕
customer engagement and market establishment͘

DSM approaches in the case book
Based on the 12 described cases͕ there aƉƉear to be three main aƉƉroaches to Demand Side Management:
· The Ĩeedback system͕ which consists in inĨorming the consumer about the system constraints͘
It Ĩocuses solely on Ɖroǀiding Ĩeedback on the electricity use͘ This aƉƉroach reƉresents a Įrst
steƉ towards DSM imƉlementaƟon͘
· The Ɖrice-based aƉƉroach͕ which reƋuires behaǀiour change on the customer side triggered
by Ɖrice signals͘
· And the system caƉacity-based aƉƉroach͕ which does not rely on the Ɖrice sensiƟǀity oĨ customers but on other system Ĩorecasts͘ In this aƉƉroach͕ the customers indicate their ƉreĨerences to a third Ɖarty Ɖlayer (aggregator or system oƉerator) and consent to let this Ɖlayer
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take the control oĨ smart aƉƉliances͘ &or larger customers͕ this can include contracts Ĩor load
shedding͘
The customer͛s consent and adhesion is a ƉrereƋuisite Ĩor the success oĨ the 3 aƉƉroaches͘
The 3 aƉƉroaches aim to reduce the bulkiness oĨ current soluƟons in terms oĨ the business͕ communicaƟon and comƉutaƟonal reƋuirements͘ In some countries there is a combinaƟon oĨ seǀeral aƉƉroaches͘

Technical approaches and challenges:
More standardizaƟon is a condiƟon Ĩor the deǀeloƉment oĨ DSM:
One oĨ the maũor beneĮts oĨ the conducted demonstraƟon Ɖroũects is that they oīer a ƉroƉer testbed
Ĩor tesƟng Ɖossible technical soluƟons and analyze the adǀantages and disadǀantages oĨ ǀarious system
architectures in the ICT sector as well as in business models͘ In this regard͕ smart grid and in ƉarƟcular DSM technologies should address standardizaƟon and interoƉerability͕ in order to imƉroǀe business
cases and assure the diīusion oĨ the imƉlemented soluƟons͘

DŽƌĞĐŽŽƉĞƌĂƟŽŶďĞƚǁĞĞŶ^DĂĐƚŽƌƐͬƉůĂǇĞƌƐŝƐƌĞƋƵŝƌĞĚƚŽƉƌŽǀŝĚĞƚŚĞĂĚĞƋƵĂƚĞƐĞƌǀŝĐĞƐ͗
Not all comƉonents oĨ the DSM eƋuiƉment are standardized Ɖroducts and the Ɖath towards standardizaƟon takes Ɵme͘ As an eǆamƉle͕ commercially aǀailable energy management systems (EMS) do not
suƉƉort conƟnuous load management͕ and the DSM systems (DSMS) do not suƉƉort ancillary serǀices
Ɖroǀision since the Virtual Power Plant (VPP) oƉerates conƟnuously in near real-Ɵme͘
ThereĨore͕ conƟnuous communicaƟon between the load and the aggregator͕ and between the aggregator͕ the VPP and the system oƉerator is reƋuired͘ To demonstrate ǀalue as an ancillary serǀice͕ a signiĮcant amount oĨ load aǀailable is reƋuired to shiŌ by the VPP ǀia aggregators͘ &uture deǀeloƉments oĨ
VPP and commercial systems include Ɖeak demand reducƟon as well as ancillary serǀices based on load
management and storage͘
In order to make DSM sustainable͕ the automaƟon oĨ load management is an imƉortant steƉ͘ Howeǀer͕
it is absolutely necessary that customers keeƉ the Ɖossibility to control their deǀices and to be able to
oǀerride and interǀene in automated decisions in demand resƉonse Ɖrograms͘

Customer engagement:
AcƟǀe and Ɖassiǀe techniƋues oĨ DSM:
DSM coǀers a large scoƉe oĨ techniƋues sƉreading Ĩrom Ɖassiǀe to acƟǀe ones:
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· &rom basic Ɖassiǀe techniƋues where the consumer has liƩle to no control͘ The uƟlity aƉƉlies
the soluƟon without inĨorming or consulƟng the customer and does not allow oƉt-in or oƉtout caƉability (e͘g͘ load shedding͕ ǀoltage reducƟon)͘
· To more acƟǀe techniƋues where the consumers take a hands-on role in determining the Ɖrograms that they will ƉarƟciƉate in and the eǆtent to which they are inǀolǀed͘ The consumer
can oƉt-in or oƉt-out at any Ɵme (e͘g͘ Ɵme-oĨ-use rate Ɖlans and uƟlity-controlled thermostats)͘
· Diīerent combinaƟons oĨ techniƋues could be Ĩound in between
Customers acceƉt change but do not tolerate serǀice degradaƟon:
Diīerent aƉƉroaches are emƉloyed to recruit customers Ĩor the demonstrators͕ deƉending on eǆƉressed
customer ƉreĨerences and ǀalues͕ as well as the current stage in the Ɖrocess oĨ deƉloying DSM technologies͘ In many cases͕ communicaƟon with the Ɖublic tends to Ĩocus on the social ǀalues and enǀironmental asƉects rather than indiǀidual Įnancial beneĮts oĨ ƉarƟciƉaƟng in the Ɖroũect͘ These asƉects are also
an eǆƉectaƟon oĨ the ƉarƟciƉants͘
Howeǀer͕ by ƉarƟciƉaƟng in the demonstrator͕ the consumers oŌen need to be guaranteed͕ Ĩrom the
beginning͕ that they will neither lose money nor Ƌuality oĨ suƉƉly͘ Indeed͕ they do not want to Ɖay more
Ĩor the electricity than they do under their normal contract͘ Once the ƉarƟciƉant has some eǆƉerience
with the new serǀice͕ iĨ the ƉarƟciƉant Ɖerceiǀes that the serǀice has imƉroǀed͕ her engagement should
sustain͘
Best ƉracƟces to aƉƉeal diīerent grouƉs oĨ customers haǀe been idenƟĮed:
Recruitment techniƋues also ǀary according to customer knowledge and comĨort leǀels with smart grid
technologies͘ Some customers are Įrst-moǀers or early adoƉters oĨ new technology and smart grid soluƟons͕ while the mainstream grouƉ oĨ customers is oŌen not esƉecially interested in energy issues͘ SomeƟmes these mainstream customers can be moƟǀated to ƉarƟciƉate in test trials by receiǀing new smart
eƋuiƉment͕ which can allow Ĩor a criƟcal mass oĨ DSM ƉarƟciƉants to ensure the success oĨ the iniƟaƟǀe͘
Neǀertheless͕ as such incenƟǀes are demonstrator deƉendent͖ it is challenging to use them at larger
scales͘
Managing customer eǆƉectaƟons is Ɖaramount in a long-term research or demonstraƟon Ɖroũect͘ Both
residenƟal and commercial customers are risk aǀerse and reƋuire simƉle and understandable Ɖroducts
and serǀices (Ɖlug and Ɖlay)͘
Strategies to tackle the risk aǀersion oĨ customers haǀe been deǀeloƉed:
Throughout customer recruitment͕ the uƟlity comƉanies haǀe been uƉ Ĩront with customers regarding
the Ɖroũect duraƟon and the Ĩact that as a trial͕ the uƟliƟes do not haǀe yet all oĨ the answers͘
To miƟgate any risk associated with that͕ the customer suƉƉort serǀices need to be reǀisited and customer Ĩacing emƉloyees should be trained to be knowledgeable about the Ɖroũect͕ and about how to
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communicate asƉects oĨ the Ɖroũect with stakeholders͘ The results oĨ Įeld trials in the cases included in
this book show that the customers Ƌuickly eǆhibit signs oĨ ĨaƟgue and need to be closely assisted in order
to realize a sustainable load shiŌ͘
Moreoǀer͕ to tackle customer Ĩears regarding data Ɖriǀacy issues͕ clear rules on the ownershiƉ and ƉrotecƟon oĨ their data should be deĮned and shared early into their engagement with the Ɖroũect͘

Market establishment
A new market system reƋuires the deǀeloƉment oĨ innoǀaƟǀe eƋuiƉments:
The oƉeraƟon oĨ the electricity system changes Ĩrom a high leǀel control oĨ a relaƟǀely small number oĨ
large Ɖower Ɖlants to an oƉƟmizaƟon oĨ the system based on large amounts oĨ (sustainable) generators
and Ňeǆible users͘ This steƉ should be Ɖossible by moǀing Ĩrom demonstrators to large scale deƉloyment͘
This makes scalability assessment not only a challenge but also an oƉƉortunity Ĩor demonstrators͘
Maintaining the system͛s demand and suƉƉly balance will inǀolǀe large numbers oĨ small and mediumsized energy-demanding eƋuiƉment͘
An eǆtension oĨ the market set-uƉ is eǆƉected through the introducƟon oĨ an ancillary serǀices market:
&or most ũurisdicƟons reƉresented in this case book͕ the imƉlementaƟon oĨ the results and Įndings oĨ
DSM Ɖroũects across an enƟre energy system will reƋuire Ĩurther deǀeloƉment oĨ market models͘ To
make the energy transiƟon Ɖossible͕ that deǀeloƉment will need to include releǀant stakeholders and decision makers to suƉƉort system balance through load management͘ The set uƉ oĨ DSM ancillary serǀices
is an imƉortant steƉ in the Ĩurther deǀeloƉment oĨ the eǆisƟng electricity wholesale markets and balancing markets that creates more Ĩaǀourable condiƟons Ĩor the integraƟon oĨ more renewable generaƟon
into the suƉƉly miǆ oĨ energy resources͘ This will not necessarily reƋuire a reƉlacement͕ but an eǆtension
oĨ the current market set-uƉ͘
Remaining obstacles are sƟll to be oǀercome:
Balancing markets around the world are Ƌuite diǀerse in market design͘ The two Ĩollowing eǆamƉles
illustrate these diīerences in market design:
· the choice oĨ gate closure Ɵme͕ i͘e͘ the moment Ĩrom which the TSO doesnǲt allow acƟons by
the market ƉarƟciƉants anymore͕ diīers between countries͘
· Electricity markets Ɖroǀide oƉƉortuniƟes Ĩor end-use customers to realize ǀalue Ĩor reducing
their demand Ĩor electricity͘ DR can be an integral Ɖart oĨ markets Ĩor energy͕ day-ahead
scheduling reserǀe͕ caƉacity͕ synchronized reserǀe͕ etc͘͘͘ and would comƉete eƋually with
generaƟon in these markets͘ End-use customers ƉarƟciƉate in DR by reducing their electricity
use either during an emergency eǀent or when locaƟonal (single) marginal Ɖrices are high
in the system͘ Howeǀer to enable this͕ end-use customers need to ƉarƟciƉate through acting agents and get a more in-deƉth understanding oĨ the oƉƉortuniƟes as well as determine
whether they haǀe the caƉability to ƉarƟciƉate͘
9

DƵůƟͲŶĂƟŽŶĂůƌĞƐĞĂƌĐŚ
To tackle the maturity diīerences between countries on the DSM deǀeloƉment͕ there are a number oĨ
coordinated mulƟ-naƟonal iniƟaƟǀes driǀing Demand Side Management research͘
One oĨ EuroƉe͛s notable iniƟaƟǀes is through the Eh &P7 Ĩunded Ɖroũect ADVANCED (AcƟǀe Demand
1
Value ANd Consumers EǆƉeriences Discoǀery) ͕ which has been launched in 2012 with the aim to beƩer
inǀesƟgate behaǀioural barriers and Įll the gaƉ in best ƉracƟces aǀailability Ĩor AcƟǀe Demand (AD) design Ĩrom the customer standƉoint͘ In ƉarƟcular͕ a Ĩramework enabling residenƟal͕ commercial and also
industrial consumers to ƉarƟciƉate in AD will be deǀeloƉed͕ and imƉacts and beneĮts Ĩor key stakeholders will be ƋuanƟĮed according to diīerent scenarios͘ Real data Ĩrom Ɖilot Ɖroũects underway in seǀeral
countries – ADDRESS Ɖilots in SƉain and &rance͕ E-DeMa in Germany and Enel InĨoн in Italy͕ will be used
together with the data collected in VaasaETT͛s database Ĩrom more than 100 EuroƉean AD Ɖroũects inǀolǀing around 450͕000 residenƟal consumers͘ The ADVANCED Ɖroũect inǀolǀes Eh energy uƟliƟes͕ uniǀersiƟes͕ research centers and consulƟng Įrms in the energy sector͕ market research agency and one oĨ
the Įrst aggregators in EuroƉe͘
Other worldwide iniƟaƟǀes arise through country cooƉeraƟon͘ That includes not only cases Ĩrom EuroƉe͕
but also cases Ĩrom other conƟnents like America and Asia͘ IEA ISGAN is one eǆamƉle oĨ these iniƟaƟǀes͕
where knowledge sharing is encouraged inside diīerent anneǆes͘ Anneǆ2 oĨ ISGAN is a workgrouƉ where
state smart grid iniƟaƟǀes are shared through case descriƉƟons͘ This DSM case book is a concrete illustraƟon oĨ this kind oĨ cooƉeraƟon͘

1 www͘adǀancedĨƉ7͘eu
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●

CANADA - Virtual Power
Plant to Balance Wind

●

●

● ●

● ●

● ●

● ●

●

●

●

●

●

DENMARK - Ecogrid EU:
Real-Time Market
DemonstraƟon

●

&RANCE - Nice Grid:
The smart Solar Energy
District with AcƟǀe
Customer ParƟciƉaƟon

●

● ● ● ● ● ● ● ●

GERMANY - E-DeMa:
Locally Networked
Energy Systems in
E Market oĨ the &uture

●

● ● ● ● ● ●

ITALY - ENEL͛s AcƟǀe
Customer Engagement

●

● ● ● ●

JAPAN - Kitakyushu
Smart Community
CreaƟon Proũect

●

● ● ● ● ● ●

KOREA - ESS as AcƟǀe
Demand Management
Ĩor Customers

●

●

●

●

●

●

SOUTH A&RICA IDM Case Study

●

●

●

●

●

●

SWEDEN: Swedish
&leǆible Demand
AcƟǀiƟes and Plans

●

●

● ●

THE NETHERLANDS:
PowerMathcingCity
USA: DM Case

● ● ●

●

●

● ●

●

● ●

● ● ● ●

●

●

●

●

●

● ● ● ● ● ● ●

●

● ● ●
●

IntegraƟon oĨ electric ǀehicles

BaƩery Storage

Heat storage deǀices (water͕ sƉace)

Includes other commercial
or industrial Ɖrocesses
Smart aƉƉliances or deǀices
without heat storage caƉacity

Includes Co-GeneraƟon or CHP

Built on AMI

Virtual Power Plant

System control resƉonsiǀe

Customer Behaǀiour Change

Price resƉonsiǀe

System CaƉacity Driǀers

Renewable Energy Driǀers

Voluntary Recruitment

Control GrouƉ

Liǀing Lab

DemonstraƟon

Pilot DeƉloyment

A summary table oĨ the cases included in this case book is Ĩound below:

●
●

●

●
●

●

●
●

●

●

●
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/ŶƚƌŽĚƵĐƟŽŶ
Demand Side Management is understood as one oĨ the key Ɖillars oĨ a smart grid and one oĨ the key diĨĨerenƟators between a smart grid and tradiƟonal distribuƟon grid oƉeraƟon͘ Demand ResƉonse (DR) is
a subset oĨ the broader category oĨ end-use customer energy soluƟons known as Demand-Side Management (DSM)͘ In addiƟon to DR͕ DSM includes energy eĸciency (EE) Ɖrograms͘ AcƟǀe Demand (AD) is an
eǆtension oĨ the DR caƉability where the resƉonse is determined by a number oĨ customers and system
and ĨreƋuently driǀen by smart grid iniƟaƟǀes͘
DSM embodies a number oĨ Ɖaradigm shiŌs͘ &or the system͕ it encomƉasses the shiŌ Ĩrom ͞suƉƉly resƉonding to demand͟ to ͞demand and suƉƉly balancing each other͘͟ &or the customer͕ the system oƉerators and the system managers͕ it reƉresents a Ɖaradigm shiŌ Ĩrom consumer-oriented to Ɖroducer-oriented systems͘ This transiƟon reƋuires noǀel soluƟons Ĩor energy consumƉƟon management͘ To sustain
this transiƟon͕ innoǀaƟǀe tariī systems and new load management technologies͕ combined with new
customer relaƟonshiƉ models͕ are eǆƉected to result in ǀiable business cases and business models to
enable sustainable mechanisms Ĩor eĸcient energy balance͘ Many oĨ those new business cases and business models are being tested in the Ɖroũects around the world by ISGAN member countries͘

Case structure
This case book Ĩocuses on Demand Side Management Ɖroũects͘ ISGAN member countries haǀe ǀolunteered these cases Ĩor the ƉurƉoses oĨ increasing knowledge and collaboraƟon between stakeholders
on smart grid Ɖroũect Ɖlanning͕ imƉlementaƟon and management͘ Each case is about ten Ɖages and is
organized to haǀe the Ĩollowing general characterisƟcs:
· Proũect descriƉƟon
· Main obũecƟǀes oĨ the Ɖroũect
· Discussion oĨ key Ɖoints to the aƉƉroach and lessons learned
The discussion is suƉƉorted by the Ĩollowing Ƌuick reĨerence tables and discussion boǆes:
· Regional electricity system conteǆt table
· Proũect staƟsƟcs table
· Discussion boǆ on Ɖolicy aƉƉroach or ƉoliƟcal enǀironment Ĩor smart grid͕ DR and AMI
The cases included in this book reƉresent a broad range oĨ economic͕ ƉoliƟcal͕ geograƉhical͕ structural͕
cultural and market conteǆts͘ They are intended to Ɖromote more soƉhisƟcated conǀersaƟon about lessons learned and best ƉracƟces across stakeholders͘ To that end͕ each Ɖroũect has a contact Ɖerson idenƟĮed Ĩor Ĩurther inĨormaƟon regarding the Ɖroũects͘
DeƉending on the Ɖrogress oĨ the Ɖroũects͕ some oĨ the cases may only Ɖresent ƉarƟal results and lessons
learned͘ ThereĨore͕ the cases may be uƉdated as Ɖroũects Ɖrogress͘
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Common terms and concepts
A Ĩundamental comƉonent oĨ the technology soluƟons described in each case is some sort oĨ bi-direcƟonal communicaƟons Ɖlaƞorm which allows interacƟon between clients or customers and the serǀice
Ɖroǀider͘ The inĨormaƟon eǆchanged͕ the actors inǀolǀed and the roles and resƉonsibiliƟes oĨ each actor
ǀary Ĩrom case to case͕ but a number oĨ common terms and conceƉts are used to describe each Ɖroũect
and they are brieŇy described here͘
Demand Side Management (DSM) – reƉresents a general category oĨ all end-user energy Ɖrograms that
oŌen use a set oĨ incenƟǀes͕ dynamic tariīs or sustainable energy awareness strategies to reduce consumƉƟon͘
Demand Response (DR) – is a strategy Ĩor energy consumƉƟon shaƉing which aims at changing end-user
consumƉƟon ƉaƩerns according to system caƉacity and or market reƋuirements by altering the Ɵming͕
the leǀel oĨ instantaneous demand or total electricity consumƉƟon͘ This Ĩorm oĨ demand side management has mainly eǆisted Ĩor commercial and industrial customers͕ where they can react to tariīs or submit bids on energy markets in resƉonse to current market condiƟons͘ Demand resƉonse Ɖrograms haǀe
also eǆisted Ĩor some residenƟal customers͕ but in a limited way where signals are sent to Ɖrogrammable
thermostats͕ Ĩor eǆamƉle͘ In these cases the communicaƟon has been one-way and resƉonses are to a
single instrucƟon as oƉƉosed to decision made based on a ǀariety oĨ customer inƉuts͘
ĐƟǀĞĞŵĂŶĚ;Ϳ – is an eǆtension oĨ the demand resƉonse caƉability where the resƉonse is determined by a number oĨ customer and system͕ market or serǀice Ɖroǀider inƉuts͘ InƉuts can include a set
oĨ ͚smart͛ dynamic tariīs͕ Ɖrice and ǀolume signals͕ customer comĨort ƉreĨerences and cost ƉreĨerences
and customer oǀer-ride instrucƟons͘ The result is a demand-side resƉonse to an assessment oĨ costs and
beneĮts͕ ƉrotecƟon oĨ consumer rights͕ consumers emƉowerment͕ and ƉrotecƟon oĨ consumer security
and Ɖriǀacy–all at the same Ɵme͘ In other words͕ it enables the acƟǀe ƉarƟciƉaƟon oĨ domesƟc and small
commercial consumers in Ɖower system markets͕ and the Ɖroǀision oĨ grid serǀices by diīerent Ɖower
system ƉarƟciƉants͕ in real Ɵme͘
Consumers with this caƉability are oŌen reĨerred to as ͚acƟǀe customers͛ and the deǀices or loads that
are acƟǀe demand enabled are called ͚acƟǀe buildings͛ or ͚acƟǀe comƉonents͛͘ These deǀices or loads
are also included in the generic term distributed resources͕ which also includes small generaƟon (such as
solar PV) and storage (such as baƩeries) connected throughout the distribuƟon network͘
Aggregator – an aggregator is a third Ɖarty serǀice Ɖroǀider which allows mulƟƉle small kW loads to
ƉarƟciƉate in energy markets or resƉond to system condiƟons who would otherwise be Ɖreǀented Ĩrom
directly ƉarƟciƉaƟng due to their small size͘
Virtual Power Plant (VPP) - is a system user conceƉt where the aggregated distributed resources (which
include distributed generaƟon͕ storage and acƟǀe comƉonents) are treated as a single enƟty in both
technical and commercial terms to the rest oĨ the energy system and energy market͘ It is comƉosed oĨ
combining ǀarious small size distributed generaƟng units to Ĩorm a ͞single ǀirtual generaƟng unit͟ that
can act as a conǀenƟonal one and caƉable oĨ being ǀisible or manageable on an indiǀidual basis as an
indeƉendent trading actor at the energy market͘

13

Project Ownership

Smart grids Model Region Salzburg is a collaboraƟon between:
AIT Austrian InsƟtute oĨ Technology GmbH
CURE - Center Ĩor Usability Research and Engineering
Siemens AG Austria
Salzburg AG
Salzburg Netz GmbH
Salzburg Wohnbau GmbH
Vienna Uniǀersity oĨ Technology
&unded by:
Climate and Energy &und (KLIEN)
Austrian &ederal Ministry Ĩor TransƉort͕ InnoǀaƟon and Technology (BMVIT)

Electricity system in Austria

Target 2020:
ͼ CO2 reducƟon: 16й
ͼ Share oĨ renewable energy ƉarƟciƉaƟng in the total energy source miǆ (Renewable share): 34й
Total consumƉƟon: 70 TWh in 2012
Household consumƉƟon: 4͕200 kWhͬyr in 2012

Market structure

Austria with 8͘4 million ƉeoƉle has a liberalized market with indeƉendant network oƉerators: 1 TSO (APG) and 128 DSO͛s

Contact

Sara Ghaemi͕ AIT Austrian InsƟtute oĨ Technology͕ sara͘ghaemiΛait͘ac͘at

AUSTRIA

Smart Grids Model Region Salzburg

City oĨ Salzburg

Smart grids Model Region Salzburg (SGMS) is a ͞liǀing lab͟ Ĩor Austrian
smart grid eǆƉeriments͘ In order to Ɖroǀe the Ĩeasibility oĨ technical͕ oƉeraƟonal and business conceƉts Ĩor a smart grid͕ it is necessary to set uƉ
a Įeld test Ĩor demonstraƟng and ǀalidaƟng the ĨuncƟonality oĨ the ƉroƉosed conceƉts͘ The aim oĨ the SGMS is to aggregate diīerent smart grid
aƉƉlicaƟons in an integrated system and to imƉlement ŇagshiƉ Ɖroũects in
the real enǀironment considering Ɖroblems oĨ daily business and addressing sƉeciĮc customer needs͘ The Ɖroũects within the Ĩramework oĨ SGMS
haǀe started since 2004 and each Ɖroũect deliǀered essenƟal inƉuts to the
oǀerall goal͘ The holisƟc aƉƉroach (see &ig͘ 1) chosen in Salzburg is noteworthy because the system integraƟon is done at all leǀels͘ The main Ĩocus
and the core oĨ the SGMS can be classiĮed as Ĩollowing:
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· AcƟǀe distribuƟon grids
· Load and demand side management
· IntegraƟon oĨ electric ǀehicles (EV)
· New technologies and intelligent strategies
· Virtual Ɖower Ɖlants
Among 23 conducted Ɖroũects͕ about 6 are demand management oriented͘ Each Ɖilot Ɖroũect has uniƋue
technical soluƟons and the suggested imƉroǀements haǀe been aƉƉlied in the technical soluƟon oĨ the
Ĩollow uƉ Ɖroũects͘ In order to analyze the imƉact oĨ ǀarious DSM Ɖrograms͕ diīerent Ɖroũects haǀe been
carried out which range Ĩrom analyzing the integraƟon oĨ renewables into distribuƟon networks to assessing the imƉact oĨ integraƟon oĨ EVs͕ residenƟal consumers͕ buildings and commercial Θ industrial
enterƉrises into the electricity grid͘ DSM has been Ɖursued Ĩrom ǀarious Ɖoints and includes residenƟal
consumers͕ buildings and electric ǀehicles as acƟǀe comƉonents Ĩor the Ĩuture energy systems͘
Consumer2Grid (C2G)͕ Persuasiǀe End-User Energy Management (PEEM)͕ Building2Grid (B2G)͕ Vehicle2Grid interĨaces Θ strategies (V2G)͕ load management and ͞Buildings as interacƟǀe smart grid ƉarƟciƉants͟
(HiT is the German abbreǀiaƟon) are the selected Ɖroũects Ĩor this case study which haǀe been marked
in (&igure 1)͘

^ŵĂƌƚ'ƌŝĚƐͲŵĂũŽƌĮĞůĚƐ͗
ICT for
Smart Grids

ĞͲŵŽďŝůŝƚǇ

ĞŵĂŶĚͲ^ŝĚĞͲ
Mgmt

ŝƐƚƌŝďƵƚĞĚ
ŐĞŶĞƌĂƟŽŶͬ
sŝƌƚƵĂůWŽǁĞƌWůĂŶƚƐ

comƉleted
in Ɖrogress
selected Ɖroũects Ĩor case book

BAVIS

DISPOWER
Ĩuel cell

DGDemoNet

Smart
ISOLVES
Metering Vehicle
Proũect
PSSA-M
to Grid
DG-Demo ZUQDE
Smart Ɖilot Strategies ͬ Electro
Valid
Smart
Driǀe
Synergy
InterĨaces
Web Grid
DG-Demo
INTEGRA
Smart LV

PEEM

Load
Management
Smart Heat
Building ͬ
Networks
Model
Consumer
building
to Grid
HiT

^ŵĂƌƚ'ƌŝĚƐDŽĚĞůZĞŐŝŽŶ^ĂůǌďƵƌŐ

sŝƐŝŽŶ

comĨortable͕ intelligent͕ sustainable and integrated inĨrastructure
Figure 1: The big picture of Smart Grids Model Region Salzburg

2005

Micro
CHP grid

imƉlemenƟng an oǀerall conceƉt and Ɖuƫng
the diīerent Įelds together to a holisƟc aƉƉroach
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2000

2010

2015
Ɵme line

ĐƟǀĞ
ĚŝƐƚƌŝďƵƟŽŶ
ŶĞƚǁŽƌŬƐ

KďũĞĐƟǀĞƐΘĞŶĞĮƚƐ
In the Ĩramework oĨ the SGMS
about 23 Ɖroũects haǀe been carried
out which Ĩollow ǀarious obũectiǀes Ĩrom IntegraƟon oĨ renewable
energy sources to electric ǀehicles͕
buildings and household consumers
into the distribuƟon grid͘
The uƉtake integraƟon oĨ diīerent
acƟǀe comƉonents into the grid
introduces many new challenges Ĩor
the eǆisƟng inĨrastructure such as
need Ĩor more Ňeǆibility on generaƟon as well as on the demand side͕
new business models Ĩor the electricity market and data security Θ Ɖriǀacy oĨ customers The SGMS tried
to Įnd Ɖossible soluƟons and assess
the eīecƟǀeness oĨ aƉƉroaches in
diīerent Ɖilot Ɖroũects͘ Since the
Ĩocus oĨ this case book is demand
management͕ the Ĩollowing Ɖroũect
obũecƟǀes are highlighted here:

Project summary box
&ocus oĨ
the Proũect

· IntegraƟon oĨ renewables͕ electric ǀehicles͕ residenƟal
consumers͕ residenƟal buildings and commercial Θ industrial enterƉrises into distribuƟon networks

· Renewable energy in the distribuƟon grids oĨ the demo
regions
· 18 small hydro Ɖower staƟons with ca͘ 24 MW͕ oĨ which 4
MW inǀolǀed in network control
· 263 Ɖhotoǀoltaic systems with ca͘ 3͕100 kWƉ͕ thereoĨ 41
Elements oĨ the
systems with ca͘ 280 kWƉ inǀolǀed in network control
Ɖroũect
· ParƟciƉants
· 1 industrial customer
· 30 small and medium enterƉrises
· 474 residenƟal customers͕ 58 buildings
Proũect cost

New
serǀices

· N͘A͘
· New Ĩeedback methods Ĩor ǀisualizing energy consumƉƟon and reducing total demand on the customer side
· Traĸc-light model Ĩor oƉƟmized uƟlizaƟon oĨ the electricity grid and aǀailable renewable resources
· Building energy agent (BEA) to communicate between the
Ɖower grid and the building automaƟon system

· Analyzing and demonstraƟng the imƉact oĨ ǀarious Ĩeedback systems on the total energy consumƉƟon in the Ɖriǀate sector
· Analyzing and demonstraƟng the ƉotenƟal oĨ demand resƉonse in diīerent energy sectors
· Analyzing and demonstraƟng the eīect oĨ ǀarious market and business models Ĩor the integraƟng oĨ acƟǀe comƉonents
· DemonstraƟng the aƉƉlicaƟon oĨ smart metering and deǀeloƉing monitoring and ǀalidaƟon
conceƉts Ĩor the suggested aƉƉroaches
· TesƟng the role oĨ ICT in deǀeloƉing ǀarious conceƉts Ĩor security Θ Ɖriǀacy issues
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Project Summary:
ͻ Consumer2Grid (C2G): by ǀisualizing the energy consumƉƟon using Ĩeedback systems and engaging consumers in the household sector͕ they reduced their total electricity consumƉƟon by
about 7й Ɖer year but the resƉonse Ĩaded oǀer Ɵme͘
ͻ PEEM -- by including eǆternal inĨormaƟon like the aǀailability oĨ renewable resources or grid
congesƟon to the Ĩeedback system͕ the consumer resƉonded to the receiǀed signals conƟnuously without losing interest͘ Loss oĨ comĨort and habit changes were the main obstacles Ĩor
consumers to ƉarƟciƉate in this system͘
ͻ Building2Grid (B2G): by integraƟng the Ĩeedback system into the deǀeloƉment oĨ the building
energy agent (BEA) system͕ the resƉonses were automated and user indeƉendent thereĨore
Ɖredictable Ĩor Ɖroǀiding ancillary serǀices like ǀoltage and ĨreƋuency control͘ By imƉlemenƟng
the BEA in 10 selected buildings 350 kW were reduced during Ɖeak Ɵmes͘
ͻ Buildings as interacƟǀe smart grid ƉarƟciƉants (HiT): is an ongoing Ɖroũect which Ɖursues assessing and oƉƟmizing the ƉotenƟal oĨ a smart grid-Ĩriendly buildings and eǆƉanding the interacƟon between buildings and their residents͘ The results will be Ɖublished in 2015͘
ͻ Load management in commercial Θ industrial enterƉrises: the ƉotenƟal oĨ demand reducƟon in
Austria has been esƟmated to be around 664 MW͘ Cooling deǀices can ƉarƟciƉate in Ɖeak load
reducƟon by 3й to 10й͘ SuƉermarket chains are one oĨ the energy consuming sectors which
can Ɖlay a signiĮcant role in load management Ɖrograms͘
ͻ V2G strategies Θ V2G interĨaces: by assessing business models and analyzing technical͕ economic and enǀironmental conseƋuences oĨ integraƟng EV͛s in low ǀoltage networks͕ it was
Ĩound that solely market-oriented or grid-oriented controlled charging can only ƉarƟally solǀe
congesƟon Ɖroblems͘ The imƉlementaƟon oĨ an adaƉƟǀe controlled charging strategy is necessary to alleǀiate congesƟon Ɖroblems due to charging͘ It may be Ɖossible to Ɖroǀide terƟary
balancing serǀices oĨ about 30 MW with uƉ to 22͕000 electric ǀehicles in the region͘

The beneĮts oĨ the menƟoned Ɖroũects can be summarized as:
· Possibility Ĩor tesƟng ǀarious Ĩeatures in the Įeld test
· InǀesƟgaƟon oĨ the ability͕ adǀantages and drawbacks oĨ centralized and decentralized Ĩeedback systems in the Ɖriǀate sector
· TesƟng Ɖossible ICT soluƟons to transĨer data locally within a building automaƟon system and
globally within the energy management system
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· Understanding the reƋuired leǀel oĨ security and Ɖriǀacy in smart grid through smart metering
and automated metering inĨrastructure AMI inĨrastructure in order to ensure the trust oĨ consumers
· Determine the eīecƟǀe triggering signal Ĩor demand resƉonse management systems and essenƟal data Ĩor receiǀing the oƉƟmal resƉonse
· Assessing the ƉotenƟal oĨ Ňeǆibility in energy consumƉƟon oĨ diīerent sectors by imƉlemenƟng ǀarious conceƉts oĨ energy management systems

ƵƌƌĞŶƚ^ƚĂƚƵƐΘZĞƐƵůƚƐ
Most oĨ the described Ɖroũects (eǆceƉt the ongoing HiT) haǀe been Įnalized and the results haǀe been
Ɖublished on: ͞hƩƉ:ͬͬwww͘smartgridssalzburg͘at͟
The selected Ɖroũects Ĩor this casebook haǀe been classiĮed into consumer-͕ building- and electric ǀehicleintegrated and introduced in brieĨ in the Ĩollowing:
Customer Integrated: The Consumer2Grid (C2G) and PEEM Ɖroũects had the main Ĩocus on the integraƟon oĨ residenƟal consumers into the electric Ɖower system͘ These Ɖroũects Ĩocused on the imƉact oĨ
ǀarious Ĩeedback systems on the amount and ƉaƩern oĨ electricity use͘ Various Ĩeedback systems (Annual
2
billing ͕ monthly billing͕ web Ɖortal͕ In-home disƉlay and waƩson ) haǀe been imƉlemented in the Įeld
test oĨ the C2G Ɖroũect including 288 households and haǀe been oƉerated Ĩor one year (&igure 2)͘ The
aǀerage reducƟon in electricity consumƉƟon across all test grouƉs was about 7й with a minimum ǀalue
oĨ 2й Ĩor monthly billing Ĩeedback system and a maǆimum ǀalue oĨ 11й Ĩor web Ɖortal users͘ Howeǀer͕
these results are staƟsƟcally not signiĮcant͘ Diīerent Ĩeedback systems oīer diīerent ĨuncƟonaliƟes
which can imƉact the awareness oĨ ƉeoƉle about their energy consumƉƟon͘ &or eǆamƉle͕ consumers
had the Ɖossibility to comƉare their daily or monthly consumƉƟon in the web Ɖortal as well as in the
in-home disƉlay system with Ɖreǀious days and months and in addiƟon get some saǀing ƟƉs Ĩrom the
monitoring system͘ Analysis oĨ the logged data shows that the consumers were more interested in daily
comƉarisons and used suggested ƟƉs Ĩor the energy saǀing in the beginning oĨ the test Ɖeriod and the
learning Ɖhase͘ Consumers were ǀery interested in ƋuesƟoning their own behaǀior in the beginning oĨ
the Ɖroũect but their inclinaƟon Ĩor using the inĨormaƟon oĨ the Ĩeedback system decreased oǀer the
course oĨ Ɵme͘ ThereĨore͕ it is imƉortant to oīer addiƟonal ĨuncƟonaliƟes besides electricity-use Ĩeedback to residenƟal customers in order to maintain their interest oǀer the long term͘
In this regard the PEEM Ɖroũect has been carried out in which a new Ĩeedback method named ͞&ORE3
watch ͟ has been deǀeloƉed and imƉlemented (&igure 3)͘ This Ĩeedback method not only giǀes consumers inĨormaƟon about their energy consumƉƟon͕ but also uses colours to inĨorm two grouƉs oĨ users
about the aǀailability oĨ renewable resources or the grid congesƟon in the neǆt 12 hours͘ PrognosƟcated

2 A commercial Ɖroduct that deliǀers real-Ɵme Ĩeedback based on current-transĨormer measurements
3 &ORE stands Ĩor ͞&orecast OĨ Renewable Energy͟
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Figure 2: Energy Feedback systems, in-Home display,
tĞďƉŽƌƚĂůĂŶĚtĂƩƐŽŶ͕ŝŶϮ'ƉƌŽũĞĐƚ

4

Figure 3: Forewatch ͕ĚĞǀĞůŽƉĞĚĨĞĞĚďĂĐŬƐǇƐƚĞŵĨŽƌWDƉƌŽũĞĐƚ

data noƟĨy the users when the ͞good͟ (green)͕ ͞aǀerage͟ (yellow) and ͞bad͟ (red) Ɵme is Ĩor using energy͘
On one hand͕ this technology Ɖroǀides residenƟal customers with the suƉƉorƟǀe inĨormaƟon to change
their consumƉƟon behaǀiour toward more sustainable use oĨ electricity͘ On the other hand͕ old habits
and accustomed comĨort are the main barriers Ĩor consumers to alter their energy consumƉƟon ƉaƩern
which could be solǀed by introducing automated demand resƉonse technologies in household sector͘
ƵŝůĚŝŶŐ/ŶƚĞŐƌĂƚĞĚ͗ based on the results oĨ the aĨoremenƟoned studies͕ it made more sense to integrate
the Ĩeedback system͕ which Ɖroǀides consumƉƟon data and Ɵme oĨ use Ɖrices͕ into home automaƟon
system͘ This allowed the resƉonses to be indeƉendent Ĩrom user behaǀiour in order to oƉƟmize results
without the loss oĨ customer comĨort͘ Automated demand management helƉs consumers keeƉ the reƋuested comĨort leǀel and oƉƟmizes the use oĨ aǀailable renewable energy sources at the same Ɵme͘ In
this regard͕ the B2G Ɖroũect has been conducted to analyze the eīect oĨ two aƉƉroaches on the energy
consumƉƟon oĨ buildings:
1) Direct load control: Easily accessible Ňeǆible loads used in this Ɖroũect are electric heaƟng and the hot
water systems͘ In the direct load control aƉƉroach͕ these units were switched onͬoī by the grid oƉerator
according to ƉredeĮned regulated Ɵmes͘ The calculated theoreƟcal ƉotenƟal oĨ load shedding Ĩor ͞Salzburg grid͟ is uƉ to 50й oĨ Ɖeak demand when all buildings are eƋuiƉƉed with electrical heaƟng systems͘
Howeǀer͕ ƉracƟcally the load shedding ƉotenƟal is about 10й oĨ the Ɖeak load in Ɖarts oĨ the grid with a
high density oĨ installed electric heaƟngs and about 1͘5й oĨ the Ɖeak load is shiŌable within the eǆisƟng

