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Executive Summary

The European Union has set ambitious objectives for the year 2020 to lower energy consumption by 20%,
lower CQ emissions by 20% and ensuhat 20% of energy is generated using renewable resources. At the
same timeit is actively engaged in creating road maps and investment plans for developing smart grids
throughout Europe. A core element of the smart gridhis active participation of the demand side and

only through the involvement and cooperation of the demand side can the 2020 objectives be met. Within
Europe and indeed globally, smart metering is viewed as a key building block in the smart grid amdtthe m
cost/effective method for increasing ermbnsumer involvement and engagement.

The aim of the research whose results are presented in this report has been to discover the potential and
limitations of a range of feedback and dynamic pricing programsbledathrough smart metering
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repeated results and surrounding requirements for success. The research involved collecting and
comparing about 100 pilots Typically, organisers divide participants in a pittd isubgroups in order to

test different solutions, for instance different feedback types, different dynamic pricing schemes, a group
with home adomation and one without, etc.Hence, the pilots wie broken down into 460 samples. The
samples were then analysed according to 22 different variables selected to gauge internal structural pilot
variables influencing success as well as outside market factors which might also impact a pilot outcome. In
total, over 450,000 residential consumers were involved in the reviewed pilots. Feedback pilots are
designed to help participants reduce their overall energy consumption, lowering distribution and supply
costs. In comparison with the other feedback chasn&HD resulted in the highest energy savings. The
remaining channels for feedback, webpage, and informatives pitbduced almost equal consumption
reduction levels. Quite possibly, the key advantage the IHD offers over the remaining channels for
feedbackis the almost reatime and visibleaspects of the delivery of feedback. TOU peak reductions are
the lowest, bu they occur daily, while CPP and CPR produce the highest reductions but only for critical
peak periods. The main findings demonstrate that consumers do react to feedback and dynamic pricing
mechanisms positively, pilot results maintain oveB ¥ears andhey can also be effective in consumer
groups of over 1,000 households. In addition, post pilot surveys show that on average®©(® of
participants were satisfiedith the pilot with in which they took part That said, results vary widely within

a given program type; an IHD pilot can attain 3% or 19% reductions. Therefore the research findings also
confirmed the assumption that surrounding variables have a substantial impact on program success levels
over and above the supportive technology used argram structure.

The findings of Empower Demand demonstrate that technology provides an important but enabling
function in creating a successful demand side program. It is one of five factors which decide success. These
factors are socioeconomic factorsparticipant consumption patterns, program content/structure,
supportive technology and household load sources. In this, socioeconomic factors and consumption
patterns can overcome supportive technology and program type. For example, a good inforhilitige

pilot can lead to higher savings than an IHD pilot depending on surrounding circumstances despite the fact
that on average an IHD is 50% more effective than an informative bill at reducing overall electricity
consumption. It is therefore importarto perform a comprehensive analysis of markets when creating
demand side programs; matching the program structure with the market realities.
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During piloting, there can be a technological focus or a preconceived opinion that the technology is what
decidesprogram success. Our findings challenge this foclise central difference we found between

pilot success and failure is the ability of the program designers to meet consumer needs through the
demand side program. Meeting a need is the foundation of eeumer engagement and thereby of a
program success. The technology is the enabler within this value chain. Therefore, unless a technology is
equipped to act as a support to consumer engagement, it will not create savings or improve systems
efficiency. 8art meters fulfil their potential due to the fact that they can support consumer engagement
to a marketappropriate level through feedback and dynamic pricing and/or home automatibis very

well expressed by Chris Johns, President of PG&E shomily thée company undertook the SmartRate

t NAOAY 3 t NRINIFY Mkethaught weN@re SnOditakihgyan imfrastrocire @iroject but it
turned out to be a customer projett

Program success is directly dependent on consumer involvement and thewem@pemand findings
indicate that "more is more" at every stage of the piloting and roll out process. For example, within
marketing, programs using consumer segmentation to create directed marketing messages for a particular
consumer group increase commer uptake and results. In program structure, feedback and pricing
together tend to achieve better lonterm overall results than either program type alone. Education
improves dynamic pricing and informative billing programs. Multiple types of infoomath a display or a

bill (current consumption, prigehistorical consumption, etctend to achieve higher results than a display

or a bill with only one message. Program layering is little explored but there are signs that hidden potential
lies in staring with a relatively simple program and gradually creatirggferings of increasing complexity

and value. Hence, we are far from having perfected program structures or perfectly matching program
structures to regional market realities. This should bensas encouraging as even though program
development is not maturgesults are already positive. Thilsoputs into questiorthe current tendency

to emphasie technological development over and above all other factors in European pilot schemes while
comparatively little funding is provided to studying the best messages to deliver to consumers, their cycles
of learning through program layering or the impact of surrounding socioeconomic and cultural factors.

Empower Demand has reviewed 100 pilots. Thectedl pilots alone included 450,000 consumers but the
resulting rollout from these pilots now includes over 4 million consumers. Smart meter enabled programs
are consistently effective when developed in accordance with the needs ot@mslimers and enabd
through constructive regulation. Research questions set limits around what it is possible to learn from a
pilot; organizers will only get answers to the questidhey ask. This is as much a limitation as it is a
resource. It is essential to move ¥aard in pilot development through innovative questions, taking into
consideration the results of past pilots and comparative studigsh as this one. Pilot orgaeis can now

focus their research on better understandindpo is in the marketand what carbe done to maximis their

LI NOAOALI GA2Y @A0KAY -ténK bragrany buddesS i) dequielSa: dorfipileBesive [ 2
combination of marketing, technological support, directed communication and a constructive regulatory
framework.

! Proceeds of Trials & Tribulations of Smart Grid Deployment, A Case Study That Hits Home, BECC Conference, 2010.
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1.Background to thestudy

The European Union has set ambitious objectives for the year 2020 to lower energy consumption by 20%,
lower CQ emissions by 20% and ensure 20% of energy is generated using renewable resources. At the
same time it is actively engaged in creating road maps and investment plans for devedoiriggrids
throughout Europe. The core of the smart grid is the actisgigipation of the demand side and only
through the involvement and cooperation of the demand side can the 2020 objectives be met. Within
Europé and indeed globally, smart metering is viewed as a key building block in the smart grid and the
most cost/efective method for increasing eatbnsuner involvement and engagement.

Smart metering helps to enable consumption feedback and dynamic pricing programs directed- at end
consumers. Yet there is confusion and disagreement within the energy industry oyexhet can be
achieved through various smart meter enabled programs, how long they remain effective, if the pilots show
reliable results, if the programs can be cost effective, what type of feedback should be provided and in
what format etc.

The questins are creating an aura of uncertainty surrounding the potential of smart metering to further
the aims of the EU and its governments. It also raises questions as to whether smart meters are worth
their cost and whether they can bring lasting benefitctmsumers. It lowers the willingness of regulators

to mandate smart metering deployment and for utilities to invest. The questions persist despite the fact
that well over 150 successful pilots involving smart meters have now been carried out globh#ly. T
challenge lies in the fact that utilities and regulators do not have easy access to comparative data
demonstrating the results of a large number of pilots. They only see the results of one pilot at a time and
as any individual pilot leave many questsamanswered, overall trust in¢htechnology remains an issue.

Therefore, ESMIG thought it necessary to furmd iadependent research study which collected and
compared a large enough number of pilots to demonstrate repeated and consistent results &nd giv
answers to a wider variety of concerns. VaasaETT was selected by ESMIG to conduclasgeh a
O2YLI NI 6APS &dadGdzReé RSaA3IYSR (2 IRR ¢SAIKG G2 GKS N
allows for instance utilities to know if their reslis are below or above average because they know the
average results of some 3 similar pilots done globally. It will also help them create better pilots as it
allows them to review the success factors in a wide range of other studies. From theopoiietv of
regulators and policy makers, sualwide-ranging pilot comparison can be a useful tool, as it allows to
identify proper support for smart metering in Europe and to stimulate demand driven programmes.
Empower Demand was designed to beiaftlepth research project comparing 100 pilots according to 22

Z¢KS 9! Qa4 GC¢KANR 9ySNHe tIFO1F3Sé OFLYS Ayiz2 FT2NDS 2y dh{SLIGSY
are intended to complete the liberalisation and integration of the EU energy market, as well as strengthen consumer dights an
PNRGSOGA2Yy®d ¢KS LI O1F3IS AyOtdzRSa 9ft SOGNROAGE YR DIF&a oBANBOGA
2F AyiSttA3aSyd YSGUSNAYy3 adeadsSvyaoQ ¢KS 9t SOGNAROAGE b5mMeNBOGAGS
equipped with Smart Metering systems by 2020.
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variables. The pilots were brokemlown into 460 samples and over 450,000 resiild customers were
involved.

Vaas 9¢ ¢ Qa FAYRAYy3Ia FyR 02y OfdzaAizya | a regsded @sGiESR Ay
and also surrounding requirements for success. The aim of the research has been to discover the potential
and limitations of a range of feedback and dynamic pricing programs enabled thsougt metering
technologies using a large compéive sample.ESMIG solely provided the financial means to conduct the
present study and in future will fund further folleup research into other related aspects which could not

be covered extensively in this study.

The Empower Demand study and its fing 34 R2 NBLINBaASyld =+l aroc¢ceQa 2,
opinion. The underlying methodology and sample base was developed by VaasaETT.
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2.Sources and provenance of the base information

It is important to note that comparing pilots accurately contains many inherent complicatiBilets are

not constructed in order to be comparabl&hey are constructed to fit the needs and budget of the utility

or research institute and the methods a&ll as the quality differ substantially-or example, how energy

Al gAy3a IINB OFfOdA F iSR RAFFSNRAZI AlGupalty O2F iolR&SHN.
data. Sample sizes and selection methadsodiffer. Some pilots are large caainhing 30,000 customers

and are representative of the utilities customer base while ottiecsis on one customer group for instance
customers with electric heatingFurther differences will be discussed during the analysis this means that

the findings bedw can only be taken as useful indications of which elements influence pilot results, not as

an absolute recipe containing exact percagenumbers. They areaneant to be seen amdications of what

tends to work and not work and to this extent they aresfis.

Data from 100 pilots asused for the purpose of this research. These pilots were selected from a larger
pool which included pilots whose design or reporting of results were not sufficiently detailed or comparable
with the others to be included. ifkal reports, presentations and academic papers analyzing the selected
pilots were collected from numerous sources. Papers published in academic journals were collected from
academic databases. Public pilots' reports were collected directly from thaiasygoften local regulators

or public utilities). In addition VaasaETT drew on its extensive network of practitioners around the world
to collect pilots whose results were not made public usually from technology providers or ineeated
Utilities.

2.1 Researcltategoriesand phases

The research involved collecting and comparing 100 pildgically, pilot organisers divide participants to

a pilot into sub groups in order to tests different solutipf@r instance different feedback types, different
dynamic pricing schemes, a group with home automation and one without. Hemegilbtshad to be
broken down into 460 samplesEach sample was therefore created anthblysed as its own study. The
samples were then analysed according to 22 differemtialdes selected to gage internahd structural

pilot variable influencing success as well as outside market factors which might also impact a pilot outcome.
In total, over 450,000 residential consumers were involved in the reviewed pilots.

Pilot strudure variables:

Duration of pilots

Incentives to join pilots

Automation location

Education during pilot

Methods of communication for pricing alerts
Frequency of feedback

o gk wdNRE
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7. Format of feedback

Content of feedback

9. Pricing and feedback combined
10. Type of feedback

11. Questionnaires and Interviews
12. Length of peak hours

13. Multiple of peak pricé base price
14. Number of participants

15. Pilot uptake rates

©

Market structure variables:

Climate/season of pilot

Regional differences between pilot results
Averagenational yearly Consumption Levels
Market competition levels

Capacity issues within market

Meter ownership

Data ownership

No o MwDdhPRE

A four phase method was used to analyse the data and produce the resiltis. initial two phases,
gathering the information andlefining the categories, formed the framework of our reseaacid enabled
us to differentiate pilots and research articleshereas pase 34 was geared towards our analysis and
findings.
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uR2 categories for research were highlighted and defined

G EFNAFEAYT RSTFAYAGAZY YR edzNJ\aRAouxzﬂ 2F &

Phase 1 wGathering information; compiled pilots, articles, concerning feedback + pricing
Gathering the
information
uRelevant pilots were structured and labeled according to pilot type (feedback/pricing),
participant type (commercial/residential) and region (USA, Europe, Rest of the World).
Phase 2 Relevant information from 100 pilots was allocated to the respective category, and
ase compiled for each specific pilot (using SPSS software)
Defining the categories
of information

oFindings were:
ufirstly separated into two main sections (Pricing and Feedback)
aadditional subsections provided specific findings for each of the two main sections
Phase 3 upresented in the form of graphs and charts (using SPSS)
Presenting the findings

uFindings were organized according to pilot type and analysis was performed to discover
repeated patterns of customer behaviour to particular variables across pilot types.
wV/ariables which seemed to suggest a repeated, consistent response from consumers across
pilot type were judged to be particularly important. Variables which produced contradictory
Phase 4 results across pilot type were analysed further or judged to be inconclusive.
Analysing the results | uOrganization, writing and internal review of Empower Demand Report.
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2.2 Data and methodology

Impacts on pilot participants were assessed from three perspectives:

A Energy conservatiorthe extent to which the experiment led to a reduction in overall energy
consumption (in %)

A Peak clippingthe extent to which the experiment led to a reductiongnergy consumption during
peak periods (in %)

A Bill reduction:the extent to which the experimeried to a reduction in customegnergy bills (in
%).

Please note that pilot organizers rarely report the impacts of the experiments on all three perspectives.
They usually report on what is of interest given the ultimate purpose of their experiment. For instance,
critical peak pricing pilot organizers usually report on peak clipping whereas organizers of feedback pilots
typically report on energy conservation

Pilots organisers usually form sgboups within their pool of participants and try different solutions with
different groups. A typical case would be to measure the response of participants when given an IHD and
when given detailed informative billaNe call "samples” these stdroups within a pilot. Impacts of trials

on individual samples were not calculated by VaasaETT. Instead they were calculated and reported by the
pilot organizers in their final reports, academic papers and presentationssa#ad collected and took into
account statistically significant results at a 90% confidence level and above. This review simply averaged
the individual impacts in order to understand what the key determinants of successful pilots are. The
average impactsare calculated by averaging the individual impacts on each sample with each sample
equally weighted. The average impact on a group of samples is therefore given by:

With:
| = Number of samples

s.= Savings on sample i ani t

Please note that the numbers of samples the results relate to is of outmost importance in this report to
assess the significance of the findings. For each graph and category, the sample size is expressed as
GblydzYoSNI 2F GNRI € &¢
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3.ProgramDefinitions

3.1 Feedback Pilct
Background information

The role of feedback is to make energy visible and to make the consumptieneogly visible, thus
sharpening the knowledge of residential consumers about how, and how much, energy circulates in the
household. Research indicates that households a®arcelyknowledgeable orwhat energy efficiency

entails andhow much energy they consumand certainly notappliance specific consumptirhow much

they actually pay for their energy, why and how they should saezgy or when they should make energy
efficiency investments (Thornet al. 2006). Feedback therefore provides an opportunity to offer
O2yadzYSNA | Y2NB RANBOGZ RSOGFAfSRZ O2YLINIXofS |y
energy consumptiongitern.