4 &ORE stands Ĩor ͞&orecast OĨ Renewable Energy͟
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legal Ĩramework͘ Since this method does not get any Ĩeedback Ĩrom the indoorͬhot water temƉerature
and does not consider the comĨort oĨ the consumers in the building͕ it is considered as a non-Ňeǆible
soluƟon͕ which is also limited to ƉredeĮned hours within a day͘
ϮͿ&ůĞǆŝďůĞŚŽŵĞĂƵƚŽŵĂƟŽŶƐǇƐƚĞŵ͗In B2G͕ it has been suggested to take this Ɖrocess within the building automaƟon system in order to shiŌ Ňeǆible loads automaƟcally considering comĨort range and eǆternal Ɖarameters like the outdoor temƉerature͘ Thus a building energy agent has been deǀeloƉed which
acts as the communicaƟon interĨace between the building and the electric Ɖower system and ĨulĮlls the
Ĩollowing tasks:
· EsƟmates the Ňeǆibility oĨ these comƉonents based on outdoor temƉerature and oƉƟmizes
the Ɵme oĨ demand shiŌing according to the energy Ɖrice
· &orecasts the energy consumƉƟon oĨ the thermal comƉonents in the building
· OƉƟmizes the uƟlizaƟon oĨ on-site generated energy Ĩrom e͘g͘ Ɖhotoǀoltaic units using Ňeǆible loads (thermal loads͕ electric ǀehicles͕͙)
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The deǀeloƉed building energy agent was imƉlemented in 10 selected buildings͘ The maǆimum reducƟon
achieǀed by using the building energy agent system is about 350 kW across the 10 buildings͘ The results
haǀe been analyzed Ĩor one oĨ these buildings consisƟng oĨ 5 residenƟal aƉartments͘ It is technically
and ƉracƟcally Ɖossible to achieǀe uƉ to 3͘7 kW oĨ Ňeǆibility Ĩor 6 hours ͘ In one oĨ the Įeld tests (St͘
Johann in Salzburg)͕ the load could be shiŌed eǀen Ĩor 12 hours without a Ɖerceiǀable imƉact on room
temƉerature͘ Howeǀer͕ this ƉotenƟal deƉends on the outdoor temƉerature͘ The colder the outdoor temƉerature is͕ the higher the Ňeǆibility is Ĩor load shiŌing͘ In order to oƉƟmally integrate acƟǀe buildings
into the smart distribuƟon grid͕ not only the ǀoltage should be keƉt within the regulated marginal ǀalues͕
aǀailable renewable resources should also be oƉƟmally eǆƉloited͘ In this regard͕ the traĸc-light model
has been suggested in which acƟǀe buildings react to the market signal as long as criƟcal threshold
ǀalues on the Ɖower grid haǀe not been reached (green lights)͘ When the grid gets closer to its ǀoltage
boundaries (yellow light) the market based mechanisms is oƉƟmized considering technical constraints
(see &igure 4 Θ &igure 5)͘ When the ǀoltage limits are eǆceeded then the grid oƉerator can act to stabilize
the grid without taking the market into account͘ In order to imƉlement this ƉroƉosed model a realisƟc
market conceƉt needs to be deǀeloƉed which will be done in the ongoing Ɖroũect HiT͘ To this end͕ necessary general condiƟons (͞market rules͟) were coordinated and the reƋuired systems and the technical
soluƟons were designed and built͘ The subseƋuent trial oƉeraƟon reƉresents a ĨoundaƟon Ĩor acƋuiring
Ĩurther knowledge and building more comƉleǆ system and market models͘
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system limit
Market based
Load
Market based
system limit
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Since the B2G Ɖroũect was mainly deǀoted to residenƟal and small oĸce buidlings͕ another study anlysed
the ƉotenƟal oĨ load shiŌing Ĩor commercial and industrial buildings in Austria͘ In this study diīerent
sectors such as restaurants and tourism͕ business͕ healthcare͕ ƉroducƟon and municiƉaliƟes haǀe been
interǀiewed and related inĨormaƟon has been gathered through ƋuesƟonnaires͘ According to this study͕
the ƉotenƟal oĨ demand reducƟon in Austrian commercial and industrial buildings has been esƟmated to
be around 664 MW͘ Cooling deǀices can ƉarƟciƉate in Ɖeak load reducƟon by 3й to 10й͘ SuƉermarket
chains are one oĨ the energy consuming sectors which can Ɖlay a signiĮcant role in load management
Ɖrograms͘
ůĞĐƚƌŝĐsĞŚŝĐůĞͲ/ŶƚĞŐƌĂƚĞĚ͗In the Ĩramework oĨ SGMS͕ ǀarious conceƉts Ĩor the integraƟon oĨ electric
ǀehicles in terms oĨ interacƟon Ɖortals͕ interĨaces and ǀisualizaƟon were established and technological
and economical eīects oĨ ͞grid-to-ǀehicle͟ and ͞ǀehicle-to-grid͟ conceƉts on the electricity grid were
eǀaluated͘ These Ɖroũects eǆamined the eīect oĨ three charging strategies: uncontrolled͕ market-oriented and grid-oriented͕ in medium and low ǀoltage grids͘
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The results oĨ the Ɖroũect calculated that the eīects oĨ diīerent charging strategies are more considerable in low ǀoltage grids͘ In general͕ the uncontrolled charging aƉƉroach is more Ĩaǀorable Ĩor grid oƉeraƟon since the market-oriented controlled charging causes a large number oĨ ǀehicles to charge at the
same Ɵme͘ Howeǀer͕ uncontrolled charging leads to congesƟons at the low ǀoltage leǀel iĨ the ƉenetraƟon rates reach 40й Ĩor electric ǀehicles͕ which may be the case in 2030 according to esƟmated scenarios͘ Grid congesƟon could be eǆƉerienced earlier in Ɖarts oĨ the network with higher load Ĩactors at the
end oĨ the Ĩeeders͘ In the case oĨ market-based charging strategy͕ grid congesƟons can eǀen occur with
25й ƉenetraƟon oĨ electric ǀehicles͘
In order to oƉerate the current inĨrastructure oĨ the electricity grid more eĸciently͕ suitable measures
such as slow charging and symmetrical distribuƟon oĨ charging Ɖoints on a three-Ɖhase system should
be considered͘ Otherwise͕ a large amount oĨ aǀailable grid reserǀes will be dissiƉated͘ Howeǀer͕ gridoriented controlled charging can release the occuƉied caƉacity oĨ the grid by 15й but it does not oīer
an oƉƟmal soluƟon Ĩor the system as a whole͘ A Ĩurther tyƉe oĨ market-oriented controlled charging
and discharging would allow electric ǀehicles to ƉarƟciƉate in the balancing market͘ In order to deliǀer a
constant leǀel oĨ 30 MW as terƟary control Ɖower within a day͕ the number oĨ reƋuired electric ǀehicles
Ĩor two deĮned scenarios͕ charge and discharge ͞at home͟ (blue line) and ͞at home Θ work͟ (red line)͕
has been Ɖresented in &igure 6͘ This corresƉonds to between 6й and 8й oĨ total number oĨ cars in the
Ɖroǀince oĨ Salzburg͘
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Figure 6: Number of required electric vehicles for providing 30 MW balancing services

Although controlled charging can release occuƉied grid reserǀes in the short term͕ it is not the oƉƟmal
soluƟon͘ AdaƉƟǀe charging (including both market and grid oriented soluƟons) has been suggested in
order to oƉƟmize the integraƟon oĨ the electric ǀehicles into the grid͘
The demo Ɖroũects made clear that the esƟmated theoreƟcal ƉotenƟal is not ǀiable in ƉracƟce͘ AssumƉƟons which are considered Ĩor simulaƟons hardly match real condiƟons and in some cases they are not
technically aƉƉlicable͘ In addiƟon͕ the reacƟon oĨ end users to the ǀarious Ĩeedback systems could not be
simulated and is not Ĩorcastable͘ Since the results oĨ each Ɖroũect haǀe been integrated directly into Ĩol-
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low uƉ Ɖroũects͕ the eǆƉeriences haǀe been used to imƉroǀe the technical conceƉt͕ imƉlementaƟon and
eǀaluaƟon oĨ the results͘ The results and lessons learned in the Įeld oĨ load management were ǀaluable
inƉuts Ĩor the HiT Ɖroũect which Ɖursues ǀarious smart grid aƉƉlicaƟons in the conteǆt oĨ buildings in an
innoǀaƟǀe housing community͘
The obũecƟǀes oĨ the Ɖroũect are oƉƟmised Ɖlanning͕ construcƟon and oƉeraƟon oĨ the block oĨ Ňats in
Rosa-Hoīmann-StraƘe͕ Salzburg Taǆham͕ named ͞Rosa ZukunŌ͘͟ The Ɖroũect started in January 2011
and will be Įnalized in May 2015͘ Currently͕ the construcƟon oĨ the buildings and the energy center are
comƉleted and the aƉartments haǀe been occuƉied in SeƉtember 2013͘
The Ĩollowing results are eǆƉected Ĩrom the Ɖroũect:
· PotenƟal assessment oĨ smart grid-Ĩriendly buildings͕ oƉƟmisaƟon and deǀeloƉement oĨ
building technologies Ĩor the residenƟal comƉleǆ
· DescriƉƟon oĨ interacƟons between users and the building
· EǀaluaƟon oĨ the grid-Ĩriendliness oĨ the building
· CreaƟon oĨ a roadmaƉ Ĩor the imƉlementaƟon oĨ a smart grid-Ĩriendly residenƟal comƉleǆ
The Įnal reƉort will be aǀailable at the end oĨ the year 2015͘

>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
The goal oĨ these Ɖroũects is to demonstrate diīerent asƉects oĨ the smart energy system oĨ the Ĩuture
in order to Įgure out which oĨ the aǀailable technologies are aƉƉlicable and which new ĨuncƟonaliƟes
should be integrated into the system͘ The cooƉeraƟon within the consorƟum made it Ɖossible to integrate diīerent ƉersƉecƟǀes and comƉetences͘ The Įrst lesson and the moƩo oĨ this ŇagshiƉ Ɖroũect
is “the whole is more than the sum of its parts”͘ The Ĩollowing lessons haǀe also been learned in the
course oĨ the Ɖroũects:

ŽŶƐƵŵĞƌͲ/ŶƚĞŐƌĂƚĞĚ͗
· &ocusing solely on Ɖroǀiding Ĩeedback on the electricity use is only oĨ marginal interest͘ In
order to achieǀe sustainable results it is necessary to combine inĨormaƟon and automated
serǀices͘
· Consumers are not only interested in monetary beneĮts which should be integrated in the
Ĩeedback system as Ɵme oĨ use (TOU) or dynamic tariīs but also on altruisƟc moƟǀes like
contribuƟon to saǀe the enǀironment͘
· VisualizaƟon and Ĩeedback systems moƟǀated users only in the beginning oĨ the Ɖroũects to
reduce their consumƉƟon͘ Including addiƟonal inĨormaƟon like the aǀailability oĨ renewables
or grid congesƟon leads to beƩer user resƉonse͘
· AddiƟonal serǀices͕ which oīer Ĩurther beneĮts to residenƟal customers͕ can be deǀeloƉed
using the aǀailable data and sources͘ Howeǀer͕ mechanisms to Ɖrotect Ɖriǀacy must be taken
into account Ĩrom the ǀery beginning to design eīecƟǀe smart grid inĨormaƟon and communicaƟon technologies͘
24

· Based on the eǆƉeriences Ĩrom C2G͕ the decentralized data transĨer method is suggested Ĩor
the Ĩurther Ɖroũects because it is in accordance with the data minimisaƟon ƉrinciƉle oĨ the
Data ProtecƟon Act oĨ Austria and has lower inǀestment cost͘ The data minimising aƉƉroach
ĨulĮlls the regulaƟons set out in the Data ProtecƟon Act because only the data used in billing
or Ĩor Ɖroǀiding legally mandated inĨormaƟon (deƉending on the model͕ a load ƉroĮle or daily
usage staƟsƟcs) is transĨerred to the grid oƉerator͘
· The integraƟon oĨ the Ĩeedback system into the home automaƟon has addiƟonal ƉotenƟal
to oīer secure soluƟons at local leǀel͘ It keeƉs the control oǀer the data ͞closer͟ to the user͘
· Cost synergies may also be created when the inǀestments are sƉread out oǀer diīerent Ɖarts
oĨ the system and are thereĨore easier to make͘
· AutomaƟon Ĩacilitates sustained changes in households͘ Howeǀer͕ it is absolutely necessary
that customers haǀe the Ɖossibility to control their deǀices and to be able to interǀene in automated decisions in demand resƉonse Ɖrograms͘

ƵŝůĚŝŶŐͲ/ŶƚĞŐƌĂƚĞĚ͗
ResidenƟal:
· Thermal simulaƟons show that eǀen old buildings Ɖossess suitable characterisƟcs which are
ƋualiĮed to shiŌ heaƟng loads oǀer a Ɖeriod oĨ seǀeral hours͘
· Buildings can acƟǀely be integrated into the electricity system and haǀe the ƉotenƟal oĨ reducing Ɖeak loads uƉ to 10й deƉending on the weather͕ Ɵme oĨ the day and year considering
the installed electrical heaƟng systems in each building͘ In order to use the ƉotenƟal oĨ buildings as a Ɖart oĨ smart inĨrastructure͕ it is necessary to include outside inĨormaƟon in the local
oƉƟmizaƟon system in the building͘
· Market models and market rules need to be established to guarantee security and stability oĨ
the grid while at the same Ɵme the best Ɖrice on the electricity market is obtained by oīering
Ňeǆibility͘
· There are sƟll many oƉen issues regarding technical details like standardised communicaƟon
Ɖrotocols͕ security oĨ data transĨer and Ɖriǀacy oĨ collected data Ĩrom buildings͘
Commercial Θ Industrial:
· Load management conceƉts can be realised by using ICT (InĨormaƟon Θ CommunicaƟon Technologies)͕ esƉecially in the business sector͘ In order to use this aǀailable ƉotenƟal it is necessary to adaƉt the legal Ĩramework͘
· Technically there is considerable ƉotenƟal Ĩor load management in the range oĨ MegawaƩs
which ǀaries according to the Ɖlace͕ Ɵme oĨ day and the season͘ This ƉotenƟal can only be
eǆƉloited when the reƋuired bidirecƟonal ICT inĨrastructure is Ɖroǀided͘ ParƟcularly ƋualiĮed
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comƉonents Ĩor demand management are thermal storage comƉonents such as heaƟng system͕ water boiler͕ etc͘
· TheoreƟcally͕ one third oĨ installed caƉacity oĨ electricity consuming deǀices haǀe the ƉotenƟal to act Ňeǆibly once a day Ĩor 15 to 30 minutes͘ This degree oĨ ƉotenƟal Ĩor the Ɖroǀince
Salzburg would Ɖroǀide uƉ to 200 MW oĨ Ɖower Ĩor Ňeǆibility serǀices͘ Neǀertheless͕ ƉracƟcal
eǆƉeriences deƉict that only 10й oĨ the aǀailable ƉotenƟal can ƉracƟcally be used͘

ůĞĐƚƌŝĐsĞŚŝĐůĞͲ/ŶƚĞŐƌĂƚĞĚ͗
· In order to be able to use the eǆisƟng grid as eĸciently as Ɖossible͕ slow charging (with the
caƉacity oĨ 3͘5 kW) is to be ƉreĨerred͘ Symmetrical load distribuƟon ǀia three-Ɖhase charging
should be adoƉted͘
· Purely market-oriented controlled charging͕ which leads to the high number oĨ electric ǀeicles
charging at once͕ should be aǀoided͘ Market-͕ load-͕ and grid-oriented controlled charging
should thereĨore be conducted with Ĩewer cars charging at the same Ɵme in order to be able
to aƉƉly asƉects oĨ the market and to use eǆisƟng network inĨrastructure eĸciently͘ In order
to make the system as eĸcient as Ɖossible͕ a scheme Ĩor adaƉƟǀe charging should be deǀeloƉed͘ AdaƉƟǀe charging should be introduced as soon as the necessary ĨuncƟonality in
the Ɖower grid is Ɖresent or͕ as anƟciƉated in the V2G Strategies Ɖroũect͕ when the leǀel oĨ
controlled charging has reached the criƟcal Ɖoint at which the energy system can no longer
adeƋuately handle the integraƟon oĨ more electric ǀehicles͘
· Vehicle-to-grid deliǀery oĨ electricity is not Ĩeasible based on current market condiƟons͕ since
the current costs eǆceed the achieǀable beneĮts by a Ĩactor oĨ two͘
· In order to imƉlement three-Ɖhase charging at low loads͕ decision-making between the inǀolǀed stakeholders (grid oƉerator͕ electric ǀehicles charging staƟon manuĨacturers͕ electric
ǀehicles serǀice Ɖroǀiders) should be coordinated and aƉƉroƉriate technical and organisaƟonal regulaƟons should be agreed͘
One oĨ the maũor beneĮts oĨ the SGMS liǀing lab is that it is a ƉroƉer testbed Ĩor assesing the Ɖossible
technical soluƟons and the adǀantages and disadǀantages oĨ ǀarious system architectures and associated
business models͘ In this regard͕ new smart grid aƉƉlicaƟons should be embedded in a reĨerence architecture that Ĩorms the basis Ĩor deǀeloƉing standards͘ In order to beneĮt Ĩrom the synergies discoǀered
between smart grid aƉƉlicaƟons͕ it is necessary to bundle the sƉeciĮcaƟons oĨ the indiǀidual technologies rather than ǀiew them seƉarately͘ This will enable the creaƟon oĨ an eĸcient͕ generic and easy-toeǆtend basic inĨrastructure͘
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Next Steps
In order to be able to imƉlement the results and Įndings oĨ these Ɖroũects to the enƟre energy system͕
an oǀerall market model including releǀant desicion makers which suƉƉort the energy transiƟon͕ should
be determined͘ On the way to achieǀe aƉƉlicable smart inĨrastructure there are Ĩour main consecuƟǀe
steƉs to be Ɖursued (&igure 7)͘ Within SGMS͕ aŌer deǀeloƉing the indiǀidual aƉƉlicaƟons͕ their system
integraƟon was subseƋuently combined͕ merged and deǀeloƉed synergisƟcally͘ The neǆt steƉ entails an
eǆaminaƟon oĨ the ƉotenƟal market based on deǀeloƉed technologies and the Ĩurther deǀeloƉment oĨ
aƉƉlicaƟons into Ɖroducts suited to eǀeryday liĨe͘

DeǀeloƉment
oĨ indiǀidual
aƉƉlicaƟons

Adũustment oĨ
the insƟtuƟonal
Ĩramework
CombinaƟon
oĨ
aƉƉlicaƟons
Marketable
Ɖroducts

Smart
InĨrastructure
Salzburg

Figure 7: The steps in the way to “Smart Infrastructure” Salzburg

&ocusing on demand resƉonse issues͕ the Ĩollowing subũects need to be highlighted:
· The interconnecƟon between ǀarious deǀeloƉment lines within the energy Ɖolicy is necessary͘
&or eǆamƉle ƉoliƟcal strategies Ĩor integraƟon oĨ PV units and incenƟǀes Ĩor the oƉƟmizaƟon
oĨ selĨ consumƉƟon are two key leǀerages Ĩor suƉƉorƟng the deǀeloƉment oĨ load management͘
· Currently͕ end users haǀe limited choises such as selecƟng their energy suƉƉliers but sƟll haǀe
an inacƟǀe role in the energy system͘ AcƟǀe ƉarƟciƉaƟon oĨ end users could suƉƉort the grid
oƉerator as an alternaƟǀe Ĩor grid eǆƉansion͘
· One considerable obstacle to the integraƟon oĨ demand resƉonse is the structure oĨ the current market model͘ &or eǆamƉle͕ the balancing market is designed Ĩor centralized ancillary
serǀices͘ It is necessary to deĮne new market Ɖlayers such as an aggregator or Ňeǆibility oƉerator in order to allow the acƟǀe element oĨ the energy system ƉarƟciƉaƟng in the energy
market and suƉƉort the eĸcient oƉeraƟon oĨ the aǀailable inĨrastructure as much as Ɖossible͘
· By deĮning releǀant communicaƟon and security standards Ĩor the reƋuired interĨaces in the
smart inĨrastructure͕ not only does market entry become much easier͕ also inǀestment security increases and deǀeloƉment eǆƉenses decrease͘
Based on menƟoned challenges Ĩollowing adaƉƟons should be considered Ĩor the integraƟon oĨ demand
side management in the Ĩuture smart grid:
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AUSTRIA
Smart Grids Model Region Salzburg

PoliƟcs

· DeĮning the roles and reƉonsibliƟes Ĩor ͞behind-the-meter͟ acƟǀiƟes
· DeǀeloƉment oĨ smart incenƟǀe schemes to Ɖromote acƟǀe ƉarƟciƉaƟon oĨ Ňeǆible loads

LegislaƟon

· IntegraƟon oĨ building automaƟon systems into the Energy PerĨormance oĨ Building
DirecƟǀe (EPBD)
· DeĮniƟon oĨ Ňeǆibility oƉerator
· &uture obligaƟon to connect charging staƟons Ĩor electric ǀehicles to a Ňeǆibility oƉerator
in order to enable controlled and adaƉƟǀe charging
· ClariĮcaƟon oĨ data Ɖriǀacy Ɖroǀisions when using smart metering
· Adũustments to measurement and calibraƟon laws relaƟng to smart meters͕ e͘g͘ in order
to eǆtend serǀice liĨe and thus eǆchange Ɖeriods

Regulator

· DeĮniƟon oĨ standard reƋuirements Ĩor EV charging staƟons
· TyƉe and structure oĨ Ňeǆible tariīs
· SƉeciĮcaƟon and design oĨ Ňeǆible tariīs
· CoordinaƟon oĨ reƋuirements in the electricity and telecommunicaƟon market with regard to synergies during a comƉrehensiǀe eǆƉansion

Market model

· CreaƟon oĨ market-based incenƟǀes Ĩor residenƟal and industrial customers (e͘g͘ Ňeǆible
tariī structures͕ Ɖower and caƉacity orientated grid tariīs)
· Design ƉrinciƉles Ĩor eƋual treatment oĨ consumers and Ɖrosumers during integraƟon into
the grid controller

AcceƉtance

To oǀercome Ɖriǀacy concerns:
· Transmission oĨ aggregated data
· ReducƟon oĨ temƉoral resoluƟon
· IncenƟǀe systems Ĩor the transmission oĨ energy data
· Allowing interǀenƟon oĨ residenƟal consumers in the Ĩorecasts on load shiŌing

dĂďůĞϭ͗EŽŶͲƚĞĐŚŶŝĐĂůĐŚĂůůĞŶŐĞƐƌĞŐĂƌĚŝŶŐƚŚĞŝŶƚĞŐƌĂƟŽŶŽĨĞŵĂŶĚ^ŝĚĞDĂŶĂŐĞŵĞŶƚ

<ĞǇZĞŐƵůĂƟŽŶƐ͕>ĞŐŝƐůĂƟŽŶΘ'ƵŝĚĞůŝŶĞƐ
UƉ to now͕ there is no sƉeciĮc regulaƟon Ĩor the integraƟon oĨ demand resƉonse into the energy system
in Austria͘ &leǆible demand can ƉarƟciƉate in ǀarious markets (day ahead͕ intraday͕ balancingͬcaƉacity
market͕͘͘) based on current rules Ĩor other generaƟon units͘ By deĮning new rules Ĩor the integraƟon oĨ
demand resƉonse͕ the aǀailable ƉotenƟal oĨ Ňeǆible demand in a smart grid will be eīecƟǀely eǆƉloited͘
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Project Ownership

Number of customers
Electricity delivered

/ŶĨŽƌŵĂƟŽŶŽŶŚŽƐƟŶŐ
ƵƟůŝƟĞƐĂŶĚŵĂƌŬĞƚƐ

'ĞŶĞƌĂƟŽŶŵŝǆ
;ďĂƐĞĚŽŶĞŶĞƌŐǇŐĞŶĞƌĂƟŽŶͿ
Contact

PowerShiŌ AtlanƟc is a collaboraƟon between:
New Brunswick Power CorƉoraƟon (NBPC)
ͼ Saint John Energy (SJE)
ͼ MariƟme Electric ComƉany Limited (MECL)
ͼ Noǀa ScoƟa Power IncorƉorated (NSPI)
ͼ New Brunswick System OƉerator (NBSO)
ͼ Uniǀersity oĨ New Brunswick (UNB)
ͼ Goǀernment oĨ New Brunswick
ͼ Goǀernment oĨ Prince Edward Island
reĨerred to collecƟǀely as the consorƟum͘
Almost 1 million͕ across the 4 serǀice areas
GWh miǆ: 40й residenƟal͕ 26й commercial and 31й industrial loads (balance
is street lighƟng and other non-metered loads)
26͕055 GWh in 2011 across the 4 serǀice areas
NBPC is owned by the Ɖroǀince oĨ New Brunswick͘ NSPI is Ɖriǀately owned by
Emera͕ MECL is Ɖriǀately owned by &orƟs and SJE is Ɖriǀately owned by its rate
Ɖayers͘ All uƟliƟes are ǀerƟcally-integrated͕ eǆceƉt SJE which is a local distribuƟon comƉany Ĩor the city oĨ Saint John͘
The NBSO oƉerates the Ɖower system in New Brunswick͕ in Prince Edward Island and in Northern Maine (United States)͘ NSPI oƉerates the network in Noǀa
ScoƟa͘ NBSO is the reliability coordinator Ĩor New Brunswick͕ Prince Edward
Island͕ Northern Maine and Noǀa ScoƟa͘
There is no wholesale energy market in the MariƟmes͘
Nuclear: NBSO (35й) NSPI (0й)
&ossil Ĩuels: NBSO (30й) NSPI (77й)
Renewables: NBSO (30й) NSPI (17й)
Other (imƉorts): NBSO (5й) NSPI (6й)
Michel Losier͕ Program Director͕ PowerShiŌ AtlanƟc͕ mlosierΛnbƉower͘com

CANADA

sŝƌƚƵĂůWŽǁĞƌWůĂŶƚdŽĂůĂŶĐĞtŝŶĚŶĞƌŐǇ

PowerShiŌ AtlanƟc is demonstraƟng one oĨ the world͛s Įrst Ĩully grid-integrated ǀirtual Ɖower Ɖlants designed to allow Ĩor more eīecƟǀe integraƟon oĨ wind Ɖower͘ The Ɖroũect is a collaboraƟǀe demonstraƟon led
by New Brunswick Power CorƉoraƟon (NBPC) in ƉartnershiƉ with MariƟme consorƟum members Ĩrom academia͕ uƟliƟes and goǀernment͘ It is
demonstraƟng the caƉability oĨ ǀirtual Ɖower Ɖlants to balance high ƉenetraƟons oĨ wind Ɖower on a cross-ũurisdicƟonal system͘ Unlike tyƉical demand resƉonse serǀices͕ the ǀirtual Ɖower Ɖlant uses load and wind ĨorecasƟng and aggregaƟon caƉabiliƟes to ƉerĨorm near real-Ɵme load shiŌing
oĨ commercial and residenƟal loads and Ɖroǀide new ancillary serǀices to
the grid͘ This Ɖroũect was launched in 2010 and is scheduled Ĩor comƉleƟon in the sƉring oĨ 2015͘ It is ũointly Ĩunded by Natural Resources Canada
through the Clean Energy &und and by members oĨ the consorƟum͘
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As oĨ 2013͕ the MariƟme region is host to one oĨ the highest ƉenetraƟons oĨ wind energy in North America (9й)͘ The ǀariability oĨ the wind generaƟon ƉroĮle couƉled with the eǆisƟng ǀariable demand ƉroĮles
are currently balanced with ancillary serǀices which are Ɖroǀided by on-line generators (i͘e͘ oil͕ gas͕ coal
and hydro) and oī-line generators which can be brought on-line as Ƌuickly as reƋuired͘ Load management ǀia two ǀirtual Ɖower Ɖlants in the PowerShiŌ AtlanƟc Ɖroũect could reduce the reƋuirement Ĩor
ancillary serǀices Ĩrom eǆisƟng assets͘ In this way it has the ƉotenƟal to reduce the costs and emissions
associated with the integraƟon oĨ current wind energy in the MariƟmes͕ as well as to increase the ƉotenƟal Ĩor Ĩuture renewable deǀeloƉment͘

KďũĞĐƟǀĞƐΘĞŶĞĮƚƐ
The Ɖrimary obũecƟǀe oĨ this demonstraƟon is
to determine iĨ load shiŌing can Ɖroǀide an economic and eīecƟǀe alternaƟǀe to building new
suƉƉly side ancillary serǀices Ĩor the integraƟon oĨ
wind with minimal or no disruƉƟon to ƉarƟciƉating uƟlity customers͘ As such there are technical͕
business͕ enǀironmental and customer beneĮt research obũecƟǀes that this Ɖroũect seeks to achieǀe:
dĞĐŚŶŝĐĂů ďĞŶĞĮƚ͗ Test the ability oĨ ǀirtual
Ɖower Ɖlants managing customer loads to ƉerĨorm in sync with system balancing and Ĩorecasted wind ƉroĮles͕ and to oīer a reliable alternaƟǀe Ĩor balancing renewable generaƟon͘
ƵƐŝŶĞƐƐďĞŶĞĮƚ͗Test the cost eīecƟǀeness oĨ oƉeraƟng ǀirtual Ɖower Ɖlants as ancillary serǀice
Ɖroǀiders (10 minute sƉinning reserǀe and Real Time GeneraƟon DisƉatch (RTGD)) and determine aƉƉroƉriate business models Ĩor integraƟng the comƉonents oĨ a ǀirtual Ɖower Ɖlant within
a ǀerƟcally-integrated uƟlity͘
ƵƐƚŽŵĞƌďĞŶĞĮƚ͗EǆƉlore new customer roles and customer relaƟonshiƉs that suƉƉort customer
ƉarƟciƉaƟon in load management͕ and caƉture ǀalue Ĩor the customer͘ Determine best ƉracƟces
Ĩor establishing relaƟonshiƉs oĨ trust Ĩor direct load shiŌing͘
ŶǀŝƌŽŶŵĞŶƚĂůďĞŶĞĮƚ͗Determine the GHG reducƟon ƉotenƟal by oƉeraƟng a ǀirtual Ɖower Ɖlant
as oƉƉosed to oƉeraƟng Ňeǆible Ĩossil Ĩuel generaƟon to balance ǀariable suƉƉly and load ƉroĮles͘

ƵƌƌĞŶƚ^ƚĂƚƵƐΘZĞƐƵůƚƐ
To demonstrate ǀalue as an ancillary serǀice there must be a signiĮcant amount oĨ load aǀailable Ĩor shiŌing by the VPP ǀia aggregators͘ Customer ƉarƟciƉaƟon is thereĨore essenƟal to the success oĨ this Ɖroũect͘
As oĨ Jan 31͕ 2014͕ PowerShiŌ AtlanƟc has oǀer 1͕250 customers ƉarƟciƉaƟng and 14͘3 MW oĨ connected
load͘ As Ɖresented in &igure 1͕ year round management oĨ customer loads is diīerent Ĩrom any other
energy eĸciency or demand side management Ɖrogram͘ A new leǀel oĨ trust must be established in the
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relaƟonshiƉ between the customer and the uƟlity in order to allow the uƟlity to shiŌ loads͘ Learning how
to engage customers and keeƉ them engaged will be a key Įnding Ĩor uƟliƟes Ĩrom the Ɖroũect͘

ĞŵĂŶĚ^ŝĚĞDĂŶĂŐĞŵĞŶƚ

Inǀestment

ImƉroǀed Energy
Eĸciency

MW

Customer Issue:

ĞŵĂŶĚZĞƐƉŽŶƐĞ
ShiŌ

MW

Customer Issue:

Behaǀiour

ŝƌĞĐƚ>ŽĂĚ^ŚŝŌŝŶŐ
ShiŌ

Trust

Balancing

MW

Customer Issue:

Shed

&ŝŐƵƌĞϭ͗ZĞůĂƟŽŶƐŚŝƉƐďĞƚǁĞĞŶƚŚĞĐƵƐƚŽŵĞƌŝƐƐƵĞƐĂŶĚĚĞŵĂŶĚͲƐŝĚĞƐŽůƵƟŽŶƐ

The other key asƉect oĨ the Ɖroũect Ɖlanning is around the technical comƉonents͘ The key challenge will
be to ensure reliable real-Ɵme grid oƉeraƟon with a ǀirtual Ɖower Ɖlant (VPP)͘ This Ɖroũect includes two
VPP instances (one at New Brunswick Power and one at Noǀa ScoƟa Power)͘ New energy management
systems and aggregaƟon architecture will be deǀeloƉed to balance demand against the ǀariability oĨ
wind generaƟon͕ and Ɖroǀide the eƋuiǀalent oĨ a 10 minute sƉinning reserǀe and RTGD͘ &igure 2 shows
the high-leǀel system architecture Ĩor the ǀirtual Ɖower Ɖlants͘ The MariƟme consorƟum͕ along with
Stantec͕ Accreon͕ Leidos (Ĩormerly called SAIC)͕ and T4G comƉanies are working on customer engagement͕ technology deǀeloƉment and deƉloyment͕ and VPP deǀeloƉment͘ The Ĩollowing table giǀes a summary oĨ the Ɖroũect (current status as oĨ January 2014):

EĞǁƌƵŶƐǁŝĐŬWŽǁĞƌsWW
UƟlity

Aggregators

Customers*

Uniǀersity oĨ
New Brunswick

134 residenƟal
3 commercial

New Brunswick
Power

Enbala Steīes͕
Integral AnalyƟcs

Saint John Energy

Uniǀersity oĨ New
Brunswick

MariƟme Electric

EŽǀĂ^ĐŽƟĂWŽǁĞƌsWW
UƟlity

Aggregators

Customers*

Noǀa ScoƟa Power

Steīes
Integral AnalyƟcs͕
Enbala

598 residenƟal
23 commercial

55 commercial
228 residenƟal

-

-

-

204 residenƟal

-

-

-

WƌŽũĞĐƚĐŽƐƚ͗ΨϯϮD

Goal : 20 MW oĨ uƉͬdown regulaƟon
dĂďůĞϭ͗ƚůĂŶƟĐZĞƐĞĂƌĐŚĂŶĚĞŵŽŶƐƚƌĂƟŽŶWƌŽũĞĐƚKǀĞƌǀŝĞǁ
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To date͕ Ĩour aggregaƟon Ɖilot Ɖroũects are
underway with 1͕164 residenƟal customers
and 81 commercial sites connected͕ amounƟng
to 14͘27 MW oĨ connected load with a remaining 4MW Ɖlanned Ĩor installaƟon͘ Each Ɖilot
Ɖroũect has a uniƋue technical soluƟon͕ targeted end uses and aggregator serǀice Ɖroǀider͘
Two instances oĨ the VPP are uƉ and running
(one Ĩor each system oƉerator)͘ Each aggregator has established connecƟǀity to the VPP and
is ƉerĨorming controlled tesƟng oĨ end-to-end
ĨuncƟonality͘ By March 2014͕ the Ɖroũect aims
to haǀe aƉƉroǆimately 18 MW oĨ controllable
load through a combinaƟon oĨ commercial and
residenƟal customers͘ Oǀerall customer saƟsĨacƟon with the Ɖrogram remains high (80й)
with an eǆƉressed desire Ĩor more ĨreƋuent detailed Ɖrogram inĨormaƟon͘

STATUS
The build Ɖhase Ĩor the core ĨuncƟonal comƉonents and Ɖrimary interĨaces that make uƉ
the VPP architecture is comƉlete͘
DeǀeloƉment and tesƟng Ĩor all comƉonents
to allow end-to-end tesƟng is comƉlete͘
InĨrastructure is in Ɖlace to imƉlement aggregators͕ install reƋuired eƋuiƉment͕ and
ƉerĨorm load management and to measure
results͘
All aggregators are oƉeraƟng end-to-end ǀia
the VPP ͘
Customer installaƟons are to be comƉleted by
March 2014͘
Periodic surǀeys are conducted with ƉarƟciƉating customers 2 to 3 Ɵmes annually͘
One year demonstraƟon Ɖhase oĸcially started Oct 1͕ 2013 to collect data and eǀaluate VPP
ƉerĨormance

As a research Ɖroũect Ĩocused on Įnding more
eīecƟǀe ways to integrate wind energy into the
electricity system͕ this Ĩour year demonstraƟon
Ɖroũect was considered an inǀestment that would eǀentually lead to cost saǀings͘ The cost oĨ this Ɖroũect
is Ψ32M͕ where halĨ oĨ the Ĩunding comes Ĩrom the Canadian goǀernment͛s Clean Energy &und and the
other halĨ Ĩrom the consorƟum͘ Now that the Ɖroũect is Ɖrogressing through the deƉloyment Ɖhase and
the VPP ĨuncƟonality imƉlemented͕ the Ɖroũect team is deǀeloƉing the business case by idenƟĨying and
ƋuanƟĨying ƉotenƟal beneĮts including͕ but not limited to:
· Aǀoided cost oĨ Ĩuel to Ɖroǀide ancillary serǀices͘
· Aǀoided cost oĨ maintenance associated by Ĩossil Ĩuel start-uƉ or cycling͘
· Aǀoided cost oĨ generaƟon͕ transmission and distribuƟon network caƉacity͘
· Aǀoided GHG͘
While the current research is Ĩocused on integraƟng wind generaƟon more eīecƟǀely͕ the learnings will
be releǀant Ĩor oƉƟmizing other sources oĨ renewable energy generaƟon͕ and ƉotenƟally oīseƫng the
need Ĩor building tradiƟonal generaƟon in the Ĩuture͘ &uture deǀeloƉment oĨ the VPP may also include
Ɖeak demand reducƟon or other tyƉes oĨ ancillary serǀices based on load management and storage͘
Customer buy-in and on-going inǀolǀement will be measured as a key indicator oĨ the ƉotenƟal to moǀe
beyond research and demonstraƟon to a commercial oīering͘
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>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
ŽůůĂďŽƌĂƟŽŶ ƚŽ ĂĐŚŝĞǀĞ Ă ŐƌĞĂƚĞƌ ƐĐŽƉĞ ĂŶĚ ƐĐĂůĞ͗ This Ɖroũect challenges the more tradiƟonal aƉƉroach to managing a Ɖroũect oĨ this size and comƉleǆity͘ &or it to succeed͕ the Ɖroũect reƋuired more
resources and caƉabiliƟes than any one Ɖroũect Ɖartner could haǀe achieǀed on their own͘ Thus͕ PowerShiŌ AtlanƟc dictated a collaboraƟǀe goǀernance model where the congenial comƉeƟƟǀe nature oĨ
each uƟlity could Ĩuel Ɖrogress͘ All consorƟum members are Ĩully engaged and the Ɖroũect has been Ĩully
endorsed at all leǀels within the uƟlity comƉanies͘
With a Ɖroũect oĨ this scale and nature͕ the consorƟum is able to learn Ĩrom oƉeraƟng a VPP with:
· A ǀariety oĨ residenƟal and commercial end-uses (water heaters͕ water boilers͕ HVAC͕ reĨrigeraƟon͕ electrical thermal storage)͘
· Two system oƉerators͕ uƟliƟes with diīerent ownershiƉ and goǀernance͕ markets with diīerent rate structures (Ɵme oĨ day ǀersus Ňat rate)͘
· Commercial customers with energy management systems, commercial customers with a
sƉeciĮc deǀice directly controlled by the aggregator͘
Project Management: This Ɖroũect has rekindled a sƉirit oĨ working together to Įnd soluƟons͘ The Ɖroũect team conƟnually challenges the consorƟum members to right-size their Ɖilot Ɖroũects with internal
Ɖrocesses such as Ɖrocurement and contract negoƟaƟon͘ As well, regular reǀiew and reƉorƟng oĨ risk
and issue management across all leǀels oĨ goǀernance has Ɖroǀen eīecƟǀe in managing the eǆƉectaƟons
oĨ all stakeholders͘ The Ɖroũect is also inŇuencing change across the broader industry, Ĩrom a ǀendor, suƉƉlier and regulatory ƉersƉecƟǀe͘ This has been signiĮcant in that:
· It has helƉed idenƟĨy criteria Ĩor ǀendors and eƋuiƉment, and to idenƟĨy areas that are ƉarƟcularly challenging Ĩor the ǀendor͘
· It has enabled the industry to beƩer understand the uƟlity͛s ǀision and some oĨ the challenges
they Ĩace with renewable serǀices͘
· Vendors are changing their Ɖroducts to accommodate PowerShiŌ AtlanƟc reƋuirements͘ This
collaboraƟon with the ǀendor is building strong relaƟonshiƉs Ĩor Ĩuture oƉƉortuniƟes͖ Ɖushing demand resƉonse Ɖroǀiders to go beyond eǆisƟng caƉabiliƟes͘
· The regulators are engaged in discussions about the Ɖroũect and Ĩuture imƉlicaƟons to regulaƟon based on the results͘