Feedback on energy consumption can influence the enbedpaviourof residential consumers and lead to
a conservindpehaviouraleffect (Darby 2006)However, in order to make feedback more than only a visual
reporting on the energy consumptioimformation givenon display is just as vital as the device/display that
the consumers receive their feedback fromin this eport each individual dedbackpilot sample was
categorized into one of the following program typesformative billing, in-house displays (IHD)web
pages, abient displays, and a mixture of the program typeghe type of feedback on display was also
categorized into eighteedback typepeer comparisonhistorical comparisonyp-to-date comparisongost

of energy(bill), environmert (CO2 emissiongavings corpared to previous periods, arappliance specific
consumption

The above mentionedekdbackformats enable us to research the feedback programs that resulted in the
highest levels of consumption reduction, as well as the spaxifitent of feedback information that led to
the highest levels of consumption reductioithe assumption is thatny reductia in overall consumption

by the participants would be largely because of the formatfeddback and thecontent of feedback
informationthat the participants received.

Samples and data

A total of 74 feedbacktrials were analysed during this researcihe total sample comprised of 290,000
residential households and were taken frofiwe regions Australia (3 sampley Canada(12 sample$,
Europe(35sample$, Japan3 sample and USA21sample3. The majority of the pilots from Europe were
conducted inGreat Britain.Over 60% of the pilots took place within the last ten years and almost half after
2005.

12
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Feedback pgramtypes

In-house displayqIHD) are displayshich hang on the wall or sit on a counter and provide close to real
time information about household electricity consumptioithey also provide a variety of other datkor
example the display provided in tH&lectricity Smart Metering Customer Beloawvi Trial$ (seefigure 1)
allows people to set daily budgets fo
how much they want to spend, infims
them of their successwhat the current
price of electricity is and provideq
information on how much thg have
spent so far this month

hour ( S N le
standing charge and VAT)

IHDs provide households with redime

and historical informaton on their
electricity usage anatosts. Additional

feedback content thatare sometimes
offered on the IHD are peef
comparisons (showing the consumptiorrigure1: Display Electricity Smart Metering Customer Behavioiirials, Irelan

rate of neighbours or consumers witt(2011)

similar conditions), and appliance

specificconsumption (breaking down the energy usagfeindividual appliances in the hojheThe home

a ONB Sy ynangid\displai Gnit iR the key screen that the customer always sees when the device is
switched on, while further information can be gained if desired tiylo navigating to other screens.

Ambient displaydiffer from IHDs in that they do not provide specifi
consumption information but rather signal to the customer messag
about their general level of consumption and/or a change
electricity prices. Many ambient displays have the attributes of be
attractive and intuitive which adds to their customer acceptang
potential. An example of this is the Energy Orb sold by PG&E i
USA (see figer2). Originally designed to track stoclarket prices,
the Energy Orltan also be programmed to change frameen to
yellow to red depending on the current electricity price.

Figure2: The Energy Orb, PG&E

Websites offer an alternative way to provide the consumer with
information about their electricity consumption. California and Finfame just two examples of such
markets where websites are used for energy consumption feedback. Websites are chosen as afmeans

% The Commission for Energy Regulation, Electricity Smart Metering Customer Behaviour Trials (CBT) Findings Report, May 2011.
4 Fortum Finlandfor instance allows residential customers to track their congption and visualise their historicakagefrom a
dedicated website.
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providing feedback because they are relatively cheap. They rely on smart meters to collect the necessary
consumption data and therefore the granulafityf data provided to consumers depends largely on how
often the meters are read or how often the oration is transferred from the meter to the utility (or
retailer). For example, in Norway, the meters will have the capability of reading the electricity consumption
in a household every 15 minutes but the communication system between the meter andetinerk
company only supports hourly readings. The information is sent in a packet from the meter to the network
company once a day (Strombadk-omacque, Golubkin2010).

Informative billingis an example of indirect feedbacklost residential consumers in Europe now receive
estimated bills which are adjusted for the time of year and timeisehold'saverage consumption.They
therefore donot accurately reflect the actual usage for a given monfhhe difference between the
estimated average consumption and the actual usage is made up at the end of the billing period or when a
resident changes electricity
supplier. Informative billing will
invoice  for the actual
consumption and provides eithet _ N

historical information comparing ) \ / _,'/
what the astomer used this o N

month to last month or to last Ky e - =
year during the same periodlhe 8 oo _ =~
bill may also provide information - e o o we -
on how much the household ... .eveun P —
consumed in cmparison to other e  are tha Yop 20 n ferrs o e

dwellings of the Same| o steps O Chargeyeur AG ter O Upgrade to sfficient AC T Inatall sclar panels
description.  Unlike standard

biling in which households
receive their bill 46 times per Figure3: Example of informative iling. SMUD PowelChoice label pilot, USA (2010)

o e L 13 el i i 3% MORE

12 Month Neighborhood Comparison e s

year, hformative bills can besent
as frequently asnce per month

Feedbacknformation types

Information aboutconsumption presented in the different feedback programmes typically included one or
several of the following content types:

1. Peer comparison Consist of comparison of household energy consumption levels between
participants and similasized households. his information may include neighbours within near
vicinities or households of similar sizé enables participants to see if they use more or less
electricity than their peers.

® Data granularity means how detailed the data provided is. Do they give real time readings, every 15 minutes, every hour, and
every day?

14
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2. Price of electricity Indicate the current price of electricity per kWh. ig'Hoes not include the up
to-date electricity bill.

3. Historical comparisonShows the household's current electricity consumption levels in comparison
to pre-pilot consumption levels. Participants can know if they reduced or increased their
consumption ompared to the same period last year for instance.

4. Disaggregation of consumptianThe household's electricity consumption is broken down as per
household electrical appliances. The depth and degree of the breakdown can vary but in most
cases theconsumption of the oven, the fridge, the TV, and the lighting are measured. It enables
participants to see how much electricity individual appliances use and act upon it (and maybe buy
more energy efficient ones).

5. Up-to-date consumption level Presents he current upto-date consumption level of the
household in kWh. In itself, it does not include the cost of electricity or the current level of the bill.
However, if coupled with consumption goals or targets not to exceed, it can be a powerful
incentiveto reduce consumption.

6. Up-to-date Cost (bill) Presents the wpo-date bill which enables households to gauge their current
costs for their electricity and act upon it.

7. Savings compared to previous period€ompares the energy savings of households &vipus
periods. Households would have a certain target for their energy consumptions which would be a
percentage savings on previous energy consumptions.

8. Environment (CO2 emissions)rhis shows the amount of CO2 the households emits due to
electricity cawssumption.  This presents the environmental costs or consequences of the
K2dzaSK2f R&EQ SySNHeé& O2yadzYLIiAz2y o

Overall results

Feedback pilots are designed to help consumers reduce their overall energy consumption, lowering
distribution and supply costsdn comparison with the other feedbadkannels IHD resulted in the highest
energy savings. The remaininghannels for feedbackyebpage, andnformative billing produced almost

equal consumption reduction levelgn some cases they were used togethiar combination) Quite
possibly, the key advantage the IHD offers over the remaining fornfsedbackis the almost reatime

® 40% of all the samples in our research focusedHD programs

iThevnumbers of samples theVresuvIts rgla}e to is of outmost irpportance in thig report to assess the sjggificange of gge ﬁndin

SFOK 3N} LK FYR OFU0USI2NEX UKS alYLXS aAlS Aa SELINBaaSR |a abr
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aspectwhich enables participants to link their act®to their energy usage practically in re¢ahe. These
are average pilotesults. Success factors, such as the impact of average household consumption, location,

feedback content, etc. within a particular market are not reflected in the graph.

In order to be able to

estimate the possible consumption reduction for a particubmogram, in a particular market, a larger
number of variables must be taken into account.

Figure4 : Overall consumption reduction as per feedback pilot type

Detailed Invoice (N=23) _ 5,94 %
0% 1% 2% 3% 4% 5% 6% 7% 8 % 9% 10%

Energy Conservation (%)

3.2 Pricing Pilots

Background information

Pricing pilots are designetb encouragecustomers shift consumption away from peak consumption
periods to lower consumption periods, lowering distribution and supply co3tsis is achieved through
dynamic pricing mechanisms whibketter reflect the cost of supplying electricityThe prices are raised at
peak times and lowerefcompared tosingle or flattariffs) the rest of the time. There are several methods
and degrees of dynamic pricingThe most commoly piloted pricing schemes aranie-Of-Use (TOU)

Qritical Peak Pricing (CPPand to a lesser exten@ritical Peak Rebate (CPRand RealTime Pricing (RTP)

With regards to sample size considerations, pilots testing the impacts of other pricing structures such as
pre-payment and increasing tariff blocks could not be included in our review.

16
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Samples and data

As part of this esearch, we analyse840 samplegroups taken from pilots organised in the USA (186
samples), Canada (108 samples), different parts of Europe (30 samples), Australia (14 samples) and Japan (2
samples).The results are baseah 250 TOU trials, 98 CPP trials, 27 CPR trials and 25 R Rhieiabtal is

greater than the number of samples because dynamic pricing schemes can be combined, for instance TOU
and CPP). Over 60% the sampleswere part of pilot organised after 2000 and 45% after 2006ver

158,000 participants took part in tharicingpilots in total

Dynamic picing program types

Timeof-Use (TOU)TOU tariffsinduce people into usinglectricity during times when consumption is
lower. Prices ardgherefore set higher durindiigh consumptiorperiods typically during workingpours and
lower during the rest of the day

 TOU usually includamne long peak daily period or two shorter daily peak periods

I TOU can have twtevel of priceqpeak and off peak prices) or threepgak, partial peak and off
peakpriceg per day. Thepeak hours are known in advance by the customérse prices may abs
vary according to the season.

TOUpricing schemes have been dahle to residential customers for decades.

s Figure Sprovides an exaple of TOU tariffs used in
the "lrish dectricity smart netering customer
behaviour tials'® in which week days werdivided
into three periods with an offpeak, partial peak
and a peak period between 17:00 and 19:000U

N prices can beoffered in combinationwith CPP or
CPR pricing schemes.

.@ PSP SR PS .a“ ‘:P &P P .o° .o“ .c?’ .o“ .o" .e" .e" .e° &

ST AT AT 5T 8 6 [ R L L . L i a3

20

c€ per kWh

Time of day

Figure5 : Example of a three level TOpticing scheme (bast
on the Electricity Smart Medring Customer Behaviour Trig
CER, 2011).

& The Commission for Engr&RegulationElectricity Smart Metering Customer Behaviduials (CBT) Findings Report, May 2011.
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Objective:

A Reduce energy demand during peak hours to avoid or defer investments ipnoewction
capacity

A Better reflect the true cost of supplying electricity at different times of day

Customer participation:

A Defer certain household activities to gfeak periods (typically laundry, dishwashers, lower electric
heating and Air ConditiongAC)za I 3S> S OX0

Enablers:

A Smart metering technologies andtamation of selected loads (AC/Electric heating/Electric water
heater)

A Feedback on energy use and price
Customer reward:
A Reduced energy bill due to shifting activities to lower price periods
A Reduced cross subsidies as the price of electricity better reflects its cost

A GDNBSY ¢ cRAXNVH ddRES G NAIKG GKAYyIE

Critical Peak Pricing (CPRJPPpricing schemes involve substantially increased electricity piilceing
times of heightened whole$a prices caused by heightened consumption (for example on very hot days) or
when the stability of the system is threatened and blacits may occur.

1 In exchange for a lower tariff durintpn-peak hourgcompared to customers on sayngletariffs),
particdipantsagree to have substantially higher taritfaring critical peak hours.

1 The numberand lengthof critical peak periods which the utility is allowed to call is often agreed
upon in advance in order to lowgarticipantrisk.

9 The periods when critical peaks occur depend on conditions in the marketeamebt bedecided in
advance. Residential customers are usually notified the day before that the next day will be a
criticalday.
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The programs  are
effective but there are
some questions as to
the fairness for low
" income consumers who
[]

! may be  especially
", impacted by the
'l, programs as well as for
", those for whom shifting
]

\

i

]

]

]

Figure6 : Exampleof Critical Peak Pricing scheme

70

60

load may be especially
difficult (retired people
or sick people who need
to stay at homég This is
why CPP is usually not a
mandatory or optout
tariff but voluntary for
o, ... residential consumers.
S eSS However, by looking at
A the 9 samples in our
review which focusedn
low-income  customers
(for example a sub sample of the massive California Statewide Pricind), Riletfound that lowincome
households shift an amount of load whichsimilarto the average overall impact of CPP pilots. This would
indicate that lowincome households are Btiable to benefit from CPP pricingCPP tariffs camalso be

combined with TOU tariffsFigure 6 provides an example of CPP tariffs compared to a standard flat rate
tariff.

50

c€ per kWh

40

30

20

O L O O O 8 D OO O O O O D OO D v LD Ov» ®
&L FEF S S

Time of day

= CPP on non-critical day ====CPPon critical day Non participant flat rate

Critical Peak Rebate (CPR)PR pricing schemase inverse forms oEPP tariffs Participants are paid for

the amounts that they reduce consumption below their predicted consumption levels during critical peak
hours. These programs tend to be more acceptable to the public and to regulators alike as consumers can
only benefit from @rticipation. CPR is a relatively new form of tariff and has not been used in a large
number of pilots as yetAs for CPP, the numband the lengthof critical peak periods which the utility is
allowed to call is agreed upon in advance although whely e to occur is not.Residential customers

are usually notified the day before that the next day will be a critical @R tariffs can be combined with
TOU tariffs.

Objective(CPP and CPR pricing schemes)

A Reduce energy demand during peak hourswoid or defer investments in new production
capacity

® Charles River Associates (2003): Impact Evaluation of the California Statewide PricifnBilReport.
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A Better reflect the true cost of supplying electricity at different times of day
Qustomerparticipation(CPP and CPR pricing schemes):

A Turn off selected appliances and delay certain household actiwties notified of a critical peak
period (typically laundry, dishwashers, lower electric hegtand Air Conditioning usage,i O X 0

Enablers (CPP and CPR pricing schemes):

A Smart metering technologies and automatiohselected loads (AC/Electric heating/Electric water
heater)

A Feedback on energy use and price
A Notification of critical peak periods
Customer rewardCPP and CPR pricing schemes):

A Reduced energy bill due to shifting activities to off peak periGiR}/ Receive payment for
lowering electricity usage during critical peak perio@®R

A Reduced cross subsidies as the price of electricity better reflects its cost

A GDNBSY ¢ cRAXNYTH ddRES aNAIKG GKAYy3IE

RealTime Pricing (RTPThe price paid by participants tied to the price of electricity on the wholesale
market However they do not lead to consumption reductions without feedbdgken then customers will
sometimes tire of checking a price that only changes slightly fragntd day. In order to encourage
reductions duringhigh price periodsand reduce risk of high bill, participants are warned when wholesale
prices reach a certain threshold decided upon in advarfcenajority of household customers in Norty
and a growig number in Swedénare currently on spot tied contracts.

Objective:

A Reduce energy demand during periods of high prices to avoid or deter investments in new
production capacity.

A Reflect the true cost of electricity and enhance its price signal.
Customer prticipation:

A Turn off selected appliances and delay certain household activities when notified of a period of high
LINAOS& oGeLIAOrffe flFdzyRNEYX RAAKGlIAKSNAEZ f 26SNJ

%in its "Report on regulation and the electricity market 2010", the Norwegian Water Resources and Energy Directorate reports
that roughly 52% of customers had a contract that offers the average monthly area spot price with cumari2009.
" The EnergMarkets Inspectorate reports in its latest review of the Swedish electricity and natural gas markets 2009 that 30% of
residential customers have variable contracts in 2009 as opposed to 22% in 2008.
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Enablers:

A Smart metering technologies amaitomationof selected loads (AC/Electric heating/Electric water
heater)

A Realtime feedback on energy use and price
A Notification of high price periods
Customer reward:
A Reduced energy bill due to shifting activities to lower price periods
A Reduced crossubsidies as the price of electricity reflects its cost

A aDNBSY ¢ cRENWTH diRES aNRAIKG GKAyYy3IE

Overall results

Figure 7 provides the average load shifting in percent during peak priced f@uwlsiding the effects of
automation) TOU and RTP peakhsamption reductions are the lowest but they occur daily while CPP and
CPR produce the highest reductions but only for critical peak periods.

Figure7Y 5@yl YAO LINAOAY3IQa LRGSYdAlt F2NJ LISF] Of ALILMAY3

18%

16% Pilot type Sample size
TOU N=215
CPP N=69
CPR N=16

RTP N=15

16%

14%

12%

10%

8%

Peak Clipping (%)

6%

4%

2%

0%

Critical Peak Pricing  Critical Peak Rebate Real-Time-Pricing Time-Of-Use
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Figure8:58 y I YAO LINROAYy3AQa LRGSy G/
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13%

12% +

10%
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8%

6%
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Bill reduction

5%

3%

- .:
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Real-Time-Pricing Critical Peak Pricing ~ Time-Of-Use (N=13)  Critical Peak Rebate
(N=7) (N=5) (N=6)
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Everypricing schemesve looked atled

to lower electricity bils over the duration

of the pilot Participants to RTP trials
saved the most (on average 13% on their
electricity bill) though thismight be
artificially high as some of the pilots took
place during periods of ongoing
abnormally low wholesale prices and
were compared to consumers' adjusted
historical bills. However, it is also one of
the aims of RTP to enable customers to
take full advantage of such periods of low
prices.
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4.Research findings

In this section, we present detailed results for bddedback andoricing pilots. Additional analysis and

insight also accompany the graphs. The presentation of the results will focigltvariablesthat played

a part in both thefeedbackas well asn the pricingpilots. These argeographylength of pilot,number of
participants market characteristicssegmentation,education, andinteractionswith participants In the

final two sections of this chapteour results focus exclusively oeddbackpilots (and the type ofeedback
information), andpricing pilots (pricing scheme design anditamation location). As with other similar

studies the number of direct comparisons which can be made between pilots is limited due to the
RAFFSNBYOS Ay (KS LAt2G44Q RSaA3dy |yR (GKS NBLERZ2NIAY

As mentioned earliermipacts on pilot participants were assessed from three perspectives:

A Energy conservatiorthe extent to which the experiment led to a reduction in overall energy
consumption (in %)

A Peak clippingthe extent to which the experiment led to a reduction ineegy consumption during
peak periods (in %)

A Bill reduction:the extent to which the experiment led to a reduction in customers energy bills (in
%).

Please note that pilot organizers rarely report the impacts of the experiments on all three perspectives.
They usually report on what is of interest given the ultimate purpose of their experiment. For instance,
critical peak pricing pilot organizers usually report on peak clipping whereas organizers of feedback pilots
typicallyreport on energy conservation.

One of Empower Demand&ams was to ascertain which variables may influence customer behaviour and
pilot success. However due to the fact that pilots are organized in varying sayple size variedidely,

and many factors can influence customer bebav, a variable was considered significaift it
demonstrated aconsistentimpact acrosseveralpilot categores. \ariables which produced a repeated,
consistent response across pilot type were judged to be particularly important. Variables whicltguiodu
contradictory results across pilot type were analysed further or judged tadmnclusive
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4.1 Regionalcomparison

Though the sample sizes for some of the pilot types would be too small to demonstrate relevant results on
their own, theaggregatedesuts show that Europeaparticipantsare among the most ponsiveto smart

meter enabled programs (see figures 9 and 10) and this despite relatively low national consuntiptias.

long been known that culture plays an important part in consumer readgtigorograms and these finding

serve to confirm this. Also,Europeans should be cautious about comparing themselves directly to other
regions and making assumptions about the results of a similar program in Europe. Results could be
consistently higher ah program requirements will also be differentt is important to note that there is

more of an emphasis on pilots testing feedback as well as pricing in the USA, as opposed to only feedback in
Europe. In summary programs should be adjusted to fit locallture and local requirements.

Figure9 : Feedback pilots and area of trial

14%

12%

12% -

10% -

9%

8%

B Canada

M Europe
6% -

m USA

Energy Conservation (%)

4% -
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Sample size
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Figurel0: Peak clipping in different regions of the world
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Critical Peak Pricing Time-Of-Use Real-Time-Pricing

Sample size Australia Europe
TOU N=15 N=84 N=106
CPP N= N=54 N=5
RTP N=3 N=12 N/A

Whether we look at feedbadffigure 9)or pricing(figure 10) smart meter enabled programmes, Europeans'
reaction seemso be consistently among the highest. It is especially obviofisedbackrials. The widely
differing sample sizecall for caution when comparing the reaction of participants fraffedent regions of
the world to pricing signals. However, our results seem to indicatedyia&mic pricing programmes could
be more efficient irEuropethan in other parts of the world.
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Case Pilot 1: The Dutch Home Energy Management System (HEMS) Trials

Pilot Information: Conducted in 2008 for a period of 15 months and with a total of 304 reside
participants.

Offering/promotion: people were given the option either to keep the energy monitor or to return it
NEOSA@PS | 3IATFTH OSNIATFAOIGS 2F enp AyauSIRO®

Aims of the pilot

1) What are the mediunto longterm results of Home Energy Management Systems (HEMS) on e
savings?

2)What is the influence of the design quality and usability of HEMS?

3) Is there a relationship between the amount of HEMS usage and achieved energy savings, and W
does the development of habitual behavior play?

Feedback information:Education ad interviews before and during pilot, IHD feedback (t&ak
updates), and feedback information consisted of curreniteqglate consumption and savings compare
to previous periods.

Overall consumption reduction7.8%

Participant feedback and informatio:
9 Proactive 38.9% of the participants in the case study indicated that they looked at the monit
least once a day
1 Future outlook:

o 11 months after the initial trial, 264 participants received amail asking them to
participate in an online followap questionnaire. Of the 189 respondents, 93 had kept
monitor after the trial, and 96 had returned it.

o Of the 93 respondents who kept the monitor, 80 indicated they still had a functi
monitor in their homes, which was also in use

o 17 of the 80 repondents indicated they used the monitor less than during the initial-fg
month trial, but 53 respondents said they checked it daily at a fixed moment in time.

o Overall performance of Monith 2y f & P> I BS GKS Y2yAl
scoreon ease of use after installation

Source:Van Dam, S. S., Bakker, C. A., Van Hal, J. D. M. [@0&).energy monitors: impact over th
mediumterm. Building Research & Information. 38:5, ¢589.
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4.2 Climate and season of peaks

Figurell: Peak season and peak clipping Climate and the effectiveness of
particular programs are often
359 related. In order to measure the

32% 205 impact of different climates on the

30% 1 pilot results, we divided the
2505 samples according to whether
system peaks tend to happen in the
20% - summer (California, Victoria etc...)
59 | 15% or in the winter (France, Finland
etc...). The rationale behind this
10% - variable is that extreme
) temperatures tend to cause more
o severe peak consumption hours
0% - either due to high usage of air

With automation \thoutautomat\on With automation \thoutautomat\on Conditioning or electric heating.
(N=26) (N=3) (N=59) (N=8) .

However, the same appliances also
provide a good single source of
shiftable load. There is a wide spread assumption that people reduce a higher share of their load in warm
climates than in cold ones (i.e. participant® anore willing to feel abnormally hot than cold at home).
Figure 11 shows the impact of CPP and CPR prices depending on whether critical peaks took place in the
summer or in the winter. Our research indicates that the deciding factor is not hot or loldtes but
automated sources of load. Indeed, when sources of load are automated (in blue), the impact of CPP or
CPR prices is very similar whether peaks took place in the summer or in the winter. Although the sample
size requires caution, it seems thaten in the case where participants have to respond manually to critical
peaks (in red), the difference between summer impact and winter impact is not large. Even though peaks
tend to happen in the summer in hot climates and in the winter in cold climttis is not always the case.

To conclude, it seems more appropriate to mind whether system strains tend to happen in the summer or
in the winter (or any time during the year) rather than if participants are ledtan a hot or a cold climate.

Peak Clipping (%)

Summer Winter

4.3 Length ofpilot

There has sometimes been discussion as to whether a program will continue to have an impact on
consumer behaviouafter it ends In order to better understand this dynamic, pilot results were compared
accordingto their length. However, our results show thatyith the exception of the TOU pilot samples
longer pilots have similaror higher results tharshorter ones In theory, as participants must notify the
organizers of their interest in taking part in the pilot and go throaghapplication and selection process,

this increases their interest in the program. Furthermore, the technology provided is also new and
interesting. Therefore the first-2 months can have higher levels of consumption reductions than the rest
of the piot. If pilots terminate after 3 months results may be artificially high. After this point interest and
results lower as new habits have not yet formed, the existing household equipment has not been replaced
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and the newness has worn off. For longer pds of time, new habits have time to form and the incentive
to buy appliances able to adjust to different electricity prices increases.

Figurel2: Duration of IHD pilots and energy conservation

12% Longer lasting IHD pilotseem to yield

11%

better results than pilots lasting for half a
99, year and less This may be due to the
technical nature of using an IHIA new
IHD device requires time for participants
to adjust to the newdisplay understand
the information on show as well sa
making it into a dailyroutine. It could
also be explained by the fact that the
longer the pilot went on, the easier it
was for participants to notice a trend in
energy consumptionand directly link
their action to their energy usagehich
might motivae them to continue or
increasetheir energy saving activitiedMore details about the learning process is given in section 4.6.

10%

8%

6%

6% -

Energy Conservation (%)

4% -

2% -

0%
1-6 months (N=11) 7-12 months (N=8) Over 12 months (N=11)

Length of trial

Figurel3: Duration of informative billing pilots and energy conservation

12% We can see from figer13, that pilot
influence does not lower oveahe long
term. There seems to be a slight dip
during the mediumerm (1324
months), however, energy conservation
peaksonce again when the pilot lasts
more than 24 months. The potential
reasons for this could be that
customeND & KFoAG&aand OKI y:
increased awareness leads to more
energy efficient purchasing choice
Apparently the learning process takes
more time for Informative billing as for
IHDs.

10%
10%

6% -

4% —

Energy Conservation (%)

2% -

0% -
7-12 months (N=7} 13-24 months (N=10) Over 24 months (N=6)
Length of trial
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As mentioned above for IHD, we cantelenine that the greater the lengths of time, the more likely
participants notice a positive trend in their consumption savings (easier for them to make historical
comparisons). Longer pilots also give an opportunity for participants to develop an énérgfA y 3 a K I
keeping track of their consumption, and gaining awareness of their role in saving energy.

Figurel4: Duration of TOU trial and peak clipping

8%

Peak Clipping (%)

7%
7%

6% -

5% -

ax | 4%

3% o

2% -

1%

0% ‘

1-3 months 4-6 months 7-12 months 13-24 months  Over 24 months

(N=10)

(N=26) (N=27) (N=26) (N=125)
Length of trial

Figurel5: Duration of CPP and CPR trial and peak clipping
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The duration of the trial does not have a
clear effect on the resultef pricing pilots
(see figurel4 and 15). Regarding the
TOU trials, results in terms of peak
clipping go down after 12 months but
seem to be increasingagain after 24
months. The reasanfor this pattern are
not clear and would require additional
research. About half of CPP and CPR
pilots lased between 1 and 6 monthsral
therefore focus on one seaspn
understandably the season when the
network is most likely to be under strain.
Overal, it seems thaCPP and CRiRicing
impact does not falter with time.
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Case Pilot 2: The Canadian BCHydro Advanced Metering Initiative (AMI)

Pilot Information: was conducted in 2007 for a period of 6 months and with a total,@@@ residential
participants.

Offering/promotion: "more control over electricity costs; and potential savings on electricity' lailid
pilot "guaranted’ no increase in overall billirgs part of the pilot agreement

Aims of the pilot Gain an understanding of customer needs for information about and acceptan
available and affordable ways to save energy

Feedback information Education and interviews during pilot, IHD feedbackutho updates), and
feedback information consisted of current-ap-date consumption and cost (bill).

Overall consumption reduction8%

Participantfeedback and information:

Uptake rate n/a. However, 2,070 prpilot surveys were sent to participants arid720 prepilot
surveys were completed for a response rate of 88%. 1,870plmétsurveys were sent to participant
yielding 1,305 completions for a 70% response rate.

Proactive pilot participants were proactive in voluntary opting to the pilot. About 50% of them
report having used the monitors at least several times each week in the first month of the Phd.
proportion, however, decreased to about 40% in the final two months.

Participant satisfaction:81% assess their overall experienaéh the pilot & SA G KSNJ a
GI22RED

Future outlbok y 052 2 F (GNBIF GYSy(d 3INBdzZL) LI NGAOALN yia
GLINPOlIoOofe& ¢g2dAZ Ré O2yliAydzS F2NI I aSO2yR &SI NJ
set of conditions

Overall performance of monitar43% rate ifavourablyand 31% rate in unfavourably.