&ŝŐƵƌĞϮ͗,ŝŐŚͲůĞǀĞůƐǇƐƚĞŵĂƌĐŚŝƚĞĐƚƵƌĞĨŽƌWŽǁĞƌ^ŚŝŌƚůĂŶƟĐǀŝƌƚƵĂůƉŽǁĞƌƉůĂŶƚƐ
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Technical Lessons: The PowerShiŌ AtlanƟc Ɖroũect reƋuires the seamless integraƟon oĨ modern technology, connecƟng customer to the aggregator and system oƉerator͘ At this stage oĨ installaƟon and
oƉeraƟon the Ɖroũect team has gained insight into the current industry caƉabiliƟes with resƉect to load
shiŌing, load ĨorecasƟng and aggregaƟon soluƟons͘ AŌer receiǀing oīers Ĩor the VPP technology ƉlatĨorm, the consorƟum Ĩound that commercially aǀailable energy management systems (EMS) do not suƉƉort conƟnuous load management, and that the demand resƉonse management systems (DRMS) do not
suƉƉort ancillary serǀice Ɖroǀision saƟsĨactorily͘ ConseƋuently, the consorƟum decided to deǀeloƉ an
innoǀaƟǀe VPP soluƟon (deǀeloƉed by the system integrator Stantec, Accreon and Leidos), to Ɖroǀide
load shaƉe management and to Ɖroǀide the eƋuiǀalent oĨ a 10 minute sƉinning reserǀe on demand͘ Also,
to Ĩurther reduce Ɖroũect costs, the consorƟum decided to host the VPP soluƟon on a Bell-Alliant ǀirtual
Ɖlaƞorm ǀersus Ɖurchasing hardware͘
The VPP oƉerates conƟnuously in near real-Ɵme, thereĨore conƟnuous communicaƟon between the load
and the aggregator, and between the aggregator, VPP and the system oƉerator, is reƋuired͘ On the residenƟal aggregaƟon side, it was demonstrated that aggregators uƟlizing customer broadband communicaƟons (Internet connecƟon) were able to oƉerate closer to real-Ɵme than those using radio ĨreƋuency
(R&) mesh-node networks͘ Most soluƟons inǀolǀed are using broadband communicaƟons eǆceƉt one
which uses the adǀanced metering inĨrastructure (AMI) communicaƟon network͘
AMI uƟlizing R& mesh-nodes Ɖoses challenges Ĩor real-Ɵme management oĨ loads͘ Inherent latency between issuing a load control acƟon and conĮrmaƟon oĨ the eǆecuƟon oĨ that acƟon make it diĸcult to
be uƟlized as a near real-Ɵme communicaƟons technology Ĩor load control͘ Data transĨer through AMI is
someƟmes lost or delayed, challenging the load aggregaƟon and the ability to Ɖroǀide reliable Ĩorecasts͘
Also, eǆtracƟng inĨormaƟon on the electric water heater status Ĩrom the global household consumƉƟon
measured by the smart meter, instead oĨ direct measurement oĨ the aƉƉliance, Ɖoses addiƟonal technical
challenges in determining an aƉƉliance͛s status and ĨorecasƟng its demand and load shiŌing caƉabiliƟes͘
Customer Engagement Lessons: To meet the Ɖroũect obũecƟǀes, a good customer engagement strategy
ensures that there is adeƋuate controllable load to conduct the research͘ The Ɖroũect team realized that
Ĩor customers to ƉarƟciƉate it must be easy, at no cost and with limited risk to their oƉeraƟons͘ The uƟliƟes inǀested in their customer engagement Ɖrogram uƉ-Ĩront with surǀeys and related work to ensure
that the soluƟons that would be deǀeloƉed would resonate with the customer͘ The uƉ-Ĩront acƟǀiƟes
included:
· Studying best ƉracƟces, conducƟng residenƟal and commercial customer surǀeys and Ĩocus
grouƉs to beƩer understand customer͘
· Customer Engagement Ɖrograms designed and being imƉlemented͘
· Ongoing ƉarƟciƉant surǀeys and communicaƟons͘
The research indicates that MariƟmers care about the enǀironment͖ they care about ƉrotecƟng and
Ɖreserǀing it, Įnding soluƟons to do so, and being ƉroacƟǀe about it͘ It also shows that they ǀalue and
aƉƉreciate when organizaƟons (i͘e͘ goǀernment, the region͛s uƟliƟes, and corƉoraƟons) work together in
a collaboraƟǀe way to eǆƉlore enǀironmental oƉƟons͘

36

In collaboraƟon, the uƟliƟes deǀeloƉed a common engagement Ɖrogram Ĩor customers in the Ɖroũect͘
This maũor achieǀement is the result oĨ a strategy which incorƉorates the common asƉects shared across
uƟliƟes but also Ɖroǀides the Ňeǆibility to customize and meet the uniƋue reƋuirements oĨ each uƟlity
and their customers͘ The Customer Engagement Program was designed with key customer ƉrinciƉles
agreed uƉon by all the uƟliƟes, as Ĩollows:
· ParƟciƉaƟon in the Ɖroũect is intended to be largely unnoƟced by the customer, such that the
customer will not noƟce any change in oƉeraƟons during load-shiŌing eǀents͘
· There is no cost Ĩor the customer to ƉarƟciƉate͘
· There is no saǀings guarantee͘
· There are no Įnancial incenƟǀes Ɖroǀided as moƟǀaƟon Ĩor residenƟal and commercial customers͘
PowerShiŌ AtlanƟc uƟlity comƉanies haǀe Ĩound that the Ɖroũect has enabled them to build new tyƉes
oĨ relaƟonshiƉs with their customers that Ĩoster new oƉƉortuniƟes and methods Ĩor communicaƟon and
inǀolǀement͘ DesƉite not haǀing Įnancial incenƟǀes or other guaranteed monetary beneĮts, customers
haǀe been keen to ƉarƟciƉate in order to contribute to Įnding ways to more eĸciently integrate wind, as
well as to caƉture other enǀironmental beneĮts, such as reducing GHGs͘ Under the commercial Ɖrogram,
customers are able to ƉarƟciƉate in a co-branding Ɖrogram with their uƟlity ƉromoƟng their inǀolǀement
in PowerShiŌ AtlanƟc͘ The co-branding Ɖrogram aligns with a commercial customer͛s corƉorate social
resƉonsibility obũecƟǀes͘
Managing customer eǆƉectaƟons is Ɖaramount in a long-term research Ɖroũect, ƉarƟcularly with commercial customers since they tend to haǀe lower tolerance Ĩor risk Ĩrom interruƉƟons comƉared to residenƟal customers͘ Throughout customer recruitment, the uƟlity comƉanies haǀe been uƉ Ĩront with
customers regarding the Ɖroũect duraƟon and the Ĩact that as a research Ɖroũect, the uƟliƟes do not haǀe
all oĨ the answers͘ To miƟgate any risk associated with that, the customer suƉƉort serǀices haǀe been
reǀisited and customer Ĩacing emƉloyees haǀe been trained to be knowledgeable about the Ɖroũect, and
about how to communicate asƉects oĨ the Ɖroũect with stakeholders͘
Engaging Large Customers Through Energy Management Providers: Engaging large commercial customers through an aggregaƟon serǀice Ɖroǀided by energy management Ɖroǀiders has Ɖroǀen to be a challenge͘ Energy management serǀice Ɖroǀiders controlling mulƟƉle sites through one energy management
system are not abundant in the MariƟmes and are not as adǀanced in this area as originally anƟciƉated͘
While costs oĨ installaƟon could be aǀoided by leǀeraging the eǆisƟng telemetry they haǀe with their customers, those businesses would sƟll need to uƉgrade their energy management system and caƉabiliƟes
to meet the aggregaƟon serǀice Ɖroǀider reƋuirements dictated by the VPP͘ Their energy management
Ɖlaƞorm would also haǀe to eǀolǀe technically to Ɖroǀide short term load shiŌing Ĩorecasts Ĩor the neǆt
36 hours to the VPP͘ In all cases the ƉroƉosals Ĩor such uƉgrades receiǀed were deemed unachieǀable
within the Ɖroũect budget and schedule constraints͘ As an alternaƟǀe, NB Power and NS Power decided
to moǀe Ĩorward with the Canadian comƉany, Enbala Power Networks͘ Enbala is Ɖroǀiding the technology to integrate the building control eƋuiƉment to be aggregated to ƉarƟciƉate in the Ɖrogram͘ NB Power
and NS Power haǀe also engaged Steīes CorƉoraƟon to Ɖroǀide both electrical and thermal storage
eƋuiƉment and Integral AnalyƟcs Ĩor residenƟal aggregaƟon serǀices͘
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<ĞǇZĞŐƵůĂƟŽŶƐ͕>ĞŐŝƐůĂƟŽŶΘ'ƵŝĚĞůŝŶĞƐ
WŽůŝĐǇŝŶƚŚĞDĂƌŝƟŵĞZĞŐŝŽŶŽĨĂŶĂĚĂ
The Ɖroǀinces oĨ New Brunswick, Noǀa ScoƟa and Prince Edward Island (PEI) each haǀe their own Ɖolicies, Ɖrograms and Ɖlans which inŇuence smart grid deǀeloƉment in the region͘ New Brunswick set smart
grid obũecƟǀes in its New Brunswick Energy BlueƉrint and in 2012 announced the deǀeloƉment oĨ a 10
year smart grid RoadmaƉ Ĩor the Ɖroǀince including 40й renewable energy by 2020͘ Noǀa ScoƟa has a
Renewable Energy Plan which led to the creaƟon oĨ a law dictaƟng that 25й oĨ Noǀa ScoƟa͛s electricity
will be suƉƉlied by renewable energy sources by 2015͘ The Plan sets a Ĩurther goal Ĩor 40й renewable
electricity by 2020͘ &eed-in Tariīs and enhanced net metering Ɖrograms suƉƉort the integraƟon oĨ Ɵdal
and solar Ɖroũects resƉecƟǀely͘ The Prince Edward Island Energy Strategy in 2008 doubled the goǀernment͛s Renewable Porƞolio Standard, reƋuiring 30й oĨ electricity to come Ĩrom renewable resources by
2013 and commiƩed to inǀesƟgate Ɖolicy and Įnancial mechanisms to integrate more distributed renewable generaƟon
This case study was deǀeloƉed by CanmetENERGY, Natural Resources Canada and the PowerShiŌ AtlanƟc
ConsorƟum͘ &urther inĨormaƟon can be Ĩound Ĩrom www͘ƉowershiŌatlanƟc͘com͘
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Market structure

The EcoGrid EU Ɖroũect will be demonstrated in Ĩull-scale demonstraƟon in
the Ɖower distribuƟon system, oƉerated by the local DSO OestkraŌ͘ OestkraŌ
is owned by the municiƉality oĨ Bornholm͘ A large-scale demonstraƟon in a
real Ɖower system reƋuires acƟǀe ƉarƟciƉaƟon and Ĩull suƉƉort Ĩrom the DSO͘
Hence, OestkraŌ is the key stakeholder and Ɖartner in the EcoGrid EU Ɖroũect͘
The Bornholm distribuƟon system is Ɖart oĨ the Nordic interconnected electricity system and Ĩully integrated in the Danish Ɖower area DK 2͘

Number of retail customers

AƉƉroǆ͘ 28,000

Electricity consumed (2012)

287 GWh

Peak Demand for Power (2012)

55 MW

ŝƐƚƌŝďƵƟŽŶEĞƚǁŽƌŬ

60 kV grid (131 km – Oǀerhead lines: 73 km – Cables: 58 km)
10 kV grid (914 km – Oǀerhead lines: 184 km – Cables: 730 km)
0͘4 grid kV 1,887 km
&iber network between 60ͬ10 kV substaƟons͘

Low carbon resources

Wind Ɖower Ɖlants: 36 MW
CHPͬBiomass: 16 MW
PV: 5 MW
Biogas Ɖlants: 2 MW

EƵŵďĞƌŽĨĚŝƐƚƌŝĐƚŚĞĂƟŶŐ
system

5

Contact

Oǀe͘S͘GrandeΛsinteĨ͘no
www͘eu-ecogrid͘net
&or more inĨormaƟon about the Bornholm energy system see
hƩƉ:ͬͬwww͘Ɖowerlab͘dkͬ&aciliƟesͬBornholmPowerSystem

DENMARK
ĐŽ'ƌŝĚh͗ZĞĂůͲdŝŵĞDĂƌŬĞƚ
ĞŵŽŶƐƚƌĂƟŽŶ

The EcoGrid EU Ɖroũect is a large-scale demonstraƟon oĨ consumer ƉarƟciƉaƟon in the balancing oĨ renewable electricity generaƟon by acƟǀe demand resƉonse to real-Ɵme Ɖrice signals created Ĩrom the Ɖresent Ɖrices
in the conǀenƟonal balancing market͘ Adǀance meters and ICT soluƟons
will enable small-scale customers to oīer the Transmission System OƉerators (TSOs) addiƟonal balancing resources͘
The Ĩundamental ƉrinciƉle oĨ the EcoGrid EU real-Ɵme market conceƉt is
to eǆƉloit Ňeǆibility in electricity consumƉƟon͘ At residenƟal leǀel, Ňeǆibility is in this case tyƉically associated with heat ƉumƉs and electric heaƟng
either Ĩor hot water or to keeƉ the house warm͘ The consumƉƟon is Ňeǆible since the heat can be stored and there is normally a range oĨ acceƉtable temƉeratures͘ There may be other signiĮcant sources oĨ Ňeǆibility
consumƉƟon in homes, eg iĨ an electric ǀehicle is used͘
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The test-site is located on the Danish island Bornholm͘ Here wind Ɖower suƉƉly
already eǆceeds the enƟre demand Ĩor
electricity in many hours the course oĨ a
year͘ This surƉlus situaƟon is likely to aƉƉear more ĨreƋuently in the Ĩuture – signiĮcantly increasing the need Ĩor Ɖower
balancing resources͘ IntroducƟon oĨ a
real-Ɵme market can Ɖroǀide ǀaluable
balancing resources and ancillary serǀices and contribute to reduce the costs oĨ
these resources͘
2,000 electricity customers on Bornholm
will by means oĨ Ňeǆible consumƉƟon ƉarƟciƉate in the demonstraƟon͘ A maũority
oĨ the test ƉarƟciƉants will be eƋuiƉƉed
with demand resƉonse deǀices with smart
controllers and smart meters, allowing

A large-scale demonstration
of a real-time market
for distributed energy
resources
Bornholm will by means of a
more flexible consumption
participate in the demanstration

Advanced meters and
ICT solutions enable
small-scale consumers
to offer TSO's additional
balancing services

Efficient management of
real power system with
more than 50% renewable energy

Bornholm is a part of
the Nordic power system

Figure 1: Systems architecture of EcoGrid EU in Bornhom

them to resƉond to Įǀe minutes real-Ɵme Ɖrices based on their Ɖre-Ɖrogrammed demand resƉonse
ƉreĨerences͘
The customers͛ Ĩeedback regarding the ICT technology introduced in the Ɖroũect and their ability and moƟǀaƟon to change consumƉƟon based on the real-Ɵme Ɖrices will be most ǀaluable as source Ĩor conceƉt
adũustment in the Įnal Ɖart oĨ the Ɖroũect͘

KďũĞĐƟǀĞƐĂŶĚĞŶĞĮƚƐ
The obũecƟǀe oĨ the EcoGrid EU Ɖroũect
is to illustrate that modern inĨormaƟon
and communicaƟon technology (ICT)
and innoǀaƟǀe market soluƟons can
enable an oƉeraƟon oĨ a Ɖower system
with more than 50й renewable energy
sources (RES) such as wind, biomass and
Ɖhotoǀoltaic (PV)͘
EcoGrid EU ƉroƉose to eǆtend the current wholesale electricity market to allow structure with a real-Ɵme market
that will oīer the Transmission System
OƉerator addiƟonal balancing resources and ancillary serǀices by ĨacilitaƟng
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Project fact box

Proũect Ĩunding
and organisaƟon

EU͛s 7th &ramework Programme suƉƉorts the
EcoGrid EU Ɖroũect͘ The total budget oĨ EcoGrid EU
is Φ 21 million oĨ which EU Įnances more than halĨ͘
The 15 EuroƉean EcoGrid EU Ɖartners reƉresent
global industry eǆƉerience, aƉƉlied research and
reƉresentaƟǀe geograƉhic distribuƟon, ie Northern EuroƉe, Central EuroƉe, the Iberian region and
Eastern EuroƉe͘ Nordic Ɖartners coǀer a signiĮcant
share oĨ the consorƟum since the demonstraƟon
is located on the Danish island Bornholm that is
connected to the Nordic Ɖower system͘ The EcoGrid EU Ɖroũect started in 2011 and is scheduled to
end in 2015͘
Table 1: EcoGrid EU fact box

the ƉarƟciƉaƟon oĨ a large number oĨ small-scale electricity
customers and other distributed resources (DER)͘ A modernisaƟon oĨ the eǆisƟng Ɖower market design will increase the
market ǀalue oĨ eg wind Ɖower and other DER which in the
long run is eǆƉected to Ɖroǀide the economic incenƟǀes Ĩor a
higher ƉenetraƟon oĨ renewables͘

TSO
CONTROL ROOM

SYSTEM
BALANCE

PRICE
SIGNAL

dŚĞĐŽ'ƌŝĚhƌĞĂůͲƟŵĞŵĂƌŬĞƚĐŽŶĐĞƉƚ
The EcoGrid EU market conceƉt is based on the ƉublicaƟon oĨ
real-Ɵme Ɖrice signals͘ AdaƉƟng the behaǀiour oĨ Ňeǆible resources like electric heaƟng and heat ƉumƉs will contribute to
maintaining the balance oĨ suƉƉly and demand in the Ɖower
system͘
&rom the wholesale market ƉersƉecƟǀe, this imƉlies that a
Įǀe-minute Ɖrice signal is created by Ĩor eǆamƉle the TSO, by
conƟnuously monitoring the Ɖower system and adũusƟng the
Ɖrice signal to correct the balance oĨ the system͘ To do so, it
is necessary to create reliable Ĩorecasts oĨ the eǆƉected resƉonse to Ɖrice changes͘ These will be uƟlised when comƉuting the marginal Ɖrice change reƋuired to trigger a resƉonse
oĨ the right size, leading to a ƉroƉer rebalancing oĨ the system͘

DISTRIBUTED
ENERGY
RESOURCES

ELECTRICITY NETWORK

Figure 2: The basic idea of EcoGrid EU market
concept

dŚĞĐŽ'ƌŝĚhƌĞĂůͲƟŵĞŵĂƌŬĞƚĐŽŶĐĞƉƚĂůůŽǁƐƌĞŐƵůĂƟŽŶŽĨĚŝƐƚƌŝďƵƚĞĚĞŶĞƌŐǇƌĞƐŽƵƌĐĞƐ;ZͿƚŚƌŽƵŐŚ
price signal ǁŝƚŚŽƵƚĚŝƌĞĐƚŵĞĂƐƵƌĞŵĞŶƚŽĨƚŚĞŝŶĚŝǀŝĚƵĂůZƌĞƐƉŽŶƐĞ͘

ǆƚĞŶƐŝŽŶŽĨƚŚĞĐƵƌƌĞŶƚŵĂƌŬĞƚƐĞƚͲƵƉ
As the wind Ɖower and other RES generaƟon increase, so will the need Ĩor more dynamics in the Ɖower system͘ The introducƟon oĨ real-Ɵme market is an obǀious steƉ
in the Ĩurther deǀeloƉment oĨ the eǆisƟng
electricity wholesale markets and balancing
markets that creates more Ĩaǀourable condiƟons Ĩor the Ĩuture comƉosiƟon oĨ renewable generaƟon and energy resources͘ This
will not necessarily reƋuire a reƉlacement
oĨ, but an eǆtension oĨ the current market
set-uƉ͘
The Įǀe-minute real-Ɵme market will eǆtend the market oƉeraƟon closer to real-

QUANTITY

MARKET-BASED
OPERATION

DIRECT
CONTROL

DAY-AHEAD

INTRA-DAY

NEW REAL-TIME
MARKET

BALANCING
MARKET

AUTOMATIC CONTROL

INERTIA
TIME SCALE
DAYS

HOURS

MINUTES

SECONDS

NOW

&ŝŐƵƌĞϯ͗dŚĞŶĞǁĐŽ'ƌŝĚhƌĞĂůͲƟŵĞŵĂƌŬĞƚŝŶƚŚĞĐŽŶƚĞǆƚŽĨ
ĞǆŝƐƟŶŐƉŽǁĞƌďĂůĂŶĐŝŶŐŵĂƌŬĞƚƐĂŶĚĐŽŶƚƌŽůƐǇƐƚĞŵƐ
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Ɵme and ƉotenƟally reduce the need Ĩor more eǆƉensiǀe automaƟc control resources such as load-ĨreƋuency control (L&C)͘
ZĞŵŽǀĞďĂƌƌŝĞƌƐĨŽƌƐŵĂůůͲƐĐĂůĞŵĂƌŬĞƚƉĂƌƟĐŝƉĂŶƚƐ͗Today and in the Ĩuture most DERs under the current Ĩramework will Ĩace barriers to suƉƉly balancing resources͘ This means, by ƉreǀenƟng some units Ĩor
ƉarƟciƉaƟng in the balancing (or market Ĩor ancillary serǀices), the balancing serǀices will be scarce and
thus more costly in a terms oĨ socioeconomic costs and not least: The end-user will Ɖrobably Ĩace higher
electricity bills in the Ĩuture – not only because oĨ increased cost Ĩor balancing oĨ the Ɖower system, but
also because oĨ the need Ĩor new grid enĨorcement and inǀestments͘
The EcoGrid EU real-Ɵme market conceƉt is based on a ͚bidless͛ market with Ɖrice announcement eǆante͘ This imƉlies that the Įnal seƩlement Ɖrice is determined by ƉredicƟon oĨ the real-Ɵme Ɖrice resƉonsiǀeness rather than on eǆƉlicit bids as known Ĩrom conǀenƟonal aucƟon based Ɖower markets͘ A
bidless market minimises the eīorts (transacƟon costs) Ɖut in by small-scale electricity customers or
small-scale generaƟon units, because they must not create bids and schedules, but simƉly resƉond to
the actual market Ɖrices͘

Project Design
ŝīĞƌĞŶƚǁĂǇƐƚŽƚĞƐƚƚŚĞƌĞĂůͲƟŵĞƉƌŝĐĞƌĞƐƉŽŶƐŝǀĞŶĞƐƐ͗ The real-Ɵme Ɖrice resƉonse can be realised
in seǀeral diīerent ways – with and without helƉ Ĩrom automaƟc control systems and home automaƟon
soluƟons͘ The test households and the commercial customers are organized in grouƉs deƉendent on the
ǭƉrice control systemǲ they belong:
· 500 households in a manual control grouƉ
· 1,200 household with automaƟc control grouƉ
· UƉ to 100 industryͬcommercial buildings with automaƟc Ɖrice control͘
Beside these grouƉs a staƟsƟcal control grouƉ oĨ 200 customers reƉresent the ͞business as usual͟ case͘
The manual control group only has access to real-Ɵme Ɖrice inĨormaƟon, i͘e͘ none oĨ their electric household deǀices are automaƟcally controlled͘ The manual control grouƉ will only receiǀe manual resƉonse
assistance, e͘g͘ through trainingͬenergy adǀice and a Ĩeedback system with consumƉƟon and Ɖrice inĨormaƟon͘ dŚĞĂƵƚŽŵĂƟĐĐŽŶƚƌŽůŐƌŽƵƉƐĂŶĚƚŚĞŐƌŽƵƉŽĨŝŶĚƵƐƚƌǇͬĐŽŵŵĞƌĐŝĂůďƵŝůĚŝŶŐƐwill beside manual
assistance also receiǀe technical assistance͘ All oĨ the automated households will haǀe home automaƟon
eƋuiƉment installed in order to oƉƟmise the oƉeraƟon oĨ their electric heaƟng, heat ƉumƉs or Ɖhotoǀoltaic units͘ The automaƟc control oĨ industryͬcommercial buildings include a diǀerse tyƉe oĨ distributed
energy resources, e͘g͘ electric ǀehiclesͬenergy storage ĨaciliƟes, and larger electricity aƉƉliances͘
Two main aƉƉroaches are used to realise the demand resƉonse oĨ the automated test ƉarƟciƉants:
1͘
2͘
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AutomaƟc control oĨ indiǀidual electric deǀicesͬresources
Aggregated control oĨ a Ɖorƞolio oĨ electric deǀicesͬresources

The automaƟc control oĨ indiǀidual electric deǀices uses IBM technology and GreenWaǀe home automaƟon soluƟons͘ The aggregated control grouƉs are based on two aggregator methods deǀeloƉed by
TNO and Siemens resƉecƟǀely͘ These houses also haǀe two tyƉes oĨ home automaƟon system: One Ĩrom
GreenWaǀe Realityǲs and one Ĩrom Siemens-SyncoLiǀing͘
Thus, the EcoGrid EU Ɖroũect uses diīerent Smart home soluƟons and diīerent ICT control technologies
Ĩor oƉƟmizaƟon oĨ the Ɖorƞolio and demand resƉonse to direct Ɖrice signals (local automaƟon and direct demand resƉonse)͘ It means that the systems are ǀendor indeƉendent, allowing Ĩor comƉeƟƟon and
Ĩreedom oĨ choice on the hardware and soŌware comƉonents͘
MARKETS

A: The manual control of devices
REAL-TIME

B: Individual control of devices
н͗ŐŐƌĞŐĂƚŽƌĐŽŶƚƌŽůŽĨĂƉŽƌƞŽůŝŽŽĨĚĞǀŝĐĞƐ

BALANCE RESPONSIBLE PARTIES
PRICE SIGNAL

PRICE SIGNAL

INCENTIVE-BASED
CONTROL

DIRECT CONTROL

A

B

C

D

SMART
CONTROLLER

SMART
CONTROLLER

HOME
GATEWAY

DEVICES

DEVICES

DEVICES

DEVICES

ELECTRICITY NETWORK
&ŝŐƵƌĞϰ͗/ŵƉůĞŵĞŶƚĂƟŽŶŽĨƌĞĂůͲƟŵĞƉƌŝĐĞƌĞƐƉŽŶƐŝǀĞŶĞƐƐ

ƵƌƌĞŶƚ^ƚĂƚƵƐΘZĞƐƵůƚƐ
The design Ɖhase oĨ the EcoGrid EU real-Ɵme market is comƉleted and the Įrst Ɖhase oĨ the Įeld test on
the Danish island Bornholm started on May 2013͘ The theoreƟcal conceƉt will be materialised in real liĨe
on Bornholm in course oĨ the neǆt 2-3 years͘
ZĞĐƌƵŝƚŵĞŶƚ ĂŶĚƵƐƚŽŵĞƌ WĂƌƟĐŝƉĂƟŽŶ͗ In Ɖarallel to the deǀeloƉment and design oĨ the real Ɵme
market conceƉt an intensiǀe eīort has been done by the local grid comƉany OestkraŌ in order to recruit
the 2,000 ƉarƟciƉants reƋuired in the demonstraƟon͘ The recruitment Ɖrocess is considered a success͘
By August 2013 the obũecƟǀe oĨ 1,900 test households on Bornholm was almost realized͘
BeĨore starƟng the EcoGrid EU recruitment, the communicaƟon acƟǀiƟes on Bornholm were targeted at
raising general awareness oĨ smart grid and the EcoGrid EU Ɖroũect among the enƟre Ɖublic on the island͘
The media was inĨormed through eg Ɖress releases and a Ɖress conĨerence͘
One month aŌer the recruitment kick oī at OestkraŌǲs demonstraƟon house Villa Smart (&ebruary
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2012), aƉƉroǆimately 366 households corresƉonding to 15й oĨ the reƋuired households were signed uƉ
Ĩor EcoGrid EU͘ During the neǆt siǆ to eight months, almost 50й oĨ the ƉarƟciƉants were enrolled in the
Ɖroũect without ǀery strong inĨormaƟon and recruitment eīorts͘
The rest oĨ the ƉarƟciƉants (aƉƉroǆ͘ 900 households) signed uƉ aŌer an ambiƟous inĨormaƟon and recruitment camƉaign, including direct mails to 3,000 electric heated households͘ On 3 &ebruary 2013,
OestkraŌ inǀited to Ɖublic EcoGrid EU eǀent on Bornholm͘ The ǀisitors could enũoy Ĩree cake and coīee,
EcoGrid EU eǆhibiƟons, sƉeed talks by the Mayor on Bornholm, Energinet͘dk and the Danish Consumer
Council as well as entertainment by a local band͘ About 1,000 Ɖersons showed uƉ and sƉent a great Ɖart
oĨ their Sunday at the eǀent͘
The recruitment oĨ industryͬcommercial buildings is sƟll ongoing͘ OestkraŌ is in close dialogue with commercial customers who are ƉosiƟǀe to EcoGrid EU ƉarƟciƉaƟon͘

Ϯ͕ϬϬϬƉĂƌƟĐŝƉĂƟŶŐĐƵƐƚŽŵĞƌƐŝŶƚŚĞĚĞŵŽŶƐƚƌĂƟŽŶ

EV

PV

PV

^ƚĂƟƐƟĐĐŽŶƚƌŽů
ŐƌŽƵƉ

DĂŶƵĂůĐŽŶƚƌŽů
ŐƌŽƵƉ

ƵƚŽŵĂƟĐĐŽŶƚƌŽů
ŐƌŽƵƉ

ƵƚŽŵĂƟĐĐŽŶƚƌŽů
ŐƌŽƵƉ

/ŶĚƵƐƚƌǇͬĐŽŵŵĞƌĐŝĂů
ďƵŝůĚŝŶŐƐŐƌŽƵƉ

200 households
with smart meters

400-500 households
with smart meters
Receiving simple
market price
inĨormaƟon

500 automated Siemens
equipment and
smart meters

Up to 100 commercial
with smart meters

No access to sƉeciĮc
inĨormaƟon or
‘smart’ equipment

700 automated households
with IBM Green Wave
Reality equipment
and smart meters

Must move their
energy consumpƟon

All houses have heat
pumps or electric heaƟng
all responding autonomously
to price signals

All houses have heat
pumps, or electric heaƟng
all responding
aggregator control

Include also small public
customers
Connected smart
appliances responsive
to control signals

&ŝŐƵƌĞϱ͗dŚĞĮǀĞŐƌŽƵƉƐŽĨƉĂƌƟĐŝƉĂƟŶŐĐƵƐƚŽŵĞƌƐŝŶĐŽ'ƌŝĚh

Some oĨ the Ɖersons closest to the EcoGrid EU customersͬƉarƟciƉants are the seǀen electricians Ĩrom
TstkraŌ installing the EcoHome eƋuiƉment in households on Bornholm͘ It tyƉically takes Ĩrom one to
three hours to install the Smart home soluƟons͘ It is the electricians that together with the consumers
deĮne the comĨort ƉreĨerences and ƉrioriƟes͘ The EcoGrid industry Ɖartners Ɖroǀide conƟnuous suƉƉort
ǀia teleƉhone and email to ensure that the electricians become eǆƉerts in the EcoHome eƋuiƉment͘

EcoGrid EU training
The training will be organized so ƉarƟciƉants in the diīerent ƉarƟciƉantͬeƋuiƉment grouƉs haǀe training
together͘ No more than 1,020 ƉarƟciƉants are Ɖresent at the same Ɵme͘ The training is Ɖlanned to take
1-2 hours Ɖer session͘ The training session will be sƉlit in diīerent toƉics deƉendent on what is releǀant
Ĩor the tyƉe oĨ grouƉ doing the training͘ Howeǀer, all ƉarƟciƉants will haǀe a general introducƟon to
EcoGrid EU͘ They will also be inĨormed about the general energy transiƟon haƉƉening in Denmark and
the challenge this Ɖresents to our energy systems and how they, as consumers, can Ɖlay an acƟǀe role in
oǀercoming some oĨ these challenges͘
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KŶƚŚĞƌŝŐŚƚ͗KĞƐƚŬƌĂŌǲƐĐŽ'ƌŝĚĞůĞĐƚƌŝĐŝĂŶƚĞĂŵŝŶĨƌŽŶƚ
ŽĨsŝůůĂ^ŵĂƌƚ͘KƐƚŬƌĂŌǲƐŝŶǀĞƐƚŵĞŶƚŝŶƚŚĞĚĞŵŽŶƐƚƌĂƟŽŶ
house, Villa Smart, represents an important part of the
ĐŽŵŵƵŶŝĐĂƟŽŶ ĂďŽƵƚ ĐŽ'ƌŝĚ h ĂŶĚ ƐŵĂƌƚ ŐƌŝĚ͘ dŚĞ
ĚĞŵŽŶƐƚƌĂƟŽŶ ŚŽƵƐĞ ŝƐ ŽŶĞ ŽĨ ƚŚĞ ĮƌƐƚ ŽĨ ŝƚƐ ŬŝŶĚ ƚŚĂƚ
puts the ordinary electricity consumer in the centre.

WŝĐƚƵƌĞŽĨKĞƐƚŬƌĂŌǲƐĐŽ'ƌŝĚĞůĞĐƚƌŝĐŝĂŶƚĞĂŵŝŶĨƌŽŶƚŽĨsŝůůĂ^ŵĂƌƚ

&ŝĞůĚͲƚĞƐƚƉŚĂƐĞ/͗/ŵƉůĞŵĞŶƚĂƟŽŶŽĨďĂƐŝƐƌĞĂůͲƟŵĞƉƌŝĐĞƐ͗The Įrst phase oĨ the EcoGrid EU demonstraƟon is ongoing͘ In this test period the basic real-Ɵme pricing is tested through a so-called ‘open-loop’
approach͘ This implies that the real-Ɵme price only will be based on eǆternal price inĨormaƟon Ĩrom the
Nordic power market (Nord Pool) and balancing markets, as well as system inĨormaƟon about availability
oĨ wind power͘ Market rules oĨ the Nordic power system prohibit publishing inĨormaƟon reŇecƟng the
present power system balance͘ ThereĨore, the development oĨ Įve minutes real-Ɵme prices are based
on the eǆperience gained through the actual demand response oĨ the test parƟcipants on Bornholm and
realisƟc public inĨormaƟon available about power prices͘
On May 15th 2013 the demonstraƟon and test phase 1 was oĸcially iniƟated by issuing the Įrst market
based real-Ɵme price signal to a limited number oĨ households (30 parƟcipants)͘ These customers were
also the Įrst to have access to the online customer Ĩeed-back-system (&BS) ͞My EcoGrid͘͟ At ͞My EcoGrid͟ the parƟcipants can Įnd inĨormaƟon about the current real-Ɵme prices and prognosis Ĩor the coming
hours͘ They can also Įnd data Ĩrom the meter installed in their homes and compare prices, consumpƟon
and cost over Ɵme͘ Once every month, the parƟcipants can Įnd a report inĨorming them about their
perĨormance during the past month, with the EcoGrid EU cost compared to the cost oĨ a non-smart grid
product In October 2013, 95 й oĨ the residenƟal test parƟcipants have access to the Ĩeed-back system͘
The Įrst evaluaƟon results Ĩrom the EcoGrid EU demonstraƟon phase 1 - test oĨ basic real-Ɵme prices are
eǆpected to be available winter 2014͘
&ŝĞůĚͲƚĞƐƚƉŚĂƐĞ//͗/ŵƉůĞŵĞŶƚĂƟŽŶŽĨĂĚǀĂŶĐĞĚƌĞĂůͲƟŵĞƉƌŝĐĞƐ͗ Eǆperience gained Ĩrom the test parƟcipants’ reacƟon to basic real-Ɵme price signals (phase I) gives valuable knowledge and input to Ĩorecast
oĨ demand response͘ This Ĩacilitates tesƟng more advanced real-Ɵme pricing through a so-called ‘closedloop’ approach that eǆpands the market concept with Ĩorecasts oĨ demand response in the second phase
oĨ the EcoGrid EU proũect͘ Based on the Ĩorecast oĨ demand response, real-Ɵme prices are calculated
and broadcasted to the market in order to obtain a certain obũecƟve, ie the amount oĨ balancing resources required by the system operator(s)͘ The balancing services can include a certain net consumpƟonͬ
generaƟon Ĩrom the distributed energy resources, or a certain reducƟon oĨ import oĨ electricity with the
neighbouring countries or the mainland͘ The price calculaƟon will uƟlise advanced demand response
Ĩorecast models to calculate the price correcƟons necessary to Ĩollow the obũecƟve͘
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ZĞƉůŝĐĂƟŽŶƉŽƚĞŶƟĂůĂŶĚƉĞƌƐƉĞĐƟǀĞƐ͗Will the EcoGrid EU market concept work outside Bornholm͍
It will certainly not be possible to implement a single standard EcoGrid EU real-Ɵme market concept all
over Europe without changes in the current regulaƟon Ĩramework situaƟons͘ ThereĨore, the implementaƟonͬreplicaƟon oĨ a real-Ɵme market concept must be considered in relaƟon to the harmonisaƟon
process oĨ the electricity markets in Europe, eg a process oĨ draŌing Ĩramework guidelines and network
codes aiming at providing harmonised rules Ĩor cross-border eǆchange oĨ electricity͘
Several parts oĨ the EcoGrid EU market concept can be replicated within the current power market
design(s) and pracƟses across Europe, which ũusƟĨy andͬor increase the probability oĨ a Ĩast track replicaƟon oĨ the EcoGrid EU real-Ɵme market, e͘g͘
· The EcoGrid EU proũect implements one speciĮc retailer contract model in the Bornholm demonstraƟon, but the concept does not endorse or rely on a speciĮc contract model͘
· Likewise, the EcoGrid EU proũect uses diīerent smart home soluƟons and diīerent ICT control
technologies Ĩor opƟmisaƟon oĨ the porƞolio and demand response to direct price signals
(local automaƟon and direct demand response)͘ It means that the systems are vendor independent, allowing Ĩor compeƟƟon and Ĩreedom oĨ choice on the hardware and soŌware
components͘
· The Ĩundamental concept and the inĨrastructure allow a ‘real Ɵme’ market with lower Ɵme
resoluƟons͘ It is relevant in markets where, eg the smart meters with 15 minute or even hourly data readings have already been rolled out, although the dynamic response Ĩor balancing
and congesƟon management will be reduced͘
The issue oĨ replicaƟon and deployment oĨ the EcoGrid EU real-Ɵme market concept is one oĨ the key
proũect tasksͬwork packages that run in parallel with the Įeld test͘ One very important task will be to
clariĨy the role oĨ the TSO and the balance responsible parƟes in an EcoGrid EU real-Ɵme market setup͘

>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
The educaƟon oĨ parƟcipants takes place in the demonstraƟon house Villa Smart and communicaƟon
and technical advisors Ĩrom TstkraŌ are giving individual advice to the parƟcipants regarding their parƟcular role in the proũect and the new equipment͘
The recruitment process is considered a success although various delays in the proũect have been a challenge͘ &or eǆample the recruitment oĨ parƟcipants to the demonstraƟon proũect has taken place at a
Ĩaster pace than the installaƟon oĨ the equipment͘ In retrospect, it would have been wiser to start the
recruitment oĨ test parƟcipants at a later Ɵme and to have taken into account that not all components
oĨ the EcoGrid EU equipment are standardized products and that development takes Ɵme͘ The wait can
Ĩeel long Ĩor the parƟcipants, which is why it is important that they are conƟnuously being updated and
inĨormed about the proũect͘
The eǆperience Ĩrom the EcoGrid recruitment process shows that communicaƟon and involvement oĨ the
parƟcipants are key elements to proũect success͘ Is has proven successĨul so Ĩar to keep the parƟcipants
interested and signed into the proũect͘ Now comes the even greater task oĨ keeping them involved͘
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Strong focus on social values
During the enƟre recruitment process the communicaƟon with the public was Ĩocusing on the social
values and environmental aspects rather than individual Įnancial beneĮts oĨ parƟcipaƟng in the EcoGrid
EU Įeld-test͘ In addiƟon, the parƟcipants are guaranteed that they will not ‘lose money’ by parƟcipaƟng
in EcoGrid EU͘ In total, the parƟcipants will never pay more Ĩor the electricity compared to what they pay
according to their normal contract͘
In a Įeld test that will have to involve every tenth residenƟal household on Bornholm, it is not only to
Įnd enthusiasts, Įrst movers or early adopters oĨ new technologyͬsmart grid soluƟons͘ During the last
recruitment eīort, much aƩenƟon was given to the so-called ͞mainstream group͟ – i͘e͘ people not especially interested in energy issues͘ A considerable part oĨ this group have eǆpressed that the moƟvaƟon Ĩor
parƟcipaƟng in EcoGrid EU was the new smart equipment͘ &or this group it is important that the equipment look ͞smart͘͟ They are also eǆpected to be less tolerant Ĩor Ĩailures in their Smart home equipment
installaƟons during the test period than other groups͘ In the eǆtreme case the proũect eǆperienced that
one oĨ the parƟcipants signed out because he did not like the design oĨ the ǭblack boǆes͘
The proũect eǆperience is that the great support oĨ the EcoGrid EU proũect Ĩrom the public on Bornolm
has been an important precondiƟon Ĩor the recruitment to the demonstraƟon proũect and willingness to
test the real-Ɵme market concept͘ The support oĨ the proũect Ĩrom the public on Bornholm is probably
due to the Ĩact that the populaƟon already was aware oĨ many challenges associated with wind power
and the goal oĨ converƟng to a CO2- neutral electricity is deeply entrenched among the people and the
Danes in general͘
Strong focus on customer services and smart grid advice
The local electricity company on Bornholm, TstkraŌ, eǆpects that energy advice in terms oĨ smart grid
consultancy will be a very important part oĨ the customer service in a smart grid deployment scenario͘
Lessons Ĩrom e͘g͘ large-scale smart meter roll outs in US and Europe show that it is important to have
very strong Ĩocus on the concerns oĨ customers and Ĩrom the wider public right Ĩrom the start͘ Also account Ĩor the Ĩact that the move to smart metering and smart grid will have implicaƟons Ĩor the whole
organisaƟon͘ Also, the European consumer organisaƟon (BEUC) in their analysis oĨ 6 recent studies on
use oĨ smart meters reveals that the actual savings average 2-4 percent in the best case where consumers
have clearly opted Ĩor their use͘
In the neǆt 2 years, the theoreƟcal real-Ɵme market concept developed in the iniƟal part oĨ the proũect
will be materialized in the real liĨe on Bornholm͘ The Įrst EcoGrid EU Įeld tests started in May 2013 and
the proũect is eǆpected to terminate in the end oĨ August 2015͘