Source:Sulyma, |., Tiedemann, K., Pedersen, P., Rebman, M., Yu, M. (2008). Experimental Evi
Residential Time of Use Pilot. ACEEE Summer Stuelgergy Efficiency in Buildings.
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4.4 Number of participants

There is some concern that pifotlo have enough participant® provide conclusive evidence about the
potential of smart meter enableghrograms should they be offered the generalpopulation Many small
pilots, of 50 households oess, have been carried out in Europed t has sometimes been questioned
whether the results cabe translated into real programs for a large number o$tomers

Figurel6: Sample size and energy conservation in IHD pilots Figure B suggests thathere is a direct

correlation between the number of
participants taking part in aHD pilot

o and the reduction in electricity
consumption. It may seem that he

- smaller the numberof participants, the
greater the level of consumption

6% reduction.

™ However, this does notautomatically
mean that pilots with a large number of

2% participants are not successful and do not
provide a foundation for future

0% o

R 099 (105) 100.499 (1) over 500 (4] initiatives. Our research shows thahe
Number of participants in trial largest pilots have mostly focused around
offering only one type of feedback
informationto the participants (possibly as an attempt to limit cost$p the contrary, e vast majority of
the pilots with smaller number of participants offered at $¢awo different forms of feedback on their
displays. Almost 40% of IHD pilots had less than 49 participants

12%

Energy Conservation (%)

Further analysis should be performed on how to maximize response rates within larger groups of
customers, perhaps this could be achieved throoffiering a multi layered form of feedback such as that
which has so far usually been used in smaller trials.
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Figurel?7: Sample size and energy conservation in informative billing pilots
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Number of participants in trial

Unlike with IHD pilots, with almost 40%
of the samples including less than 49
participants, almost 50% of informative
billing pilots had over 1,000 participants,
and those pilots reduced energy
consumption by about 3%.Figure 17
seems to showthat the nunber of
participants in mformative billing trials
have a direct effect on theesultswhich
seems tocorrespondsto the previous
graph Thelevel of energy conservation
is highest under 1,000 participants and in
the other 11 samples (over ,A0
participarts) energy conservation rates
are more moderate. Nonetheless, this

cannot be taken as the final conclusion as pilots with lower numbers of participantdlyincorporated a
higher nunber of types feedback in theinfiormative bils. However, even takip the more moderate
consumption level as a base scenaftimken as a national levet a 3% consumption reduction through
informative billing would be seen as dramatic and highly successftPow@r in the USA is currently
achievingeductions of betweerl and 2.86 depending on the mark&vith over 1,500,000 consumers.

Figurel8: Sample size and peak clipping in TOU trials

9%

8%

7%

6%

5%

4%
? 3%

Peak Clipping (%)

3%

2%

1%

0%
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a2011VaasaETT

8%
I %

50-99 (N=12)  100-249 (N=45) 250-499 N=(48) Over 500 (N=30)

Number of participants in trial

Empower Demand

Fgures 18 and 19 show that sample sizes

have only a minor effect on the

effectiveness of dynamic pricing pilots. It
seems therefore plausible to say that pilot
sample size does not significantly
influencepricingpilot results.
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Figurel19: Sample size and peak clipping in CPP and CPR trials
20%
18% -+

16%

14%
12%
10%
8%
6%
1%
2%
0%

1-99 (N=16) 100-249 (N=27) 250-999 (N=28) Over 1,000 (N=13)

Peak Clipping (%)

Number of participants in trial

The results of the comparison found that feedback pilots seemed to be adversely effected by a large
sample size while pricing pilots were not. Further analysis of the pilots would be required to better
understand what about the large feedback pilots lowered their impact and why this trend was not repeated
in pricing pilots. One possibility may be that the larger IHD pilots tended to offer simpler less informative
display and less information on the tinedisplays whereas smaller IHD pilots offered more detailed
informative on their displays. It may also be due to issues of mass marketing and engaging the interest of a
larger number of customers in feedback displays and informative bills. In coritrasinteresting that

pricing pilots do not seem to be as impacted by pilot size. Pricing pilots offered a more even level of
services both in the larger and the smaller pilots. One conclusion to draw from this is that feedback to large
groupsshould @ A R 06 SO2YAy3 aOKSILI FSSRol O1¢® 903Sy 6KSYy
guality and detail should be maintained as far as possible. It also brings up the importance of program
uptake levels and appropriate consumer segmented marketing andagidun campaigns. This will be dealt

with in further detailsin the following sectiors.

There is a very interesting dynamic between offering feedback with pricing. Pricing mechanisms seem to
be an easier program type to communicate to large numbers nfemers, while including feedback in a
pricing program will enable participants to both shift peak consumption and lower total consumption.
More large pilots of 5,000 residents or more should be carried out in Eusdiepricing and education

could be cmbined in an effort to learn howo best maximise customer involvement within a large
consumer group and at the same time maximize program results. Further research would also be needed
to better understand the massducation and masmarketing requiremets for bothfeedback and pricing
programs.
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Case Pilot 3: Sacramento@ Residential Energy Use Behaviour Change Pilot (also known asthe
SMUD trial)

Pilot Information: was conducted in 2008 for a period of 20 months and with a total of 35,
residential participants

Feedback information Education was in the form dérgeted tips that are customized based on tt
known demographic and housingpe, and surveys were nducted at the beginning and at the end
the pilot. Feedback format was in IHDs and the feedback information was peer comparison, Curre
to-date consumption, and historical comparison, presented in the forms of graphs and numbers.

Overall consumptio reductiort 2.5%

Participant feedback and information:
Uptake rate 800 of 35,000 decided to opt out, demonstrating the broad reach of this type of prog
0Fra O2YLI NBR (2 2LJinAy LINRPINIYa &dzOK I+ a Ozl
Proactive:

1 Program manager reports increased customer engagement, requests for additional tips

f ¢FLld Ayia2 O2YLISGAGAGSYSaa oSoaovsr aLQY Of
Negative reactionsFew very negative reactions from customers thaktd offense to the comparativé
feedbackS @3 d® a&2dz R2y Qi KIF @S GKS NARIKG G2 GStf

Additional findings Significantly higher savings achieved by:
9 Higher energy consumers
1 Greenenergy (renewable energy) customers
9 Indication of correlation of higher savings for lower income population

Source:Summit Blue Consulting (2009). Impact Evaluation of Opower SMUD Pilot Study. Final rep
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4.5 Participant £gmentation

Customer segmentation involves dividing a customergroup according to differing variablesoften this

is done according to what technology theuseholdowns (electric heating or cooling for example). When
customersare segmented according to technological factors, the aim is usually eithéndadstomers

with particular load profiles or to better match the piloted technologghmvhat isin the home. Gstomer

can also be segmented according to social factors such as age, education, income, environmental interests
etc’”. When this is the case, the progrananagersare trying to identify who reacted best to the program

and who might be most interested during rollout. In order to maximize benefits from segmentation studies
carried out during pilotingutilities can thercreate directed marketing messages and education techniques

to fit a variety consumer segments.

Pilots that carry out customer segmentation tend to have better results than those who do not. However
customer segmentation is done in order to improve raliaesults not pilots. It helps utilities improve
programs to fit certain segments, design marketing and messaging campagnosessful programs have
succeeded in meetingustomers'knowledge levels and interests.The closer the gap between the
knowledye level of thecustomerand the messages delivered by the program, the more successful it will be.
Different customes havealso joined a program for various reasons and will therefore be engaged by
different information. Taking this into account becorsea central rather than side issuAnysmart meter
enabled program rollout is costly and entails risk. It requires technologyshdetdling and marketing. The
cost/benefit of a program will therefore be directly impacted by the number of-emstomes who
successfully engage with it. Different customer segments will view the same information in different ways.
This is a challenge but it has also holds potential for utilities willing to learn about their customers. It
means however that though custan segmentation may not be a key focus during pilatimgvill be the

key to a successful program rollout. It will progress from a peripheral issheiig central. This should
translate into serious research being done during piloting on not onlyntaé load sources within the
home but also on social, cultural and economic factors that may enable the creation of targeted messages
and marketing campaigns.

Regarding the pilot review,un results indicate that customer segmentation does not improvet pdsults

unless it looks into what type of heating, cooling or other large sources of load are present in the house.
Other reviewed types of segmentation include social factors such as age, income, education, household
size, load profile and environmentiactors such as house type, house size, houseste. If these could

be very important during roll out, they do not have an impact on pilot resutswever, it is interesting to

note that only a minority of pilots were nobnly interested in factors related to electricity usage but in
participants themselves which was capturedthg social and environmental factodescribed above In

other words customer segmentation has actually rarely involved thestomers but only their
heating/cooling systems and consumption profiles. Pilot organizers rarely looked for information about
who was living in the house and using the central air conditioning. It means that few pilots have been able
to design targeted messages to particular tomser groups in the way Amazon sends practically
individualized messages and advertisements to their customers.

12 An example is the Carbon Trust Field trial in the Utichvused segmentation to determine suitable samples as per electricity
usage as well as electric heating.
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All this seems to indicate that the reason behind the apparent irrelevance of social and environmental
factors to the success of a pilot istrthe lack of potential but the fact that it has rarely been done and
when it has, it has rarely been used beyond statistical purposes in order to for instance develop targeted
messages delivered to specific groups of participants.

4.6 Participant education

One of the main findings of the research is the central place of successful communication techniques in
successful programsAn important element in this is customedecation material and messaging, which
largely revolves around educating the customéoat the program and energy conservation, as well as
providing tips and advice to better prepare the customer.

Understanding the experiential learning cycle of customers is not a purely academic exémnsigét into

how consumers learn, why feedback apdcing work, maximizes the impact of pilot studies and will
eventually improve rollout resultsElectriciy is consumed as an invisible-pgoduct of whatever is the

main activity. Customers do not consider reading a book as an electricity consurtiuity aowever, it

often is. Electricity is consumed when consumers talk to friends on mobile phones, when they take
showers, when they make toast Yet as electricity is never the focus of these activities customers are
unaware of the direct impact arctivity has on th& consumption levels.

/:{=5)Y/1a"A » Center of focus

ElectriCity * End of year
Costs * End of month

Figure20: Currentunderstanding ofconsequences oélectricity consumption

Asfigure 20depicts, the activity choiceand costs never connect in the usarsnd. In order for consumers

to change their behaviour they need to connect these two and become aware of the consequences of their
actions and motivated to adjust. A theory of experiential learning applies as one method for better
understandinghe mechanisms of this process.

Experiential Learning

5 AR Y2t o0oQ& (KS2 Niast@éh usedind8hudisSytiniaduli edtic&ibnNdy hayiyByears.
The hypothesistates that people learn througleconcrete experiences, analysing their own expecks,

13 Within the electricity industry this is seen as the greatest barrier to successful energy saving and other efficiencysprogram
(Darby 2006, Stromlzk 2010, Mourik 2009). Research carried out by the UK Economic and Social Research Council in 2004
concluded that 16 MtC could be saved in the domestic sector with a payback time of less than 5 years but that a majge challen
remains in motivating beha®idzNJ f OKIF y3S a&a! YIF22NJ I NBF 2F NBaSIkNODK Aa K2g a
2006).
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trying new experiments that further the idea of what they just learnt amticing the results of thoseThe
process is therefore cyclical and a spigahe more upward turs people go througtwith experimenting

andanalysis, the more they learn.

Active Observation

Active
Experimentation

Abstract
Comprehension

Figure2lY Y2f 60Qa SELISNASYGALE fSENyAy3 OeofSs

An example of the experiential learning cycle in action has bmealysedby researchersdeveloping

displays at YelloStno, Onzo and the Interactive Institutessthey observe and interviewedtustomers who

are given displays. The consumer has the initial experience of turning on the display and noting that it is
recording real time electricity consumption. This is the first concrete experience and step 1 in the cycle. He
adively observes what the display does (step @ymprehends that he is seeing real time energy
consumption (step 3) and decides to perform another active experiment (step 4) carrying it around the
house to note what happens when he turns on the lightsbrgh RI dzZ3 K SNR& KIF ANJ RNE S|
new realizations (hair dryers use a lot more electricity than lights) and a new cycle has sflnischext

cycle is actually teaching not only about the display but about mmeh different appliances use
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Education in €éedbackpilots

Figure 22 : Influence of education on energy conservation
IHDtrials

As figure22 shows, the use oéducatiort* on IHD
pilot participants has a negligible difference on their
overall consumption reduction.lHDsoffer enough
opportunities to learn through theexperiential
learning cycle such that exa education is not as
useful. Indeed, IHDs allow consumers to directly link
their actions to their consumption in redime.
Provided that the display is usdriendly, consumers
may learn a lot about their energy usage by
"playing" and testing the display.

12%

10%

8% -

6% -

4% -

Energy conservation in %

2%

0% -

Customer education

M Yes (N=16) M No (N=14)

Figure 23: Influence of education on energy conservation
informative billing trials

10% Informative nvoices alone do not offer much
opportunity for learning asthe experiential cycle
8% 7% mentioned above for IHD$s not applicable for

invoices. The results suggest that education is
important in order to achieve better results when
4% introducing iformative billing. Due to its static
nature, informative billing generally is more
complex and needs more explanation than IHDs.

6% -

4% -

2% -

Energy conservation in %

0% - .
Customer education

M Yes (N=13) mNo(N=10)

“The Education material varied betweegilots but tended to focus onnergy saving tips, energy awareness, environmental issues,
and advice on how tase IHDs.
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Education in pricing fots

Figure 24 : Influence of education on energy conservation Giving customers new dynamic ftariffs and not

TOU trials taking the time and effort to properly explain them
59 how to take advantage of them is to expose the
4% program to a backlash as participants are unlikely
4% - . . .
to know how to adjust their behaviour and would
3% - therefore not be able to save energy and money.
29% - Well designedpricing pilots also put an emphasis

on informing and educating their participants
about the workings and advantages of dynamic

1% -

Energy conservation in %

0% - tariffs and how to best benefit from them.

1% Education materials inyshamic pricing pilots often

o L% take the form of brochures or websites containing
Education of participants conservation tips and are sent at regular intervals.

In the case of TOU pilots, the organizers also need
to make sure that participants are aware of the
different prices of eleticity during the day (fridge magnets and stickers have proved cheap and efffzient
Information meetings were also organized in some piloBarticipant educatiorclearly determines the
success of failure of TOU pilots in terms of energy conservédiea figure24). It also has a significant
impact on peak clipping since participants who received education decrease thp@gathconsumption by

an extra 50% for TOU pilots (see fig®) and by an extra 23% for CPP/CPR pilots (fig@6yeover
participants who did not receive any education. It is interesting to note that only 57% of participants in
TOU trials were told how to benefit the most from the new pricing structure whereas over 81% of
participants to CPP/CPR trials were. As the resthitav, education is paramount to a successful pricing
pilot. Its impact on different key factors of success will be further investigated throughout the report.

M Yes (N=122) mNo(N=92)

Figure25: Influence of education on peak clipping in TOU trie
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4%

4% -

3% -

Peak Clipping in %
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Education of participants
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5 nThe Electricity Smart Metering Customer Behavibtials (CBT) Findings Refigntovides a good example of this.
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Figure26 : Influence of education on peak clipping in CPP
CPR trials
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Pilot resultsindicate that households with AC conserve less electrigifyercentthan average but shift as
much load during peak times.

Figure27: Influence of education on peak clipping for participants w
air conditioning (TOU trials)
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Pilot results indicate that overall, customers decrease consumption as the price differential between peak
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6,60 %

M Participant education B Average TOU W Without participant education

However, as shown by figure 27,
education of participants has a decisive
impact on the results. It shows that
householdswith air conditioning manage
to reduce consumption at peak times by
6.6% when price signals are coupled with
education whereas they manage to
decrease consumption at peak times by
only 4.75% when only price signals are
used without education. Despite thi
intuitive fact, only four samples out of
twenty two received some sort of
education.

and offpeak prices rise (see sectid), however, the levieto which they do so depends on a variety of
factors which is why peak clipping doast increase in proportion of the price differential. Although price
differentials are important motivators it cannot be used to the exclusion of other factors. Fogais

logic, an interesting finding arises if we separate participants subjected to the same price ratio between
those who were told how to best benefit from dynamic tariffs (what we refer to as education in this report)

and those who were not.

a2011VaasaETT Empower Demand
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Figure28: Influence of education on response to price multiples in TOU trials

Figures 28 and 29 show that
6% o higher price differentials matter
more if participants are not
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Figure29: Influence of education on response to price multiples in CPP trials
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N=14 N=18
N=68 N=60
N=40 N=14

In Europe, creating dynamic pricipgograms can be a challenge due to the fact that consumption patterns
are relatively flat and this may mean that the price differentials (the difference between base and peak
price) may not be strong enough to create motivating TOU or CPP programs. if dusspmers are not
"educated", it may mean that in markets such as Great Britain and Germany where peak consumption is
relatively flat, dynamic pricing programs would be ineffective. However, provided that customers are
"educated", they will not reaconly to multiples of the base price and programs which do not have high
price differentials can still be effective.
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Case Pilot 4: Educating participant how to benefit from dynamic pricing

Pilots Information:

Ontario Energy Board Smart PrReiot (2007) with 375 participants

Electricity Smart Metering Customer Behaviour Trials Findings (2011) with 3,958 participants
PowerCents DC program (2010) with 900 participants

As emphasized throughout this report, participant educatisnparamount toLJA f 2 i1 Q& & g
designed pilots put an emphasis on informing and educating participants about the workings

dynamic tariffs and how to best benefit from them. Education of participants in dynamic pricing

often takes the form of brochas or websites containing conservation tip§heseare sent at regular
intervals throughout the pilot. In the case of TOU pricing schemes, it also needs to make su
participants are aware of the price of electricity at any time of the day. Infaomaneetings are alsd
organized as part of some pilot$he organizersf the above mentioned pilotensured that participants
understood the reason behind the pilot and how to adjust their behaviour to dynamic prices.

Recruitment package:During the reruitment process, eligible participants were provided with
recruitment package whose design was researched through focus groups. They included:

9 Invitation letter to provide a brief introduction to the pilot and to describe its key features.

9 Fact sheeto provide an explanation of all the key features of the pilot, slibg/ specific prices
provide a sample of electricity usage statements to be received by participants and pro
sample of the final settlement that will be provided to participants.

Participant information package and meetindg?articipants once enrolled received:

1 Cover letter to onfirm that the participant is enrolled.

f Refigerator magnet and stickersIN2 @A RS LINA OSaz GAYSa FyR
plan Gee annex 2a).

9 Electricity conservation brochure and / or website access in which participants can find a \
of conservation tips and further description of the trial(see annex 2b)

9 User guide to electricity monitor if IHDs are tested in the trial.

In addition, thePowerCentsDC pilot organized in person meetings just before dynamic prices went

Sources:

IBM Global Business Services, eMeter Strategic Consulting (2007). Ontario Energy Board Sm
Pilot Final Report. Prepared for the Ontario Energy Board.

Commission for Energy Regulation (20Hlgctricity Smart Metering Customer Behaviour Trials (C
Findings Report.

EMeterStrategic Consultin2010) PowerCents DC Program Final RepBrepared for the Smart Mete
Pilot Program, Inc.
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4.7 Interaction with participants (interviews, surveys and meetings)

Researchers sometimes conduct interviews with pilot participants to gage their reactions to the pilot and to
better understand how a pilot could potentially be improvéd Interviews might also be conductedring

a rollout in order to better understand customer reaction and perhaps to either improve the offering, gain
insight into potential new products or understand better how to improve the education or marketing
packages. In pricing pilots, the impact ofnterviews, surveys and group or individual meetings is
surprisingly similar to the effects of feedback. It is not to say that one can be a substitute to the other but
they have in common the attribute of keeping participainiterested and motivated.

Most pilots interviewed participants over the phone or sent them one or more questionnaires by mail or e
mail'’. Some pilots organized focus groups or even individual interviews. These interviews often aimed at
JFGKSNAY3I REGE +102dfi A KOSK2Ax(SKEKRAEIDR SHADRZTFRNILIAGI
better pilots® G221 T RGFyGF3aS 2F o0S8SAy3a Ay (2dzOK G2 3AFGKSH
problems that may have arisen, criticism and asked for opinions as to how to resolve them. It then
becomes possible to adjust for instance the way feedbacks areepies or the way participants are

notified of critical events over the course of the pildt.has been demonstrated that conducting interviews
causes a peak in the interaction with D Overall pilots which included interviews with participants had
higher results than those which did not. Hewer the results seemed to be somewhat differdr@tween

feedback pilot types and the results were seen as inconclusive as to when exactly an interview or
interaction was best carried out.

Though interaction with @rticipants improves program results as it helps to maintain engagement,
interviews will not be stimuli which are repeatable during rollout. It may however encourage utilities to;
for example, have an extra education campaign or launch new servicesagfieigram has already been
launched which should help to maintain the cycle of learning and customer interest.

' The majority of interactions with the participants during pilots were before and during the programme, only 18% of thessample
researched conducted posiilot interviews.
"¢ K $lewsapproaches for household energy conservétionLJA £ 2 G Ay G KS b S K Sphat intefations,with | y SE
participants providing feedback via surveys.
18188 F2NJ ShinalYepdfrt &r tife Agpovier pricing segments evaluation LINB LI} NBR F2NJ 6 KS t dzot A O
Company.
19 An example of the experiential learning cycle in action has been recorded by researchers developing displays at Yelastrom, O
and the Interactive Institute, when they observe and interview customers who are given displays.
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Case Pilot 5: Interaction and participant involvement (survey, interviews, meeting, support)
In pricing pilots

Pilots Information:

Ontario Energy Board Smart Price Pilot (2007) with 375 participants

Electricity Smart Metering Customer Behaviour Trials Findings (2011) with 3,958 participants
MyPower pricing segments evaluati@007) with 698 participants

Involvement at an early stageThe organizers of the Irish Electricity Smart Metering Custo
Behaviour Trial involved potential participants at a very early stage. Potential participants
involved in the design of the time of use tariffs, the energgage statement and the electricit
consumption monitor during focus groups.

Meetings: The Ontario Energy Board Smart Price Pilot organized three focus groups and a su
order to gather participant feedback. In addition the implementation team plediboth telephone
and email spport for participants.

Regular update:As the MyPower pilot progressed; participants received program updates
information via mail and/or email. Participants were reminded of steps they could take to save e
and shit usage to lower price time periods. Prior to the summer months, participants were
reminder letters and asked to verify and/or update their contact information to ensure they w
receive critical peak notifications. Participants with smart thestab were provided with their
thermostat setpoints for cooling to enable them to review their settings and program their thermo
to maximize savings during the sumniegh and CPP periods.

Participant feedback:Regarding theOntario Energy Board Smarice Pilot the majority (78%) of
survey espondents would recommend theirie-Of-Use pricing plan to their friends, while only 6
would definitely not. Respondents most frequently cited more awareness of how to reduce thei
gaining greater controbver their electricity costs and environmental benefits as the top three reas
behind recommending timef-use pricing. While interest in the CPP and CPR plans was only mod
less than 20% prefer the existing ttier pricing used by Hydro Ottawa foee the pilot. Most would
not want to go back to twaier pricing

Sources:
IBM Global Business Services, eMeter Strategic Consulting (2007). Ontario Energy Board Smatrt §
Pilot Final Report. Prepared for the Ontario Energy Board.
Commission for Ergy Regulation (2011flectricity Smart Metering Customer Behaviour Trials (CBT
Findings Report.

Summit Blue Consulting (200 Final report for the Mypower pricing segments evaluati®nepared for
the Public Service Electric and Gas Company
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4.8 Feedbacknformation content

IHD trialsas per feedback content

Every IHD pildaiaken into account in the study offeragp-to-date consumptiorievelsas a form of feedback
to the participants. The second and third most offered form of feedback wkistorical comparison and
cost (bill) respectively. Though one can understand the advantages of offetipgo-date consumption
levels on an IHDt is interesting © note tat upto-date cost (bill) was only offered by a little over haff
the pilots. However, historical comparis@has proven to be very usefuiformation as they have achieved
10.4%energy conservatioi comparison to pilots that didot (they achieved 6.8%), and several pp#bt
surveys highlighted the positive reaction from pagents.

It also seems thapeer comparsonis lesseffective. This may be because often, especially on informative
bills, the categories are inappropriatddouseholds are compared to homes in a neighbourhood including
those of a different size, age, typetc. If comparisons are to be made then it must be to households of a
like description and only for consumers who use more than their neighbours.

Almost without exception, every form of feedbatckormation led to a higher level of consumption than
when it was not offered. In a sense, all forms of feedback enable participants to lower consumption, the
key issue being, what offers the most reduction and which ones did the participants rdagbtoably An
additional point of note, 64% of the IHD pBotised a combination of-2 different forms of feedback
information. In only 12% of the cases, one type of feedback was offengtb¢date consumption).

Energy conservationf IHD as per number of feedback type combinations

81% of the IHpilot samplesoffered a combination of 2 types of feedback to the participantén Figure
30, we can see that the best combination seems todifferent types of feedback. The three most
common types of feedback for IHD pilots that offered 8lifferent types of éedback were uio-date
consumption, historical consumption, and cost (8l

20 Up-to-date consumption was provided by every single IHD programme, historical consumption was offered by 56% of the IHD
programmes, and cost(bill) was prded in 53% of all the IHD programmes.
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Figure30: Number of feedback type and energy conservation
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IHDtrials as perthree most used feedback contents

Figure31 below, offers a furtherinsight into the combinations of the three most used feedback type as
used by IHD pilotsThe highest level of consumption reductioraishieved when a combination opo-

date consumption, historical consurtign and cost (bill) are offered to participtsx These three forms of
feedbackiead to the highest energy conservatitavel (10.3%) thaany othercombination, and more than

any other feedback format (that was offered by more than 3 pilots). What participants respond to best,
and what they valuenost in our reviews:

1. Upto-date consumption level (i.e. how much energy they have used between the last bill and
now)

2. Upto-date cost or bill (i.e. how high is their bill since they last paid

3. Historical consumptiorfl.e. how much electricity have they used during this period compared to
the previousperiods)

However, it must be emphasized that the pilot samples are too small to provide a definitive result between
these particular feedback content variables and program reslthat is indicated is that there may be a
connection between conterinformationand programtype results and that this ai@ should be researched
further.
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Figure31: Three most common feedback type combinations in IHD pilatsl &nergy conservation

Combinations of feedback type
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Energy Conservation (%)

Sample size
Up-to-Date consumption/Historical comparison/Cost

Up-to-Date consumption/Historical comparison
Up-to-Date consumption
Up-to-Date consumption/Cost

IHD trialsas per feedback format

All the IHD pilots showed thaformation via numerical dafa The analysis showetiat there is very little
difference in consumption reduction when participants are shdeedback in the form of numbers or a
combination of numbers and graphdt seems that botHformats offergood results, and certainly in the
case of IHD Pilots, the presentation format does not seem to be the most importance in reducing
consumption reduction.

Informative billing trials and feedbackinformation content

The three most efficient feedback contents fanformative billing seemed to beost (bill), up-to-date
comparison, and historical comparisorJp-to-date consumption feedback was offered in all the pilots.
Considering they receive their informati@ls on a peodic rate (varying between monthly and several
times a year), participants may already have been storing their informative bills as a more practical way of
keeping track of their historical comparisorAs such, adding this form of feedback did not gaity
additional changes in the resulté\ key note of interest, less than 7%ioformativebilling samples offered

ZL1n 33% of the cases, graphs and numbers were both used as a combination
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cost (bill) as a form of feedbatk However,informative billing samples that receivecbst (bill), alongside
other forms of feedback, prodied the highest resultsClearly this could be an avenue for future analysis.

Feedback in pricing pilots

The role of feedback in pricing pilots somewhat differs from its role in pure feedback pilots described
above. In pure feedback pilots, the rolefeédback is primarily to raise awareness of overall consumption
patterns within a household and encourage consumption reductions. Feedback in pricing programs is often
seen as a tool which can raise awareness of critical peak pahedsby helping consmers to shift their
consumption away from peak periodddynamic pricing programs encourage consumers to lower their
consumption at certain times when prices are high. In practleey may adjust the thermostat on an AC

unit or electic heater when prices decreasghe appliance is turned back on at extra high until the
temperature in the room is returned to normalAlso,they may put off turning on the dishwasheawhich
theywill turn on after the peak hours are overThere is therefore little roorfor energy savingghe aim
beingto shift load rather than lower total comsnption.

Figure32: Impact of feedback on energy conservation in TOU trials

6% Figure 2 shows that providing participants with
o feedbacks (be itnformation about the price they
4% are paying for electricity at different times of day
how much they are usindnow much is their bill at
regular intervaly} seem to determine whether
participants to aTOU trialwill conserve electricity
or not, in other wads it determine the success or
failure of a TOU pilot Furthermore, eduction at
peak hours is 40% higher when participamai®e

-1% able to somehow connect their actions to their
Feedback to participants level of consumption or their electricity bill
through feedbacKfigure 3). Perhaps surpsingly
given that the influenceof feedback on customer
response is well documented, 54% of the samples did not receive any feedback about their usage besides
their regular bills. Following this logic, real time and hourly updates (oftgriajisd on IHDs or ambient
displays) are most efficient at lowering overall energy usage in TOU trials as participants are able to see
immediately the link between their actions and their electricity consumption.