49

Project Ownership

NICE GRID is a proũect managed by a consorƟum:
Proũect Coordinator: ERD&
Partners:
Alstom, SaŌ, ED& SA, ARMINES, RTE,
NetSeenergy, Socomec, Daikin, WaƩeco

>ŽĐĂƟŽŶ

Carros, &rance

Number of Carros customers

2,500 involved customers
(all will be equipped by the smart meter Linky at the end oĨ 2014)

Local Energy Supply Mix for
Carros

1͘9 MW PV :
ͼ 330 kW Ĩrom 110 PV systems oĨ less than 3 kW
ͼ 1͘5 MW Ĩrom 9 PV systems oĨ more than 10 kW

ƵĚŐĞƚ

€ 30 million

ƵƌĂƟŽŶ

4 years

Contact

ͼ Christophe Arnoult (ERD&)
christophe͘arnoultΛerdĨ-grdĨ͘Ĩr
ͼ Christophe LebossĠ (ERD&)
Christophe͘lebosseΛerdĨ-grdĨ͘Ĩr

FRANCE

NICE GRID: A Smart Solar Energy District With
ĐƟǀĞƵƐƚŽŵĞƌWĂƌƟĐŝƉĂƟŽŶ

Carros

The NICE GRID proũect will opƟmize electricity generaƟon, consumpƟon
and storage Ɵed in Carros municipal low-voltage (LV) grid, while accommodaƟng a large amount oĨ intermiƩent photovoltaic electricity͘ This opƟmizaƟon will make it possible to test the ͞islanding͟ oĨ a LV grid by operating it in total autonomy Ĩor a limited period oĨ Ɵme͘ The smart electricity
management and control provided will be used to reduce Carros’ overall
electricity consumpƟon iĨ upstream grids become congested͘
The NICE GRID proũect is carried out by a consorƟum that consists oĨ the
Proũect Coordinator, distribuƟon grid operator ERD&, and nine partners
represenƟng power systems companies, electricity suppliers, generators,
a university and a provider oĨ innovaƟve networking soluƟons͘
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The sƟmulus Ĩor the NICE GRID smart solar district demonstraƟon proũect was an invitaƟon Ĩor eǆpressions oĨ interest issued by the &rench environmental and energy agency ADEME͘ It is Ĩunded by the
&rench government’s ͞Investments &or The &uture͟ program and the &P7 EU program͘ The NICE GRID
demonstraƟon is eǆpected to cost approǆimately 30 million euros͘ The obũecƟve oĨ this Ĩour-year proũect
is to study all aspects oĨ Ĩuture electricity grid design͘
NICE GRID is also part oĨ the EU &P7 proũect Grid4EU coordinated by ERD& and is thereĨore the &rench
demonstraƟon proũect (DEMO6) within the packages͘ The chosen site Ĩor the proũect is Carros, a small
town in the Nice Cƀte d’Azur metropolitan area near the Var River within the Eco-Valley - &rench ͞Proũect
oĨ NaƟonal Interest͘͟ The NICE GRID proũect is implemented in the town itselĨ and in its industrial zone͘
Although the town’s locaƟon on the margin oĨ &rance’s transmission grid - in the department oĨ AlpesMariƟme - is a structural disadvantage Ĩor its electricity supply, it enũoys abundant sources oĨ renewable
energy, solar power in parƟcular͘ These characterisƟcs make Carros eǆcellent site Ĩor this demonstraƟon
proũect͘

KďũĞĐƟǀĞƐΘĞŶĞĮƚƐ
The Ĩour obũecƟves oĨ NICE GRID are:
· OpƟmize the operaƟon oĨ an electricity distribuƟon grid accommodaƟng a large amount oĨ
solar power and stored energy,
· Study a small autonomous LV consumpƟon ͞island͟ that can be isolated Ĩrom the main grid
Ĩor a limited period oĨ Ɵme, drawing its power Ĩrom its own solar power generaƟon and a
lithium ion baƩery,
· Enable consumers to acƟvely manage and balance their producƟon and consumpƟon,
· Test the smart grid business model͘

Project Design
To achieve these obũecƟves ERD& and Alstom Grid have developed a ͞Network Energy Manager͟ that will
opƟmize the balance between power consumpƟon, solar generaƟon and storage at the district level by:
· &orecasƟng the neǆt day’s consumpƟon and solar power producƟon,
· Installing baƩeries in the homes oĨ volunteer customers, in the distribuƟon network and at
primary substaƟons,
· IdenƟĨy and locate in Ɵme and space network constraints that are likely to occur the neǆt day
· SoliciƟng aggregators that can act on the acƟve energy passing through the LV network
· Enabling parƟcipaƟng customers to play an acƟve role in their electricity consumpƟon,
· TesƟng innovaƟve IT and communicaƟon technologies to remotely control some energy uses͘
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Below are the planning and the main milestones oĨ the proũect:

Usecases, IT
architecture, areas
selecƟon, customer͘͘͘
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in operaƟon͊

Showroom

&ŝŐƵƌĞϭ͗WůĂŶŶŝŶŐĂŶĚŵĂŝŶŵŝůĞƐƚŽŶĞƐŽĨE/'Z/

This proũect relies on AMI inĨrastructure and uƟlizaƟon oĨ Linky smart meters, which enable more accurate consumpƟon Ĩorecasts and allow parƟcipaƟng grid customers or eǆternal aggregators to control and
monitor devices such as Hot Water Tanks, heaƟng systems and air-condiƟoners without addiƟonal internet boǆes or parallel communicaƟon inĨrastructure͘ The Įgure below describes the overall architecture
oĨ the proũect:

&ŝŐƵƌĞϮ͗KǀĞƌĂůůĂƌĐŚŝƚĞĐƚƵƌĞŽĨE/'Z/
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&our main use cases will be tested in NICE GRID:
Islanding: During approǆimately 4 hours, a MV/LV substaƟon will be disconnected from the network͘
This type of operaƟon will Įrst be tested in prepared, anƟcipated and favorable situaƟons͘ DER producƟon and consumpƟon will be forecasted and a baƩery prepared in order to achieve the system balance
during islanding͘ Islanding must be transparent for the customer͘ In a second step, the islanding will be
tested without preparaƟon, recovering with a ͞black-start͘͟ No Diesel generator will be used to supply
the feeder, only solar panels and a 250 kW baƩery͘
ZĞĚƵĐƟŽŶŽĨƉŽǁĞƌĚĞŵĂŶĚ͗The goal of this use case is to reduce the power demand in a network area͘
This type of operaƟon can be used on DSO and/or a TSO request to prevent electrical constraints on the
network, to help supply demand balance and to prevent customers from power outages͘ Diīerent levers
can be used to achieve this goal, such as ŇeǆibiliƟes related to customer appliances or baƩery placed in
customer premises as well as the network baƩeries͘ The aim is a 3͘5 MW load reducƟon͘
DĂŶĂŐĞŵĞŶƚŽĨŵĂǆŝŵŝǌĞĚWsƉƌŽĚƵĐƟŽŶŽŶ>sŶĞƚǁŽƌŬƌĞŐĂƌĚŝŶŐĐŽŶƐƚƌĂŝŶƚƐĂŶĚŇĞǆŝďŝůŝƚǇƉƌŽŐƌĂŵƐ͗
A massive penetraƟon of DER in the LV network may result in localized network (voltage, current) constraints͘ The targeted soluƟon in this use case is to acƟvate consumpƟon and storage in predeĮned way
near the constrained points, in order to prevent over-voltage and minimize PV inverter disconnecƟons
(to maǆimize PV producƟon)͘
Encourage consumers to adopt smarter habits in accordance with the network state: During criƟcal
periods for the electric grid, the aim is to push consumers to try and change their electric consumpƟon
behavior by stopping, moderaƟng or postponing some of their electrical device use͘ When the network
state is operated under constraints, the consumer is informed about the ongoing incenƟve period͘ General suggesƟons and informaƟon will be sent to help them act before, during and aŌer these periods:
their consumpƟon, PV producƟon informaƟon (combined with weather data) and storage data will be
available to improve the impact of their acƟons and ensure that eīorts work in their favor͘ A key goal will
be to promote their acƟve parƟcipaƟon, encouraging them to control their energy consumpƟon and thus
help to reduce greenhouse gas emissions͘
Consumers will play this acƟve role within the energy system by:
· Providing data on power use and consumpƟon,
· Storing energy in hot-water heaters and/or baƩeries using controllable smart devices,
· GeneraƟng electricity from PV panels͘
Even though the general concept of NICE GRID is based on forecasts of consumpƟon and individual producƟon set to Day-1, the proũect is also developing systems of re-forecasƟng constraints on an hourly
basis on the event day and local intelligences responsible for correcƟng or adapƟng in real Ɵme ŇeǆibiliƟes acƟvaƟon using local measurements͘
Role of the Smart Meter Linky: The smart Linky meter is the basic building block of the NICE GRID proũect
and plays a key role by being able to measure the consumer’s power consumpƟon and generaƟon͘ It can
also send instrucƟons for demand management͘ Hot water tanks will be controlled eǆclusively by Linky͘
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HeaƟng instrucƟons (i͘e͘ customer number and heaƟng start Ɵme and duraƟon) will be preset by the
plaƞorm that ED& is developing͘
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The Linky System
&ŝŐƵƌĞϯ͗dŚĞ>ŝŶŬǇƐǇƐƚĞŵ͕ƚŚĞďĂƐŝĐďƵŝůĚŝŶŐďůŽĐŬŽĨE/'Z/

The customer will play an acƟve role in their home and even the neighborhood, due to their capacity
to adapt their power generaƟon (using their storage capacity) and/or consumpƟon in accordance with
network constraints͘ Another maũor focus of the NICE GRID proũect will have to ensure that customers
are well informed of their energy use before, during and aŌer consumpƟon, along with its economic and
5
environmental consequences ͘ These changes will encourage people to make their own energy choices
and be an acƟve part of their electricity system, whether they generate renewable energy, store energy
or simply manage their own consumpƟon͘
The schema below describes the in home architecture that will be used in NICE GRID proũect͘
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In home NICE GRID System
&ŝŐƵƌĞϰ͗/ŶŚŽŵĞE/'Z/^ǇƐƚĞŵ

5 2 eǆamples could be highlighted in &rance :
· ͨWaƩ et Moiͩ proũect (hƩps://www͘waƩ-et-moi͘fr/images/13-03-15й20DOSSIERй20DEй20PRESSE͘pdf) launched by
ERD& to test the sociological impact of displaying Smart Meter informaƟon to over 1,000 consumers͘
· ͨEdeliaͩ, which is a company of ED& (hƩp://www͘edelia͘fr/fr/Nos-soluƟons/Aĸchage-des-consommaƟons-2-216-0-107͘
html) involved in NICE GRID proũect that is going to reuse some of the development already done for its product
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ǆĂŵƉůĞŽĨĞŵĂŶĚZĞƐƉŽŶƐĞĂĐƟǀŝƚǇǁŝƚŚŝŶE/'Z/͗ In addiƟon to controlling voltage when a large
photovoltaic power is inũected into a LV grid, the NICE GRID proũect aims also to develop methods for
assessing the behavior of ͞prosumers͘͟ As known the photovoltaic power is not always generated when
the consumer needs it͘ The diagram below shows the diīerence that can be noƟced between the photovoltaic power generaƟon curve and the consumer’s power consumpƟon͘
OVER GENERATION
One may not consume energy at the same Ɵme it is generated, which can lead to an over
generaƟon͘ This unbalance can lead to PV panels curtailment͘ The goal is to create a smart solar
district to allow for consuming the whole generated energy
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ƉŽǁĞƌĐŽŶƐƵŵƉƟŽŶ

To deal with this problem, the NICE GRID proũect strategy is to shiŌ, as illustrated in the diagram below,
a part of consumer’s consumpƟon to the periods when we have a surplus photovoltaic power generated
locally͘ &or this purpose the generaƟon and consumpƟon forecast are key inputs to the Network Energy
Manager tool (NEM)͘

OPTIMISATION
ShiŌing electrical consumpƟon to the Ɵme
when solar energy is generated allows for CO2 reducƟon
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&ŝŐƵƌĞϲ͗/ůůƵƐƚƌĂƟŽŶŽĨƚŚĞƉŽƐƐŝďůĞƐŚŝŌŽĨĂƉĂƌƚŽĨĐŽŶƐƵŵĞƌ͛ƐĐŽŶƐƵŵƉƟŽŶƚŽƚŚĞƉĞƌŝŽĚƐǁŚĞŶĂƐƵƌƉůƵƐƉŚŽƚŽǀŽůƚĂŝĐƉŽǁĞƌ
is generated locally
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The means that will enable shiŌing of the consumpƟon are:
· ResidenƟal baƩeries
· Hot water tanks
· Customer behavior (represented by the washing machine that is not monitored or controlled)

ƵƌƌĞŶƚ^ƚĂƚƵƐΘZĞƐƵůƚƐ
Customer Recruitment: The success of the NICE GRID proũect depends on residenƟal consumer’s parƟcipaƟon and moƟvaƟon͘ In order to encourage them to parƟcipate to this trial, ED& has developed
a strategy for recruiƟng customers based on easy and understandable oīers and raise the curiosity of
the Carros’ residents͘ With the same goal, the solar district residents have received an acƟve consumer
guidebook and three trial oīers for the photovoltaic power management͘
The recruitment campaign was launched in early May 2013 with ads put up in Carros͘ The obũecƟve is to
arouse the curiosity of the city’s residents and anchor the proũect in Carros͘ In addiƟon to this, the solar
district residents have received an acƟve consumer guidebook and three trial oīers for the PV Management use case͘

WŝĐƚƵƌĞŽĨĞǆĂŵƉůĞŽĨĂĚǀĞƌƟƐĞŵĞŶƚƐƵƐĞĚŝŶƚŚĞƌĞĐƌƵŝƚŵĞŶƚĐĂŵƉĂŝŐŶŽĨE/'Z/
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Given the characterisƟcs of the PV districts selected, residenƟal customers who live in isolated houses
were targeted͘ These districts have neither industrial or service sector customers nor apartment buildings, and as such these customer groups were eǆcluded from the target parƟcipants for the PV Management use case͘ These oīers are presented in the Solar Guidebook that was distributed to all ED& customers in the seven PV districts in May 2013͘

Technical components:
Inverters
Concerning the primary substaƟon, the inverter is provided by Alstom Grid͘ This type of installaƟon is
unique in &rance, so the partners decided to do all the tests on site when the system will be in place͘ All
the studies and administraƟve permits are completed͘ The container with the baƩery and container with
the inverter were delivered in Carros beginning of November 2013͘ All the tests will end mid-&ebruary
and the system will be in operaƟon end &ebruary͘

Storage
&or the community storage, the inverters will be provided by the partner Socomec͘ All the design of the
soluƟon and the tests between the inverter and the baƩery are completed͘ The tests of the container are
held in ED& RΘD Concept Grid͘ The studies concerning the parƟcular case of the storage also providing
the islanding funcƟon leads to a 2 blocks system: a container with the baƩery idenƟcal to the one located
in the primary substaƟon and an inverter located inside the secondary substaƟon with a 50 meters DC
link͘ The system will be up and running for the PV energy storage by July 2014͘
ResidenƟal storage systems will be installed in the homes of customers who parƟcipate in the proũect
and who have already installed PV modules͘ Each baƩery will be connected to solar panel while the PV
equipment will be connected directly to the grid͘ These storage systems will be able to accommodate the
surplus power generated locally by the residenƟal solar panels and then inũect this power back when it is
needed (e͘g͘ at night)͘ These residenƟal baƩeries will be controlled by a dedicated plaƞorm and an ADSL
infrastructure which will be located at the baƩery site͘ This soluƟon is being developed by ED&͘

Load managing systems
The load managing zone is the enƟre city of Carros͘ The Demo deĮned two types of customers: those
equipped with the Linky meter - mostly the electric heaƟng household and PV zone, and those without
advanced metering infrastructure͘ &or the former, the info will be relayed by the Linky meter to automated systems͘ &or the laƩer, a program is developed to issue a signal (SMS, mail, website) to ask customers
to minimize their electricity consumpƟon͘ The maũority of tests were conducted throughout 2013 in ED&
RΘD to test all the system from the IT servers to the end user systems͘ Two types of devices will be used,
one from WaƩeco and one from Edelia͘ Already 1400 smart meters are deployed, over a 2500 target will
be achieved by the end of 2014͘
/ŵƉůĞŵĞŶƚĂƟŽŶĂŶĚƚĞƐƚŽĨĂƌĐŚŝƚĞĐƚƵƌĞĂŶĚĐŽŵƉŽŶĞŶƚƐŽĨƚŚĞŝŶĨŽƌŵĂƟŽŶƐǇƐƚĞŵŶĞĞĚĞĚƚŽŽƉĞƌͲ
ate the areas: All the system will be operated from ERD& servers͘ So during 2013, one of the challenges
was to install on ERD& servers all the soŌware components coming from the diīerent partners and to
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give secure access to these servers͘ The Įrst test with a limited number of components was done in June
and the test concerning the whole architecture in V1 was held in November 2013 to be ready to run in
April 2013, beginning of the Įrst load shedding eǆperiments͘

NICE GRID will monitor diīerent data in order to calculate KPIs͘

KPI Family

<W/ĞƐĐƌŝƉƟŽŶ

Load managing

· &racƟon of load eīecƟvely shed out of the total reducƟon capacity

Environmental

· Increased hosƟng capacity of RES integraƟon in the local LV grid
· Error calculaƟons related to forecasts of solar power generaƟon

&orecasƟng
· Error calculaƟons related to forecasts of consumpƟon levels
· Voltage deviaƟon at the LV grid level
Reliability
· Total Harmonic DistorƟon &actor
· Energy losses and ICT energy consumpƟon of ŇeǆibiliƟes

Eĸciency
Societal

· &racƟon of consumers opƟng out during load shiŌing

Islanding

· Voltage deviaƟon during islanding
dĂďůĞϭ͗<W/ƐƵƐĞĚŝŶE/'Z/

Some of these KPIs are common within the Grid4EU to other Demos using a common calculaƟon methodology͘

/ŶĨŽƌŵĂƟŽŶƐǇƐƚĞŵƐĂƌĐŚŝƚĞĐƚƵƌĞ
The system that is used is illustrated in the Įgure below͘
FLEXIBILITY DEMAND

OPTIMIZATION AND
MANAGEMENT

BIDS
AGREGATOR B2B

TRANSMISSION SYSTEM
OPERATOR DEMAND
RESPONSE REQUEST
NETWORK
ENERGY
MANAGER(NEM)
CONSUMPTION
&ORECASTS D-1

AGREGATOR B2C

NETWORK
CONSTRAINTS
COMPUTATION
NETWORK
AGREGATOR

PRODUCTION
&ORECASTS D-1

&ŝŐƵƌĞϳ͗/ŶĨŽƌŵĂƟŽŶƐǇƐƚĞŵƐĂƌĐŚŝƚĞĐƚƵƌĞ
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>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
ͻKƉĞƌĂƟŽŶŽĨďĂƩĞƌǇƐƚŽƌĂŐĞŽŶƚŚĞĚŝƐƚƌŝďƵƟŽŶŐƌŝĚ
BaƩeries are new technologies on the distribuƟon grid: distribuƟon grid is relying only on AC
current, and technicians have to be used to DC current devices͘ BaƩeries have also to be monitored 24/24, and this can only be done by the DSO monitoring team, working 24/24͘ OperaƟonal teams and technicians have to be informed and taught some month before, especially
regarding safety issues͘

ͻŚĂůůĞŶŐĞŽĨƚŚĞƌĞĐƌƵŝƚŵĞŶƚ
Recruitment is done using public adverƟsing, public meeƟngs in city, open doors day in the
show room, publicaƟon in the local newspapers͘ &inancial counterparts are very important:
giŌ cards, investment subsidy, tariī signals͙

ͻŽŵŵƵŶŝĐĂƟŽŶ
CommunicaƟon and disseminaƟon are challenging for such a technical proũect͘ NICE GRID
built a dedicated show room in order to disseminate informaƟon about the proũect͘ It is
located in the city of Carros and welcomes internaƟonal scienƟsts, companies, conferences
and universiƟes͘ Inside, each consorƟum partner has a dedicated space, most of the devices
are eǆposed on a tacƟle wall and a large screen allows for use cases visualizaƟon͘

ͻĐĐƵƌĂƚĞƵƐĞĐĂƐĞĚĞĮŶŝƟŽŶŝŶŽƌĚĞƌƚŽĂůůŽĐĂƚĞĐůĞĂƌƚĂƐŬƐĂŶĚĂĐƟŽŶƐƚŽƚŚĞĚŝīĞƌͲ
ĞŶƚŝŶǀŽůǀĞĚƉĂƌƟĞƐŝŶƚŚĞƉƌŽũĞĐƚ
Use cases have to be deĮned at early stage accurately in order to facilitate the task allocaƟon
and to ease the idenƟĮcaƟon and speciĮcaƟon of the interfaces between the partners involved
in the proũect͘
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<ĞǇZĞŐƵůĂƟŽŶƐ͕>ĞŐŝƐůĂƟŽŶΘ'ƵŝĚĞůŝŶĞƐ
&rench policy is highly inŇuenced by European legal acts and, of course, &rench insƟtuƟonal iniƟaƟves are
in line with the European guidelines͘ Therefore, &rance has put in place the liberalizaƟon and deregulaƟon of the electricity market͘ This new organizaƟon has been set up gradually but today, &rench electricity market is mostly open, which is an important headway for the security of supply͘ Moreover, &rench
authoriƟes are acƟng in favor of energy eĸciency improvement and renewable energies development͘
Along with the future investment, the implicaƟon of regional and local authoriƟes is evolving towards
more sustainable energies͘
smart grid today is beneĮƟng from drivers at both European and &rench scale͘ It is an eĸcient way to decrease greenhouse gas emissions, improve energy eĸciency and network security͘ smart grid technologies are core European and &rench strategic instruments for which an important investment is provided͘
Nevertheless, many issues remain to be solved so that a smart grid can be massively deployed in the
enƟre electricity network͘
The &rench Energy Regulator (CRE) is supporƟng the proũect͘ The results will beneĮt the enƟre smart grid
community͘
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Project name

E-DeMa

>ĞĂĚŝŶŐŽƌŐĂŶŝǌĂƟŽŶ

RWE Deutschland AG, Germany

KƚŚĞƌWĂƌƟĐŝƉĂŶƚƐ

Siemens, Miele, SWK Setec, ProSyst, TU Dortmund, RUB, University DuE,
all Germany

Market structure

Energy Only Market

Number of retail customers
in Germany

40 million

ůĞĐƚƌŝĐŝƚǇĐŽŶƐƵŵƉƟŽŶ
in Germany (2012)

595 billion kWh

Contact

Prof͘ Michael Laskowski, RWE RWN, 0201-121228567,
michael͘laskowskiΛrwe͘com

GERMANY

ͲĞDĂ͗ĞǀĞůŽƉŵĞŶƚĂŶĚĞŵŽŶƐƚƌĂƟŽŶ
of Locally Networked Energy Systems to the
ͲŶĞƌŐǇDĂƌŬĞƚƉůĂĐĞŽĨƚŚĞ&ƵƚƵƌĞ

The energy turnaround in Germany is strongly correlated to the increasing renewable energy sector and changes in the power generaƟon system͘
The increasing ŇuctuaƟng feed-in from renewable power plants leads consequently to generaƟon-oriented electricity consumpƟon͘ This aīects the
industrial, commercial and the household energy sector in Germany͘ The
focus of E-DeMa is the electricity consumpƟon of the household sector͘
E-DeMa is one of the siǆ E-Energy proũects carrying out research acƟviƟes
regarding the customers’ acceptance of advanced smart grid technologies͘ E-DeMa is founded by the German &ederal Ministry of Economics and
Technology (BMWi) with the aim to develop and demonstrate local energy
markets͘ The model region is located in the Western part of Germany
(Rhine-Ruhr-area) and 657 customers in the household sector were provided with new electricity products and advanced inhouse communicaƟon
systems͘

63

GERMANY

ͲĞDĂ͗ĞǀĞůŽƉŵĞŶƚĂŶĚĞŵŽŶƐƚƌĂƟŽŶŽĨ>ŽĐĂůůǇEĞƚǁŽƌŬĞĚ
ŶĞƌŐǇ^ǇƐƚĞŵƐƚŽƚŚĞͲŶĞƌŐǇDĂƌŬĞƚƉůĂĐĞŽĨƚŚĞ&ƵƚƵƌĞ

KďũĞĐƟǀĞƐΘĞŶĞĮƚƐ
The obũecƟve is to eǆamine the demand side management potenƟal of customers in a Įeld test͘ The
proũect also analyzes the inŇuence of the E-DeMa products and incenƟves on the load shiŌing behavior
of households͘
In the E-DeMa Įeld test, the parƟcipaƟng end customers have been provided with two diīerent types
of smart grid infrastructure͘ The table gives an overview of the two groups of customers͘ Both customer
groups are equipped with a Smart Metering System and an access to the E-DeMa marketplace which has
been developed in the proũect͘ Customer group 1 is also equipped with a tablet computer͘ In addiƟon to
the Smart Metering System and the access to the marketplace, customer group 2 has been provided with
automaƟc household devices (washing machine and laundry dryer or dish washer), an Energy Management Gateway and a Home Energy Control User Interface (HECUI)͘

Start date and duraƟon of the
proũect

Start date: 01/01/2009

DuraƟon:

4 years

LocaƟon/s

Mƺlheim and Krefeld, Germany

Proũect summary boǆ

Summary of Proũect goals and
eǆpected beneĮts:

The goal of E-DeMa is to reach more energy beneĮts and eĸciency for electricity generators, municipal uƟliƟes, device manufacturers and above all customers͘
E-DeMa designs soluƟons for an intelligent electric distribuƟon and communicaƟon
network͘ This proũect evaluates diīerent customer engagement and bahaviour change
models to reduce electricity consumpƟon͘

Budget and contribuƟng
organizaƟons (indicaƟng share
of contribuƟon)

Budget: 21͘5 million €
funded by German &ederal Ministry of Economics and Technology (BMWi)

List of deployed enabling
assets/technologies/
applicaƟons:

· Smart Meter (two diīerent metering systems)
· Washing machine, dishwasher, laundry dryer, combined heat and power system
· ApplicaƟon for the E-Energy-marketplace
· Control system for the aggregator
· InformaƟon and CommunicaƟon Technology systems
· Smart gateways
· Inhouse-Display
· Home Energy Control User Interface (connecƟon to smart gateway)

List of perƟnent smart grid
funcƟonaliƟes:

· Enabling and encouraging stronger and more direct involvement of consumers in their
energy usage and management͘ The customer should be involved through Ɵme-ofuse-tariī-models and an automated demand side management͘
· Ensuring network security, system control and quality of supply͘ The goal of E-DeMa is
to integrate renewable energy sources and its Ňuctuated supply and, at the same Ɵme,
sustain the network security and quality͘
· Decentralized power supply should be integrated and coordinated by the power supply
of renewable energy sources͘
· The smart grid has to manage the upcoming penetraƟon of electric cars and its management requirements͘
dĂďůĞϭ͗ͲĞDĂĨĂĐƚďŽǆ
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The inhouse infrastructure of customer group 2 in the Įeld test is shown͘ The Smart Metering System
in the households consists of two parts: the Smart Meter (electricity, gas or water) and the communicaƟon gateway͘ The communicaƟon gateway requests the data from the Smart Meters frequently over an
opƟcal interface and provides them to the E-DeMa data management system and to the Energy Management Gateway͘ The Energy Management gateway provides the tariī informaƟon to the customer and
to the shiŌable load devices (e͘g͘ white goods), as well as to distributed energy resources (DER) via a
wireless or wired Home Area Network (HAN)͘ The gateways communicate through a secure and reliable
IP based access network with the E-DeMa marketplace which is the central infrastructure enƟty of the
E-DeMa system͘ The E-DeMa marketplace provides the end customer with important informaƟon regarding his individual electricity consumpƟon͘ Via his personal computer, the customer is able to view his
daily energy consumpƟon͘ The energy consumpƟon is shown in detail (electricity consumpƟon of every
15 minutes) aŌer the day of the consumpƟon͘

Group 1

Group 2

550

107

Smart Metering System

Smart Metering System

Access to E-Energy Marketplace

Access to E-Energy Marketplace

Tablet

Home Energy Control User Interface (HECUI)

-

AutomaƟc household devices

-

Energy Management Gateway

Number of customers

Equipment

dĂďůĞϮ͗KǀĞƌǀŝĞǁŽĨƚŚĞƚǁŽŐƌŽƵƉƐŽĨƉĂƌƟĐŝƉĂƟŶŐĞŶĚĐƵƐƚŽŵĞƌƐŽĨͲĞDĂ

&urthermore, the customer receives a monthly record about his energy consumpƟon behavior at the
marketplace͘ The access to the HECUI is provided to customer group 2 over the customer’s personal
computer͘ In contrast to the informaƟon on the marketplace, the customer is able to see his energy consumpƟon during the current day and the daily schedule and status of his automaƟc household devices͘

ϮͲƚĂƌŝīͲƉƌŽĚƵĐƚ

ϱͲƚĂƌŝīͲƉƌŽĚƵĐƚ

midnight

6 p͘m͘

midnight

6 a͘m͘

6 p͘m͘

noon

ST

Lowest price
HHT1

6 a͘m͘

noon

NT
High price

Low price
HHT2

HT

Medium price

Highest price

&ŝŐƵƌĞϭ͗dǁŽdŝŵĞͲŽĨͲhƐĞƉƌŽĚƵĐƚƐƵƐĞĚŝŶͲĞDĂ͗ϮͲƚĂƌŝīͲƐƚƌƵĐƚƵƌĞŽƌ
ϱͲƚĂƌŝīͲƐƚƌƵĐƚƵƌĞ

The automaƟc household devices
have a smart start funcƟon which
allows the customer to set a desired end Ɵme when the program
has to be Įnished at the latest͘ The
Energy Management Gateway is
connected to the automaƟc household devices and chooses the opƟmal Ɵme according to the current
tariīs in the Ɵme frame between
the seƫng and the end Ɵme͘ Another obũecƟve of the E-DeMa
proũect is to promote and enable a
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faster change of the energy supplier through the customer͘
In Germany the household customers are able to choose between diīerent retailers͘ Today, a change of
a retailer can be eǆecuted within 14 days͘ Using the In E-DeMa͘ marketplace as an informaƟon hub, the
E-DeMa parƟcipant is able to change his retailer within three days͘ The contract period with the new supplier is valid at least one month͘ AŌer this month the customer can choose another product from another
retailer͘͘ The faster process is veriĮed in the Įeld test with customer group 1͘ This group of households is
able to choose from diīerent products of diīerent retailers with a minimum contract term of one month͘
Available for the product selecƟon are Ɵme-of-use products and consumpƟon-dependent-products͘
The two Ɵme-of-use products either have a 2-tariī-structure or a 5-tariī-structure͘ The prices for the
2-tariī-structure-product change every month of the Įeld test and the prices of the 5-tariī-structureproduct can change every day͘ The aim of these Ɵme-of-use products is to shiŌ the customers’ load from
Ɵmes of high electricity consumpƟon, e͘g͘ in the early evening, to Ɵmes with low consumpƟon͘ The
2-tariī-structure-product consists of three Ɵme frames with the two tariīs: low price throughout the
night (midnight – 7 a͘m͘ and 9 p͘m͘ – midnight) and medium price during the day (7 a͘m͘ – 9 p͘m͘)͘ The
5-tariī-structure-product is more compleǆ than the 2-tariī-structure-product due to eight diīerent Ɵme
frames͘ The Įgures above show the tariī-structure where the high and highest prices are valid during
midday (10 a͘m͘ – 1 p͘m͘) and the early evening hours (5 – 9 p͘m͘)͘
Due to the provided equipment, customer group 2 cannot choose but gets their product assigned͘ This
group cannot change between products͘ Two diīerent products have been designed for this customer
group in E-DeMa͘ Both products have the same 5-tariī-structure, which is eǆplained above, on the demand side as well͘ This means that the product on the demand side of customer group 2 is the same than
for the customers in group 1, who choose the 5-tariī- structure- product͘
In addiƟon to customer group 1, the customers of customer group 2 are able to use the smart start funcƟon of their automaƟc household devices so that the Energy Management Gateway shiŌs their load to
Ɵmes of low prices͘ The other product has one addiƟonal funcƟon: the possibility to market the power
and energy of their automaƟc household appliances via the Gateway͘
The aggregator is a new market role resulƟng from markeƟng ŇeǆibiliƟes (in households) and decentralized feeds͘ Only the aggregaƟon of the ŇeǆibiliƟes oīers beneĮts in the markeƟng͘ The added value is the
reĮning of the ŇeǆibiliƟes to tradable products͘ In general, the aggregator enables customers to oīer the
power and energy of their load appliances (Ňeǆibility) to other market players on the electricity market͘
In the E-DeMa proũect, the aggregator oīers a product to the customer which requires the customer’s
provision of white goods for load shiŌing between 9 am and 6 pm͘ With an appropriate ICT-infrastructure
(always under the aspect of a secure data communicaƟon), the white goods are connected to the aggregator’s system so that the aggregator is able to start the appliances, e͘g͘ when great beneĮt at the
electricity market or the reserve power market can be realized͘ The remuneraƟon for each provision by
the customer is 0͘35ര€͘ If the customer achieves a total number of 40 provisions during the Įeld test, the
customer will receive an addiƟonal payment of 20ര€͘
Summarized, on the one hand the customers can provide their appliances to the energy management
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gateway, which shiŌs the start of the appliances into the Ɵme frame with the lowest price͘ On the other
hand, customer group 2 can provide the appliances between 9 am and 6 pm to the aggregator, who starts
the appliances whenever he eǆpects revenues from markeƟng the energy of the loads͘
To evaluate the load shiŌ of the E-DeMa households, a reference household is necessary͘ The reference
household is created by using the standard load proĮle for households (so called H0-proĮle) from the distribuƟon system operator in the Rhine-Ruhr-area͘ The average shiŌs in load are calculated by comparing
the average of test house consumpƟons to a reference household consumpƟon during the same period͘

ƵƌƌĞŶƚ^ƚĂƚƵƐΘZĞƐƵůƚƐ
The data of the end customer which has been measured during the Įeld test is analyzed regarding the
load shiŌing for the diīerent products and incenƟves͘ The focus of the evaluaƟon of each month of the
Įeld test is to get informaƟon about the Ɵme-dependent load shiŌing behavior and the seasonal inŇuence͘ The load shiŌ on the Įve characterisƟc days ͞Monday͟, ͞Tuesday to Thursday͟, ͞&riday͟, ͞Saturday͟ and ͞Sunday͟ can reveal the behavior during the week͘ Tuesdays, Wednesdays and Thursdays are
aggregated due to the similar life habits on these days͘
On the one hand, the results are calculated separately for the two customer groups (diīerent equipment)͘ On the other hand, the results are shown for passive and acƟve E-DeMa households͘ In a Įeld
trial with up to 700 parƟcipants, some customers relaƟvely quickly lose the moƟvaƟon to parƟcipate
but do not acƟvely unsubscribe͘ In order to disƟnguish the results of these customers from customers
who respond to the incenƟves, the E-DeMa consorƟum has chosen to diīerenƟate between acƟve and
passive customers͘ &or this, the monetary savings of E-DeMa customers with the E-DeMa price structure
was compared to the reference customer (customer with the standard load proĮle scaled with the same
daily consumpƟon)͘
To get informaƟon about the load shiŌing behavior over the Ɵme of the Įeld test and the seasonal inŇuence, the average load shiŌ into the Ɵme frames with ST and NT resp͘ out of the Ɵme frames with
HHT1 and HHT2 per month is summarized and divided by the total average energy consumpƟon of each
month͘ The load shiŌ per characterisƟc day is calculated by aggregaƟng the average load shiŌ into the
Ɵme frames with ST and NT resp͘ out of the Ɵme frames with HHT1 and HHT2 per characterisƟc day and
dividing by the total average energy consumpƟon of each characterisƟc day͘
At the top of the Įgure below, the results of customer group 1 with the 5-tariī-structre are shown for
both passive and acƟve households͘ The results for customer group 2 (automaƟc household devices)
are shown beneath it͘ Regardless of the equipment of the households, the disƟncƟon between the load
shiŌing behavior of the passive and the acƟve households is displayed very clearly͘ The load shiŌ of the
passive households has a random character without any signiĮcance structure͘ The results of the acƟve
households show a signiĮcant conƟnuous load shiŌ into the lowest and low price Ɵmeframes during the
night (from 7й to 11й) and out of the eǆpensive Ɵme frames around noon and the early evening hours
(up to nearly 5й)͘
In comparison to customer group 1, the acƟve customers of customer group 2 shiŌed more loads into the
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Ɵme frames during Ɵmes frames with low prices͘ However, the customers showed signs of eǆhausƟon in
their consumpƟon shiŌ͘ In the Įrst months, acƟve customers shiŌed an average load of nearly 10й into
the lowest or low price Ɵme frames͘ Then, the load shiŌ decreases with the Įeld trial to nearly 7й in
November͘ The passive customers of customer group 2 showed more eĸcient load shiŌ than the passive
customers without automaƟon͘ Yet, the load shiŌing behavior was not very signiĮcant in comparison to
the load shiŌ of the acƟve households͘

WĂƐƐŝǀĞŚŽƵƐĞŚŽůĚƐ

midnight

ĐƟǀĞŚŽƵƐĞŚŽůĚƐ

noon

8й

0й
-4й
-8й
-12й

Group 1
manual

el͘ consumpƟon in this Ɵme frame increases

4й

el͘ consumpƟon in this Ɵme frame decreases
©TU Dortmund
Apr

May

Jun
STнNT

Jul
HHT1

Aug

Sep

Oct

Nov

load shiŌ based on electricity
consumpƟon per month

6 a͘m͘

noon

0й
-4й
-8й

-12й

©TU Dortmund
Apr

Jun

Jul

Aug

HHT1

Sep

Oct

Nov

HHT2

ĐƟǀĞŚŽƵƐĞŚŽůĚƐ
12й

4й
0й
-4й
-8й
©TU Dortmund
Apr

May

Jun
STнNT

NT

May

STнNT

8й

-12й

Group 1
automaƟc
Lowest price

4й

HHT2

12й

ST

8й

WĂƐƐŝǀĞŚŽƵƐĞŚŽůĚƐ

midnight

6 p͘m͘

load shiŌ based on electricity
consumpƟon per month

6 a͘m͘

12й

Low price

Jul
HHT1

HT

Aug

Sep

Oct

Nov

load shiŌ based on electricity
consumpƟon per month

6 p͘m͘

load shiŌ based on electricity
consumpƟon per month

12й

8й
4й
0й
-4й
-8й

-12й

HHT2

©TU Dortmund
Apr

May

Jun
STнNT

Medium price

HHT1

High price

Jul

Aug

HHT1

Sep

Oct

Nov

HHT2

HHT2

Highest price

&ŝŐƵƌĞϮ͗ZĞƐƵůƚƐŽĨĐƵƐƚŽŵĞƌŐƌŽƵƉƐϭĂŶĚϮǁŝƚŚƚŚĞϱͲƚĂƌŝīͲƐƚƌƵĐƚƵƌĞĨŽƌďŽƚŚƉĂƐƐŝǀĞĂŶĚĂĐƟǀĞŚŽƵƐĞŚŽůĚƐ

The results of the invesƟgaƟon of the load shiŌ on each characterisƟc day indicates that the acƟve customers with automaƟc household devices shiŌed their consumpƟon relaƟvely evenly across all days into
the lowest price and low price tariī Ɵmes͘ Customers without automaƟon shiŌed less consumpƟon in
these tariī Ɵmes at the weekend͘ Similarly, the load shiŌ of customer group 2 around midday (HHT1 or
high price) is more constant on all days than the load shiŌ of customer group 1 without automaƟon͘ The
characterisƟc of the load shiŌ on Sundays does not depend on the equipment͘ There is always a high
load shiŌ out of the Ɵme frame around noon (HHT1 high price) and a low load shiŌ into the early evening
hours (HHT2 highest price)͘ This indicates that the customers might be interested in load shiŌing, but on
Sunday’s life habits and privacy are more important͘
The two tables summarize the product-speciĮc load shiŌ results for acƟve and passive households with
the 2-tariī structure and the 5 tariī-structure͘ Applies to both products: the acƟve customers shiŌ a high
percentage of their consumpƟon into the Ɵme frames with lowest and low prices (8͘7й and 8͘2й) and
from the eǆpensive peak hours high price (-4й) and highest price (- 2͘3й)͘ The passive customers only
shiŌ relaƟvely small amounts of consumpƟon͘
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WĂƐƐŝǀĞĐƵƐƚŽŵĞƌ