4%

3% -

2% -

1%

0%

Energy conservation (%)

-1%

2%

M Yes (N=84) ® No (N=130)

2|t seems that the participants would receive an informative bill (with consumption levels, historical comparison and/or peer
comparison), ana separate bill that only included their cost (bill).
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Figure33: Impact of feedback on peak clipping in TOU trials
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Feedback is therefore an important element in all pilot types and the connection between pricing and
lowering overall energy consumption through feedback should be better researched and understood.
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Case Pilot 6: The Irish Hectricity Smart Metering Qustomer Behaviour Trials (CBT)

Pilot Information: was conducted in 2010 for a period of 12 months and with a total of 4,300 reside
participants.

Aims of the pilot The overall objective of the Customer Behaviour Trial was to

Ascertain the potential for smart metering technology, when combined with time of uséfstaand

different DSM stimuli.

To effect measurable change in consumer behaviour in terms of redsciiopeak demand and overa
electricity use.

¢tKS WSAARSYGAIFE /dzZAG2YSNI . SKIF @A2dzNJ ¢NALFE AyO

t2Ayié GKIG Aa | LRAYG G 6KAOK GKS LINKAROS 27
Feedbackrformation

Interview: A& dzNB@Se 6+ & dzaSR i GKS o6S3IAyyAy3a 27F
completing it

Feedback formatA fridge sticker and magnet showing times of the day where electricity was the che
and most expensive. Agiectricity monitor was used too. In addition, informative billing was also used
Feedback typekWh hours savings, cost savings, historical consumption, and peer comparison
Overall consumption reductionThe data gathered from the Trial shows a reductof 2.5%in overall
electricity usage an®.8%in peak electricity usage for residential participants on TOU tariffs and
stimuli relative to the control group.

Participant feedback & information:

Customer BehaviourAs a result of the trial,

74% of participants made minor changes to the way they used their electricity,

38% made major changes,

79% became more aware of the amount of electricity used by appliances,

78% became more aware of the cost of electricity used by appliances.

In addtion, 75% found the fridge magnet to be useful and 63% found the stickers useful.

Monitor feedback The electricity monitor was found to be effective and easy to use by most particiy
with 84% stating that it helped them to reduce the amount of eleitirithey used and 84% statirigy
helped them to shift usage.

Additional information: A finding of the qualitative research undertaken prior to the Trial was t
residential astomersare not good at estimating the proportion of their usage during peakanslating
between a tariff and the bill impactTherefore, it seems likely that the participants expeahach greater
impact, not realiing the overall proportion of usage that occurs during the peak hours.

Source:Commission for Energy Regulatio12). Electricity Smart Metering Customer Behaviour Trials
(CBT) Findings Report.

51
a2011VaasaETT Empower Demand



4.9 Dynamic picing pilot design

Customers do not react to price changes in uniform ways as they are impacted by cultural and social factors
as well as thie own financialsituation and accesstsource of shiftable load (such as AC unit). This
dynamic must be tested in each market. Fhresponsivenesalso depends on the amount of time that the
prices stay high.

Price differentials inTOU and CPgilots

Research has shown that customers react mainlghtangesin the price of electricity rather than to the
price2 ¥ St SOGNROAGE @ / dza 1 2 YSNR A NB I Ghéraf@ebestingeasirédS 2 dzY
using multiples of the base pricés. the difference between base price and peak price)

Figure34: Influence of peak / offpeak price multiples on peak clipping in TOU trials

7% Perhaps predictably, figuse34 and 35
show that larger price differentials

o between peak and offeak periods lead
o to more load being shifted away from
4% high price periods to lower price periods.
39 | TOU pilots tend to have peak prices two
Jo | to four times higher than ofpeak prices
whereas CPP pil® tend to have peak
1% 7 prices between six and eight times
0% - higher than offpeak prices. Overall,

Less than twice (N=32) 2-<4 times (N=128) Over 4 times (N=54) partICIpantS decrease Consumptlon as
Ratio peak / off-peak prices prices rise but the level to which they do
Figure35: Influence of peak / offpeak price multiples orpeak clipping il _SO depends Or_] a_vanety of TaCtorS WhICh
CPP trials is why peak clipping doewt increasem
proportion to the price differentialvhich
isshown by the graphs. This means that
although  price differentials are

2% important motivators it cannot be used

0% to the exclusion of other factorsuch as
education, interaction and feedback to

1% - cite the most imprtant ones.

10%

5%

0%

Peak Clipping (%)

30%

Peak Clipping (%)

Less than 6 times 6-<8times (N=32) 8-<12times (N=15) Over 12 times (N=8)
(N=13)

Ratio peak / off-peak prices
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Rebate and peak clipping in CPR pilots

Participants to CPR pilots are paid for every kWh they do not use during peak hours compared to what they
would mormally use on a similarly hot or cold dathout price incentive In practice, pilot organisers
compare the electricity consumption of participants during critical peaks to their consumption on such
critical days prior to the introduction of the dynamic pricing scheme or alternatively to the consumption
level ofa contrd group which isot subject to CPR prices. As part of this research we lotk&hich

extent the amount per kWh

paid back to participants
influence their response. The

Figure36: Size of rebate and peak clipping in CPR pilots

0% 7 o results show, perhaps
18% unsurprisingly, that the more
16% | participants are rewarded for
1o shifting load away from critical
o peak hours to ofpeak hours
“E ] the more they did so.As figure
%10% ' o 36 shows, when participants
B oax 6SNB LI AR 2@0SNI Oc¢
6% | kwh they did not use during
a5 | critical peak  hours  (in
v comparison to what they would
have normally used om similar
e O mosns peak day), they reduced
Rebate in cé per kWh consumption by 18.4%

compared toan 8.8% reduction when they were paid less tha0 per kWh shifted

Participants to CPR pilots usually receive a payment after each critical peak periods or see their electricity
billslowered by the same amount. It has the advantage of making the results of their efforts perhaps more
concrete than the concept of savings which might be ézssly perceived
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Impact of length of peak periods

Figure 37 : Impact of length of peak periods on ener

conservation for TOU trials
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Figure38: Impact of length of peak periods on peak clipping
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Critical peak notifications

Figure 37shows a clear change of pattern when
peak periods exceed 8 hours in TOU pilots. This
change is visible for both energy conservation and
peak hours figure 3). Regarding CPP and CPR
pilots, though caution is required due to trenall
sample size, the change of pattern takplace
after 4 hours. Participants seem to tire and are
unable or unwilling to delay household activities
when peak periods are perceived too disruptive.
However, it might also partly have to do with the
fact that pilots with longer peak periods
understandably have lower peak / gftak price
differentials than pilots with shorter peak periods.
However, it is difficult to separate theffects of
the two factors on the results

2-<4h N=13
4-<6h N=62
6-<8h N=41
8-<10h N=28
10--<12h N=17
Over 12 hours N=53
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Figure39: Five most common critical peak alert notifications and peak clipping (CPP, CPR and RTP trials)
Critical peak alert notification
SMS/Email/Phone call/IHD/Ambient 27%

Ambient 19%

Emaivphone cell _ 4%
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Peak Clipping (%)

Sample size

SMS/Email/Phone call/IHD/Ambient N=

SMS/Email/Phone call N=11
Ambient N=6
Email/Phone call N=19
Phone call N=25

In Figure39, CPP, CPR and RjilBt results are shown according to hgearticipantswere alerted about

the coming pricing evefit There is a general pattern beten the number of wayparticipantsare alerted

of the event and their response. Again here, generally more is more. However, the exception to this rule is
ambient notification which seems to begarticularly efficient and effectivevay to notify participants of
upcoming high prices Ascan be seen, ambient displays are as effective as sending an SMS phiad!,

call and having an IHDThe reason for this may be thatce lookingambient displays tend to sit where
everyone in the house can see thammich make themmoticeable. Theytherefore communicate with the

entire family at once and keep reminding &imily membersthe day of theevent not just the day before.

231In Critical peak events programs, participants are typically alerted in some way one day prior a critical peak day vhithhextra
prices. This gives them the opportunity to prepare for the event.
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Case Pilot 7: Information Display Pilot within the California Satewide Pricing Rilot

Pilot information: The well documented California Statewide project testegt sub grouEnergy Orbs
one of the manyambient displayshat have been developed and tested to inform customers of change
electricity prices using colour signals.

Realtime information on electricity prices: Energy Orbs are small glass globes that change colot
indicate the price the customer is paying for electricity in 4#tgak. The orb was blue during off pea
periods, green during daily peaks and red during super peak times.ditioadit also flashed as a warnin
for four hours before each critical peak price period. Such ambient displays have the advantage of
O2yailyid NBYAYRSNI (42 NBRdzOS St SOGNROAGE coo?and
trendye and deserving a visible and central spot in the living room for everyone to see ¢arat the

bottom of a drawer).

Participant feedback: After using the orb, pilot customers were asked how they would prefer to
informed of changing electricity pricesd super peak events in the future. Respondents were allowe
indicate more than one form of notification. The orb was the overwhelming preference of me
notification, with some of these respondents also asking for both orb and telephone notificati

Source:Nexus Energy Software, Opinion Dynamics Corporation, Primen (2005). Final Report. Infor
Display Pilot. California Statewide Pricing Pilot.

Case Pilot 8: Tempo by EDF

Pilot information: Tempo was first tested by French utility EDF in 1989 and diffemed to its residential
customers starting from 1995.

Pricing schemeThe utility experimentedvith a sixrate tariff which divides the year into three types
days and each day into two periods. The number of days of each type is known in advaieetippe of
any particular day is announced only at the end of the preceding day which is in effect similar to ha
TOU coupled with a CPP price structure. The three groups of days are marked by colours; blue, w
red with blue being the cheapest and red the most expensive.

Peak price notification:An interesting feature relates to the way participants are informed of the- @
ahead price. Once the colour of the next day is decided, the signal is transmitted to the custom
displayed both on their meter and on a small box which can be pluggedaimt power socket. The bo
Ffa2 AYRAOFIGSa (GKS RIFI&Qa O02ft2dzNJ yR GKS OdzNN
various energy control systems offer a cheap and efficient way to inform participants.

Pilot results:On average, pécipants reduced daily consumption by 15 % on a white day and by 45 %
red day compared with blue days.

Participantfeedback:A survey evaluated customer satisfaction's level with the following results:
1 84% of the customers have been quite or veayisfied with this option,
1 59% have said that they had made savings (average or substantial for %),
1 53% have considered the option as slightly restrictive or entirely unrestrictive,
1 87% have understood the tariff principle very well.

Source EFFLOCOM@@4). Energy efficiency and load curve impacts of commercial development in
competitive markets. Redts from the EFFLOCOM Pilots-6&)
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4.10 Automation of appliances

There are limits to the speed with whidustomerscan manuallyeact to price signals. Less than half an
hour reaction time is considered too fast for commerciastomersto participate manually in a demand
response event. Virtually all CPP and CPR pilots notified participants that critical peak prices would be in
force one day in advance. This means that a utility can only ask resideigi@mergo shift load manually

if they know this will be necessary a day in advance. This decreases the value of the load which is to be
shifted and might lower the profitaliily of a program.Through remote controllers appliances which can
communicate with each other and react to outside information, such as electricity pricing sitreals
respong of a household will approximately doublgee figure 40) This is calledutomation. In most pilots

the automation are an AC or electric heating thermostat which is set to turn down or off during peak
periods. However, automation systems can be more advanced and include lightiitg, goodsand
entertainment equipment. Automation enables fast reactions as well as controllable levels of reduction
and has the advantage of being available during unplanned system emergencies. In addition, critical
situations do not always occur when residentiasstomersare able to take @mn (when they are away or
asleep for instance).

In the review we conducted, twtypes of automation were used:

1. The most common typ@wvolvedthe Utility remotely-controlling some participant appliances and
therefore did not require any customer involvemgbesides its agreememd participate

2. The other type let participants freely choose the extent to which they want their appliances to
react to price signals tbbugh more or less usefriendly interfaces such asmart thermostats or
websites.

Letting co LI YA S&a O2y (NPt K2dzaSK2fR | LILX AlIyOSa AYyaiars
though participants are always allowed to overrun the progradmthe contrary, letting customerschoose

if andhow muchthey want to respondo price signalsnight be seen as less intrusive. Furthermore, there

is no evidence that the load shifted when participants choose the extent of their participation to critical
events was any lower than when appliances were contrdligdhe Utility A good example of this ifié

Gulf Power's Residential Select variable Pricing pilot (RSiR)hich the Floridian company tested a
locally controlled thermostat coupled with CPP prices some of its large residential usersThe pilot
achieved among the highest resuitsour revew in terms of peak clipping and wasaisedby participants.

So much so in fact that thetility now offers the thermostat together with CPP prices as part of a package
called 'energy selectavailable to its large residential customers.

Figure € shows the impact of automating certain household appliareesh as AC, electric heaters etc...
on peak clipping. TOU peak consumption reductions are the loftremtigh still very highput occur daily
whereas CPP and CPR pricing schemes produce gredtstions but only during critical peak periods.
With the exception of RTP, automation improves the results of the pilot ky280%.

% Borenstein, S., Jaske, M., Rosenfeld, A. (2@@)amic Pricing, Advanced Metering and Demand Response in Electricity Markets.
Center for the Study of Energy Markets, University of California Energy Institute, UC Berkeley. Appendix B.
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Figure40: Impact of automation on peak clippings
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Figure41: Peak clipping and automated load (TOU trials)
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Figure4l and 42 show the
load shifted at peak times
depending on the source (or
sources) of automated load.
Globally, automating several
sources of load is more
effective than a single
source especially if the
sources use  significant
amounts of electricity. T
category "home appliances"
include pool pumps, spas,
TNEST SNI SGiOXo
"temperature” includes
automated AC and electric
heating.
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Figure42: Peak clipping and automated load (CPP/CPR trials)
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Case Pilot 9: Automation in pricing pilots (Gulf Power's Residential Select variable Pricing and
Bflocom Norwegian project)

Pilot Information: Gulf Power Company from Florida tested a customer controlled thermostat couple
TOU and CPP pricedth 2,300 participants in 2002The settings could be programmed directly from t
thermodat or from a secured webpage.

Automated load: Two elements made this trial outstanding, first the degree of sophistication of
technology; all the major soues of load could be automated (aionditioning, electric heating, spa, po
pumps, heat pumps and electric water heater) and second participants had to pay a participation
$4.53 a month to cover for equipment and operational expenses.