ĐƟǀĞĐƵƐƚŽŵĞƌ

ϮͲƚĂƌŝīͲ ϱͲƚĂƌŝīͲ
ƐƚƌƵĐƚƵƌĞ ƐƚƌƵĐƚƵƌĞ
ST

ϮͲƚĂƌŝīͲ ϱͲƚĂƌŝīͲ
ƐƚƌƵĐƚƵƌĞ ƐƚƌƵĐƚƵƌĞ
ST

0͘8й

NT

0͘7й

-0͘1й

NT

HHT1

-2͘4й

HHT1

-4͘0й

HHT2

1͘3й

HHT2

-2͘3й

midnight

ϮͲƚĂƌŝīͲ
ƉƌŽĚƵĐƚ

6 p͘m͘

Lowest price

ϱͲƚĂƌŝīͲ
ƉƌŽĚƵĐƚ

6 a͘m͘

NT

8͘7й

3͘3й

midnight

6 p͘m͘

noon

ST

4͘9й

6 a͘m͘

noon

Low price

HT

Medium price

HHT1

High price

HHT2

Highest price

dĂďůĞϯ͗^ƵŵŵĂƌǇŽĨƚŚĞƉƌŽĚƵĐƚͲƐƉĞĐŝĮĐůŽĂĚƐŚŝŌƌĞƐƵůƚƐĨŽƌĂĐƟǀĞĂŶĚƉĂƐƐŝǀĞŚŽƵƐĞŚŽůĚƐǁŝƚŚƚŚĞϮͲƚĂƌŝīƐƚƌƵĐƚƵƌĞĂŶĚƚŚĞ
ϱƚĂƌŝīͲƐƚƌƵĐƚƵƌĞ

They shiŌ their consumpƟon even from the low tariī period and in the eǆpensive highest price tariī
Ɵme͘ It is also evident that the sum of load shiŌ into the lowest and low price Ɵme frames of the 5-tariīstructure approǆimately corresponds to the load shiŌ into the low price tariī-structure of the 2-tariīproduct͘ This means that the diīerenƟaƟon of the lowest and low price Ɵme frames was not idenƟĮed
by customers͘ One reason for this is the Ɵme window from midnight to 6 a͘m͘ in the morning͘ Because of
their daily schedule, it is hardly possible for the customer to shiŌ the consumpƟon manually into these
Ɵmes͘ Secondly, the customer survey revealed that the customers’ aim is to shiŌ their consumpƟon into
green visualized Ɵme frames͘ Although the lowest and low price oī-peak hours were visualized in two
diīerent shades of green, the households apparently did not diīerenƟate between them͘
The economic potenƟal of the aggregator depends on the further markeƟng of the aggregated power
and energy͘ In this use case, the analysis of the potenƟal is focusing on the approǆimaƟon of the minimum costs of the aggregator which arise due to ICT-Infrastructure͘ The costs per provision decrease
with an increasing number of provisions by the households per year͘ This is primarily due to the relaƟvely
high ICT installaƟon costs of the aggregator͘ &urthermore, the maǆimal power of load devices in households has to be considered͘ The maǆimum installed power of each load device used by the aggregator
in E-DeMa is approǆ͘ 2 kW͘ Of course, this power is not available during the whole period of operaƟon͘
A washing machine for eǆample will only reach the maǆimal power during the heaƟng process which
endures approǆ͘ 15 minutes͘ Supposing that e͘g͘ every ĮŌh use of the parƟcipaƟng household devices
(у 3,400) per year is provided to the aggregator, the resulƟng costs for the aggregator to be covered by a
third party are about 8͘30 € per provision, which means about 4͘15 €/kW respecƟvely 415 €/MW for 15
minutes͘ A constant providing of power for the duraƟon of a few hours is eǆpected being very diĸcult to
achieve for the aggregator͘ &or that, a high number of aggregated load devices who are set on stand-by
and a more diverse porƞolio (not only aggregaƟon on white goods) are needed͘
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Comparing the minimum costs of the aggregator e͘g͘ to the demand rate of the terƟary reserve in the
year 2011, the esƟmated costs to be covered by a third party for the Ňeǆibility of the aggregator are sƟll
higher today͘ An eǆpected reducƟon of the costs for ICT infrastructure may change this situaƟon͘ In future, new markets for the distribuƟon level might realize the markeƟng of the Ňeǆibility in households͘

>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
In general, the results of the load shiŌ in the Įeld trial show that the customers easily show signs of
faƟgue and need to be closely assisted in order to realize the load shiŌ sustainably͘ The most important
results are:
· The load shiŌ into the night is independent of the compleǆity of the tariī structure during the day͘
· High-end equipment does not necessarily lead to a higher load shiŌ͘ AcƟve customers
achieved a load shiŌ of up to 11й per month and nearly 10й per characterisƟc day, regardless
of the customer group͘
· The load shiŌ decreases with the duraƟon of the Įeld test͘
· The acceptance of automaƟc household devices requires both a certain start-up Ɵme and
close customer support͘
Overall, it is important to ͞acƟvate͟ the customer͘ This means that customers must acƟvely allow the
automaƟon to control their loads͘ ParƟcular note is the fact that acƟve customers without automaƟon
achieve a much more eĸcient load shiŌ than passive customers with automaƟon͘ The top priority must
therefore be to moƟvate the customers not only by appropriate incenƟves but also by raising awareness
of the impact of their consumpƟon behavior͘
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<ĞǇZĞŐƵůĂƟŽŶƐ͕>ĞŐŝƐůĂƟŽŶΘ'ƵŝĚĞůŝŶĞƐ
It is an issue of business models of each stakeholders to enforce demand side management in Germany͘
The diīerent obũecƟves of the business models of the various market players for load shiŌing in households illustrate that the load shiŌing measures aīect each other͘ An overarching concept for coordinaƟng
the interests of market players has not been developed and is found neither in the current legislaƟon nor
in discussion papers or determinaƟon of the &ederal Network Agency procedure͘
The electricity cost savings so far are smaller than the costs for the required smart meter and the display
(e͘g͘ tablet computer)͘ Even if business models eǆist, that households do not have to pay for the smart
meter infrastructure, there are sƟll missing standardized data eǆchange processes͘ If an aggregator shiŌs
the household’s loads, standardized data eǆchange processes between the diīerent market players are
essenƟal͘
&or eǆample, if the aggregator uses controllable appliances to provide negaƟve terƟary control, the system load (at a correspondingly high number of customers) and therefore the target load proĮle of the
distribuƟon system operator changes͘ Depending on the feed-in, load and system load, the obũecƟves of
the diīerent market players can have a destrucƟve or construcƟve eīect and thus aīect the target load
proĮles of individual market players͘
&urthermore, today, the incenƟves for load shiŌing which households can refer to are very small͘
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Market structure
Number of retail customers
KƚŚĞƌWĂƌƟĐŝƉĂŶƚƐ
(Names and Countries)
Electricity consumed (2012)
Peak Demand for Power (2012)
EĞƚZĞǀĞŶƵĞƚŽŝƐƚƌŝďƵƟŽŶ
Companies (2010)

ŝƐƚƌŝďƵƟŽŶEĞƚǁŽƌŬ

Liberalized demand market͖ all customers may choose their supplier͘ About
17й of household and 36й of non-residenƟal customers have chosen free market retailers͘ The remaining is served by the universal supply regime͘ DSOs are
responsible for metering acƟviƟes6
Approǆ͘ 37 million
Siemens, Miele, SWK Setec, ProSyst, TU Dortmund, RUB, University DuE,
all Germany
>340 TWh
>54,000 MW
> 8 billion euro
830,696 km of LV lines / 379,705 km of MV lines
143 DSOs operate the electricity distribution networks in Italy (54 DSOs with
less than 1000 customers)
1 main distribution company: ENEL Distribuzione is the first national DSO, covering the 86й

Pilot Enel Info+
>ŽĐĂƟŽŶ
Funding

Consumption monitoring to raise customer awareness and enable efficient
energy use
Isernia Province (19 towns)
Resolution ARG/elt 39/2010 (Tariff remuneration scheme)

ƵƌĂƟŽŶ

2012 - 2014 (ongoing)

Targeted Customers

Up to 8,000 eligible customers (residential and small commercial consumers, prosumers)

Other

Participation on voluntary basis, with no cost for customers involved

Partners

Enel Distribuzione

Project Value

6 AEEG 11/07, ResoluƟon on funcƟonal unbundling hƩp://www͘autorita͘energia͘it/allegaƟ/docs/07/011-07old͘pdf
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In the conteǆt of a smart grid playing a crucial role towards low carbon
energy scenarios, consumers are in the centre of these changes͘ They are
eǆpected to evolve from being passive recipients of energy services into
more acƟve parƟcipants in the energy market, shiŌing to more eĸcient
and sustainable energy consumpƟon behaviours͘ &or this to happen, soluƟons to empower customers with improved informaƟon eǆchange and to
enable innovaƟve services to the end users have been developed by Enel͘
&ully leveraging on the smart metering infrastructure and eǆperƟse, Enel
Distribuzione developed a local meter interface, referred as Enel’s smart
infoΠ, which makes consumpƟon and generaƟon data available allowing
the development of a plaƞorm for a bidirecƟonal communicaƟon with the
DSO’s systems enabling soluƟons for the AcƟve Demand (AD)͘

73

ITALY
E>͛Ɛ/ŶŝƟĂƟǀĞƐKŶƵƐƚŽŵĞƌŶŐĂŐĞŵĞŶƚ

7

In parƟcular, Enel Distribuzione has launched in 2012 the Enel Infoн proũect , a large scale trial in Southern Italy (Isernia Province), where the use of the Enel smart info device is tested under real operaƟng
condiƟons͘ Both residenƟal and small commercial customers are being provided with higher quanƟty
and quality informaƟon on their electricity energy consumpƟons, addressing customer awareness and
paving the way forward a more acƟve parƟcipaƟon to the management of the electricity energy system͘
AddiƟonally, in the conteǆt of enabling in-home energy management
8
soluƟons, Enel has launched in 2012 the EnergyΛhome pilot proũect
in collaboraƟon with Telecom Italia and Indesit: a domesƟc plaƞorm for
the provision of Value Added Services (VAS) based upon informaƟon eǆchange is being tested in Central
Italy, having the smart info as bridge between the devices in the Home Area Network (HAN) and the
DSO’s systems upstream͘
To develop technological and commercial soluƟons to enable residenƟal
9
AcƟve Demand has been the aim of ADDRESS proũect, a large scale &P7
research proũect coordinated by Enel Distribuzione͘ The vision is that
domesƟc and small commercial consumers’ electrical demand can be made Ňeǆible opƟmizing the operaƟon of loads, embedded generaƟon and storage system͘ Possible barriers against AcƟve Demand development on the power systems and recommendaƟons to remove these barriers have been idenƟĮed͘
In parƟcular, the DSO operaƟonal algorithms and prototypes developed within the proũect to enable and
eǆploit AcƟve Demand was tested in the Italian test site in Carpinone in order to validate them to ensure
a reliable operaƟon of acƟve demand grid in presence of AcƟve Demand (AD) and to verify if AD is eǆploitable for network problem solving͘
&P7 funded proũect ADVANCED (AcƟve Demand Value ANd Con10
sumers Eǆperiences Discovery) launched in 2012 with the aim to
develop acƟonable frameworks enabling residenƟal, commercial
and industrial consumers to parƟcipate in AD͘
&urthermore, the beneĮts of AD for the key stakeholders and the inherent impacts on the electricity systems considering its potenƟal contribuƟon to system stability and eĸciency are to be quanƟĮed taking
diīerent scenarios into account͘ This will be achieved through comparing the diīerent AD soluƟons applied in Europe and enhancing them by the invesƟgaƟon of socio-economic and behavioral factors with
direct involvement of real consumers͘ On this basis, key success factors of AD and recommendaƟons for
the future design of AD programmes will be derived͘

7 www͘enelinfopiu͘it
8 www͘energy-home͘it
9 www͘addressfp7͘org/
10 www͘advancedfp7͘eu

74

KďũĞĐƟǀĞƐΘĞŶĞĮƚƐ
PotenƟal Ňeǆibility from customers is considered one of the largest untapped energy resources, mainly
because of sƟll insuĸcient consumer awareness regarding energy consumpƟons and the potenƟal beneĮts of a smart energy use in consideraƟon of network constraints͘ Paving the way forward the implementaƟon of acƟve demand soluƟons, the obũecƟve of the soluƟons developed by Enel has primarily been
to establish a direct link between the electricity energy uƟlity and the Įnal customers, improving their
consumpƟon awareness and enabling their acƟve parƟcipaƟon to the electricity market͘ While enabling
eǆploitaƟon of Ňeǆibility from customer engagement in a secure and reliable manner, the eǆpected beneĮts can be summarized as follows:
· More eĸcient and sustainable energy use (energy consumpƟon reducƟon and shiŌing to oīpeak hours)
· New advanced in-home energy services enabled (i͘e͘ automaƟc load management, coordinaƟon of consumpƟon and generaƟon)
· New compeƟƟve market based on disƟncƟve services opened to several market players (e͘g͘
service providers, retailers, aggregators, TelCos)
· AddiƟonal resources to manage the electricity energy system been enabled (e͘g͘ beƩer balancing of energy consumpƟon and generaƟon, load shedding, peak shaping, etc͘)
· More eĸciency and sustainability of the whole system (e͘g͘ through energy consumpƟon reducƟons, load shiŌing when renewable producƟon is higher, etc͘)

Project Design
Several use cases and funcƟonaliƟes have been developed and implemented under the ongoing customer engagement proũects and trails, ranging from customer awareness and raƟonalizaƟon of the energy
use to the validaƟon of the AD products from the network operaƟng management perspecƟve͘ In parƟcular, in order to validate the technical soluƟons developed while geƫng insights into how customers
can be more acƟvely involved in the energy system management, diīerent iniƟaƟves, eǆploring diīerent
levels of customer engagement, have been launched over the years in collaboraƟon with other partners,
both at the naƟonal and European level as detailed in this secƟon͘ At the naƟonal level, soluƟons for
consumpƟon monitoring to raise customer awareness and enable eĸcient energy use were Įrst developed and are currently being tested under the Enel Infoн proũect, launched in 2012͘ At the same Ɵme,
a wider scope, enlarging from consumpƟons monitoring to in-home control, has been in the focus of the
EnergyΛhome proũect, where other players alongside Enel Distribuzione (such as a TelCo and a white
goods manufacturer) are involved͘
At European level, the invesƟgaƟon of a comprehensive AcƟve Demand framework, also including the
idenƟĮcaƟon of possible barriers and insights for a successful AD development, had already started in
2008 within the ADDRESS proũect, where a full interacƟon between customers and energy system was
envisaged as step toward in-home control͘
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Privacy issues, also in relaƟon to data collecƟon and processing, have been addressed in Enel’s proũect
terms and condiƟons, staƟng also parƟes’ rights and liabiliƟes, always in agreement with the customers͘
Moreover, customer opƟng out has been guaranteed and parƟcipaƟon stated on a voluntary basis with
no cost for the involved customers͘

Enel Info+
With the aim to demonstrate whether providing the end users with feedback on electricity energy consumpƟon can address more eĸcient energy behaviours, a representaƟve sample of families served by
the Carpinone primary sub-staƟon in the area of Isernia, are being equipped with an energy monitoring
kit including the Enel smart infoΠ together with dedicated interfaces͘ In parƟcular, been designed as
modular system, three diīerent levels of analysis and funcƟonaliƟes have been implemented and soluƟons are Enel Distribuzione’s proprietary:
· SEE: based on the use of the smart info’s full colour and touch screen in-house display, consumers have easy and conƟnuous access to their household energy use paƩern͘ Smart Info
Display provides near real Ɵme and historical informaƟon on energy consumpƟon, shown in
bar graphs and pie charts to highlight mean value and distribuƟon throughout tariī bands
over diīerent Ɵme slots (i͘e͘ day, week, month, two months, year)͘ ConsumpƟon habits are
displayed together with the measured consumpƟon data in the graphs, helping consumers
idenƟfy variaƟons͘ Historical data is stored for about three years͘ The instantaneous power
is reported together with a scaƩer plot of its maǆimum historical values for diīerent periods
of Ɵme (a single day, one week, one month), thus the consumer can check whether its supply
electricity contract is consistent with its actual needs͘ The instantaneous power values can
be refreshed automaƟcally as well as on demand͘ Tariī Ɵme bands are displayed, together
with the date and Ɵme of tariī Ɵme bands switching and colours seƫngs can be modiĮed
to be consistent with the user’s tariī structure͘ When the contractual power is eǆceeded an
alarm is automaƟcally generated likewise, so that load shedding is prevented͘ Through a dedicated wizard the customer can also measure the power used by a speciĮc appliance͘ Besides
pure informaƟon, addiƟonal feedback and alarms at pre-deĮned, modiĮable thresholds (for
eǆample with reference to contractual power capacity limit), DSO’s announcements and contractual data are also noƟĮed for the customers͖
· ANALYZE: based on the smart info manager, a soŌware applicaƟon is provided to the consumers in order to assist energy consumpƟon data analysis directly on a personal computer͘ &or
prosumers who are generaƟng electricity themselves, their energy producƟon is shown alongside their generaƟon to facilitate analysis of their net energy consumpƟon͖
· yW>KZ͗ based on the smart info mobile app, consumers/prosumers can remotely access
their energy data directly from their smartphone͘
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SEE : Smart Info Display
ʞƵƌƌĞŶƚ͕ŚŝƐƚŽƌŝĐĂůƚĞŶĚĞŶĐǇĐŽŶƐƵŵƉƟŽŶ
ʞdĂƌŝīƟŵĞďĂŶĚƐŶŽƟĮĐĂƟŽŶ
ʞ Power limits alarms
ʞ oŶtraĐtƵal Ěata ǀisƵalisaƟoŶ
ʞ Messages from SO
ʞ eǆtra iŶformaƟoŶ ;Ěate͕ ŚoƵr͘͘͘Ϳ
ʞ instantaneous power
ʞ historical maximum instantaneous power;
ʞ alarms generated when energy usage
oǀercomes conĮguraďle threshold;

ANALYSE : Smart info Manager
“SEE” plus:
ʞ detailed analysis of load proĮle
ʞ comparisons in Ɵme
ʞ omparison generaƟon ǀs consumƟon
ʞ energy eĸciency sugges Ɵons
ʞ exportaďle reports

EXPLORE:Smart Info Mobile
͞S͟ н͟E>zS͟ accessiďle
from a smartphone

&ŝŐƵƌĞϭ͗ŶĞůƐŵĂƌƚŝŶĨŽĨƵŶĐƟŽŶĂůŝƟĞƐ͘

The Enel Infoн proũect, started in December 2012 and will Įnish at the end of 2014͘

Energy@home
Trial Energy@home
Proũect Value

In-home energy management to enable load control and innovaƟve smart services

LocaƟon

Mainly &abriano and Jesi towns

&unding

CollaboraƟve proũect

DuraƟon

2012 - 2013 (ongoing)

Targeted Customers
Other
Partners

50 (residenƟal and prosumers)
ParƟcipaƟon on voluntary basis, with no cost for customers involved
Enel Distribuzione, Telecom Italia (TelCo operator), Indesit (white goods manufacturer)
Table 1: Trial Energy@home fact box

Within the EnergyΛhome trail, smart customer services are enabled through the implementaƟon of
an architecture model compliant with Zigbee Home AutomaƟon, providing the end user with higher
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quanƟty and quality of informaƟon together with tailored funcƟonaliƟes͘ An integrated management of
distributed generaƟon and customer loads is performed locally while contribuƟng to the security and stability of the whole electricity energy system͘ Given the available automated metering infrastructure, the
DSO provides relevant cerƟĮed meter data to other market players, which can add further informaƟon
such as electricity price and tariīs to provide customers with innovaƟve services͘ The reference system
architecture consists of the following main elements:
· The Smart Meter, responsible for providing cerƟĮed metering data and allowing a bidirecƟonal communicaƟon between the DSO’s central system and the customer premises͘
· The Enel’s smart infoΠ, which provides end users with cerƟĮed informaƟon on electricity consumpƟons, through a standardized and secure bridge with the DSO’s systems͘ Being plugged
in any house socket, it communicates with the smart meter through power line communicaƟon (PLC) and makes cerƟĮed metering data accessible to other market players in a nondiscriminatory way͘ The Enel smart info assigned to a customer provides only the data coming
from the smart meter which is contractually associated unequivocally to him͖
· The Smart Appliances, or white goods, are able to cooperate by adũusƟng their power consumpƟon according to a pre-programmed preference or a signal from a third party͘ While
preserving the quality of service and user eǆperience, they are able to control their processes,
oīering Ňeǆibility in terms of Ɵme and energy proĮle͖
· The Smart Plugs, implemenƟng an on/oī control on the plugged energy loads which aren’t
Smart Appliances͖

Service provider’s system
Customer interfaces

Other meters
Smart appliances

Appliances
smartplug
Service
plaƞorm

Smart info
Home electricity meter

HAN

HOME AREA NETWORK

WAN

Home gateway

ddiƟonal electricity meters

HN

HOME NETWORK

Customer interfaces

HOME
DOMAIN

Figure 2: Energy@home architecture
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· The Home ResidenƟal Gateway allows data eǆchange between the devices in the Home Area
Network and the Internet, through a cloud-connected service plaƞorm͘ In addiƟon to the
Home Gateway allowing the necessary connecƟvity, it acts as the central home coordinator
resolving between appliance capaciƟes and system requests͘
· The Customer Interfaces, which are all the devices (such as personal computers) that can be
used by the customer to monitor and conĮgure his energy preferences͘
Alongside customer energy awareness and monitoring, addiƟonal use cases for automated control at
customer premises have been deĮned and developed within the trial:
· >ŽĂĚŇĞǆŝďŝůŝƚǇďǇƚŚĞĐŽŽƌĚŝŶĂƚĞĚŵĂŶĂŐĞŵĞŶƚŽĨĂƉƉůŝĂŶĐĞƐ͕ represents the full interacƟon
of the home appliances as a result of the informaƟon coming through the meter alongside
other signals such as applied energy tariīs͘ Such use cases include energy consumpƟon monitoring, coordinated appliance planning and temporary reducƟon of power consumpƟon taking into account the user needs: smart appliances can start funcƟoning at non-peak (less eǆpensive) hours and also cooperate to avoid overloads by automaƟcally balancing consumpƟon
without ũeopardizing an appliance’s designed funcƟon or performance͖
· ŶĞƌŐǇŐĞŶĞƌĂƟŽŶĂŶĚĐŽŶƐƵŵƉƟŽŶĐŽŽƌĚŝŶĂƚĞĚŵĂŶĂŐĞŵĞŶƚ͕ represents the cooperaƟon
between local renewable energy generaƟon (e͘g͘ roof PV panels, small wind turbines) and
energy consumpƟon͘ Customers, or in this case prosumers, can either consume or sell energy
by accounƟng for network needs, tariī schemes, price signals and incenƟves, and shiŌ their
consumpƟon accordingly͘ ApplicaƟon soŌware and algorithms addressing the opƟmal use of
energy accounƟng for several boundary condiƟons and signals are currently been tested in
the trail͘

ADDRESS

11

As a step forward, an Aggregator that manages a porƞolio of consumers is able to oīer acƟve demand
services, in markets or through bilateral relaƟonships, to the other market players͘ The Aggregator sends
price-volume signals studied in order to be as simple as possible, and structured in a way that consumers
can gain economic incenƟves if their load proĮle is within a certain band in a certain period͘
However, the modiĮcaƟon of the load proĮle stemming from the AD market may have a negaƟve impact
on network security and quality of supply, and contradictory acƟons might be performed, raising the
need for coordinaƟon among the involved players͘ In parƟcular, this implies that DSO plays a double
key role: as validator and enabler of the AD requests and buyer of the AD products through markets or
bilateral relaƟonships͘ The electrical distribuƟon network management in the presence of AD was tested

11 www͘addressfp7͘org/
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in the Italian Įeld test͘ The results indicated that it was not possible to involve an adequately high number of Low Voltage (LV) consumers, AD products were provided by means of one storage system (1MW,
0͘5MWh)͘ MV producers and customers were engaged for the test of the distribuƟon network supplied
by the HV/MV transformer of the Carpinone substaƟon, covering 340 km of network, 10 MV feeders and
157 MV/LV substaƟons͘ The developed funcƟonal architecture needed by DSO’s to implement those roles
and responsibiliƟes encompasses three levels: the Central Control Level, the HV/MV substaƟon level and
the MV/LV substaƟon level, with intelligence distributed throughout͘ TSO validaƟon was also included to
invesƟgate the whole chain of the AcƟve Demand͘ In parƟcular, the following steps and required systems
and funcƟonaliƟes have been tested within the technical architecture envisaged by Enel Distribuzione:

ADDRESS PROJECT
Proũect
Purpose

To enable AD by developing technical soluƟons at the consumer premisis and at
the power system level, proposing recommendaƟons and soluƟons to remove the
possible barriers, idenƟfying beneĮts for stakeholders and developing appropriate
markets and contractual mechanisms

Italian test’s Value

To test distribuƟon network management in presence of AcƟve Demand in order
to verify operaƟng condiƟons and enable a full eǆploitaƟon of the AD products and
services

LocaƟon of
the Italian test
&unding

Isernia (Carpinone)
&P7 Program

Total ADDRESS Budget

16 Mln€ (9 Mln€ EC fund)

Budget Enel in
the ADDRESS proũect

2Mln€ (1͘3 Mln€ EC fund)

DuraƟon

Proũect Partners

2008-2013 (Ended)
Enel Distribuzione (Proũect Coordinator)͖ UK Power Networks, Iberdrola Distribuciſn
ElĠctrica, VaƩenfall, University of Manchester, Universidad PonƟĮcia Comillas, Universită di Siena, Universită di Cassino, ENEL Ingegneria e Innovazione, VTT, VITO, Tecnalia,
KEMA, Consentec, ED&-SA, ENEL DistribuƟe Dobrogea, ABB, LandisнGyr, ZIV, Philips,
Electroluǆ, RLtec, Ericsson Espaŷa, Alcatel, Current
dĂďůĞϮ͗Z^^WƌŽũĞĐƚĨĂĐƚďŽǆ

· Aggregators send intended AD-acƟons to DSO for validaƟon through the AcƟve Demand Management System (ADMS), responsible for validaƟon management and coordinaƟon with the TSO͖
· Technical ValidaƟon is performed by the DSO through the Distributed Management System
(DMS), responsible for the veriĮcaƟon of AD-products in terms of implied impacts on network
management͖
· ValidaƟon is then veriĮed by TSO (through ADMS)͖

80

· Acceptance (or reũecƟon) is sent to aggregator (through ADMS)͖
· DMS sends the power informaƟon to emulate the AD-acƟon through the SCADA system, responsible for data collecƟon and remote control of network devices͖
· The SCADA system communicates the seƫngs power to storage through a network data concentrator͘ The SCADA system remotely controls the power inũected into and withdrawn by the
network or by the storage system͖
· The SCADA system and DMS work together to detect the new state of network to determine
the impact of AD on the grid͘

ƵƌƌĞŶƚ^ƚĂƚƵƐΘZĞƐƵůƚƐ
Recruitment
Enel Infoн pilot proũect was launched in 2012 and currently involves 19 towns with a high penetraƟon
of renewable generaƟon connected at the MV level, in the Isernia Province (Southern Italy)͘ More than
8,000 eligible LV customers were sampled, of which there are more than 100 eligible prosumers, with an
average age of 45 years and a low-medium computerizaƟon level were found͘ About 4,000 of these LV
customers have already been equipped with the Enel’s smart infoΠ͘
In order to successfully acƟvate consumers, Enel Distribuzione carried out informaƟon sessions, Įrst involving local authoriƟes and then customers͘ MeeƟngs with mayors and a meeƟng with local consumers’
associaƟons have been arranged to present the Enel Infoн proũect, to establish a successful collaboraƟon
and to eǆplain the potenƟal beneĮts of recruitment͘ More focused meeƟngs have been also arranged
with parƟcipants for them to know the proũect details͘
Engaging Customers
Considering the lack of customer knowledge and awareness on electricity consumpƟon and potenƟal
beneĮts from their acƟve interacƟon with the energy system, a step by step customer engagement approach has been adopted͘ The LV customers have been iniƟally equipped with the Smart Info Display and
are therefore receiving basic feedback on their consumpƟon͘ The raƟonale was to get customers used to
a new technology, thus avoiding reũecƟon of addiƟonal technologies and services͘ An upgrade is planned
in the few months following installaƟon, to progressively increase the compleǆity and value proposiƟon
oīered͘ Prosumers receive an addiƟonal smart info device to manage both producƟon and consumpƟon
metering data͘
&irst results highlighted a remarkable use of the display, poinƟng out prosumers as the most acƟve͘ Observed customers found it helpful to be informed of tariī bands once they had real Ɵme power monitoring͘ Small commercial consumers were shown to be parƟcularly interested in these capabiliƟes͘
&leǆibility enabled through customer engagement is generally a challenge to maintain in the period following iniƟal recruitment͘ A web portal and a dedicated help desk have been designed and implemented
to provide general informaƟon about the proũect and conƟnuous technical support͘ AddiƟonally, on the
basis of the abovemenƟoned invesƟgaƟons, parƟcipants will quarterly receive reports (e͘g͘ evaluaƟon of
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their level of consumpƟon, also compared with the one observed in the previous year as well as with the
other parƟcipants, the neighbours having similar-sized households, etc)͘
In the EnergyΛhome proũect, 13 iniƟal users have been involved in the trial since 2012 in order to validate the technology and to collect the necessary informaƟon to Įne tune the developed funcƟonaliƟes
and improve the customer eǆperience͘ These enhanced engagement opportuniƟes will support plans to
eǆtend the number of customers involved by 50, and to include prosumers͘ IniƟal feedback has shown
posiƟve consumer eǆpectaƟons for living with the technology and enhancing their awareness of energy
consumpƟon by speciĮc appliances͘ The developed soluƟons have generally been found to be easy to
use with a remarkable frequency of use͘ Customers also highlighted interest in overload noƟĮcaƟon and
control, together with funcƟonaliƟes for in-house energy generaƟon͘

Measuring Impact
The customer sample living in the municipaliƟes involved in the proũect have been observed by Enel Distribuzione since 2011, in order to collect pre-trial data on the energy consumpƟon behavior͘ The energy
consumpƟon behaviors observed during the trial will be compared with the pre-pilot data and analyzed
in relaƟon to several factors (e͘g͘ household size, number and type of appliances, etc͘)͘ To assure that the
use of the Enel Infoн kit is actually responsible for any load curve changes, a control group of consumers,
eǆcluded from the trial parƟcipaƟon, has also been selected and will be monitored throughout the proũect duraƟon͘ AddiƟonal useful informaƟon will be gathered by three diīerent sets of quanƟtaƟve interviews, with the following obũecƟves: (i) to deĮne a representaƟve behavioral model in terms of habits,
household size, family composiƟon, educaƟon, etc͘ before the massive distribuƟon of monitoring kits͖
(ii) collect preliminary data on consumers’ awareness, technology understanding and aƫtude towards
energy eĸcient use alongside Įrst impressions of the Enel Infoн kit, two months before the planned
installaƟon͖ (iii) assess of customer energy behaviors at the end of the trail, thus esƟmaƟng the eīect of
the developed monitoring technologies and soluƟons͘ Moreover, more focused interviews on a sample
of about 20 residenƟal consumers will be carried out under the proũect ADVANCED, to provide with useful insights into the socio-economic drivers͘

ŶĂďůŝŶŐƚŚĞĨƵůůĂĐƟǀĞĚĞŵĂŶĚĐŚĂŝŶ
Looking upstream the AcƟve Demand chain (from AD buyers to aggregators), the DSO’s algorithms and
prototypes to enable and eǆploit AD have been developed and run in the ADDRESS Italian Įeld test, proving that Ňeǆibility from AcƟve Demand can be used to solve network management issues͘ In parƟcular,
requests by deregulated players have been simulated and the DSO received bids for 5͘50 MW for the
intraday and day-ahead AcƟve Demand market to be validated though properly Įne-tuned algorithms͘ In
some cases, a product curtailment was necessary to ensure a reliable network operaƟon͘
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^ǇƐƚĞŵŽƉĞƌĂƟŽŶƌĞƐƵůƚƐ
Alongside the role of DSO as AD validator, the DSO as AD product buyer to resolve network problems
(especially in presence of distribute energy source) has been simulated͘ The DSO bought AcƟve Demand
products totaling 0͘3 MW to resolve eǆpected network congesƟons thus avoiding MV cable overloading͘
No network violaƟon was observed in the simulaƟon͘ Also, the TSO’s role as an AcƟve Demand buyer
to solve transmission system problems was tested with the aim to limit reverse power Ňow phenomena
through the HV/MV substaƟon͘ The TSO bought AcƟve Demand products totaling 1͘2 MW in the MV
network of Carpinone͘

>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
AcƟve demand is not fully in place in Italy and a regulatory framework is sƟll missing͘ As a maƩer of fact,
pilot proũects, as described above, have been launched to pave the way forward the implementaƟon of
the acƟve demand soluƟons, from technological, commercial and regulatory standpoints͘
12

According to the eǆperience of the ADDRESS proũect at the European level together with the ongoing
naƟonal eǆperiences in Italy, recommendaƟons and lesson learned can be formulated as follows, with
some insights on the necessary acƟons to be performed for fully enabling AcƟve Demand in Europe:
· Consumer engagement and involvement: parƟcipaƟon in acƟve demand programs is voluntary͖ therefore a deep understanding of the beneĮts and implicaƟons from Ňeǆibility and
adaptability of the consumpƟons (both from customer and a whole system perspecƟve)
should be addressed while maǆimizing the uƟlizaƟon of the technology͘ All conteǆtual issues,
as regional conteǆt, age, social condiƟons, are important and the full range of beneĮts has to
be communicated to appeal to a range of customer values including not only Įnancial beneĮts
but also environmental beneĮts͘ Moreover, contracts and agreements with customers need
to be understandable and transparent, and, as general principle, consumer privacy and data
must be protected͘ However, alongside recruitment, a real challenge is to keep customers onboard: for this reason, the provision of technical support and frequent communicaƟon following technology installaƟon are fundamental principles for conƟnued involvement in managing
the electricity system͘
· ŽŽƌĚŝŶĂƟŽŶ ĂŵŽŶŐ ƚŚĞ ŝŶǀŽůǀĞĚ ƉůĂǇĞƌƐ ĂŶĚ ƌĞůŝĂďŝůŝƚǇ ŽĨ ƚŚĞ ĞůĞĐƚƌŝĐŝƚǇ ƐǇƐƚĞŵ͗ as earlier
menƟoned, AD can be used to contribute to solve network operaƟon problems, thus represenƟng an addiƟonal source for electricity System Operators (SOs)͘ However, coordinaƟon
is necessary among SOs and aggregators in order to properly localize load areas and assure
network security and reliability while considering local constraints͘ Therefore, responsibiliƟes

12

www͘addressfp7͘org/
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have to be clearly set out and SOs’ regulaƟon updated to include Įǆed costs associated to the
services provided to enable AD and to purchase AD products (country speciĮc)͘
· ŽŵŵƵŶŝĐĂƟŽŶƐŝŶĨƌĂƐƚƌƵĐƚƵƌĞƐ͗ in order to enable an open market for services with posiƟve
business cases, standardizaƟon and interoperability of the developed soluƟons and devices
need to be addressed͘ Therefore, the use of available, open and proven standards for AD related communicaƟon is recommended with no restricƟon to speciĮc communicaƟon channels
in order to avoid ruling out certain AD parƟcipants͘ Heterogeneous communicaƟon infrastructure needs to be acknowledged and interoperable standards preferred to assure a successful
commercializaƟon of smart devices͘
· DĂƌŬĞƚĂŶĚƌĞŐƵůĂƟŽŶ͗ as general principle, consumers must be free to opt in and out, with
clear rules on the ownership and protecƟon of data need͘ Moreover, rules and mechanisms
for veriĮcaƟon and measurement of AD product delivery, fair allocaƟon of costs and beneĮts
among all the involved players, with a fair compeƟƟon have sƟll to be established and guaranteed for AcƟve Demand to be put in place͘
Three main challenges to the massive deployment of AcƟve Demand soluƟons can be idenƟĮed: (i)
AcƟve Demand implies a compleǆ, mulƟ-stakeholder system and requires several tools/devices to work
together, thus featuring really high compleǆity͖ (ii) the full AD chain is not presently eǆisƟng in EU and
the regulaƟon to eǆploit AD is not completely in place͖ (iii) to be fully eǆploited, AD programs should be
understood and largely adopted by a suitably high number of consumers (whose constant involvement
is one of the greatest challenges)͘
Therefore, we are sƟll on the way toward AcƟve Consumers who fully parƟcipate in the management of
the electricity system͘ &or AD to be successful, a gradual implementaƟon should be carried out by Įrst
adopƟng soluƟons for monitoring (to raise customer awareness and involvement), then in-home control
(to get customers used to technology), and Įnally full interacƟon with the electricity system (covering
the whole AD chain)͘

ZĞŐƵůĂƟŽŶƐ͕>ĞŐŝƐůĂƟŽŶΘ'ƵŝĚĞůŝŶĞƐ
ŝƌĞĐƟǀĞϮϬϬϲͬϯϮͬŽŶĞŶĞƌŐǇĞŶĚͲƵƐĞĞĸĐŝĞŶĐǇĂŶĚĞŶĞƌŐǇƐĞƌǀŝĐĞƐ;ƚƌĂŶƐůĂƚĞĚŝŶ/ƚĂůǇŝŶƚŽ>ĞŐŝƐůĂƟǀĞĞĐƌĞĞϭϭϱͬϬϴͿ hƩp://eur-leǆ͘europa͘eu/LeǆUriServ/LeǆUriServ͘do͍uriсOJ:L:2006:114:0064:0064:e
n:pdf
ZĞƐŽůƵƟŽŶZ'ͬĐŽŵϱϲͬϬϵŽŶĂƉƌŽĐĞĚƵƌĞĨŽƌƚŚĞĚĞĮŶŝƟŽŶŽĨŵĞĂƐƵƌĞƐŽŶĚĞŵĂŶĚŵĂŶĂŐĞŵĞŶƚĂŶĚ
ĐŽŶƚƌŽů͕ĂŶĚĞĸĐŝĞŶƚĞŶĞƌŐǇƵƐĞ hƩp://www͘autorita͘energia͘it/it/docs/09/056-09arg͘htm
ZĞƐŽůƵƟŽŶZ'ͬĞůƚϮϮͬϭϬŽŶdŽhƚĂƌŝīĨŽƌĚŽŵĞƐƟĐĐƵƐƚŽŵĞƌƐƵŶĚĞƌƚŚĞƵŶŝǀĞƌƐĂůƐƵƉƉůǇƌĞŐŝŵĞ hƩp://
www͘autorita͘energia͘it/allegaƟ/docs/10/022-10arg͘pdf
ŽŶƐƵůƚĂƟŽŶKϯϰͬϭϭŽŶĐƌŝƚĞƌŝĂĨŽƌĚŝƐƚƌŝďƵƟŽŶĂŶĚŵĞĂƐƵƌĞŵĞŶƚĨŽƌƚŚĞƌĞŐƵůĂƚŽƌǇĐǇĐůĞϮϬϭϮͲϭϱ
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hƩp://www͘autorita͘energia͘it/allegaƟ/docs/dc/11/034-11dco͘pdf
ŝƌĞĐƟǀĞϮϬϭϮͬϮϳͬhŽĨƚŚĞƵƌŽƉĞĂŶWĂƌůŝĂŵĞŶƚĂŶĚŽĨƚŚĞŽƵŶĐŝůŽŶĞŶĞƌŐǇĞĸĐŝĞŶĐǇ hƩp://eur-leǆ͘
europa͘eu/LeǆUriServ/LeǆUriServ͘do͍uriсOJ:L:2012:315:0001:0056:EN:PD&
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Project ownership

Kitakyushu Smart Community Council

Overview of Yahata
Higashida district

ͼ Area: 1͘2 km2
ͼ Employment: About 6,000
· Residents: About 900
· CorporaƟons and organizaƟons: About 210
· General households: 230