Participart feedback: After the success of the different tests and pilots, Gulf Power started to offer
thermostat and the dynamic tariffs as part of a package to its residential customers for a fee

currently stands at $5 per month. Gulf Power Company &aidlate, customers have not considered t
fee a barrier to participation. In fact, they regard the automation and energy management benefits
NEOSAGS a 0SAy3 ¢Stf ¢2NIK (GKS Y2yidKfeée FSSE(

Pilot results:

1 Average energy reduction = 22% during pgice period
9 Average energy reduction = 41% during critical period
9 Customer satisfaction = 96%, highest ever for Gulf Power program.

Pilot Information: The European context is very different from Florida and the largest loads in Eurg
homes are ofterelectric heaters and / or electric water heaters. 112@04 Norwegian pilot, organizers
installed remote control of electrical floor heaters and water boilers coupled with different option
dynamic néwork and electricity tariffs at 318 participants'gmises.

Pilot results: The organizers report that customers with remote control, TOU network tariffs and spot
based energy tariffs achieved savings of up to 35% during the morning and 31% during the afternoo

Source:

Borenstein, S., Jaske, Mgdenfeld, A. (2002Pynamic Pricing, Advanced Metering and Demand Resp
in Electricity Markets. Center for the Study of Energy Markets, University of California Energy Instit
Berkeley Appendix B.

EFFLOCOM (2004). Energy efficiency and load aupacts of commercial development in competitive
markets. Results from the EFFLOCOM Pil@&1385.

61
a2011VaasaETT Empower Demand



5.Conclusions

The aim of Empower Demand has been to discover the potesmicllimitations of a range ofigart meter
enabled feedback and dynamjicicing programs using a large comparative sampele to the repeated
findings withinthe 100 pilots and 460 sampl@svolving450,000 residential household)e project has

been able to reach robust conclusions on the overall effectiveness of diffprogyam types as well as
central success factors.The findings of Empower Demand demonstrate that technology provides an
important but enabling function in creating a successful demand side program. It is one of five fetors
found which decide succes These factors are socioeconomic factors, consumer consumption patterns,
program content/structure, supportive technologgnd household load sources. In this, socioeconomic
factors and consumption patterns can overcome supportive technology and pnogyyae. For examplea

good informative billing pilot can lead to higher savings than an IHD pilot depending on surrounding
circumstances despite the fact that on average an IHD is 50% more effective than an informative bill at
reducing overall electrigitconsumption. It is therefore important to perforatholistic analysis of markets
when creating demand side progranmatching the program structure with the market realities.

During piloting, there can be a technological focus or a preconceived opinion that the technology is what
decides program success. Our findings challenge this fousmain difference we found between pilot
success and failure is the ability of the prawgy designers to meet consumer needs through the demand
side program. Meeting a need is the foundation of consumer engagement and thereby of a préhéam
success. The technology is the enabler within this value ciidiarefore, unless a technology isuijgped

to act as a support to consumer engagement, it will not create savings oovwamystems efficiency.
Smart neters fulfil their potential due to the fact that they can support consumer engagement to a market
appropriate level through feedback angithmic pricing and/or home automation.

Program success is directly dependent on consumer involvement and the Empower Demand findings
indicate that "more is more" at every stage of the piloting and roll out process. For example, within
marketing, programsising consumer segmentation to create directed marketing messages for a particular
consumer group increase consumer uptake and resultsthdmprogram structure, feedback and pricing
together tend to achieve better lonerm overall results than either rpgram type alone. Education
improves dynamic pricing and informative billing programs. Multiple types of information on a display or a
bill (current consumption, prigehistorical consumption, etctend to achieve higher results than a display

or a bil with only one message. Program layering is little explored but there are signs that hidden potential
lies in starting with a relatively simple program and gradually create offerings of increasing complexity and
value. Hence, we are far from having peted program structures or perfectly matching program
structures to regional market realities. This should be seen as encouraging as even though program
development is not maturgesults are already positive.

Finally, 1 is important to emphasks the central place of program uptake during program rollout and the
difference this creates between a successful pilot and a successful rolloott reBillts reflect the response
of customers who have agreed to participate in a given program. \Eglnat accounted for in pilot results

is the response ahe people who would not be interested in the program. During rollthé numbers of
customers willing to take part in a feedback or in a pricing program will largely diégidaccess. The
potential uptakerate of a program is therefore centralFor examplea 10% electricity consumption
reduction by 1% of the populatiorwill lead to a 01% total reductionwhereas a 10% electricity
consumption reduction by 10% of the populatiail lead to a 10% total reduction
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Potential program uptake can be estimated by the percentage of peopleamhwvilling to take part in the
pilot. If this number is higlsayaround 30%as it wasghe casen the (R plot in Ireland, this means that a
national rollout of a similar program is also likely to gain goostomersupporf®. However, it should also

be remembered that the involvement of the entire population is not required for programs to have a
measurable positive impact orational consumptiorpatterns. 9 5 C Q a tarifsylaugched in 1989, is
appropriate for large households with electric heatiggt, it still cuts total national peak consumption by
4%22 years aftei (iaQrich.

5.1 Summaryof findings

Below is a summary of the main findingsthe research. Figurd3 shows the average results of each
program type. Feedback pilots are designed to help consumers reduce their overall energy consumption,
lowering distribution and supply costs. In comparison with the other feedback chanHBlsekulted in

the highest electricity savings. The remainingeedback channels, webpage and informative i
produced almost equal consumption reductioesults Quite possibly, the key advantage the IHD offers
over theother feedbackchannelsis the almost realtime andvisible aspects of the delivery of feedback.

TOU peak reductions are the lowest, but they occur daily, while CPP and CPR produce the highest
reductions but onlyduringcritical peak periods.

IHD (N=30)

=

8,68%

% 16%
12% 12%

Other (N=14) % .

2 0%

S oax

Detailed Invoice (N=23) 5,94%

o% 5%

a%

Webpage (N=7) 5,13% 2%

0%

Critical Peak Pricing  Critical Peak Rebate  Real-Time-Pricing Time-Of-Use

o

#
=
#

Peak Clipping (%)

0% 1% 2% 3% 4% 5% 6% 7% B% 9% 10%

Energy Conservation (%)

Figure43: Sunmary results of feedback and dynamic pricing pilots

PFilots include a wide range of disparate variab{sample sizes, duratioleedback location etc), any of
which could theoretically influence pilot outcomeTherefore a variable was not consideregignificant
unless it demonstrated a consistent impact across gildthe most robust findings from this research are
summarizedelowand ranked according to their degree of robustness

% During rollout,success can be utility dependerome utilities have simply been better than others at communicating and
marketing pricing programs to their customers and will succbetler with the same offering in the same markgétan their
competitors This can beegn in comparing the relative successes and failures between the main California utilities (PG&E against
SCE)
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Somevariables were found to haveroduced a repeate@nd consistat response from consumers across
pilot type (both feedback and pricing pilots) and were judged to be particularly import@mir chart is

Some had a varied impact across pilot type but the results werethetess robusin one of the
pilot types. Theirchart isblue. Some variables provided interesting results but the findings were not
robust enough to be judged definitive. They are presented here because we believe they deserve further
research and the fact that they are not conclusiveni®ir opinion interesting in itself.Their summary
chart isblack

Structural \ariables

Below is an overviewfahree structural variables and their impact on pilot results. e3&include the
regionin which the pilots were conducted, thength of the pilots andhe number ofparticipants. The
variables in lis section are considered robust thoutjteir impact may vary betweefeedback and pricing
pilots.

Section 4.1: page 24

Findings:Australia carried out the most successful Te&ndl CPP pilotprobably due to their high price
differentials Canada was the most successful with IMiRB 12%reductions;Europe was secondith
10% and the USA thindith 7%. Informative billing in Eurepwas 4.5 times as effective as in the U:
Dynamic pricing programs overall were again more successful in Europe.

Gonclusion: Europeans should be cautiowghen comparing themselves directly to other regions a
making assumptions about the results a $amprogram in Europe would achieve. Results may be hi
and program requirements may also differ. Programs should be adjusted to fit local csftac#icities

Length of glot duration

Section 4.3: page 27

Findings: The aim of this variable was to establish if pilots maintain their resutisn they last longer In
all but TOU pilots, results were higher in pilots wHhigsted longer This was true in CCP, CPR pilots
also in IHD and billing pilots which rely loehavioural change and purchasing choices.
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Conclusion Program results usually maintain over extended periods of time (over two yedis}l is
significant as it means that behavioural changes can become permanedty & dzY SNE Q S|
the paential of using this to introduce more and more advanced progranwder to establish a smar
gridshould be researched further.

Number of participants

Section 4.4: page 31

Findings Pricing pilotavith over 1,000 participantswere at least as successful asiallerpilots. Even with
very large populations (of over 1 million consumecensumption reductions are still achieved and lov
the need for systems investment in generation and network capackgedback pilots of over,d00

participants had lower resultthan those with less than ,000. This demonstrates the challenge
successful communication with large groups of consumers in order to engage their interest in a pi
and ensure success during rollouitt was also noticed thathe IHDs and the hills provided in the large
pilots tended to be simpler and providdess information. This may alsartly explain the lower results
however, further researchsrequiredto draw firm conclusions

Conclusions:Dynamicpricing may be easier to communicate to a large number of consumers
feedback. More knowledge is needed on segmented and directed messages for large consumer ¢
An increased number of large and robust pilots should be performed in Eunwolving at least 5,001
participants

Customer communication and segmentatiorakiables

Program success is largelgpendent on successful consumer engagement and acceptance. Programs will
increase consumer involvement if they can use a varietgroffram dynamics such dsedback, pricing,
education interactionetc. The findings from SEAS+ 9 Q& & 2 Qatidn fand an&rl@th§ techniques
demonstrate that the same program should be marketed in a variety of ways to increase the number of
customerswho engage with themart meter enabled offeringn much the same way as car companies will
market the same car to a variety afistomergroups using a variety of sales messdyesThecentral
contribution of education on billing angricing programs is reviewed.

% stromback and al (2010)
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Section 4.5: page 35

Findings Pilots that carry out customer segmentation tend to have better results than those wh
not. However, customer segmentation is done in order to impn@ieut results not pilots. It help:
utilities improve pograms to fit certain segments amdesign marketing and messaging campaic
Successful programs have succeeded in meeting customers' knowledge levels and in
Considering the decisive importance on successful customer communication and its direct imp
public acceptance, uptake and long term engagemensnirart meter enabledprograms;customer
segmentation in pilots was either undegsearched or undereported. With a few exceptions, such .
SEASNVE, there is little evidence in utility program rollout that customer segmentation has beer
exploited to create directed marketing messages and educational materials.

ConclusionIf customers do not find arpgram interesting, accessible and attractiitewill fail. This is
equally true for every type ofnsart meter enabled program. Customer segmentation offers utilit
and technology providers the opportunity to study which customer groups are reactisigamd how
programs could be improved during rollout. This knowledge can then be used to create di
marketing messages and educational matewhich have a direct andentral impact on the number o
consumers who successfully engage withprogramin a given market. Customer segmentatior
technigues are improving, as ther¢gge CERpilot in Ireland attests however this is stilan under
researched and undéinded area, and wald require further research.

Section 4.6page 36

Findings Pilots which included customer education material performed better than those which did
However, almost all pilots that included education were of a higher overall quality and this may
impacted the findings. Education seemshtive a positive impact on both billing and pricing pilots. BIl
pilots with education were over 70% more effective than those without. TOU pilots without educ
actuallyincreasedtotal energy consumption while TOU with educatiowered total eneigy consumption
by 4% and improved peak consumption reductions as well. This in effect doubled the benefit of tt
pilot as they both lowered total consumption and peak consumption. Education material provided (
a pilot did not have a positive ioence in IHD pilots. This may be due to the fact that IHDs a
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themselves an effective form of education and extra printed material is not as important.

Conclusions:Education should be included within dynamic pricing programs, especially thos&imgv
automation, as it helps to decrease total consumption rather than only peak consumption. Fi
research should be carried out into the impact of education on pricing program developmen
especially on the ability of one program type to educated prepare consumers for more advanct
programs, involving for example electric vehicles or mgeaeration. Further research should also
performed on how to best educate various customer segments in order to maximize program |
across a wide rage of consumers.

Interaction with participants

Section 4.7: page 44

Findings Thisvariable measured whether interactidmetween pilot organisers and participarits the
form of interviews, meetings andjuestionnaire improved results. Itoth pricing and feedback pilots
where participant interaction was high, results were highétowever,more detailsare neededas to
what type of interaction works bestyhat type is most cost effective (it is hard to imagine utilit
organising meeting or interviews with all their customers) amdhenis it more effective.

Conclusions Though interaction with consumers improves program resititsjill not be a stimulus
which is100%replicable during rollout. However the fact that interim interaction seems to impr
customer engagement should be studied furthdrmay encourage utilities to have an extra educati
campaign or introduce new services after a program has already laeeched This could potentially
increase the cycle of learning and consumer interest.
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Other variablesspecificto pricing orfeedback plots

Section 4.10: page 57

Findings The inclusion of automatigrwhether it iscontrolled byparticipantsor the utility, in a dynamic
pricing pilot can double or even quadruple the amount of load shifted. It also increases the a
consumers save on their electricity bills.

Risk: Automation also increases the risk that total congption increase (rather than decrease) it
combination with TOU, CPP and CPR prograsnfer instance the AC uses extra amount of electricity
cool down the house once the peak period endbhis was successfully overcome in pilots that inclu
educaton and consumption feedback. It argues for the combination of feedback and automatiol
points to the centralole of technology contributing to consumer awareneskhe larger the load which i
automated the more effective and cost effective is the @uation. This is why AC units and elect
heating are effective sources of automation.

ConclusionsAutomation is highly effective as a means of shifting or lowering load. Currently it can a
difficult to pay for in low consumption marketddowe\er this should changas the technology become
more affordable and/or the price of electricity increasefutomation designed to enable load shiftir
should always be combined with education on how to lower total consumption in order to avoid incrt
overallconsumption levelsvhich happened in aumber of pricing pilots with automation.

Feedback content

Section 4.8: page 46

Findings These findings were inconclusive but interesting. There seems to be a correlation betwe
content of feedbak {.e. the messages provided) and the result3he most effective combination o
messages on an IHD was-tigpdate consumption, historical feedback and currémtel of the bill. It also
seens that comparing consumption with neighbours was ineffective and perhaps had a negative i
(this may be partially due to irrelevant comparisons betweendwss of differing sizes, ages, &tc.

Conclusion:If comparison toneighboursis made, the comparison should be directed and consul
appropriate. It should be between houses of a similar size and age and the feedback message sl
avoided completely for households with below average consumptigedback content and consuniqb

reductions is an under researched area and should be explored further. It may mean that a lower
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technology could produce higher results simply by refining the content of the feedback. This coul
important implications for smart meter enédl consumption reductions.