Power supply

KďũĞĐƟǀĞ
Project scale

Contact

· Supply source:
Yawata Steel Works, Nippon Steel Θ Sumitomo Metal CorporaƟon
· Power generaƟon facility:
Natural gas engine cogeneraƟon (33MW)
· On-premise distribuƟon: Supplied through private line
· 50й CO2 reducƟon
(as compared with general districts in city in 2005)
· 20й energy conservaƟon
· Peak shaving: 15й
38 subũects, 16͘3 billion yen
Smart Community Policy Office, Energy Conservation and Renewable Energy
Department, Agency for Natural Resources and Energy, Ministry of Economy,
Trade and Industry
TEL:81-3-3580-2492
Smart Community Grand Design Department, Power Θ Social Infrastructure
Business Group, &uũi Electric Co͘, Ltd͘
TEL:81-3-5435-7204

JAPAN
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The Kitakyushu Smart Community CreaƟon Proũect was selected by the
Ministry of Economy, Trade and Industry of Japan in April 2010 as a proũect
in one of four areas where the Neǆt GeneraƟon Energy and Social System
DemonstraƟon Program, which aims at creaƟng a Japanese-style smart
grid and its overseas deployment, is to be implemented͘
This proũect was launched by ͞Kitakyushu Smart Community Council͟that
comprises more than 73 Įrms and organizaƟons, including City of Kitakyushu, Nippon Steel Θ Sumitomo Metal CorporaƟon, IBM Japan, Ltd͘, YASKAWA Electric CorporaƟon, and &uũi Electric Co͘, Ltd͘
Master Plan (1) was formulated to cover the proũect scale of a total of
16͘3 billion yen and 38 subũects including regional energy management
and installaƟon of solar PV equipment in Įve years from 2010 to promote
this proũect͘
· This year is the fourth year of the 5-year demonstraƟon period
(Įscal 2010 to 2014) in which the demonstraƟon tests of demand response etc͘ are being conducted͘
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Phase

Period

Basic design, discussion on the system

May 2010 Ε October 2010

System design

October 2010 Ε March 2012

System making, test

December 2010 Ε September 2011

System design for demand response

April 2011 Ε June 2012

InstallaƟon at a local site, connecƟon test

December 2011 ~ March 2012

DemonstraƟon test

April 2012 ~ March 2015

dĂďůĞϭ͗WůĂŶŶŝŶŐŽĨƚŚĞ<ŝƚĂŬǇƵƐŚƵ^ŵĂƌƚŽŵŵƵŶŝƚǇƌĞĂƟŽŶWƌŽũĞĐƚ

Higashida cogeneraƟon power plant of Higashida CogeneraƟon CorporaƟon is wholly owned by Nippon
Steel Θ Sumitomo Metal CorporaƟon and is supplying power throughout Higashida district͘ Higashida
CogneraƟon possesses a power generaƟon facility (33 MW) consisƟng of a natural gas engine cogeneraƟon system in the premises of Yawata Steel Works of Nippon Steel Θ Sumitomo Metal CorporaƟon,
which is in charge of selling electricity͘ In addiƟon, Higashida CogeneraƟon CorporaƟon also has a private
electric power transmission line in the HIgashida district to supply power to the households, factories,
oĸces, etc͘
͟Kitakyushu Hydrogen Town Proũect͟ aims at eīecƟvely using hydrogen eǆtracted from byproduct gas
generated in the course of steelmaking process at the steelworks͘ This hydrogen is supplied as fuel
through hydrogen pipeline running through the town to pure hydrogen fuel baƩeries installed at hydrogen staƟons in Kitakyushu and the housing compleǆes, commercial faciliƟes, and public faciliƟes in the
Higashida district, so that electric power and heat generated by the fuel cells can be used as energy͘

KďũĞĐƟǀĞƐΘĞŶĞĮƚƐ
The obũecƟves of this demonstraƟon proũect are as follows:
· EīecƟve use of energy (electric power, heat, hydrogen) in the enƟre district
· Proposal on how distributed energy system should be used
· RealizaƟon of energy conservaƟon and peak shaving of demand for electricity
To achieve the above obũecƟves, the following will be implemented:
Establishment of new energy system centered in a community energy conservaƟon site and in coordinaƟon with Building Energy Management System (BEMS) and Home Energy Management System (HEMS)
· Demand side management of customer parƟcipaƟon type such as ͞dynamic pricing͟ and ͞incenƟve program͟
The eīect of the above implementaƟon, including the total eīect of the measures taken so far, is eǆpected to be ͞50й of reducƟon of CO2 from that of the ordinary blocks in Kitakyushu City͘͟
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Project Design
Community Energy Management System (CEMS) is the core of the Įeld demonstraƟon proũect, and is
installed in the Smart Community Center͘ It communicates with Home Energy Management System
(HEMS), Building Energy Management System (BEMS), &actory Energy Management System (&EMS) and
Retail Energy Management System (REMS) via AMI (Advanced Metering Infrastructure) including smart
meters͘ These systems and meters make it possible to implement the demand response͘ &urthermore,
the CEMS communicates with distributed power such as solar power, wind power, and fuel cells in the
area and controls charging and discharging of a Community-installed Storage BaƩery System according to
power demand and the amount of power generaƟon͘ At the same Ɵme, it induces peak shiŌ and energy
conservaƟon by consumers with dynamic pricing that varies the electricity rate according to Ɵme of day͘
BEMS and HEMS control the load such as building equipment, EV charging staƟons and home appliances
on the basis of the dynamic pricing informaƟon͘
&igure 1 shows an overall conĮguraƟon of the Įeld demonstraƟon͘ The Įeld demonstraƟon system is
composed of demand side EMS (HEMS/BEMS/ &EMS/REMS), which opƟmally operates energy from the
demand side (home, companies and factory), distributed generaƟons and community-installed baƩery
storage system, which supplies energy to the area, and the CEMS which opƟmally and comprehensively
controls the demand and supply͘
&urthermore, an in-home display shows energy informaƟon from the CEMS and smart meters are installed for each consumer͘
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Community energy management system (CEMS)
Table 2 lists the funcƟonal items of a community energy management system͘ CEMS forecasts energy
demand and supply for the enƟre community, formulates a plan to operate cogeneraƟon and electricity
storage systems, and delivers dynamic pricing informaƟon to smart meters and consumer energy saving
systems͘ Picture below shows the CEMS͘

WŝĐƚƵƌĞŽĨD^

CEMS

Concentrator

Ethernet
Power Poll

RF mesh network

Smart meter system

Smart meter
WiĮ

In-home display
&ŝŐƵƌĞϮ͗^ŵĂƌƚŵĞƚĞƌƐǇƐƚĞŵĐŽŶĮŐƵƌĂƟŽŶ
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&igure 2 shows the smart meter system conĮguraƟon͘ A smart meter bilaterally communicates with
a community energy management system via a concentrator͘ CommunicaƟon between the smart meter and the concentrator is established by a wireless
mesh͘ Dynamic pricing informaƟon from the CEMS
is displayed on an in-home display by a Wi&i system
through a smart meter to show the eīects of energy
conservaƟon and load leveling͘

Control of power generaƟon and storage based on enegy supply and demand
The stabilizaƟon by coordinaƟon of large-scale power grid
Understanding of energy usage of each consumers

&uncƟon

Demand side management such as consumersΖ load control and dynamic pricing, etc͘
ConnecƟon with energy management systems of consumers and variety of energy equipment
in standard procedures
CreaƟon of new services by the visualizaƟon of energy usage and the data of CO2
dĂďůĞϮ͗ŽŵŵƵŶŝƚǇŵĂŶĂŐĞŵĞŶƚƐǇƐƚĞŵĨƵŶĐƟŽŶĂůŝƚĞŵƐ

^ƚŽƌĂŐĞďĂƩĞƌŝĞƐŝŶƐƚĂůůĞĚŝŶƚŚĞĐŽŵŵƵŶŝƚǇ
&igure 3 shows connecƟon of a community electricity storage system͘ This system consists of a secondary
baƩery and a smart power condiƟoning system (PCS)͘ The electricity storage system bilaterally transfers
informaƟon with the CEMS to level out the load of the community grid and to supply emergency power,
maintaining the power quality of the grid with funcƟons such as the instant frequency ŇuctuaƟon control
and voltage control by reacƟve power͘
In concert with solar cells and fuel cells installed in the community, it also autonomously operates to
sustain electric power supply to important loads in case of an emergency͘
D^
A Building Energy Management System (BEMS) is installed in the oĸce buildings, mulƟ-tenant buildings,
commercial faciliƟes, and the hospital͘ It contributes to the conservaƟon of energy and electric power,
manages the eīecƟve use of energy in the facility, stabilizes the demand and supply and the quality of
electric power by using a heat storage system in a facility that demands a lot of hot water͘
FEMS
Installed in a factory and coordinaƟng with a CEMS, a &actory Energy Management System (&EMS) contributes to conservaƟon of energy and electric power, and eīecƟve use of energy in faciliƟes͘ It stabilizes
demand and supply and improves the quality of electric power, by controlling air condiƟoning, lighƟng,
and baƩeries in accordance with the demand and supply forecast and price informaƟon sent from the
CEMS͘ The &EMS opƟmizes energy use and operaƟonal costs based on the eǆpected amount of energy
that can be generated by renewable energy sources, and the ŇuctuaƟon of the electric power load in the
factory, which may stem from the producƟon plan͘
HEMS
A home energy management system (HEMS) is installed in an ordinary household͘ CoordinaƟng with the
CEMS, it realizes the conservaƟon of electric power and leveling out of the load by controlling the air condiƟoners, electric appliances, and baƩeries in the household, in response to the request from the CEMS͘
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Demand side management (design of demand response system)
Demand response in this demonstraƟon proũect is implemented by using two methods in combinaƟon:
dynamic pricing (DP) and an incenƟve program (IP)͘ DP is a method to get responses from consumers
by changing the unit price of electric power during peak hours and thus using the unit price as a trigger͘
There are 3 types of DP systems, as described below:
DP for 2012 was designed based on a system called CriƟcal Peak Pricing (CPP)͘
1) Basic pricing: This pricing system is set at the beginning of a year and feeds into a seasonal hourly unit
price paƩern, which serves as a basis of the year,
based on the past result of demand for and supply
of electric power͘
2) Real-Ɵme pricing: This pricing system sets the unit
price of electric power for the neǆt day by mulƟplying the unit price of the basic pricing system by
a predetermined mulƟplier which is derived from
weather forecasƟng and other forecasted events
such as the amount of energy that will be generated by renewable energy sources and demand and
supply eǆpected on the following day͘
3) CriƟcal peak pricing: This system sets the unit price
based on an emergency unit price paƩern that is
decided in advance for a change in situaƟon that
could not be predicted on the day before (such as a
signiĮcant change in the amount of electric power
generated by renewable energy sources or a substanƟal ŇuctuaƟon in demand for electric power)͘

Time
12:00

14:00

CEMS

BEMS, HEMS
Smart meter

NextͲday rate taďle͕
weather informaƟon
CreaƟon of nextͲ
day operaƟon plan
NextͲday operaƟon plan
CreaƟon of nextͲday
supply and
demand plan

HEMSͽBEMS
corporaƟon

eviaƟon from
predicated supply and
demand threshold

CalculaƟon of daily
pricing Ɵme and
coeĸcient

hpdaƟng of pricing taďle
All users
&ŝŐƵƌĞϯ͗ǆĂŵƉůĞŽĨǇŶĂŵŝĐWƌŝĐŝŶŐĚĞŵŽŶƐƚƌĂƟŽŶ

A CEMS forecast of electric power demand and supply is issued a day ahead, along with a table of prices
for the neǆt day to consumers’ EMS and smart meters͘ Based on this price table, the consumers’ EMS
formulates and sends an operaƟon plan for the neǆt day to the CEMS, which, in turn, determines the
price table for the neǆt day͘ &igure 4 shows an eǆample of DP demonstraƟon͘

ƵƌƌĞŶƚ^ƚĂƚƵƐΘZĞƐƵůƚƐ
The following Įgure shows the 5-year demonstraƟon schedule͘ At the Ɵme of wriƟng this case book, the
demonstraƟon proũect is in its fourth year͘
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FY2010
CEMS
BEMS
HEMS
FEMS
etc

FY2011

FY2012

FY2013

FY2014

Spec͕͘ design
Manufacturing͕ singleͲunit test
Comprehensive test
Field installaƟon
connecƟon test(BEMS͕ HEMS͕ etc)
VeriĮcaƟon test͕ evaluaƟon improvement

Power
storage
system
(smart
PCS)
Demand
responset
test

Spec͕͘ design
Manufacturing͕
tesƟng

Plant
comďiͲ
naƟon
test

Field installaƟon
VeriĮcaƟon test͕ evaluaƟon improvement

Spec͕͘ design
DP

DP

DP

DP

DP

IP

IP

IP

VeriĮcaƟon test͕ evaluaƟon improvement

&ŝŐƵƌĞϰ͗KǀĞƌĂůůƐĐŚĞĚƵůĞ

ĞƐŝŐŶŽĨƐŽĐŝĂůĚĞŵŽŶƐƚƌĂƟŽŶǁŝƚŚƚŚĞǇŶĂŵŝĐWƌŝĐŝŶŐ
In the summer of 2012, a DP demonstraƟon proũect was implemented for the Įrst Ɵme in Japan͘ The
result of the acƟviƟes aimed at general consumers is described below͘ Social demonstraƟon of DP was
started with parƟcipants in the proũect divided into several groups, including a group for which the price
was changed (treatment group) and a group for which the price was kept unchanged (control group),
under the guidance of eǆperts, so that the data gathered could be used for internaƟonal standards development͘
In the Įrst year of the social DP demonstraƟon proũect, a new, variable criƟcal peak pricing (V-CPP)
scheme that set Įve levels of peak price was devised͘ The goal was to have residents parƟcipaƟng in the
proũect respond to peak prices and to ascertain what price level, if any, is eīecƟve, depending on how
urgent the demand-supply situaƟon of electric power may be͘
In summer, the price for 1 kWh of electricity during peak hours of 13:00 to 17:00 in June through September was set at 15 yen for level 1, 50 yen for level 2, 75 yen for level 3, 100 yen for level 4, and 150 yen for
level 5͘ Consumers were randomly charged between levels 2 (50 yen) and 5 (150 yen) on weekdays when
demand for electric power was eǆpected to be high due to temperatures forecasted to rise above 30°C͘
Residents were noƟĮed a day ahead of Ɵme as to what the peak price would be͘
&igure 5 shows the 5-level pricing table͘ Note that the basic pricing table shown in &igure 6 was the regular price applied to the control group͘ In designing this pricing scheme, revenue neutrality was taken into
account under the guidance of eǆperts so that the parƟcipant residents would not incur any net loss, by
limiƟng the number of days per year when the higher price of level 2 to 5 was charged to a total of 96
days, or 24 days at each level, with the lowest level 1 being charged on the remaining 270 days͘
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Figure 5: Fee table (summer)

ZĞƐƵůƚƐŽĨƐŽĐŝĂůĚĞŵŽŶƐƚƌĂƟŽŶŽĨĚǇŶĂŵŝĐƉƌŝĐŝŶŐ
Levels 2 to 5 were charged 10 days each, a total of 40 days, in the summer of 2012, when the highest
temperature eǆceeded 30°C͘ The result was within the range of iniƟal planning which predicted that the
number of days for the levels 2 to 5 would be maǆimum 12 days each, totaling 48 days͘͘
&igure 7 shows the load curves at each pricing level of the treatment and control groups͘ The verƟcal aǆis
indicates the average electric power consumpƟon (logarithmic value) and the horizontal aǆis shows the
Ɵme (from 10:00 to 20:00)͘ As is evident from &igure 7, the power consumpƟon among the treatment
group substanƟally declined during peak hours of 13:00 to 17:00 because level 2 to 5 was applied͘
StaƟsƟcally esƟmaƟng the result shown in &igure 7 by using a technique of econometric analysis, the
electric power consumed by the treatment group during the peak hours decreased as follows:
· About 9͘0й at level 2 (50 yen)
· About 9͘6й at level 3 (75 yen)
· About 12͘6й at level 4 (100 yen)
· About 13͘1й at level 5 (150 yen)
This is a staƟsƟcally signiĮcant decrease͘
The peak shaving eīect of the treatment group ranged from about 9 to 13й, indicaƟng that the higher
the pricing level is, the greater the eīect͘
The residents who parƟcipated in this demonstraƟon proũect were under TOU (Ɵme of use) rates that set
a diīerence in price between the peak Ɵme and oī-peak Ɵme͘ A Įeld eǆperiment of an hourly rate system conducted in 2011 by the Ministry of Economy, Trade and Industry (METI) of Japan resulted in peak
shaving eīects of 9͘1й͘ By combining the peak shaving eīect of V-CPP in this demonstraƟon proũect with
that of the METI Įeld eǆperiment, the value of the peak shaving eīect could increase to about 18 to 22й͘
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1) PreͲexperiment period

2) Peak hour price с 15
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&ŝŐƵƌĞϲ͗ǇŶĂŵŝĐƉƌŝĐŝŶŐĚĞŵŽŶƐƚƌĂƟŽŶƌĞƐƵůƚƐ;ƐƵŵŵĞƌͿ

The demonstraƟon planning and results are outlined in the following Table͘

Phase

Period

Period

1

15

-

2

50

18͘1

3

75

18͘7

4

100

21͘7

5

150

22͘2

dĂďůĞϯ͗ĞŵŽŶƐƚƌĂƟŽŶƉůĂŶŶŝŶŐĂŶĚƌĞƐƵůƚƐŽĨ<ŝƚĂŬǇƵƐŚƵ^ŵĂƌƚŽŵŵƵŶŝƚǇƌĞĂƟŽŶ

DP acƟvaƟon condiƟon: random acƟvaƟon of level 2 to 5 at the highest temperature eǆceeding 30ΣC
OperaƟon period: June – September
Time zone to apply DP: 13:00 – 17:00
Number of DP acƟvaƟons: maǆimum 48 Ɵmes
DP noƟĮcaƟon to the demand side: aŌer 14:00 on the previous day

>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
Many residents and companies parƟcipated in this program͘ About 85й of 230 general households and
almost 100й of the companies, or 50 companies, in the Higashida district parƟcipated in this demonstraƟon proũect͘
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The high parƟcipaƟon rates were aƩributed to mulƟple outreach eīorts by city hall eǆplaining the proũect
to business owners and general residents and requesƟng their parƟcipaƟon in the proũect͘ City hall efforts went so far as to visit all the oĸces in the district, thereby making this social system demonstraƟon
proũect, the Kitakyushu Smart Community Creaton Proũect, signiĮcant͘ It also helped that the proũect was
designed so that the residents and oĸces did not have to pay any eǆpenses in parƟcipaƟng the proũect,
as all eǆpenses were shouldered by the operators of the proũect (such as companies)͘
In these eǆperiments, the targeted households have been randomly divided into two groups͖ ͞treatment
group͟ (dynamic pricing is applied) and ͞control group͟ (dynamic pricing is not applied)͘ This method,
which called RCT (Randomized Control Trial), is based on the guideline of DOE (Department of Energy
U͘ S͘)͘ Comparing these two groups, it is possible to verify the eīect of the demand response with the
dynamic pricing͘
DĞƚŚŽĚŽĨWŶŽƟĮĐĂƟŽŶ
As a demonstraƟon, the price was randomly changed by the DP system but this pricing system needs to
be reviewed to implement an actual demand-supply balancing operaƟon for a community as a sustainable business͘
In addiƟon, the Ɵming and frequency of price noƟĮcaƟons and a method of distribuƟng informaƟon, taking easiness to understand into consideraƟon, must also be studied, aside from the review of this pricing
system͘ &or eǆample, consumers and general households where an EMS was not installed only had an
in-home display (visualizaƟon terminal) installed͘ The display of informaƟon such as the frequency, Ɵme
band, and the method of noƟĮcaƟon was an important element for these consumers͘
Developing the business of EMS
&or the demonstraƟon proũect to grow and eǆpand to an actual business, it is necessary to Įnd economic
advantages of the installaƟon of an EMS and baƩeries, using various economic indeǆes and taking into
account of the consumer burden of paying for the installaƟon͘ To this end, various market incenƟves
must be studied by the operators of the demonstraƟon proũect and potenƟal poliƟcal assistance measures must be studied by the government͘ That eīort will lead to the wider use of the equipment and
related systems, as well as the eǆpansion of their markets͘
Role of CEMS and further study
A CEMS, which can play a pivotal role in community energy supply business, is regarded as an interface
between a large-scale power generaƟon facility and consumers, playing a role of adũusƟng demand and
supply of energy in the community͘ It monitors the electric power generaƟon and transmission in the
community, and consumpƟon by consumers, and stabilizes demand and supply in the community in concert with the large-scale power generaƟon facility͘
To adũust demand and supply, the demand side should be controlled by using DR techniques such as DP
and IP and, at the same Ɵme, ineǆpensive and stable electric power should be supplied to the community
by eīecƟvely using the renewable energy source in the community and purchasing electric power from
the market in negawaƩ transacƟons͘ In addiƟon to controlling the demand and supply of electric power,
CEMS also provides and accumulates informaƟon on the energy use by the consumers͘ That can create
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added values for the demand side, because such informaƟon should be helpful in eǆploring the possibility of new business development͘
&urther detailed study is considered necessary, based on the result of the demonstraƟon, to fully deploy
this approach over a wide area͘

<ĞǇZĞŐƵůĂƟŽŶƐ͕>ĞŐŝƐůĂƟŽŶΘ'ƵŝĚĞůŝŶĞƐ
Government subsidy support: The smart community trial proũect was considered as one of the energy
policies of the Japanese government and as such two-thirds of the eǆpenses for the proũect were covered
by a subsidy from the government from the Neǆt GeneraƟon Energy and Social System DemonstraƟon
fund͘ In addiƟon, the government agreed to provide assistance for up to Įve years͘
The total subsidiary from the Ministry of Economy, Trade and Industry in 2013 for Kitakyushu and other
regions was about 8͘6 billion yen͘
This alleviated the Įnancial burden of businesses parƟcipaƟng in the trial proũect and contributed to
accelerate the smooth disseminaƟon of these relevant technologies͘ In this conteǆt, this government
assistance was quite useful͘
&or the trial proũect in Kitakyushu, the ͞Kitakyushu Smart Community Council͟ was established by mainly
the city of Kitakyushu, which played the central role in deliberaƟng the basic policy and the content of
the proũect and in implemenƟng it͘
It is considered that a cooperaƟve system was created because many companies and organizaƟons parƟcipated in the proũect and because the city government played the central role, acƟng as a go-between
for the local residents and companies͘
Next Steps
Eǆpanding the result of the Kitakyushu Smart Community Proũect at home and abroad is being promoted͘
In parƟcular, eǆpansion to foreign countries requires establishment of close relaƟon between the government, municipaliƟes, and public organizaƟons in those countries͘
It is considered important to proceed with eǆpansion in cooperaƟon with not only Japanese companies
but also the Japanese government and related organizaƟons͘
A CEMS adũusts energy supply and demand in a region and involves negawaƩ transacƟon͘ It is hoped
that the domesƟc transacƟon market is further vitalized by an increase in the amount of electric power
supplied and consumed͘
It is eǆpected that the above is supported by electricity liberalizaƟon promoted by a report of the Eǆpert
CommiƩee on the Electricity System Reform that was commissioned by the government, advent of PPS
(Power producer and supplier) operators, and increases in negawaƩ transacƟons͘
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Market structure

Hybrid structure of verƟcally integrated and single buyer uƟlity (KEPCO)͘
KEPCO owns, installs and maintains all meters͘

Number of retail customers

50 million

Electricity consumed (2011)

443͘4 TWh

Peak Demand for Power (2011)

73,137 MW

EĞƚZĞǀĞŶƵĞƚŽŝƐƚƌŝďƵƟŽŶ

-

ŝƐƚƌŝďƵƟŽŶEĞƚǁŽƌŬ

Over 600V: 209,604 km
Under 600V: 225,945 km

Contact

Dr͘ DJ Kang
dũkangΛkeri͘re͘kr
Dr͘ Kary Song
karysongΛkeri͘re͘kr
Korea Electrotechnology Research Institute (KERI)

KOREA

^^ĂƐĐƟǀĞĞŵĂŶĚDĂŶĂŐĞŵĞŶƚ
for Customers

TradiƟonal demand side management (DSM) has required the electricity
load of customers to be directly interrupted or adũusted in order to reduce the consumpƟon or to change the consumpƟon paƩern of the users͘
Recent technical progress, gradual changes in electric power policy and
industry environments have posiƟoned distributed energy resources as
a prospecƟve opƟon for demand side management͘ ParƟcularly, with
Korea’s strong promoƟon policy on the energy storage industry, energy

99

KOREA
^^ĂƐĐƟǀĞĞŵĂŶĚDĂŶĂŐĞŵĞŶƚĨŽƌƵƐƚŽŵĞƌƐ

storage systems (ESSs) have proven to be an important asset for demand management͘ Among a variety
of DSM programs implemented in Korea, ESSs can be eīecƟvely uƟlized under the following programs͘
· Time-Of-Use (TOU) electricity tariīs
· Load management programs: advance noƟce, designated period, emergency load reducƟon
· Electric power demand resource market
The Korean government has iniƟated various demonstraƟon proũects and deployment proũects of ESSs
for demand side management͘ This case introduces the ESS deployment proũect which has been promoted as a part of the ͞smart grid Deployment Support Proũect͘͟ The purpose of the smart grid Deployment
Proũect is to improve the power consumpƟon proĮle through the deployment of ESSs and AMI (Advanced
Metering Infrastructure), to overcome the limitaƟons with the current one-way method of providing
energy informaƟon and managing the electricity system͘

KďũĞĐƟǀĞƐΘĞŶĞĮƚƐ
KďũĞĐƟǀĞƐ
· Improvement of electric power consumpƟon paƩerns through ESS and AMI deployment (Deployment target: ESS 11MWh, AMI 12,000 units)

ĞŶĞĮƚƐ;ĞǆƉĞĐƚĞĚƌĞƐƵůƚƐͿ
· EīecƟve use of energy such as electricity demand reducƟon, peak load reducƟon, power quality improvement, etc͘ through deployment of key smart grid devices such as Advanced Metering Infrastructure (AMI) or Energy Storage System (ESS), etc
· Preparing infrastructure, acceleraƟng revitalizaƟon of related smart grid industry and contribuƟng to raising awareness of smart grid by building up smart grid at an early stage
· Providing various power portal services and enabling direct control of consumers load using
the eǆisƟng IT network
· Opening up domesƟc ESS markets and encouraging voluntary customer engagement
· ContribuƟng to stabilizaƟon of power supply/demand
Deployment target: Deployment of ESS 11MWh and AMI 12,000 units
ƵĚŐĞƚ͗17͘8 million USD (Ministry of Trade, Industry and Energy) н 5͘9 million USD (Proũect parƟcipants)
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DSM through ESS and AMI deployment
System
Operator

Customers
Meter
(GͲtype)

DCh/AP

MDMS

Energy Storage System
Network

BaƩery

PCS

EMS
Customer Service

Web, Smartphone Service

KPy

Oĸce Portal Service

DRMS

(billing Θ management)

DSM Market

ͽMDMS(Meter Date Management System)
ͽEMS(Energy Management System)
ͽDRMS(Demand Response Management system)

ͽDCh(Data Concentrate hnit)
ͽESS(Energy Storage System)
ͽPCS(Power CondiƟoning System)

&ŝŐƵƌĞϭ͗ĞŵĂŶĚƐŝĚĞŵĂŶĂŐĞŵĞŶƚƚŚƌŽƵŐŚĚĞƉůŽǇŵĞŶƚŽĨ^^ĂŶĚD/

· The system operator collects system data from individual customers and provides services and
controls to the customers over a wide area network͘
- Each customer measures and sends its own system data to the system operator
- The EMS of the system operator analyzes the collected data, oīers energy informaƟon services, and
sends control signals to the customer EMS or connected demand response devices
- The market operator(Korea Power Eǆchange, KPy) opens the DSM market and determines the DSM
required and the market price for those resources
- The customer EMS responds to the controls signals from the system operator EMS and operates either
the ESS or adũusts its load

Key smart grid devices to be deployed for DSM
EMS / MDMS / DRMS

AMI(Advanced
M
MI(Advanced
Metering Infrastructure)
Inffr

Meter(GͲtype)

DCh / AP

SSS(Energy
S
ESS(Energy
Storage System)

PMS(Power Management System)
PCS
/BMS(BaƩery Management system) (Power CondiƟoning System)

BaƩery

Consumer Portal Service

Total OperaƟon Center

Web Service

Smart Device ApplicaƟon

&ŝŐƵƌĞϮ͗<ĞǇƐŵĂƌƚŐƌŝĚĚĞǀŝĐĞƐĚĞƉůŽǇĞĚĨŽƌ^D

101

KOREA
^^ĂƐĐƟǀĞĞŵĂŶĚDĂŶĂŐĞŵĞŶƚĨŽƌƵƐƚŽŵĞƌƐ

· ESS: power condiƟoning system, baƩery, power management system, baƩery management
system, etc͘
· AMI: meter (G-Type), energy informaƟon service (Web, Smart phone applicaƟon etc͘), Smart
Plug, data concentraƟon unit/access point, meter data management system, etc͘
· EMS: energy management system server, demand response management system, etc͘

ƵƐŝŶĞƐƐŽƉƟŽŶƐ
The proũect eǆplored several diīerent business model and business case opƟons before deciding which
system architecture would be most appropriate to test͘
· ESS only, AMI only and Package of ESS and AMI
· ESS only
- installaƟon of ESS including baƩery, BMS, PCS and PMS
- charging/discharging operaƟon for demand management of customers
- providing operaƟon, management and control services to the system operator and customers
(e͘g͘ manual mode, semi-auto mode, auto scheduling mode, etc͘)

· AMI only
- installaƟon of AMI including meter (G-type), EIS, DCU/AP, MDMS
- collecƟng and processing energy informaƟon of customers
- providing operaƟon, management and control services to the system operator and oīering various
energy informaƟon services to customers through web and smartphone applicaƟons

· Package of ESS and AMI:
- Combining ͞ESS only͟ and ͞AMI only͟ opƟons

OperaƟon
Server

AMI

EMS / MDMS

·AMI(metering) Service
·Monitoring
ͼMonitoring
ͼEīect Analysis
ͼManagement

AMI+ESS
Package

Meter(GͲtype)

DCh / AP

EMS / MDMSS

Meter(GͲtype)

DCh / AP

Monitoring
onitoring
it i
·AMI(metering) Service & M
·ESS Control & Monitoring

PMS

PCS

PMS

PCS

BaƩery

ESS
·ESS Control
·Monitoring

EMS

&ŝŐƵƌĞϯ͗ƵƐŝŶĞƐƐŽƉƟŽŶƐĨŽƌƐŵĂƌƚŐƌŝĚĚĞƉůŽǇŵĞŶƚƉƌŽũĞĐƚ
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BaƩery

ƵƌƌĞŶƚ^ƚĂƚƵƐΘZĞƐƵůƚƐ
The proũect deploys ESS in connecƟon with AMI to increase the demand response capability in Korea’s
power system͘ The pro implementaƟon began in 2013 following the compleƟon of the Jeũu island demonstraƟon proũect͘ The maũor ciƟes on the mainland are the priority targets for the implementaƟon
proũects͘ By 2020 the AMI deployment process is to be complete according to the naƟonal smart grid
roadmap͘ The deployment is planned to spread to the enƟre country by 2030͘

>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
As this proũect is sƟll in the early stages of implementaƟon at the Ɵme of wriƟng there are a number of
lessons yet to be learned and best pracƟces yet to be established͘ There have been a number of lessons
learned through proũects leading up to this one which have been incorporated into the proũect design͘
They are described brieŇy here͘
· Deployment should be planned in the conteǆt of current pricing, regulaƟon and standards in
place or under development͘
· Pricing, regulaƟons and incenƟves should be prepared to bring revenue to customers through
the business models in deployment proũects͘
· Voluntary customer engagements are essenƟal to deploy acƟve DSM technologies͘

ESS Deployment Policy
The Korean government released an ESS deployment policy with targets for energy storage capacity
along with the smart grid roadmap͘
· Deployment target
2013

2014

2015

2016

2017

2020

Yearly Target (MW)

100

150

250

300

300

300

Accumulated Target (MW)

100

250

500

800

1,100

2,000

· Deployment Road-map
Year

‘11

‘12

‘13

‘14

DemonstraƟon for
100 household ESSs(3kW class)
Customers DSM
ESS

‘15

‘16

‘17

‘18

‘19

‘20

Building ESS DemonstraƟon
(300kW class)

10kW up to 200kW ESS units deployment with commercial customers
Over 300KW ESS units deployment with
commercial and industry customers
10Kw ESS units deployment with
residenƟal customers
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KOREA
^^ĂƐĐƟǀĞĞŵĂŶĚDĂŶĂŐĞŵĞŶƚĨŽƌƵƐƚŽŵĞƌƐ

<ĞǇZĞŐƵůĂƟŽŶƐ͕>ĞŐŝƐůĂƟŽŶΘ'ƵŝĚĞůŝŶĞƐ
ESS Related Laws taken into account
· The Electric UƟlity Act requires ESS to be included with generaƟng resources
· Mandatory installaƟon of ESS in proporƟon to renewable power generaƟon capacity
· Mandatory installaƟon of ESS in public insƟtuƟons
ůĞĐƚƌŝĐŝƚǇƚĂƌŝīƐ
· Eǆtending TOU rate system into general/industrial customers of contracted capacity 100kW
or more (May, 2013)
· ImplemenƟng an opƟonal criƟcal peak price system with general/industrial consumers (JulyAugust, 2013)
· Considering various tariī opƟons from which customers can select the most suitable opƟon
for their electricity usage paƩerns and which will also contribute to stable electric power supply and demand balance͘

ŽŵĞƐƟĐŝŶĐĞŶƟǀĞďĂƐĞĚ^DƉƌŽŐƌĂŵƐ
ůĂƐƐŝĮĐĂƟŽŶ

Designated
period

KEPCO
Advance
ŶŽƟĐĞ

Emergency
ƌĞĚƵĐƟŽŶ

ŝĚĚŝŶŐ

Intelligent DR

Purpose

Reliability

Reliability

Reliability

Reliability

Reliability

Period

Summer peak
(15 to 20days)

When reserve
less than 4͘5GW

When reserve
less than 3GW

When reserve
less than 4͘5GW

-

1 hour advance

3 hours advance

1 hour advance

EŽƟĐĞ
WĂƌƟĐŝƉĂƟŽŶ

OpƟonal

OpƟonal

Mandatory

OpƟonal

Mandatory

/ŶĐĞŶƟǀĞ

Performance
IncenƟve

Performance
IncenƟve

Basic н
Performance

Performance
IncenƟve

Performance
IncenƟve

/ŶĐĞŶƟǀĞ
ĚĞƚĞƌŵŝŶĂƟŽŶ

&iǆed

&iǆed

&iǆed

Determined
by bidding

Basic(bidding),
Performance(Įǆed)

Price
;ŬƌǁͬŬtŚͿ
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2 months advance 1 to 7 days advance

KPX

1,000 krw/kWy
760 krw/kWh
108~132 krw/kWh 340~900 krw/kWh (basic), 3,000 krw/
(12 years average)
kWh (performance)

64,000 krw/
kWy (basic)
540 krw/kWh
(Performance)
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Market structure

Eskom generates approǆimately 95й of the electricity used in South Africa
and approǆimately 45й of the electricity used in Africa͘
Eskom generates, transmits and distributes electricity to industrial, mining,
commercial, agricultural and residenƟal customers and redistributors͘

Number of retail customers

5͘1 million customers

Electricity consumed (2011)

224,446 GWh

Peak Demand for Power (2011)

36,664 MW

Net Revenue (2010)

R 69͘9 billion

Transmission and
ŝƐƚƌŝďƵƟŽŶEĞƚǁŽƌŬ

354,000 km

Transmission and
ŝƐƚƌŝďƵƟŽŶEĞƚǁŽƌŬ

n/a

Contact

Lawrence͘padachiΛeskom͘co͘za

SOUTH AFRICA
IDM Case Study

In 2004, Eskom oĸcially launched a naƟonal Energy Eĸciency and Demand-Side Management programme under the auspices and guidelines of
the NaƟonal Energy Regulator of South Africa (NERSA)͘ During the period
from 2004 to 2013, the focus and scope of the programme evolved signiĮcantly in response to the changing energy landscape – as reŇected in
the name change to Integrated Demand Management (IDM) Programme in
2010͘ This case study describes the background and conteǆt of the Eskom
IDM programme, funding of the programme, the programme scope and
structure and the impacts and contribuƟons achieved to date͘

ĂĐŬŐƌŽƵŶĚĂŶĚĐŽŶƚĞǆƚ
At the Ɵme of programme incepƟon, South Africa had eǆcess electricity
supply capacity and very low electricity prices͘ Energy eĸciency and de-
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mand-side management measures were introduced as a social responsibility best pracƟce with an annual
demand reducƟon target of 152 MW͘
Since 2004, however, the pressure on energy eĸciency measures to contribute to miƟgaƟng the supply
challenge has steadily mounted͘ AŌer the eǆtended period of eǆcess generaƟon capacity, South Africa
ran into electricity supply constraints in 2007 (&igure 1) when the growing need for electricity outpaced
the rate at which power staƟons were being built͘ As a result the country eǆperienced repeat power
outages from late 2007, conƟnuing into the Įrst quarter of 2008͘ The ability to supply in South Africa’s
electricity needs has remained a challenge ever since and electricity supply is likely to remain vulnerable
into the foreseeable future͘

GWh ‘000
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5

0

150
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14.9

200

8.2
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ConsumpƟon(GWh)
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margin(%)
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The global economic recession in 2008 slowed economic acƟvity and electricity consumpƟon, oīering
the overloaded electricity network some reprieve͘ Now, along with the slow economic recovery, the reserve margin is again diminishing, leaving the power system at risk͘
A naƟonal capacity eǆpansion programme is the primary intervenƟon to supply in the country’s growing
electricity needs͘ This programme includes the development of new baseload and peaking capacity, the
recommissioning of mothballed power staƟons, and the refurbishment of eǆisƟng operaƟng capacity,
across a range of generaƟon plaƞorms͘ But, owing to long lead Ɵmes for developing new baseload capacity, many of these investments will only start contribuƟng to the naƟonal grid in the longer term͘
In comparison, improving the eĸciency with which consumers use available electricity resources oīers
an immediate opportunity to alleviate pressure on the power system͘
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Planning for Success
Funding of the IDM programme
13

The Eskom IDM programme is ratepayer-funded, with the costs of measured and veriĮed savings recovered via the electricity tariī͘ Through the MulƟ-Year Price DeterminaƟon (MYPD) process, Eskom
submits a mulƟ-year revenue applicaƟon supported by, amongst others, an IDM implementaƟon plan to
NERSA for review and approval͘ Eskom IDM iniƟaƟves and targets are therefore based on and dependent
on approval of the MYPD submission͘
The costs of intervenƟons, iniƟaƟves and measures included in the approved programme and for which
savings were measured and veriĮed, can then be recovered from electricity sales͘
dŚĞƌŽůĞŽĨĂŶĚĐŽŶƚƌŝďƵƟŽŶĨƌŽŵ/ŶƚĞŐƌĂƚĞĚĞŵĂŶĚDĂŶĂŐĞŵĞŶƚ Since its incepƟon, the focus of
the IDM programme changed from a predominantly small-scale demonstraƟon and awareness creaƟon
iniƟaƟve to a concerted drive to measurably impact energy consumpƟon in response to the proũected
supply shorƞall while building a sustainable, energy eĸcient society in the longer term͘
During the period from 2004 to 2013, the IDM programme established savings capacity equivalent to
that of an average power staƟon in the country and has saved energy equivalent to a full year’s electricity
consumpƟon by the country’s capital city, the City of Tswhane (&igure 2)͘

9,417

Demand-side management intervenƟons also successfully contributed to alleviaƟng criƟcal supply constraints during both 2006 and 2008͘
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13

All savings are independently veriĮed in accordance with a DĞĂƐƵƌĞŵĞŶƚĂŶĚsĞƌŝĮĐĂƟŽŶ Guideline for Energy Eĸciency
and Demand-Side Management (EEDSM) proũects, based on the InternaƟonal Performance Measurement and VeriĮcaƟon
Protocol (IPMVP) and SABS: SANS 50010 standard, Measurement and veriĮcaƟon of energy savings
Regional
electricity supply constraints conĮned to the Western Cape province resulƟng from technology failure͘ A range of
2
emergency IDM measures and intervenƟons contributed over 400MW demand savings to breach the supply and demand gap͘
1
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The IDM programme was subsequently incorporated as an essenƟal component of the conƟnued eīorts
to balance electricity supply and demand͘
Acknowledging this contribuƟon, South Africa’s Integrated Resource Plan (IRP 2010) now incorporates
a signiĮcant energy eĸciency and demand management contribuƟon to meet the forecasted electricity
needs over its planning horizon to 2030͘
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ƚŽƚŚĞŶĂƟŽŶĂůĞůĞĐƚƌŝĐŝƚǇƉůĂŶ

Current status and results
Structure of the Integrated Demand Management Programme
A comprehensive, integrated soluƟon was developed to deliver the targeted savings within the required
Ɵmeframes͘ To eīecƟvely respond to the system requirements in terms of energy and capacity savings,
the IDM programme uƟlises a combinaƟon of:
· energy eĸciency measures that allow a speciĮc funcƟon to be fulĮlled as usual, while using
less electricity (by installing more eĸcient equipment or process opƟmisaƟon),
· demand management measures that shiŌ the uƟlisaƟon of electricity from a constrained per14
iod, typically out of the peak consumpƟon periods, to a period when electricity is more
readily available, and
· demand response measures that call on consumers to rapidly reduce consumpƟon during
criƟcal periods to avoid blackouts͘

14
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The 16 hours between 06:00 and 22:00 presents the priority target period for energy eĸciency intervenƟons with peak consumpƟon occurring between 07:00–10:00 and 18:00–20:00͘

The programme promotes raƟonal and eĸcient energy use across all sectors (most notably commercial,
residenƟal and industrial sectors, but also including public, agriculture and transport sectors) for a broad
range of electricity end uses and technologies͘ The most common opportuniƟes for energy eĸciency
improvements per sector included:

dĂďůĞϭ͗dǇƉŝĐĂůƐĞĐƚŽƌƐĂŶĚĂĐƟǀŝƟĞƐƚĂƌŐĞƚĞĚĨŽƌĞĸĐŝĞŶĐǇƵƉŐƌĂĚĞƐ
Sector
Technologies/ end uses

ZĞƐŝĚĞŶƟĂů
Eĸcient lighƟng
Water heaƟng
Kitchen appliances
Household appliances
Pool pumps
Power Alert (‘call to acƟon’
for residenƟal consumers)

Commercial
Eĸcient lighƟng
Water heaƟng
HeaƟng, venƟlaƟon, air condiƟoning (HVAC)
Eĸcient motors
Building management
systems
Data centres

Industrial
Pumping
Process opƟmisaƟon
Compressed air
Eĸcient motors and variable
speed drives
HVAC
Eĸcient lighƟng
ĞŵĂŶĚZĞƐƉŽŶƐĞ;͚ĐĂůůƚŽĂĐƟŽŶ͛
for large industrial customers)

IDM programme design (speciĮc combinaƟon of technologies and sectors targeted) considers a range
of soluƟon opƟons in terms of implementaƟon costs, energy and demand impact, sustainability of the
implemented soluƟons, implementaƟon Ɵmelines or lead Ɵmes and the combined impact on the system
proĮle͘ The obũecƟve is to produce a balanced IDM programme porƞolio that will cost-eīecƟvely and
Ɵmeously respond, as best possible, to the system requirements͘
The IDM programme is implemented in the South African market through a range of funding models
structured to cater for a variety of proũect sizes, consumer types and technology intervenƟons͘ &or smaller proũects, detailed measurement and veriĮcaƟon and transacƟon costs quickly become prohibiƟve͘ The
funding models have therefore been structured to accommodate small proũects requiring less stringent
measurements on standard technology replacements, paying a discounted incenƟve for deemed savings͘
The current porƞolio of funding models includes:
· The rebate model, structured around paying consumers an incenƟve for converƟng their ineĸcient technologies to energy saving soluƟons, provided the suppliers are registered on the
programme͘
· The Standard Product, for customers with a potenƟal load saving of between 10kW and 250kW͘
· The ^ƚĂŶĚĂƌĚKīĞƌ, for customers with a potenƟal load saving of between 200kW and 5MW͘
This model was developed to streamline the proũect approval process and Ɵme frame and to
facilitate a quicker payment process͘
· The ESCO funding process, for Energy Services Companies (ESCO’s – specialists in energy efĮciency) submiƫng proũects with a potenƟal load saving of 500kW or more͘
· The Performance Contract, which aims to purchase bulk veriĮed energy savings across mulƟple sites and technologies by contracƟng with a single Proũect Developer͘ The minimum proũect size will be more than 30GWh of savings over a three-year sustainability period͘
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In addiƟon to the above funding models, Eskom has also made use of eǆtensive mass rollouts for speciĮc
technologies such as Compact &luorescent Lamps (C&Ls), Light Emiƫng Diode (LED) downlighters, geyser
blankets, shower heads and Ɵmers, amongst others͘ With the ResidenƟal Mass Rollout Programme, several of these technologies are being combined under one mass rollout programme͘
A summary view of the range of funding mechanisms available to customers:

Table 2: Range of IDM funding mechanisms
Funding model
(target sector)

Project size
(savings capacity)

Targeted
technologies

Performance
ContracƟng (industrial)

> 5MW and > 30GWh
in 3 years

Custom or
hybrid soluƟons

Aggregated Standard
Product

Batches of between 1
and 5 MW

Limited to speciĮc prod- 2–4 weeks
ucts on a published list

(industrial and commercial)
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ƵƌĂƟŽŶŽĨ
approval process
3–4 months

/ŶĐĞŶƟǀĞƉĂǇŵĞŶƚƐ
Performance payment
for demonstrated
savings over contract
period at published R/
kWh rate͘ &irst payment
aŌer commissioning͘
Published rate per technology up to 85й of
NERSA benchmark for

deemed savings. Full payment on commissioning.

ResidenƟal Mass
Rollout (residenƟal)

Batches of between
1 and 5 MW

Limited to speciĮc prod- 2–4 weeks
ucts on a published list

&ree issue͘

ESCO model
(industrial and commercial)

>500 kW

Custom or
hybrid soluƟons

6–8 months

IncenƟve payment
based on detailed
Įnancial and technical
evaluaƟon͘ Progress
payments with full payment on compleƟon͘

Standard Oīer
(industrial and commercial)

Between 200 kW and
5 MW

Limited to categories
of technologies on a
published list

Less than 2 months

Published R/kWh per
technology category͘
Part payment on
commissioning, part
performance payments
over contract period͘

Standard Product
(commercial)

Between 10kW and
250 kW

Limited to speciĮc prod- Less than 2 weeks
ucts on a published list

Published rate per
technology up to 85й
of NERSA benchmark͘
&ull payment on commissioning͘

These programmes have proven enormously successful͘ By May 2013, the C&L mass rollout had distributed more than 56 million energy eĸcient lamps with an associated demand reducƟon of 2,287 MW, and
well over 370,000 solar water heaters had been installed through the rebate model since the incepƟon
of the rebate programme in 2008͘

KďũĞĐƟǀĞƐĂŶĚĞŶĞĮƚƐ
The IDM contribuƟon eǆtends beyond the demonstrated energy and demand savings to include economic, socio-economic and environmental beneĮts͘
Every kWh of electricity that cannot be supplied when electricity supply is constrained, results in a loss
of economic acƟvity in the country͘ More eĸcient use of the available electricity supply enables more
economic acƟvity to be supported than before͘ The energy savings from the IDM programme therefore
presents an economic beneĮt to the country͘
In 2008 NERSA quanƟĮed the monetary value of one kWh of unserved energy at R75͘ At this rate, the
economic contribuƟon of the 36,561GWh (cumulaƟve) that the IDM programme saved during the 8
years is R2͘7 trillion͘
Increased economic acƟvity also results in more employment opportuniƟes͘ Economic data indicates
that for every hour without electricity supply, the country risks losing 235 employment opportuniƟes͘ In
terms of 2012 annual consumpƟon data, this translates to one posiƟon forfeited for every 4͘3 GWh that
could not be supplied͘ In 2012 alone, the savings from the IDM programme protected more than 40,000
ũobs͘
The IDM programme also contributes directly to employment creaƟon͘ In 2011/12 and 2012/13, the
Solar Water HeaƟng (SWH) programme, only one component of the total IDM iniƟaƟve, reported 8,063
direct employment opportuniƟes resulƟng within companies registering for the IDM iniƟaƟve͘
The environmental beneĮts from energy eĸciency measures are widely recognised, but are more pronounced in South Africa, where the electricity miǆ has a high carbon intensity͘ The IDM programme has
saved 36 million tonnes of CO2 and 49 million kilolitres of water from 2004 to March 2013͘ RelaƟve to
an annual water requirement for South Africa esƟmated in 2000 at 13͘28 billion kilolitres and taking the
minimum water requirement per person as 25 litres per day, the combined impact would be able to supply 15 million people with water for a year͘
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>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
Successful implementaƟon of the IDM programme has proven that energy eĸciency and demand management can play an important role in providing in the energy needs of the country and can do so at a
comparaƟvely low cost͘ It furthermore presents an opportunity to improve the energy intensity of the
country, create and protect employment and contribute to the environmental aspiraƟons of the country͘
Barriers to implementaƟon do however remain͘ These include the required upfront capital investment,
long payback periods, high transacƟonal and MΘV costs especially for smaller proũects, low levels of
awareness and low conĮdence in proũected energy and cost savings that will be achieved͘
The most criƟcal miƟgaƟon of barriers is a policy, regulatory and funding framework that promotes and
supports energy eĸciency implementaƟon and creates an appropriate and stable enabling environment͘
A range of funding models, eīecƟve pricing structures and levels, channels to market and technology opƟons assist to make energy eĸciency incenƟves accessible to more consumers, overcome these market
barriers and to accelerate the adopƟon of energy eĸciency measures͘
EīecƟve communicaƟon is another criƟcal aspect of successful implementaƟon͘ This includes proũectspeciĮc markeƟng and communicaƟon (i͘e͘ details of a rollout, Ɵming, duraƟon, geographic locaƟon),
programme communicaƟon (relaƟng to the available incenƟves and how to access these) and conƟnued,
high-frequency communicaƟon for general naƟonal awareness͘ CommunicaƟon can also be eīecƟvely
employed to rapidly reduce consumpƟon at Ɵmes of severe constraint (e͘g͘ Power Alert or Demand Response programme)͘
IDM iniƟaƟves are comparaƟvely fast to implement and can be used to eīecƟvely and rapidly respond to
supply constraints, provided:
· a sound, proũect-managed, ŵƵůƟͲĨƵŶĐƟŽŶĂůŝŵƉůĞŵĞŶƚĂƟŽŶĂƉƉƌŽĂĐŚ is employed,
· ďƵƐŝŶĞƐƐƉƌŽĐĞƐƐĞƐ͕ƐǇƐƚĞŵƐĂŶĚĐŽŶƚƌŽůƐ are opƟmised and automated as much as possible and
· ƐƚĂīĂŶĚĂĚǀŝƐŽƌƐĂƌĞƚƌĂŝŶĞĚ on compleǆiƟes of mulƟple incenƟves͘
Suitable measurement and veriĮcaƟon of results is essenƟal to demonstrate the achieved impacts and
inform decision-making and future investments͘
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Market structure
Number of retail customers
Electricity used (2011)
Electricity supplied (2012)
Wind power supplied
Peak Demand for Power (2011)
EĞƚZĞǀĞŶƵĞƚŽŝƐƚƌŝďƵƟŽŶ
Companies (2010)

dƌĂŶƐŵŝƐƐŝŽŶĂŶĚŝƐƚƌŝďƵƟŽŶ
Network

Retail companies

Electricity market is deregulated for producƟon and the retail customer
market including households͘ Network companies are monopolies͘
5͘2 million
142 TWh
162 TWh (including eǆport) of which 78 TWh hydro power͘
Approǆimately 10 TWh annually (increasing)͘ Some hours wind power is 25 й
of naƟonal power demand͘
27,000 MW (approǆ͘)
41 billion SEK (4,8 billion EUR approǆ͘) only for the network service including
metering͘
545,000 km lines of which:
329,500 km underground lines
215,500 km overhead lines
Transmission lines are 15 000 km at 400 kV and 220 kV
170 network companies (various size͖ some public and some privately owned
and miǆed)͘
There are c͘ 120 electric retailers in Sweden͘
Vast maũority of end users, including households, acƟvely choose their
retailer͘ Contracts may be related to spot price with a surplus, Įǆed price for
a given period or other͘

>ĞǀĞůŽĨDZͬD/ƐǇƐƚĞŵ
ƉĞŶĞƚƌĂƟŽŶ

Very close to 100 percent͘

Contact

Magnus Olofsson / Elforsk – Swedish Electrical Utilities’ R Θ D Company
magnus͘olofssonΛelforsk͘se

SWEDEN

^ǁĞĚŝƐŚ&ůĞǆŝďůĞĞŵĂŶĚĐƟǀŝƟĞƐ
and Plans

The Swedish Government has made Įrm decisions related to market design regulaƟon and support of research, innovaƟon and demonstraƟon of
smart grid applicaƟons͘ &leǆible demand is considered important enabling
demonstraƟon proũects͘ The framework for the new regulaƟon and iniƟaƟves for research, innovaƟon and demonstraƟon is presented here as well
as two use cases: the NaƟonal Power Reserve, and Elpiloten͘
The Įrst case features a larger scale procurement approach where industrial faciliƟes and generators provide seasonal reserve services to the system through procurement by the system operator͘ By 2020 this method is
intended to switch to a market approach where reserve power is no longer
procured ahead of Ɵme, but managed completely through demand management and the capacity of interconnected markets͘
The second case features a distributed demand management approach
where residenƟal loads can be aggregated to provide services to the system͘ These aggregated responses will respond to spot market prices͘
Together these cases feature a comprehensive market approach to add
short Ɵme balancing resources in addiƟon to the large capacity of hydro
power͘

KďũĞĐƟǀĞƐΘĞŶĞĮƚƐ
UlƟmately each of the proũects presented here have the obũecƟve is to
maintain margins in the technical power system eīecƟvely as well as to reduce the spot price volaƟlity͘ Increase in wind power producƟon in Sweden
as well as in neighboring countries is increasing price volaƟlity, and as such
the system operator is looking for low-cost mechanisms to react to ŇuctuaƟons in supply͘
&or the use cases this ulƟmate obũecƟve drives their proũect obũecƟves͘ Use
Case 1: NaƟonal Power Reserve has the obũecƟve of providing cost eīective market opportuniƟes for industrial customers and aggregated custom-
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ers͘ The obũecƟve of Use Case 2: Elpiloten is to save money for the customer͘ An important fundament for
this proũect is a governmental bill that was passed the Swedish parliament enforcing hourly metering at
no eǆtra cost for any consumers subscribing to an hourly-based electricity supply contract in force from
1 October 2012

Use Case Project Designs
hƐĞĂƐĞηϭʹEĂƟŽŶĂůWŽǁĞƌZĞƐĞƌǀĞǁŝƚŚĂŶŝŶĐƌĞĂƐŝŶŐƵƐĞŽĨĚĞŵĂŶĚŇĞǆŝďŝůŝƚǇ
The Swedish TSO, Transmission System Operator, Svenska KraŌnćt by law annually procures a power reserve͘ It covers both electricity generaƟon and consumpƟon reducƟon, and can be acƟvated by Svenska
KraŌnćt during eǆtreme power situaƟons in winter (Sweden has clearly a winter power peak)͘ &or the
winter of 2014/2015 a maǆimum of 1,500 megawaƩs (MW) will be procured, of which 50 percent, if possible, should be from demand reducƟon capacity – i͘e͘ industries that will be paid to reduce their use of
electricity͘ The 2013/2014 winter procurement of power reserve totals 1,489 MW͘ Of this, 531 MW is
from a reducƟon in demand͘ OrganisaƟons awarded parƟcipaƟon in the demand reducƟon reserve are
paper and pulp industries, other industries, and retailers that aggregate customer demand reducƟon͘
The rest consists of generaƟon that can be acƟvated on request of Svenska KraŌnćt͘
Procurement of demand reducƟon reserves for the 2013/2014 winter period is as follows:
Demand ReducƟon

KƌŐĂŶŝƐĂƟŽŶ

Contracted demand
ƌĞĚƵĐƟŽŶĐĂƉĂĐŝƚǇ

dǇƉĞŽĨŽƌŐĂŶŝƐĂƟŽŶ

AV Reserveīekt AB

88 MW

Aggregator

Göteborg Energi DinEL AB

25 MW

Retailer doing aggregaƟon

VaƩenfall AB

56 MW

Retailer doing aggregaƟon

RoƩneros Bruk AB

27 MW

Pulp manufacturer

Stora Enso AB

240 MW

Paper and pulp manufacturer

Höganćs Sweden AB

25 MW

Metal powder manufacturer

Befesa Scandust AB

18 MW

Metals recycling company

AB Sandvik Materials Technology

22 MW

Advanced materials company

INEOS Sverige AB

30 MW

Chemical manufacturer

dĂďůĞϭ͗WƌŽĐƵƌĞŵĞŶƚŽĨĚĞŵĂŶĚƌĞĚƵĐƟŽŶƌĞƐĞƌǀĞƐĨŽƌƚŚĞϮϬϭϯͬϮϬϭϰǁŝŶƚĞƌƉĞƌŝŽĚ

The latest instrucƟons to Svenska KraŌnćt state (translated from Swedish): Law (2003:436) that the power
reserve will eǆpire in March 2020͘ The intenƟon is a gradual transiƟon to a market soluƟon through a
gradual tapering of the size of the power reserve, which shall fall from 2,000 MW to 750 MW before
the power reserve is eliminated͘ During this phase-out period the percentage of the power reserve consisƟng of demand Ňeǆibility will increase from 25 й and over the Įnal three years account for 100 й
of the power reserve͘ Svenska KraŌnćt shall monitor and analyze the liquidaƟon of the power reserve
in light of the situaƟon in recent winters and of how the power reserve has been used͘ This analysis
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should also eǆamine further integraƟon with other countries, increased internal transmission capacity,
consumer Ňeǆibility and more volaƟle producƟon in the power system to meet the needs currently met
by the reserve capacity͘

hƐĞĂƐĞηϮͲůǀĞƌŬĞƚsĂůůĞŶƚƵŶĂůͬůƉŝůŽƚĞŶƌĞƐŝĚĞŶƟĂůĚĞŵĂŶĚŵĂŶĂŐĞŵĞŶƚƉŝůŽƚ

&ŝŐƵƌĞϭ͘>ŽĐĂƟŽŶŽĨƚŚĞƉƌŽũĞĐƚ͗sĂůůĞŶƚƵŶĂŝƐŝŶƚŚĞŐƌĞĂƚĞƌ^ƚŽĐŬŚŽůŵĂƌĞĂ͘

15

ĂĐŬŐƌŽƵŶĚ
Elverket Vallentuna El AB is a uƟlity in the greater Stockholm area, see &igure 1͘ In 2012 the retailer
Elverket parƟcipated in a case study where new technology was used in order to implement Demand
16
Response in households with a ground source heat pump ͘ The role of Elverket was to facilitate the
case study by obtaining customers willing to parƟcipate in the Įeld study and to have conƟnuous communicaƟon throughout the proũect in order to collect important customer insights and comments͘ AŌer
the compleƟon of the Įeld study, Elverket arranged a dialog forum with all parƟcipants where customers
discussed their views on Elpiloten, both funcƟons and overall customer beneĮts͘

15
16

hƩp://kids͘britannica͘com/comptons/art-55116/Stockholm-Sweden
See ͞Pilotstudie i Vallentuna ReŇekƟoner rörande aīćrsmodeller för förbrukarŇeǆibilitet och sũćlvlćrande prognosstyrning för
kundanpassad eīektreglering͘ Elforsk report 12:48͟, with summary in English͘
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Conclusions from the Įeld study were that substanƟal customer savings of 10-15 й were made possible
through a combinaƟon of increased energy eĸciency due to eīects such as smoother indoor temperature variaƟons and shiŌing of consumpƟon from eǆpensive to cheaper hours͘ These beneĮts can be
achieved without requiring acƟve parƟcipaƟon by the customer or compromising the comfort level͘
As the proũect was successful, Elverket is currently launching the neǆt commercial version of the service
named ͞Elpiloten͟, or, ͞The Electricity Pilot͘͟ Elpiloten is now a commercial product in the sense that the
customer is paying for the hardware and the service as a subscripƟon͘ The target market is households
with a ground source heat pump, and households with high energy consumpƟon generally due to hot
water and heaƟng͘ The customer savings outweigh the costs for Elpiloten and thus Elpiloten does not
require any subsidy͘ It is a Įnancially sound investment for the customer even if you don’t take into account beneĮts like increased comfort and monitoring of the heaƟng system͘
Elpiloten is treated as a commercial service but it also includes a hardware component͘
Elpiloten is designed to meet its obũecƟve to save money for the customer while maintaining or increasing their level of comfort͘ Elpiloten works on two levels͘ &irst, it decreases the use of energy by using the
house’s thermal inerƟa͘ Weather forecasts are used to plan the work of the heat pump and the customer
has only to set desired indoor temperature͘ Secondly, Elpiloten also takes into account the spot market
prices and plans the work of the heat pump in accordance with low spot market prices͘ &rom a system
perspecƟve a reduced demand in peak load hours is desirable and has many beneĮts͘ These beneĮts will
be described in more detail below͘

Picture of Elpiloten hardware
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ůƉŝůŽƚĞŶĨƌŽŵĂĞŵĂŶĚDĂŶĂŐĞŵĞŶƚĂŶĚ^ǇƐƚĞŵWĞƌƐƉĞĐƟǀĞ
Elpiloten contributes in four areas:
1͘
2͘
3͘
4͘

Reduced energy consumpƟon
Reduced peak load
Creates opportuniƟes for acƟve consumers
May increase customers’ awareness of their energy consumpƟon, thus contribuƟng to an
increased use of renewable energy͘ Cutomers tend to view their use of electricity as an environmental problem͘ At the same Ɵme, customers donǲt feel that they can aīect their own
environmental impact͘ By increasing knowledge, the feeling of their own power to change
their impact on the environment increases, thus giving the customer incenƟves to choose
renewable energy͘
These four areas of beneĮt can also be realized in various ways by the customer, the grid company, the
supplier and society as a whole͘

ZĞĚƵĐĞĚĞŶĞƌŐǇĐŽŶƐƵŵƉƟŽŶ
· Customer beneĮt:
- Reduced consumpƟon leads to lower energy bills
· BeneĮt for society:
- Decreased energy consumpƟon with maintained level of comfort increases energy
eĸciency

Reduced peak load
· Elpiloten considers the spot market prices
- The spot market prices correlates with peak load hours
- Reduces demand on criƟcal peak load hours
· Customer beneĮt:
- Lower energy bills
· Grid company beneĮt:
- Reduced need for eǆpanding grid capacity
- Reduced costs by reduced power load from regional grid owner
- Reduces risk of peak load pricing from regional grid owner
· BeneĮt for society:
- Reduced demand on infrastructural development, both in grid eǆpansion and producƟon faciliƟes, in order to handle peak load
- Reduced environmental eīects through reduced energy consumpƟon on peak load
hours͘ Peak load hours oŌen require import of electricity with higher carbon payload
· Supplier beneĮt:
- Reduced volume and hence cost for power purchase on peak load hours
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ƌĞĂƚĞƐŽƉƉŽƌƚƵŶŝƟĞƐĨŽƌĂĐƟǀĞĐŽŶƐƵŵĞƌƐ
· Customers
- No need for behavioral change
- Customers get more value without being required to engage in any new acƟvity
such as changing their supplier͘
· Customer beneĮt:
- Customer becomes a parƟcipant in the electricity market and contributes to increased market eĸciency without personal eīort
· Supplier beneĮt:
- Market for new smart soluƟons provides opportunity for new revenue
· BeneĮt for society and grid company:
- More eĸcient use of capacity in the grid

Increases energy awareness
· Elpiloten increases customer knowledge of the energy market
· Increases the possibility for the customer to make ũudicious energy decisions
· Can lead to increased interest in other environmentally friendly energy soluƟons such as solar energy͘

ƵƌƌĞŶƚƐƚĂƚƵƐΘZĞƐƵůƚƐ
hƐĞĂƐĞϭ͗dŚĞEĂƟŽŶĂůWŽǁĞƌZĞƐĞƌǀĞƚƌĂŶƐŝƟŽŶ
The NaƟonal Power Reserve is gradually being phased out and according to Law (2003:436) the power
reserve will eǆpire in March 2020͘ At that stage spot market and other instruments shall be suĸcient for
a balanced system operaƟon͘

hƐĞĂƐĞϮ͗ůƉŝůŽƚĞŶʹĂŐŐƌĞŐĂƚĞĚƌĞƐŝĚĞŶƟĂůĚĞŵĂŶĚƌĞƐƉŽŶƐĞ
Since the Įeld study was successfully completed Elverket and the system supplier Ngenic have conƟnued
working with commercializing the service͘ The Įrst commercial units were installed in mid Spring 2013
and during this Autumn 2013 we will launch the neǆt version of Elpiloten͘ Our Įrst systems have performed well and have operaƟng stability͘ We look forward to eǆpanding Elpiloten and conƟnue the development in close co-operaƟon with our customers͘
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>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
hƐĞĂƐĞϮ͗ůƉŝůŽƚĞŶʹĂŐŐƌĞŐĂƚĞĚƌĞƐŝĚĞŶƟĂůĚĞŵĂŶĚƌĞƐƉŽŶƐĞ
Main technical challenges consist of creaƟng easy access and installaƟon for the customer͘ Costumers in
general are not well informed about their own heaƟng systems and this creates eǆtra challenges in the
markeƟng and customer communicaƟon͘
/ŵƉůŝĐĂƟŽŶƐŽŶƚŚĞŵĂƌŬĞƚ
One interesƟng quesƟon arises if one considers the spot market pricing mechanisms͘ The spot market
price is established the day before consumpƟon͘ It is based on eǆpected supply and demand for each
hour͘ If smart soluƟons such as Elpiloten will be used in larger eǆtent, these mechanisms need to be adũusted͘ Elpiloten will shiŌ the energy consumpƟon from eǆpensive to cheap hours and thus creaƟng difĮculƟes to forecast the demand which is essenƟal for the retailers being responsible for balancing͘ There
will probably arise a need for some sort of adũustment to the diīerent bids in the spot market due to a
change in the demand side once prices have been set͘ In the short term this will not aīect the market,
but has to be considered if smart soluƟons gain considerable market penetraƟon͘

<ĞǇZĞŐƵůĂƟŽŶƐ͕>ĞŐŝƐůĂƟŽŶΘ'ƵŝĚĞůŝŶĞƐ
In order to enforce and facilitate the introducƟon of smart grid technologies in Sweden, on 30 May 2012,
Swedish Government has established a Governmental organizaƟon named Swedish Smartgrid where
more acƟve customers is an important aim͘ The organizaƟon has a large network of parƟcipants from
industry, Government, authoriƟes and users͘
Law (2003:436), link hƩps://lagen͘nu/2003:436͘
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PowerMatchingCity phase II is a collaboraƟon between:
· DNV KEMA - Energy consulƟng and tesƟng ΘcerƟĮcaƟon company is responsiblefor the overall proũect management and design, eǆpansion of the demonstraƟon proũect and cost-beneĮt validaƟon͘
· Eneǆis - DistribuƟon network operator eǆplores the feasibility and economic beneĮts of capacity
management in the distribuƟon network͘
· Essent - Energy supplier focuses on smart energy services for the end-users, including the market
processes and economics plus smart charging of the electricvehicles (EVs)͘
· Gasunie - Gas infrastructure company that contributes to research towards an aīordable sustainable
energy supply, in which gas plays a role in keeping the system as a whole eĸcient and aīordable͘
· ICT AutomaƟsering - SoŌware company is responsible for the design, realizaƟon,management and
maintenance of the ICT infrastructure͘
· TNO - Knowledge insƟtute develops and provides the PowerMatcher technology
· TU/e (Electrical faculty) - The faculty is providing the models for capacity management and the integrity of the electricity supply͘
· TU DelŌ (Industrial design faculty) - This faculty is arranging the end-user research͘
· Hanzehogeschool - is contribuƟng to the end-user research͘
A new smart coördinaƟon mechanism that moves the energy consumer to the center of the energy
market͘
· 40 households with solar pv, heat pumps/micro-chp with storage, ‘smart’ devices and HEM
· 10 electrical vehicles
· 2 smart disƟrbuƟon transformers
New tariī structures giving diīerent kinds of added value to customers͘
Outage: ф 35 minutes/year (housholds)
ConsumpƟon households: 3͘500 kWh/year
ConnecƟon on household level to both electricity and natural gas grid: 96й
ConsumpƟon total in 2011: 120 kWh
ProducƟon gas Įred generaƟon 2010: 63й
ProducƟon coal Įred generaƟon 2010: 22й
ProducƟon wind (and solar) 2011: 4й
Target 2020 renewables: 14й
Eǆpected й renewable electricity 2020: > 30й
The Netherlands (16, 7 million people) have a liberalized market with independent network operators͘
One TSO, 8 DSO’s͘
Erik ten Elshof / Mail: E͘J͘tenElshofΛminez͘nl

THE NETHERLANDS
PowerMatchingCity

&or the large scale implementaƟon of a sustainable system, it is necessary
to build eǆperience in Įeld tests͘ PowerMatchƟngCity is a living lab demonstraƟon in the Netherlands that started as an EU-Įnanced proũect͘ The
world’s Įrst trial with a smart energy network was launched in the village
of Hoogkerk in Groningen in 2009: PowerMatchingCity I, with 22 households, HRe boilers, hybrid water pumps, solar PV systems, ‘smart’ devices
and 2 electric vehicles (EVs)͘
This proũect was completed successfully and is now geƫng a follow-on
sƟmulus by the Dutch Government: PowerMatching City II, with an addiƟonal 18 households, 10 electric vehicles (EVs) and 2 smart distribuƟon
transformers͘ Hoogkerk is thereby gaining pracƟcal eǆperience with new
tariī structures and the feeding in of renewable energy into the network,
amongst other things͘
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THE NETHERLANDS
PowerMatchingCity

PowerMatchƟng City II is one of the twelve trials in the Netherlands aimed at acceleraƟng the smart grid
development͘ The main focus of these trials is gaining real world eǆperiences with diīerent smart grid
applicaƟons and real users͘ New technologies, new partnerships and new forms of collaboraƟon are used
to develop new energy services which can unlock the potenƟal of a smart grid͘ The results of the trials
are helping to resolve important issues relaƟng to intelligent networks, such as the needs of consumers,
new business cases and new laws and regulaƟons͘ These eǆperiences must give a solid base for strategic
decisions on the large scale applicaƟon of a smart grid͘
The powermatching concept is considered essenƟal for the scalability of demand response applicaƟons
that require large amounts of Ňeǆible distributed energy resources͘ Diīerent applicaƟons of the PowerMatcher are found in the trials in the Netherlands͘ Also the large Ecogrid EU demonstraƟon proũect on
the Danish island Bornholm (included in this case book) uses the PowerMatcher concept͘
DNV KEMA, the consorƟum leader, gives the proũect also a ‘springboard role’: companies get the opportunity to test their products and services͘ Neǆt to that is TNO, together with industry partners, developing the PowerMatcher technology into a Ňeǆible power plaƞorm available for open use in smart grid
proũects worldwide͘

KďũĞĐƟǀĞƐΘĞŶĞĮƚƐ
The obũecƟves of the two phases of PowerMatchingCity are diīerent͘ The obũecƟves of the Įrst phase of
this demonstraƟon proũect were:

The main obũecƟve of the second phase (20112014) is to place the technically feasible soluƟon
of the Įrst phase in the real energy world:

Phase 1

AllocaƟon
ReconciliaƟon

EV Smart
Charging

Billing

Technology

energy
Input

Capacity
Management

Energy
Management

· Demonstrate the feasibility of a smart grid / Smart Energy System under real living condiƟons͘
· Demonstrate an integral opƟmizaƟon
Services
method based on local markets and distributed intelligence for both capacity and
commodity͘
· Develop an applicaƟon independent soluƟon͘
· Integrate local generaƟon and demand reBusiness Model
€
Phase 2
sponse͘
price
Market model
· Integrate gas and electricity infrastructure
in the most opƟmal way͘
date
CoordinaƟon
Open
InnovaƟon
Plaƞorm

&ŝŐƵƌĞϭ͗KǀĞƌǀŝĞǁŽĨWŽǁĞƌDĂƚĐŚŝŶŐŝƚǇ

· Demonstrate new end user proposiƟons based on real Ɵme pricing and energy management
insights͘
· Implement the soluƟon into the wholesale processes (allocaƟon, reconciliaƟon) and billing
· Eǆtend the role of the grid operator: validate the peak load reducƟon potenƟal by eǆtending
the Įeld trial with households behind a single transformer͘
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· Eǆtend to a smart electric vehicle charging service͘
· Validate the cost/beneĮt model with data from the Įeld trial͘

Planning for Success
The smart energy system has numerous stakeholders͘ The concept of PowerMatchingCity is to Įnd an
opƟmizaƟon for the various goals of the stakeholders:
Consumers nowadays invest in their own power producƟon, e͘g͘ in PV solar installaƟons͘ These so-called
‘prosumers’ are looking for the opƟmal economic beneĮts of their investments͘ &rom a household perspecƟve the network can be regarded as a very large baƩery͘ The economic beneĮts for a prosumer
can be maǆimized by conƟnuously seeking
the highest proĮts for energy eǆport towards
/ŶͲ,ŽŵĞ
KƉƟŵŝǌĂƟŽŶ
the grid and minimizing the costs for import
Cost EīecƟve use of Energy
from the grid͘ This provides the Ňeǆible reacƟve power for a smart grid͘
/ŶƚĞŐƌĂƟŽŶŽĨ
Commerciall
ZĞŶĞǁĂďůĞŶĞƌŐǇ
Grid operators or DistribuƟons System OperKƉƟŵŝǌĂƟŽŶ
Ŷ
ValoriǌaƟon and imbalance ReducƟon
Virtual Power Plants
ators (DSOs) are confronted with changing
energy demands and load proĮles͘ The electriĮcaƟon of the energy system will lead
to increased network loads͘ Eǆtensions of
ĂƉĂĐŝƚǇ
transport capacity of eǆisƟng networks in esDĂŶĂŐĞŵĞŶƚ
Reduce Peak Loads
pecially ciƟes are very eǆpensive and labor
intensive operaƟons with a high impact on
&ŝŐƵƌĞϮ͗^ǇƐƚĞŵĂƌĐŚŝƚĞĐƚƵƌĞŽĨWŽǁĞƌDĂƚĐŚŝŶŐŝƚǇ
the built environment͘ Therefore the development of advanced distribuƟon automaƟon is highly relevant to manage future load proĮles and
manage congesƟon and peak loads in local grids and on distribuƟon staƟons͘ Within PowerMatchingCity
the DSO can inŇuence the load proĮle on the transformer by giving local price incenƟves͘ In this way it
can acƟvely limit the import or eǆport of energy͘
The interconnecƟon of microCHPs into a Virtual Power Plant (VPP) is now a commonly known concept
that can be used for the reducƟon of power imbalances and for the opƟmizaƟon of trading porƞolios͘
Within PowerMatchingCity the whole system of households and connected devices is treated as a VPP
and is directly controlled from the trading room͘ By conƟnuously altering the balance between energy
producƟon and demand the resulƟng power producƟon or demand of the cluster can smooth peak
power demands and prevent the dispatch of costly spinning reserves͘
&or the demonstraƟon of systemchanging concepts like the PowerMatcher it is essenƟal that they can
rely on solid theoreƟcal foundaƟon, connecƟons with other demonstraƟon proũects, and scienƟĮc analysis of the results͘ In his thesis ‘The PowerMatcher: Smart coördinaƟon for the Smart Electricity Grid’
Koen Kok provides a theoreƟcal basis for the design of the PowerMatcher and an eǆtensive validaƟon
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Smart Energy CollecƟve
JeJu Island

PowerMatching City Phase 2
elntelligence
Sax Mobility

PowerMatching City
Smart Mobile Grid
Linear
Smart Grid City

First Trial
Crisp
Fenix

R&D

Feasibility
DemonstraƟon
2010

Strategic Choices

Large Scale
DemonstraƟon

Large Scale
ImplementaƟon

Planning
PreparaƟon
RegulaƟon

Service
Demonstraion
2020

&ŝŐƵƌĞϯ͗dŚĞWŽǁĞƌDĂƚĐŚŝŶŐŝƚǇƉƌŽũĞĐƚƐĚƌĂǁŽŶŝŶƚĞƌŶĂƟŽŶĂůĞǆƉĞƌŝĞŶĐĞ

17

through simulaƟon studies and Įeld eǆperiments, including ͞PowerMatching City͟ ͘ Some key elements
18
and conclusions in his thesis are :
The design of the PowerMatcher is based on mulƟ-agent systems which makes the system highly scalable
and able to ensure user privacy͘ The theoreƟcal work brings together elements from electrical engineering, computer science, economics and control͘ &urther, it includes a mathemaƟcal proof of the opƟmal
performance of the PowerMatcher͘ (͘͘͘)
Thus the operaƟon of the electricity system changes from central control of a relaƟvely small number
of large power plants to coordinaƟon of large amounts of (sustainable) generators and Ňeǆible users͘ An
important requirement for this coordinaƟon system is scalability͘ Maintaining the system’s demand and
supply balance will involve a huge number of small and medium-sized smart energy demand devices͘
Controlling this from a central point will soon reach communicaƟon and computaƟonal limits͘ This scalability problem is even greater in the Įeld as the distributed generators will also play a role in the coordinaƟon task͘ Computer science, and in parƟcular the area of mulƟ-agent systems, can oīer a soluƟon͘

17
18
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Published by TNO, The Netherlands, SIKSDisseraƟon Series No͘ 2013-17͘ DissertaƟon defended on July 4th 2013, at the VriũeUniversiteit, Amsterdam͘
See pages 273-276 (Summary)͘

Decisions on
local issues made
locally

Decisions on
local issues
made centrally

Price
ReacƟon

Top-down
Switching

One-way

Market
IntegraƟon

Centralised
OpƟmaƟon

Two-way

&ŝŐƵƌĞϰ͗DĂƚƌŝǆŽĨĞŵĂŶĚ^ŝĚĞDĂŶĂŐĞŵĞŶƚĂƉƉƌŽĂĐŚĞƐ

A mulƟ-agent system is a distributed soŌware system in which so-called intelligent agents are responsible for local sub-tasks, and communicate with each other in order to achieve the higher system goals͘ A
well-designed mulƟ-agent system is an open, Ňeǆible and easily eǆpandable ICT system that can properly
operate in a highly compleǆ and changing environment͘ As the local soŌware agents take care of local
business, it separates local (and potenƟally privacy-sensiƟve) informaƟon from the outside world by not
collecƟng it all at a central point͘
The PowerMatcher is designed and built based on this mulƟ-agent technology͘ The result is a mechanism
which allows for the coordinaƟon of a large number of smaller consuming and producing devices without
the autonomy and privacy of the owners of these devices becoming compromised͘

ƵƌƌĞŶƚƐƚĂƚƵƐΘZĞƐƵůƚƐ
The Įeld trial started in 2007 (the operaƟonal part started in 2009) and ended its Įrst phase in 2011͘
Phase 1 cost approǆimately 5 M€ and was partly Įnanced by the EU (P&6)͘
The trial with 25 homes showed that it is possible to create a smart grid or energy network with the associated market model using eǆisƟng technologies͘ The system enables consumers to eǆchange electricity
freely and the level of comfort is maintained͘
&rom 2011 to 2014 the second phase is eǆecuted͘ Phase 2 started at the end of 2011 and started the
operaƟonal phase mid 2013͘ The cost of phase 2 is also approǆimately 5 € and is Įnanced with 2 M€ by
the Dutch Government͘ Phase 2 consists of the same 22 households as in phase 1, with addiƟonal 18
households, 10 EVs and 2 smart distribuƟon transformers͘ The 18 new households are situated in the
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same street, behind one distribuƟon transformer͘ The new households are also members of the local
energy cooperaƟon that is eǆpanding rapidly with for instance plans for collecƟve solar panels on a local
school͘
By using the PowerMatcher, more renewable energy may be integrated in the electricity system͘ A study
of the energy consumpƟon of 3,000 households in combinaƟon with a large (oī-shore) wind turbine
park clearly shows this͘ When using the PowerMatcher, it was shown that approǆimately 65 to 90й of
the wind power, which would normally not be used without coordinaƟon, could be locally uƟlised͘ As a
result of this, the usage of power from fossil fuels is reduced by 14 to 21й͘
A reacƟon from energy demand and distributed generators to ŇuctuaƟons in the supply of renewable
energy also improves the value of green power͘ The low day-ahead predictability of wind generaƟon,
for eǆample, results in addiƟonal costs assigned through the electricity wholesale markets, the so-called
imbalance costs͘ In two of the Įeld tests performed with PowerMatcher, a wind farm was coupled to a
Ňeǆible cluster in order to compensate for deviaƟons from the wind powerpredicƟon͘ This reduced the
imbalance caused by the wind farm 40 to 60й͘ This makes an interesƟng business case for energy suppliers͘
&urther, it has been shown in the Įeld that the PowerMatcher is able to avoid overloading of electricity
networks͘ By cleverly managing heaƟng systems (micro-CHP and heat pumps) and/or charging electric
cars, the daily peak loading could typically be reduced by 30 to 35й͘ In eǆisƟng networks, this saves the
network operator an eǆpensive network reinforcement, while new networks can be less heavy designed͘
In one of the cases studied, the network capacity could be designed three Ɵmes lower through applicaƟon of the PowerMatcher͘

ZĞƐƵůƚƐŽĨĮĞůĚƚĞƐƚƐŝŶWŽǁĞƌDĂƚĐŚŝŶŐŝƚǇ
The results of the Įeld test show that the market control mechanism works perfectly͘ The smart agents
ensure that end users buy their electricity at low prices and sell at high prices (see &igure 5)͘ The tests
also show that the cluster can be operated as a virtual power plant and grid operators can send incenƟves
to reduce the peak load in certain areas of the grid͘
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&ŝŐƵƌĞϱ͗ǆĂŵƉůĞŽĨƚŚĞƌĞĚƵĐƟŽŶŽĨƐŽůĂƌƉŽǁĞƌŝŵďĂůĂŶĐĞŝŶWŽǁĞƌDĂƚĐŚŝŶŐŝƚǇ͗;ƚŽƉͲůĞŌͿĂͿ^ƵŶ/ŵďĂůĂŶĐĞŝŶĚĞǀĞůŽƉŵĞŶƚ͗
WƌĞĚŝĐƟŽŶ ͕ ZĞĂůŝǌĂƟŽŶ ĂŶĚ /ŵďĂůĂŶĐĞ͕ ;ƚŽƉͲƌŝŐŚƚͿ ďͿ ZĞĂů ƟŵĞ ƉƌŝĐĞ ĚĞǀĞůŽƉŵĞŶƚ͕ ;ďŽƩŽŵͲůĞŌͿ ĐͿ ŽůůĞĐƟǀĞ ƌĞƐƉŽŶƐĞ ŵŝĐƌŽ
ĐŽŐĞŶĞƌĂƟŽŶƵŶŝƚƐƐǇƐƚĞŵƐ͕;ďŽƩŽŵͲƌŝŐŚƚͿĚͿŽůůĞĐƟǀĞƌĞƐƉŽŶƐĞƐŵĂƌƚŚǇďƌŝĚŚĞĂƚƉƵŵƉƐǇƐƚĞŵƐ

It is technically feasible to allow demand response to track supply rather than the other way around, as
is currently the case͘ Measurements from the micro-CHP, the hybrid pumps and the charging of electric
vehicles all indicate that the system responds quickly to ŇuctuaƟng demand and maintains comfort levels
for the end user over the long term͘ This is favorable for the smooth integraƟon of renewable wind and
solar energy͘

>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
ǁŽƌŬŝŶŐƐŵĂƌƚŐƌŝĚƐǇƐƚĞŵĂƐƐƚĂƌƟŶŐƉŽŝŶƚ
The goal of the PowerMatching City proũect is to demonstrate that a smart system for the future supply of
energy can be built using readily available technologies͘ Phase 1 has succeeded in doing this͘ The connecƟon of diīerent energy Ňows was successful͘ The intelligent combinaƟon of electrical vehicles, micro-chp
and heat pumps caused lower peaks in the grid and to work as a virtual power plant͘ The system works
well, although not without applying the necessary creaƟvity͘ The main lesson from the Įrst phase is that
the chosen soluƟon is a technically feasible soluƟon͘ However the results from phase 1 make it diĸcult
to state the reducƟon of the energy use͘
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A pracƟcal trial like this turns out to be eǆtremely well-suited for acquiring insight into what can be
achieved with a smart energy system, the changes required for this purpose, as well as the hurdles sƟll
need to be overcome͘ One of the most important lessons to be drawn from Phase 1 is that it is only
through the eīorts of all parƟes along the enƟre energy chain that it becomes possible to fully eǆploit
the opportuniƟes inherent in a smart grid͘

The challenge
In the future, to ensure the security of electricity supply a new coordinaƟon mechanism is required͘ The
reliability of our electricity supply will need special aƩenƟon due to three developments:
· The rapid increase in renewable energy creates a challenge for maintaining the crucial balance
of supply and demand in the network͘
· The growing use of electricity, which increasingly drives aging networks towards overload͘
· Part of the electricity generated is becoming distributed: large numbers of relaƟvely small
generators - solar panels, small wind turbines and micro-combined heat and power – deliver
their energy close to the place of consumpƟon͘ These generators operate outside the reach of
the central coordinaƟon within the electricity system͘

Smart appliances
&rom actual pracƟce it becomes evident that there is a need to design appliances, including house-hold
appliances, diīerently͘ Appliances should be allowed to decide for themselves whether to switch on or
oī, depending on the current electricity rate, for eǆample, when the rate falls because the supply from
renewable sources is high͘ This implies that the devices have knowledge on the electricity rates, communicated via the internet͘ In PowerMatching City we have adapted the heat pump, microCHP, EV and
washing machines in such a way that they are able to communicate with the smart grid͘ Making these
interfaces is not always trivial͘
The trick is to create Ňeǆibility without adversely aīecƟng the end user’s comfort or the system’s energy
eĸciency͘ A heat pump, for eǆample, has been designed to supply heat when the consumer has a need,
not when the electricity rate is favorable͘ To make it Ňeǆible is possible by temporarily storing the energy
in a buīer tank in the form of heat͘ The baƩery in electric cars oīers similar potenƟal͘ By charging the
baƩery at a Ɵme when electricity is cheapest, it is possible to drive the car at the lowest possible cost͘
The proũect demonstrates that each of the innovaƟve technologies developed for this proũect provides a
signiĮcant amount of Ňeǆibility and can be operated Ňawlessly͘

ƵƚŽŵĂƟŽŶ
Households perceive a high level of comfort and don’t eǆperience any inconvenience from parƟcipaƟng
in this smart grid proũect since energy trading is fully automated͘ The acceptance level is high, and a clear
change in ‘energy behavior’ can be observed͘ The eīect on their direct energy consumpƟon is limited,
but the end-users show an increased willingness to invest in more energy eĸcient appliances once evi-
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dence is provided that their investments result in the eǆpected savings͘ Moreover the parƟcipants gradually transform into prosumers and more and more they want to (collecƟvely) generate their own power͘

EĞǁĞůĞŵĞŶƚƐŝŶƉŚĂƐĞϮ
Three important new elements in phase 2 are new energy services, addressing the problem of network
capacity management and the ‘springboard role’͘
A lot of aƩenƟon has been given to the end-user requirements and desires with regard to new services
and the systems to deliver these services͘ These services and a home energy management system with
a tablet have been developed with intense customer consultaƟon͘ One quesƟon is how intelligent networks can be incorporated into the energy company’s processes, from reading the meter through to billing͘ &or eǆample, there are tariīs which can change every 5 minutes instead of a Įǆed tariī͘ That requires
new sorts of bills͘
Households get their bills every month, based on their actual electricity consumpƟon͘ Two types of contracts have been developed, aŌer eǆtensive consultaƟon with the parƟcipants:
1͘

2͘

Cheapest energy bill: The PowerMatcher will control the smart devices in such a way – within the comfort levels as demanded by the households – that way the energy bill will be as
low as possible͘
Sustainable local Įrst: The Powermatcher will control the smart devices in such a way –
within the comfort levels as demand by the households – that locally produced energy will
be used to a maǆimum͘

Secondly PowerMatching City II is also addressing the problem of capacity management: how can you
‘feed in’ large quanƟƟes of renewable energy into the network͍
And third, the proũect has a ‘springboard role’: companies have the opportunity to test their products and
services͘ Hence NyP will be building computer chips into electric scooters in order to be able to charge
them smartly͘ iNRG will be eǆperimenƟng with the communicaƟons between a HRe boiler and water
heater tank, which makes it possible to break the link between the demand for heat and electricity producƟon͘ These are new steps on an already working smart grid and an infrastructure͘

<ĞǇZĞŐƵůĂƟŽŶƐ͕>ĞŐŝƐůĂƟŽŶΘ'ƵŝĚĞůŝŶĞƐ
In the eǆisƟng Dutch framework of energy laws and corresponding codes SMEs and domesƟc end-users
are characterized by demand proĮles, which are used for seƩlement, allocaƟon and reconciliaƟon͘ The
introducƟon of acƟve demand and supply within the SMEs and domesƟc end-users will result in shiŌed
load proĮles as a result of opƟmizing supply and demand of energy͘ These shiŌed load proĮles will deviate from the staƟsƟcally determined load proĮles that are currently used to determine the average load
proĮle of these groups of end-users͘ The Ňeǆibility that is created this way can have a value in the energy
chain: not only by prevenƟng congesƟons in the network and giving trade opƟons on the commodity
market, but also by giving balancing opƟons͘ But this requires that the ‘standard load proĮles’ be set
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aside͘ Therefore the value cannot be assigned to the corresponding parƟes who created it in the energy
system͘
In PowerMatching City we eǆplore how these wholesale processes can be adũusted such that the value
created by the Ňeǆibility introduced by acƟve demand and supply can be valorized allowing that parƟes
responsible for balancing the system can share this value with the associated end-users͘
Neǆt to adũustment of the proĮle methodology the current tariī structures most likely need to be adũusted in the near future to fully unleash the potenƟal of a smart grid and accelerate the introducƟon of
local renewable energy producƟon by residenƟal end-users and SMEs͘
1͘

2͘
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Within PowerMatching City value for Ňeǆibility is created with real-Ɵme local tariīs͘ To valorize the Ňeǆibility the standard proĮles methodology needs to be changed and dynamic tariīs
both for the commodity as for the capacity are needed͘ Such a market model would require
adũustment of the eǆisƟng tariī regulaƟons but allow for transparent cost and beneĮt allocaƟon, an opƟmal dispatch of all assets in the system as well as freedom of dispatch,
transacƟon and connecƟon͘
Currently the feed-in tariīs in The Netherlands are capped at 5,000 kWh/y͘ Above this
threshold the beneĮts for feeding power in the grid reduce dramaƟcally͘ When the drop in
prices from renewable sources like wind and solar power conƟnues and producƟon volumes
increase they will signiĮcantly shiŌ the energy prices as a result, a Įǆed feed-in tariī, soon
will no longer be socially acceptable or technically feasible͘
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Market context
Electricity consumed (2011)

Statewide: 59,847 GWh19
OGΘE: 29,606 GWh

Peak Demand for Power (2011)

Statewide: 17,200MW
OGΘE: 5,815MW20

EĞƚZĞǀĞŶƵĞƚŽŝƐƚƌŝďƵƟŽŶ
Companies (2011)

OGΘE: USΨ3͘92 Billion21

dƌĂŶƐŵŝƐƐŝŽŶĂŶĚŝƐƚƌŝďƵƟŽŶ
Network

The electric supply companies are listed in decreasing order of relaƟve number of customers and sales: Oklahoma Gas Θ Electric Company and Public
Service Company of Oklahoma (American Electric Power Company), Empire,
Grand River Dam Authority and Western &armers Electric CooperaƟve, KAMO
Electric CooperaƟve, and the Oklahoma Municipal Power Authority͘

Contact

Mike &arrell, Director, Customer Programs, OGE Energy Corp͘,
farrelmdΛoge͘com͖ Jonathan Wang, Analyst, Energy Θ
Environmental Resources Group, LLC, ũon͘wangΛe2rg͘com

19 DOE Energy Eĸciency and Renewable Energy, ͞Clean Energy in My State,͟ Department of Energy, фhƩp://apps1͘eere͘energy͘
gov/states/>
20 Oklahoma CorporaƟon Commission’s Public UƟlity Division, ͞The State of Oklahoma’s 12th Electric System Planning Report,͟
OCC, Oklahoma City, OK, Apr 2013 фhƩp://www͘occeweb͘com/pu/PUDй20Reportsй20Page/12thй20ESPR-2013͘pdf>
21 WikInvest, ͞Revenue for OGE Energy,͟ 2011 фhƩp://www͘wikinvest͘com/stock/OGEͺEnergyͺй28OGEй29/Data/Revenue/2011>, accessed at 11 Dec 2013

USA

Oklahoma Gas and Electric Demand
Response Programs

WƌŽũĞĐƚĞƐĐƌŝƉƟŽŶ
In 2010-11, Oklahoma Gas and Electric Company (OGΘE) successfully
piloted a new Ɵme-based rate over a two year period under a program
known as Smart Study TogetherTM, which provided about 4,670 parƟcipating customers with prices that varied daily in order to enƟce changes in
their paƩerns of electricity consumpƟon and a reducƟon in peak demand͘
The program was deemed a success and is gradually being eǆpanded to all
customers under the program name SmartHours, with a total enrollment
of approǆimately 81,000 customers as of December 2013͘ The SmartHours
dynamic pricing campaign is recognized in the US electric uƟlity as a leader
in terms of scale and impact for a smart grid enabled price response program͘
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KďũĞĐƟǀĞƐΘĞŶĞĮƚƐ
The primary goal of OGΘE’s Smart Study TogetherTM was to assess the demand response achieved through
various technologies and dynamic rate plans͘ The program is designed to test, and gain knowledge about
customer acceptance of Ɵme-based rate designs and enabling technologies͘
Two rates are oīered: a Time-of-Use rate with a CriƟcal Price component (TOU-CP) and a Variable Peak
Pricing rate with a CriƟcal Price component (VPP-CP), for both residenƟal and small commercial customers͘ The four technology opƟons include a web portal, in-home display (IHD), programmable communicaƟng thermostat (PCT), and a combinaƟon of all three͘
Based on the success of the Smart Study TogetherTM pilot study, OGΘE eǆpanded the dynamic pricing program as the SmartHours program by oīering the most successful rate-technology combinaƟon of VPP-CP
rate along with PCT to new eligible customers͘
The ulƟmate goal of the demand response programs is to determine if the demand reducƟons achieved
will allow OGΘE to delay capital investments in incremental generaƟon resources͘ With the obũecƟve of
a demand reducƟon of 1͘3 kW per customer and in anƟcipaƟon of 20й residenƟal and small commercial parƟcipaƟon, OGΘE hopes to gain roughly 210 MW of virtual generaƟon that will contribute to this
avoided generaƟon͘
By the end of 2012, the 54,000 customers parƟcipaƟng in SmartHours reduced system demand by 67
22
MW, and each saved Ψ179 on average during the four month summer period͘ Maũor informaƟon technology (IT) improvements have also been made in communicaƟon infrastructure, web services, system
integraƟon, and cyber security͘
OGΘE is one of the Įrst distribuƟon uƟliƟes to deploy a new Volt-Var opƟmizaƟon (VVO) system, which
improves distribuƟon system visibility, provides beƩer accuracy and granularity of data, and allows for
beƩer forecasƟng and integraƟon of more real-Ɵme data͘ VVO systems also increase power delivery eĸciency by decreasing the losses through the use of capacitor banks and also enable ŇaƩer voltage proĮles
hence reducing peak demand͘ OGΘE has installed VVO systems on 400 feeders, which allows them to
23
avoid building an 80MW peaking plant͘
Some of the beneĮts envisioned upon full proũect compleƟon in 2017 include: reducing demand by 223
MW through dynamic pricing and 75 MW through Volt-Var opƟmizaƟon͖ reducing annual meter operating costs by Ψ15 million͖ and reducing its System Average InterrupƟon DuraƟon Indeǆ (SAIDI) and System
Average InterrupƟon &requency Indeǆ (SAI&I) by 30й͘ OGΘE has a target of enrolling 160,000 customers
in its ͞SmartHours͟ program (approǆimately 81,000 customers have enrolled through December 2013)͘

22
23
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Lewis, Philip, ͞smart grid 2013 Global Impact Report,͟ VaasaETT, Helsinki, &inland, 2013
ABB in the US, OGΘE Selects Volt/Var ͞OpƟmizaƟon SoluƟon from ABB͞,
2010 фhƩp://www͘abb͘us/cawp/seitp202/4028068027662fa78525772000533ea6͘aspǆ> accessed on 29 &eb 2014

hƐĞĂƐĞĞƐĐƌŝƉƟŽŶ
Customers were randomly assigned to either a Time-of-Use (TOU-CP) opƟon or a Variable Peak Pricing
(VPP-CP) opƟon͘ Customers in the control group were leŌ on their eǆisƟng standard rates͘ The CriƟcal
Price component in each rate plan is to raise the price level to the criƟcal price when a CriƟcal Price event
is issued with a minimum of two hours noƟce͘ The VPP-CP was designed by replacing the on-peak price
(from 2:00 PM to 7:00 PM on weekdays) in the TOU rate with one of four variable prices shown in the
chart below͘ Under the VPP CP, a single price will apply to the enƟre Įve-hour on-peak window each
weekday͘ &our deĮned price levels – Low, Standard, High, and CriƟcal – simplify communicaƟons of price
level͘ The day-ahead on-peak prices for VPP-CP are communicated to the customer by 5:00 PM on the
previous day via email, teǆt message, and/or voicemail͘

VPP
4.5¢/kWh
11.3¢/kWh

TOU
Oī-Peak/Low

4.2¢/kWh

Standard

23¢/kWh

High

46¢/kWh

CriƟcal

46¢/kWh

CriƟcal Price Event

23¢/kWh

46¢/kWh

&ŝŐƵƌĞϭ͗WƌŝĐĞƐĂƉƉůŝĞĚŝŶƚŚĞdŝŵĞͲŽĨͲhƐĞŽƉƟŽŶĂŶĚƚŚĞsŝƌƚƵĂůWĞĂŬWƌŝĐŝŶŐŽƉƟŽŶŽĨK'Θ͛Ɛ^ŵĂƌƚ^ƚƵĚǇdŽŐĞƚŚĞƌdD

In conũuncƟon with the two rates, OGΘE tested the following technologies:
· Web Portal: an energy informaƟon website providing customers with 15 minute interval data
updated every 15 minutes, neighborhood comparisons, bill esƟmates, environmental impacts,
as well as Ɵps and tools to manage energy consumpƟon͘ The web portal is not an opƟon for
customers without internet access͘
· /ŶͲ,ŽŵĞ ŝƐƉůĂǇ ;/,Ϳ͗ a countertop display providing customers with near real-Ɵme demand, esƟmated monthly cost and current price͘
· WƌŽŐƌĂŵŵĂďůĞŽŵŵƵŶŝĐĂƟŶŐdŚĞƌŵŽƐƚĂƚ;WdͿ͗a customer controlled device with current
pricing informaƟon which allows for the automaƟon of comfort seƫngs based on current
energy prices͘ The thermostat is not an opƟon for customers without central air condiƟoning͘
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WŝĐƚƵƌĞŽĨƚĞĐŚŶŽůŽŐŝĞƐƵƐĞĚŝŶK'Θ͛Ɛ^ŵĂƌƚ^ƚƵĚǇdŽŐĞƚŚĞƌdD

OGΘE collected interval data using smart meters from a sample of customers to esƟmate the load reducƟon resulƟng from various combinaƟons of dynamic rates and enabling technologies͘ The two rates
and four technology opƟons described above result in eight combinaƟons, with a separate sample of
parƟcipaƟng customers needed for each͘ In order to implement a randomized design, all eligible customers were randomly assigned to either one of the parƟcipant groups or the control group͘ This allows for
direct and unbiased comparison of the rate-technology opƟons͘
Because the program targets system peak reducƟon, it is important to consider the nature of the OGΘE
system load͘ The 2011 OGΘE system peak of 6,509 MW occurred at the hour ending 4:00 PM on August 3͘ This summer system peak is much higher than the winter peak of 4,580 MW, which occurred on
24
&ebruary 10 at the hour ending 8:00 AM͘ Reducing ũust the speciĮc hour of the system peak will not
signiĮcantly reduce OGΘE’s capacity requirements – load must be reduced in all of the peak hours͘ Also
important is the number of hours throughout the year that the system load is at or near the system peak͘
The nature of the OGΘE system load is such that a technology-enabled dynamic rate plan oīered in this
program has the potenƟal to reduce system capacity requirements signiĮcantly, potenƟally enough to
eliminate the need for addiƟonal peaking units͘

ƵƌƌĞŶƚ^ƚĂƚƵƐΘZĞƐƵůƚƐ
Load reducƟon is esƟmated by comparing the load for the customers with each rate-technology combinaƟon with the load for customers in the control group͘ Comparisons are made between several different day types, including average weekend days, average weekdays, event days, and average days for
the various price levels for the VPP-CP rate͘ The demand response program results are presented below
in three phases, with a brief overview of the Įrst two phases represenƟng the pilot study years (Smart

24
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Williamson C͘, ͞OGΘE Smart Study Together Impact Results, Auǆiliary &inal Report – Summer 2011,͟ Global Energy Partners,
Walnut Creek, CA, 23 Apr 2012

Study TogetherTM) and the third phase represenƟng the Įrst year of eǆpansion beyond the pilot study
(SmartHours)͘
Phase 1 – 2010
Beginning in early 2010, OGΘE recruited 3,000 customers located in Norman, Oklahoma, for the demand
response study͘ The primary obũecƟve of the study was to determine the most eīecƟve combinaƟon of
rate and technology in reducing on-peak energy consumpƟon͘ OGΘE hypothesized that it could achieve
1͘3 kW of maǆ reducƟon per customer and 20й parƟcipaƟon by 2014͘
Study results obtained from the tesƟng period, June 1 through September 30 of 2010, show that the iniƟal hypothesis of 1͘3 kW of maǆ demand reducƟon is achievable͘ In parƟcular the VPP/PCT combinaƟon
provided the greatest amount of demand reducƟon, approǆimately 1͘96kW or 58й on average, for the
25
VPP/PCT parƟcipants when compared to the control group͘ This result is likely eǆplained by the automated response of the thermostat, which is lacking in the web and IHD treatments͘
Phase 2 – 2011
The second year of this study was a conƟnuaƟon of Phase 1 with a few changes͘ OGΘE engaged an
addiƟonal 3,000 parƟcipants, located in Moore and south Oklahoma City͘ During Phase 2, OGΘE was
able to test responsiveness to CriƟcal Price events, and also gain insight into commercial parƟcipaƟon͘
The results from this phase conĮrmed the success of the VPP/PCT combinaƟon measured in 2010, with a
26
maǆimum demand reducƟon of 1͘97kW͘
Aside from the load impacts, Phase 1 and 2 analyses show there is an apparent relaƟonship between
demographic segment and demand reducƟon͘ &ocusing on 2010 results (Phase 1) of the VPP/PCT treatment, high income parƟcipants eǆhibited the greatest average baselines than other income groups, as
well as the highest average demand reducƟon͘ AddiƟonally, low income parƟcipants eǆhibited the highest percentage in demand reducƟon (68й) during Phase 1, when compared to the other segments͘
As of May 2012, 2͘9й of enrollments have dropped out of the program, and 5й of enrollments have
27
moved͘ During both phases, the unenrollment rates are below 5й͘
Phase 3 – 2012
Based on the posiƟve results of the two year demand response pilot, OGΘE iniƟated the SmartHours eǆpansion program in January 2012͘ This program promotes parƟcipaƟon in the VPP rate and signing up for
a thermostat͘ As of September 30, 2012, approǆimately 35,144 residenƟal customers were parƟcipaƟng

25
26
27
28

Williamson C͘, Shishido J͘, Marrin K͘ ͞OGΘE Smart Study Together Impact Results, Summer 2010 Interim Report ,͟ Global
Energy Partners, Walnut Creek, CA, 28 Mar 2011
Williamson C͘, Shishido J͘ ͞OGΘE Smart Study Together Impact Results, &inal Report – Summer 2011,͟ Global Energy Partners,
Walnut Creek, CA, 29 &eb 2012
Williamson C͘, Shishido J͘ ͞OGΘE Smart Study Together Impact Results, &inal Report – Summer 2011,͟ Global Energy Partners,
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Williamson C͘, Marrin K͘ ͞2012 EvaluaƟon of OGΘE SmartHours Program,͟ EnerNOC, Walnut Creek, CA, 20 Dec 2012

141

USA
Oklahoma Gas and Electric Demand Response programs

in the SmartHours pricing program, and 61͘5й percent of those customers also accepted a free PCT and
28
are referred to as SmartHours Plus parƟcipants͘
Study results show that the overall maǆimum impact of the program was 51͘4 MW, which occurred during a CriƟcal Price event day on the day of the system peak (August 1, 2012)͘ The average per customer
reducƟon at that Ɵme was 2͘34 kW for SmartHours Plus parƟcipants and 0͘81 kW for SmartHours VPP
parƟcipants͘ Across the three system peak CriƟcal Price event days held, SmartHours Plus customers
averaged a reducƟon of 1͘82 kW per customer, and SmartHours VPP customers averaged a reducƟon of
29
0͘73 kW per customer͘ The results of Phase 3 indicate that the program can maintain its eĸcacy on a
signiĮcantly larger scale͘

>ĞƐƐŽŶƐ>ĞĂƌŶĞĚΘĞƐƚWƌĂĐƟĐĞƐ
The most eīecƟve rate/technology combinaƟon for residenƟal customers is the VPP-CP with PCT͘ The
VPP rate provided the highest load reducƟon on the hoƩest days, and also provides a full range of prices
for OGΘE to work with͘ On days when capacity is plenƟful, there is no need for customers to reduce on
peak energy, so the low rate can be set͘ When capacity is short, a High or CriƟcal price can be set, and the
Load reducƟons will be greater͘ The VPP-CP allows OGΘE to tailor the price to the capacity͘ Combining
the PCT with the rate automates the load reducƟon, giving the customer the ability to choose between
the relaƟve importance of cost and comfort, and to vary that choice across the diīerent prices͘
With the current rates in place, in order to maǆimize the load reducƟon on the system peak day, or on any
day when capacity is constrained, it is recommended to set the VPP price as High, and then call a CriƟcal
Price event starƟng at 4:00 PM͘ This will provide more conƟnuous load reducƟon across the enƟre on
peak period, parƟcularly at the Ɵme of the usual system peak͘ In the long term, OGΘE could invesƟgate
adding a ͞super-peak͟ period, probably from 4:00 PM to 6:00 PM, with a higher price than the on-peak
period͘ This would allow the automated response of the PCTs to spread the savings more evenly over the
enƟre on-peak period without having to call events as described above͘
OGΘE could consider Įnding new ways to encourage customers without PCTs to shiŌ load͘ As an eǆample, encouraging customers to customize an ͞event plan,͟ perhaps through the web portal that outlines speciĮc acƟons to be taken during an event or criƟcal day, may increase load reducƟon͘ Similar
event or acƟon plans are oŌen employed for demand response programs with non-automated commercial and industrial customers͘ While no evidence of customer faƟgue was seen during the summer of
2012, it may be prudent to consider the possibility of faƟgue, especially during days that are forecasted
to be the system peak, and develop a protocol that ensures too many events are not called͘
&or planning purposes, in absence of a weather adũusted esƟmate, it is recommended to begin the CriƟcal
Price event period an hour prior to the eǆpected system peak on a High priced day to maǆimize the impacts

29
30
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closest to the system peak͘ Impacts on CriƟcal days with similar weather condiƟons without a CriƟcal Price
30
event had similar maǆimum impacts, but the impacts were 14й lower at hour-ending 5:00 PM͘
The following is a general overview of lessons learned and recommendaƟons:
· Primary customer driver is savings͘
· Technology and savings create sustainability, but technology only maƩers if it facilitates customer savings͘
· AutomaƟon is key to sustainability͘ Thermostats were shown to be more eīecƟve in reducing
demand compared to the alternaƟves that lack automated response capabiliƟes (web portal,
IHD)͘
· Pricing is criƟcal to success͘ The diīerenƟal between on-peak and oī-peak prices must be
signiĮcant enough to create demand shiŌ͘
· Members must be involved and engaged͘ CommunicaƟng daily prices creates awareness and focus͘
· Use mulƟple channels including television, radio, print, earned media, website, and social
media to engage and educate customers͘
· Customer enrollment must be easy͘ Provide online enrollment and a dedicated call center͘
· EīecƟve cross-funcƟonal and supplier relaƟonships are crucial͘
· InformaƟon technology, eīecƟve processes (quality assurance, soŌware development life
cycle), and trusted partners and ͞Regulators͟ will be key essenƟal elements͘
· StaƟsƟcal study is important to understand what is driving results͘

<ĞǇZĞŐƵůĂƟŽŶƐ͕>ĞŐŝƐůĂƟŽŶ͕Θ'ƵŝĚĞůŝŶĞƐ
The OGΘE case study further oīers the following guidelines to support successful implementaƟon of a
dynamic rate-based and technology-enabled demand response program͘
1͘

2͘
3͘

^ƚĂǇĐƵƌƌĞŶƚǁŝƚŚŝŶĚƵƐƚƌǇƚƌĞŶĚƐ͕ŝƐƐƵĞƐ͕ĂŶĚĐŚĂůůĞŶŐĞƐ͘ This will help to understand how
trends and issues (health issues, opt out programs, data privacy, etc͘) may impact your programs and to plan accordingly͘
Periodic updates and reviews with regulatory stakeholders. Keep them informed on proũect status/progress, issues, milestones achieved, etc͘
^ŽůŝĐŝƚĨĞĞĚďĂĐŬĂŶĚŝŶƉƵƚĨŽƌƌĞŐƵůĂƚŽƌǇĮůŝŶŐƐĂŶĚƉƌŽĐĞĞĚŝŶŐƐ͘ Work directly with regulators on how to propose and package smart grid programs (eǆample: alignment with other
regulatory Įlings such as energy eĸciency, peak demand reducƟon, customer educaƟon, etc͘)
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хххǆĞĐƵƟǀĞ^ƵŵŵĂƌǇ
This Case Book presents 12 case studies on the development and implementaƟon of Demand Side Management (DSM) technologies and pracƟces͘
DSM represents a general category of all end-user energy programs that oŌen use a set of incenƟves,
dynamic tariīs or sustainable energy awareness strategies to opƟmize consumpƟon of energy͘
31

This DSM Case Book is a product of the InternaƟonal Smart Grid AcƟon Network (ISGAN) and presented
as part of its deliverables to the &iŌh Clean Energy Ministerial͘ CollecƟvely, the case studies present Įndings from DSM deployment under a diverse range of policy frameworks and market condiƟons͘ Thus, the
variety of cases included in this Case Book can be considered as a representaƟve compendium of the
32
current DSM eǆperience as part of a global smart grid strategy͘

WƵƌƉŽƐĞŽĨƚŚĞĂƐĞŽŽŬŽŶĞŵĂŶĚ^ŝĚĞDĂŶĂŐĞŵĞŶƚ
This Case Book intends to:
· Describe and discuss the applicaƟon of DSM soluƟons based on the use of smart grid technologies in diīerent conteǆts and frameworks, which is made possible by the wide variety of countries parƟcipaƟng in ISGAN͖
· Share the latest soluƟons and business models as illustrated by leading demonstrators in the
DSM domain from around the world͖
· Highlight some of the regulatory challenges impacƟng the wide applicaƟon of smart grid technologies͖
· Promote a worldwide eǆchange in DSM to idenƟfy best pracƟces, share lessons learned, and
streamline Įndings͘

31

ISGAN is an iniƟaƟve of the Clean Energy Ministerial and an ImplemenƟng Agreement under the InternaƟonal Energy
Agency’s Energy Technology Network͘ It is formally organized as the ImplemenƟng Agreement for a Co-operaƟve Programme
on Smart Grids (ISGAN)͘ ParƟcipaƟon is voluntary, and currently includes Australia, Austria, Belgium, Canada, China, the
European Commission, &inland, &rance, Germany, India, Ireland, Italy, Japan, Korea, Meǆico, Norway, the Netherlands, Russia, Singapore, South Africa, Spain, Sweden, Switzerland, the United Kingdom and the United States͘ The views, Įndings and
publicaƟons of ISGAN do not necessarily represent the views or policies of all ISGAN parƟcipants, all CEM parƟcipants, the IEA
Secretariat, or all of its individual member countries͘

32

A smart grid is a neǆt-generaƟon network that integrates digital and other advanced technologies (i͘e͘, ΗSmart͟) into the
eǆisƟng power grid (͞Grid͟) to meet the varying electricity demands of end-users͘ Smart grids co-ordinate the needs and capabiliƟes of all generators, grid operators, end-users and electricity market stakeholders to operate all parts of the system as
eĸciently as possible, minimizing costs and environmental impacts while maǆimizing system reliability, resilience and stability͘
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ŽŶƚĞǆƚŽĨƚŚĞ^DĂƐĞŽŽŬ
The DSM Case Book contains 12 case studies from Austria, Canada, Denmark, &rance, Germany, Italy,
Japan, South Korea, South Africa, Sweden, The Netherlands and the United States͘ These case studies
provide qualitaƟve insight into the compleǆity of deploying DSM iniƟaƟves based on a diverse range of
technologies and under speciĮc market rules͘ They also incorporate various program and policy mechanisms and include informaƟon on costs and the associated business cases for investment͘ In doing so, each
study points out opportuniƟes, piƞalls, and best pracƟces in developing and deploying these technologies that can help stakeholders replicate successes and avoid costly missteps͘
The Case Book will eǆist as a ͞living document,͟ to be updated periodically with addiƟonal case studies
from ISGAN parƟcipants and aĸliated organizaƟons͘

The case studies included here feature unique sets of characterisƟcs and drivers, which are indicaƟve of
the diverse range of moƟvaƟons and circumstances surrounding both smart grid and DSM, such as:
· Diīerent levels of maturity: while some countries have completed Įrst rounds of pilots and are
building on lessons learned, others are at the earliest stages of their iniƟaƟves͘
· Diīerent applied methodologies: choice of technologies deployed, beneĮts and business cases
vary from case to case͘
· Dependence on boundary-condiƟons: assumpƟons must be documented carefully, with links
from the results and lessons learned back to these assumpƟons͘
· Diīerent scales at work: the size and the speciĮc costs are varied among proũects and can change,
although most iniƟaƟves are sƟll at a pilot stage͘
SƟll, a number of best pracƟces and common themes have emerged concerning the increased customer
role in smart grids and business models based on creaƟng new services and value proposiƟons͘ These
33
results are summarized in the ͞Key &indings͟ secƟon of the Case Book͘

In this EǆecuƟve Summary, a focus is set on three aǆes arising from the 12 case studies’ key Įndings:
· Three main approaches to DSM have been idenƟĮed͘
· Engaging consumers follow a ͞customer cycle͟ that should be carefully driven͘
· Each stakeholder should contribute to the technical and market evoluƟons to make DSM possible at larger scales͘

dŚƌĞĞŵĂŝŶĂƉƉƌŽĂĐŚĞƐƚŽ^DŚĂǀĞďĞĞŶŝĚĞŶƟĮĞĚ
Based on the 12 described cases, there appear to be three main approaches to Demand Side Management:
33
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Please refer to the ͞Key &indings͟ secƟon (page 6) for more details

· The feedback system in which consumers are informed about the system constraints͘
· The price-based approach, which encourages behavioral change on the customer-side, triggered
by price signals͘
· The system capacity-based approach, in which customers indicate their preferences to a thirdparty player (aggregator or system operator) and consent to let this player take the control of
smart appliances͘ As such it does not rely on the price sensiƟvity of customers, but on system
forecasts monitored by third-party players͘
The customer’s consent and adhesion is a prerequisite for the success of the three approaches͘ Diīerent
approaches are in some cases combined and, in others, independently assessed͘

Customer Engagement follows a “customer cycle” that should be carefully driven
The 12 cases of the DSM Case Book show that the involvement of customers follows a ͞customer cycle͟
that ensures a proper and smooth involvement of customers in DSM pilots͘ It contains several steps and
milestones going from awareness and educaƟon to sustainability and wider applicaƟon͘
To engage and guide customers in this process, uƟliƟes should have a clear plan͘ The boǆes around the
͞customer cycle͟ in the schema below give eǆamples of some of the best pracƟces developed in this DSM
Case Book͘ This cycle go through diīerent steps and milestones: starƟng with the preparaƟon of customer buy-in, to the removal of obstacles and the adverƟsement of opportuniƟes, the acƟve recruitment
of customers and, Įnally, support of the customers throughout the process to minimize the dropout (or
opt out) rate͘
WƌĞƉĂƌĞĐƵƐƚŽŵĞƌƐ͛ďƵǇͲŝŶ͗
-Have a clear percepƟon of the
beneĮts and risks of the service and
idenƟfy relevant customer approaches
-Build a guiding team: reshuŋe
customer services if needed and train
customer facing employees

WƵďůŝĐŝǌĞƚŚĞŽƉƉŽƌƚƵŶŝƟĞƐĂŶĚƌĞŵŽǀĞŽďƐƚĂĐůĞƐ͗
-As many people as possible should hear the call for
acƟon loud and clear, with messages sent out
consistently and oŌen
-Addressthe reluctance linked to the fear of losing
money or quality of service
-DeĮne clear rules regarding the protecƟon of data

tŝĚĞƉƉůŝĐĂďŝůŝƚǇ
ĂŶĚ/ŵƉĂĐƚ
^ƵƐƚĂŝŶĂďŝůŝƚǇ
^ĂƟƐĨĂĐƟŽŶ

ŽŶƐƵŵĞƌ
ŶŐĂŐĞŵĞŶƚ
ΘŵƉŽǁĞƌŵĞŶƚ
Cycle
/^'E

ĐƟŽŶ
Support the customer throughout the
process:
- Customers quickly eǆhibit signs of
faƟque͘ Support them in the whole
process͘
- If the parƟcipants perceive that the
service has improved, their
engagement should sustain͘

ǁĂƌĞŶĞƐƐΘ
ĚƵĐĂƟŽŶ

ŶŐĂŐĞŵĞŶƚ
ŵƉŽǁĞƌŵĞŶƚ
ĐƟǀĞůǇƌĞĐƌƵŝƚĐƵƐƚŽŵĞƌƐ͗
- Communicate up front with customers
- IdenƟfy customer eǆpectaƟon(social values,
environmental aspects, Įnancial beneĮts,͘͘͘) and
communicate for buy-in
- Do not hesitate to engage the ͞mainstream͟
customers through perks and other short term wins to let
them overcome obstacles and empower them to spread the word
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ĂĐŚƐƚĂŬĞŚŽůĚĞƌƐŚŽƵůĚĐŽŶƚƌŝďƵƚĞƚŽƚŚĞƚĞĐŚŶŝĐĂůĂŶĚŵĂƌŬĞƚĞǀŽůƵƟŽŶƐƚŽŵĂŬĞ^DƉŽƐsible at larger scales
Although DSM oīers clear beneĮts to stakeholders, numerous barriers (market establishment and structure, business case, etc͘) have to be overcome that are inherent in an innovaƟve topic that deals with
public acceptability͘
Among the several stakeholders of DSM funcƟons and services, the 12 cases of the DSM Case Book show
that customers, uƟliƟes, system operators and equipment providers should apply best pracƟces to make
DSM a reality and to ensure scalability and potenƟal for replicaƟon͘
The pracƟce shows that DSM implementaƟon is not ũust any parƟcular party’s responsibility͘ Rather, all
actors – uƟliƟes, governments, users and other stakeholders - have an important role to play in the success of DSM programs͘ Each actor’s eīort could encourage the others’ acƟon towards eĸcient-energy
acƟviƟes͘

Some eǆamples are presented in the schema below͘

ƚƚŚĞĞƋƵŝƉŵĞŶƚƉƌŽǀŝĚĞƌƐ
ůĞǀĞů͕ĐŽŵƉĂŶŝĞƐĐŽƵůĚ͗
Launch innovaƟve small and
medium-sized equipments to
make the shiŌ from a small
number of large power plants to
a large number of Ňeǆible users
feasible : Make it simple and
easy to use

Develop VPP and systems
including peak demand
reducƟon and ancillary
services based on load
management and storage

ƚƚŚĞƐǇƐƚĞŵKƉĞƌĂƚŽƌƐ
ůĞǀĞů͕ƵƟůŝƟĞƐĐŽƵůĚ͗

ƚƚŚĞĐƵƐƚŽŵĞƌƐůĞǀĞů͕
ŝŶĚŝǀŝĚƵĂůƐĂŶĚŝŶĚƵƐƚƌŝĂůƐ
ĐŽƵůĚ͗

&acilitate and foster a
DSM ancillary services
market by including
relevant stakeholders
and decision makers to
support system balance
through load
management

ParƟcipate through an acƟng
agent but maintain the
possibility of controlling the
devices and processes
Understand in depth the
opportuniƟes of DSM
Be able to determine the
capability to parƟcipate in a
DSM program

EKhZ'^dEZ/d/KEEKKWZd/KEdtE^d<,K>Z^

Best pracƟces around DSM and customer engagement will conƟnue to emerge as market models, regulatory frameworks, and other aspects of smart grid evolve and beneĮt from innovaƟons͘ This Case Book
aims to provide a knowledge-sharing plaƞorm and comparaƟve view of regional diīerences in the strategy and design of DSM and smart grid development͘
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