Findings Dynamic pricing programs help consumers shift load during timeaysieém strain The est of
the time, the household's electricity prices are slightly lower than average. It seems that thi
sometimes lead to households shifting peak load but actually consuming more electricitihéyawould
normally do However when a pricing prograism combined wit feedback andducation this tendency
seems to disappear and consumers tend to lower overall consumption as well as shift peak load. T
important finding. Feedback programs appear to have difficulty maintaining resastshey get largel
whichis not the case with pricing program3herefore, ombining feedback with dynamic peis has the
potentialto enhancethe impact and uptake gfrogram rollout.

Conclusion:The specifiadvantagesof dynamic pricingand feedbackseem to hold when the tware
combined This should be explored furth&rith large and robust European pilotsvhich have yet to be
conducted. An increased number of large and robust pilots should be performed in Europe involv
least 5,000 participants. In addition, priciagd feedback should be tested together. They seem to ha
mutually beneficial impact and help to engage larger populations in lowering overall consumption w
the same time encouraging peak shifting.

5.2 Ided roll out strategiesfor utilities

Ideal program structures are market specific and will depend on the requirements, regulatory structures

and strategic goals of the utility. It would therefore be inappropriate to attempt to make asinadits-all

blue print of progam best practice. \h that being said, terstrategic points have emerged from the

research.

1) Define"success Before designing a program, a utility should decide exactly what success would
look like. Improved company image? Shave X % of peak load? Achieve XX amugaitteof a
investment. Demand side programs are tools appropriate for different aims and it is central to

design the tool around the aim.

2) Creating a win/winsituation through segmentation: After a utility begingo havea clear idea of

their definition of success, for exampleneet a government requirement to lower consumption,
iKS& ySSR G2 YIFIGOK Ad ¢gA0K GKSANI Odzad2YSNEQ

win/win situation through snart meter enabled programs. However, it is difficult to sepproduct

to a consumer who is not known. Therefore, it is important very early in the process to begin
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3)

4)

5)

6)

7

8)

9)

thinking strategically about who aré K S dzii A f A sladdndw thegzaain 2ovitGbite to the
strategic requirements of the utility. This may leanl strategic program developments of a
particular customer group or the development of several programs or products to allow customers
to choose, thus reaching a widpopulation

Mix and match consumer groups Commercial and (small) industrial customensy be under
served although they have the best cost/benefit ratio for certain program tygyek may benefit

most It is possible to create programs for industrial and commercial customers or commercial and
large residential customers such as loweringkpksad through automation. Strategically directing
smart metering programs at a cross cut of consumer groups is an ‘@xgésred area with a high
potential.

Exploit segmentation in marketing:The same cacan beadvertised in different ways to attract
different austomers. For example, SEASE’ managed to accomplish this through their
programme calleddMeter Hung€. The Danish Utility conducted segmentation resbain their
market and created foudifferent advertising campaigns for one internet sit€he work is highly
successful.

Involve the media early on Media response to a program will decide to a certain extent customer
acceptance and engagementherefore, mvolving media during piloting is wise. It can potentially

improve future marketingcampaigns by helping the utility to hone marketing and education
messages as well as avoid some future negative publicity.

Suceessful customer communication leads teuccessful programs:Positive messages, timely,
directed, containing the appropriate fiormation, combinations of information (bills, feedback
displays), etcall increase customer participation. They argue for using computing intelligence to
offer consumers feedback at appropriate moments and content which is relevant to thenQ dHD
have already shown good progress and the new mobile phone applications and use of other
technologies hold good future potential.

Pricing should include education and feedbackombinations of feedback and pricing programs
strengthen the results of both. Irhis case more is more. Utilities could help increase responses
and cos$ benefit in low consumption markets such as the UK, Denmark and Germany.

Be Cool Remember the entire family and a range of consumer type¥rhilst program design
should be strategiand need not include the entire population, once a household is involved
including the entire family and a range of consumer types is important. One reason ambient
displays, such as coloured lights, may be effective is that everyone sees them ayponevean
understand them. Manyfeedback and pricing program visuals are still designed to involve
technically minded adults.

Be Cheap get creative: It is not necessary to provide all services to all customers in a market if
only a few will benefit and/oare willing to pay. However, it is good if costs can be hidden rather
than upfront and obvious. Within dynamic pricing programs, utilities provide automation

# Bisgaard (2011).
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technology and then split the money from the resulting savings. In the end both the utititthan

O2yadzYSNI g6Ayd CSSRolFO] RAALI I && YEe 0S5 &FNBS

Sometime however, a utility will not rollout any programs at all because they will be too expensive
for a significant portion of the population. This isesfta strategic mistake.

10) Consumer growth and added servicesConsumer knowledge when starting a program is low,

however this changes and knowledge increases over time. What will be seen as too complicated

one year will be appropriate the next. A keyfelience between piloting and rollouts is that
rollouts do not end. If they are successfiley will continue. Utilities could make use of this by
planning added servicesvhich would capitalize on the increased knowledge of consumers,
bringing them foward in a positive cycle of learning.

5.3 Recommendations for future work

When comparing a large group of pilots collected from many differing regibtiee worldand including a

wide range of variables, certain patterns are repeated and clarified. The findings of Empower Demand

demonstrate that technology provides an important but supportive function in creating a successful
demand side program. It is one of fifectors which decide success. These are socioeconomic factors,
consumption patterns, program content/structure, supportive technologgd access to load sourc&s
Sociceconomic factors and consumption patterns can overcome supportive technologyragchm type.

Informative billing has lowered consuniph rates anywhere between 1% ad@%. Informative websites
have lowered consumption between 0.5% and 17%. It is not the welbs@ié which create these shifts
and it is not the size of the pilotrdongevity of the program. The 17% consumption reductions involved
55,000 households in Denmark over 3 yé%r@urresearch has led us to conclutt the main difference
between pilot success and failure is the ability of the program designers to coestimer needs through

the program. Meeting a need is the foundation of consumer engagement. The technology is a support. It

puts into question the current tendency to empligestechnological development over and above all other

factors in European mit schemes while comparatively little funding is provided to studying the best
messages to deliver to consumethgir cycles of learning through program layering or the impact of

surrounding socioeconomic and cultural factors on program success.

Below ae a few of the many areas of research which could be explored further:

9 Customersegmentation European pilots tend to be small in comparison to their Australian,

Japanese or American counterparts. More large pilots, involving between 4,000 and 5,000
participants should be conducteid Europe The increased size and scope should be used to better
understand customer segmentation and socioeconomic factors leading to improved marketing

messages and program design.

1 Learning cycleQimpact: A large long Isting pilot could test the potential learning cycles of

Zaccessible load sources are particularly impariardynamic pricing programs.
# Bisgaard (2011).
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consumers. This would mean that rather than offering one static program for the entire duration
of the pilot, a group of participants would be brought through a cycle of programs starting with
simple feedback and pricing and progressing towards becoming more sophisticated prosumers
involved in electricity trading and smart grid activitiesThis would provide a more realistic
understanding of the longerm potential of demand side participation in Bpe.

9 Pricing pilots and feedbackCritical peak pricing is und@iloted in Europe. As peak consumption
increases and wind intermittency creates large fluctuations with the wholesale market prices,
dynamic pricing overall and critical peak pricing imtipalar will become more important. During
these pilots, feedback and educationositd also be included to maxingighe longterm influence
of the pricing programs and encourage overall consumption reductions.

1 IHD analysisThe role of IHDs in reducirmyerall consumption has been well researched, however
a deeper analysis concerning the messages and information provided on IHDs would allow for a
more meaningful comparison of IHDs. The analysis should include consumer segmentation studies
to verify andunderstand which socioeconomic factors influence consumer engagement through
particular messages.

1 Optin vs. Optout: As governmentsire in the process afecidngwhat should be mandated for all
consumers and what should be left to market developmeadditional research should be
conducted regarding theffect that optin and optout program participation has on both dynamic
pricing programs and feedback programs consumer engagement levels.

9 Education / feedback / interaction analysiShe importance ofnvolving participants in both pure
feedback and pricing pilots is not to be overlooked as they often make the difference between a
successful and a failed pilot. Following this statement, research into what type of education
material and feedback conténand channel are most efficient as well as how to best keep
participants motivated The resultsvould provide useful insights for the design of both future
pilots and potential commercial offers by tilities. The research could be based on real life
offerings and examples and results of pilots in terms of customer acceptance and preferences.

T az2@S lFgle& FTNRBY a2Aft O2yadzYSNAR LI NIAOALI (SKE
Empower Demand has reviewed 100 pilots. The selected pilots alone included 450,000 consumers
but the resulting rollout from these pilots now includes over 4 million. Smart meter enabled
programs are consistently effective when developed in accordancé thieé needs of end
consumers and enabled through constructive regulation. Research questions set limits around
what it is possible to learn from a pilebrganisers will only get answers to the questions they ask.

This is as much a limitation as it isemource. It is essential to move forward in pilot development
through innovative questions, taking into consideration the results of past pilots and comparative
studies such as this one. Pilot organisers can now focus their research on better undiagstan
whoAd Ay GKS YIFENJ SO FYyR ¢gKIFG OFry 0SS R2yS G2 Yl
reality. Smart meter enabled demand side programs successfully engage consumers in a wide
range of market types and requirements. Lergn program succes will require a holistic
combination of marketing, technological support, directed communication and a constructive
regulatory framework.
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Annex 1: Glossary of Terms

Ambient displays:Differ from IHDs in that they do not provide specific consumption information
rather signal to the customer messages about their general level of consumption and/or a cha
electricity prices. Many ambient displays have the attributes of beitigcive and intuitive which add:
to their customer acceptance potential.

Bill reduction: Extent to which the experiment led to a reduction in customers energy bills (in %).

Critical Peak Pricing (CPR)PP pricing schemes involve substantialdyeased electricity prices durin
times of heightened wholesale prices caused by heightened consumption (for example on very hc
or when the stability of the system is threatened and blacks may occur. In exchange for a low
tariff during nonpeak hours (compared to customers on say flat tariffs), participants agree to
substantially higher tariffs during critical peak hours. The number and length of critical peak p
which the utility is allowed to call is often agreed upon in advanc@der to lower participant risk. Th
periods when critical peaks occur depend on conditions in the market and cannot be decided in ac
Residential customers are usually notified the day before that the next day will be a critical day.

Critical Peak Rebate (CPRELPR pricing schemes are inverse forms of Critical Peak Pricing -
Participants are paid for the amounts that they reduce consumption below their predicted consun
levels during critical peak hours. The number and lengthriaEa peak periods which the utility i
allowed to call is often agreed upon in advance in order to lower participant risk. The periods
critical peaks occur depend on conditions in the market and cannot be decided in advance. Res
customersare usually notified the day before that the next day will be a critical day.

Customer, consumer, participantdJnless specified otherwise, these terms always refer to househol

Data granularity: Level of details of the data provided. Do they giealrtime readings, every 1
minutes, every hour, and every day?

Disaggregation of consumptianThe household's electricity consumption is broken down as
household electrical appliances. The depth and degree of the breakdown can vary but in megshee
consumption of the oven, the fridge, the TV, and the lighting are measured. It helps participar
how much electricity individual appliances use and act upon it (and maybe buy more energy e
ones).

Energy conservationExtent to whichthe experiment led to a reduction in overall energy consumpt
(in %).

Environment (CO2 emissionsYhis shows the amount of CO2 the households emits due to elect
consumption. This presents the environmental costs or consequences of the houseboldS
consumption.

Historical comparison Shows the household's current electricity consumption levels in comparisc
pre-pilot consumption levels. Participants can know if they reduced or increased their consun
compared to the same perioddayear, for instance.

Home Automation:Traditionally, homes have been wired for four systems: electrical power, telephe
TV outlets (cable or antenna), and a doorbell. With the invention of the electronic micro and
controller and the widespread uptake of digital communication technaltiyy cost of electronic contro

82
a2011VaasaETT Empower Demand



is falling rapidly and its uses are increasing. Through remote controllers in appliances, which ca
communicate with each other and/or react to outside information, such as electricity pricing signe
example, he price responsiveness of a household will approximately double. This is called auton
In most pilots the automation are an AC or electric heating thermostat which is set to turn down o
off during peak periods. However, automation systems banmore advanced and include lightin
appliances, and entertainment equipment. Residents can be informed when their equipme
malfunctioning or be able to turn it on and off remotely.

Informative billing: Example of indirect feedback. They therefal@ not accurately reflect the actue
usage for a given month. The difference between the estimated average consumption and the
usage is made up at the end of the billing period or when a resident changes electricity su
Informative billingwill invoice for the actual consumption and provides either historical informa
comparing what the customer used this month to last month or to last year during the same perioc
bill may also provide information on how much the household consunmedomparison to other
dwellings of the same description. Unlike standard billing in which households receive thei6t
times per year, informative bills can be sent as frequently as once per month.

In-house displayqIHD) Displays which hang ondhwall or sit on a counter and provide close to
time information about household electricity consumption. IHDs provide households wittimesabnd
historical information on their electricity usage and costs. Additional feedback content that ce
offered on the IHD are peer comparisons (showing the consumption rate of neighbours or cons
with similar conditions), and disaggregation of consumption (breaking down the energy use
individual appliances in the home).

Overall consumption reductionExtent to which the experiment led to a reduction in overall enel
consumption.

Peak clipping:Extent to which the experiment led to a reduction in energy consumption during
periods (in %).

Peer comparisonConsisbf comparison of household energy consumption levels between particip
and similarsized households. This information may include neighbours within near viciniti
households of similar sizelt enables participants to see if they use more or leketricity than their
peers.

Price of electricity Indicate the current price of electricity per kWh. This does not include th®-u
date electricity bill, only the current price of electricity per kwWh.

RealTime Pricing (RTPThe price paid by p#cipants is tied to the price of electricity on the wholes:
market. However they do not lead to consumption reductions without feedback. Even then cust
will sometimes tire of checking a price that only changes slightly from day to day. Int@eerourage
reductions during high price periods and reduce risk of high bill, participants are warned when whc
prices reach a certain threshold decided upon in advance.

Savings compared to previous pericdSompares the energy savings of housdhldb previous periods
Households would have a certain target for their energy consumptions which would be a perce
savings on previous energy consumptions.

Timeof-Use (TOU)TOU tariffs induce people into using electricity during times when consumpti
lower. Prices are therefore set higher during high consumption periods, typically during working
and lower during the rest of the day. TOU usually includes onegenl daily period or two shorte
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daily peak periods. TOU can have two level of prices (peak anpeal prices) or three (peak, parti
peak and offpeak prices) per day. The peak hours are known in advance by the customers. The
may also varyecording to the season.

Up-to-date consumption level Presents the current ufp-date consumption level of the household
kWh. In itself, it does not include the cost of electricity, or the current level of the bill. Howe\
coupled with consumpbn goals or targets not to exceed, it can be a powerful incentive to rec
consumption.

Up-to-date Cost (bill) Presents the upo-date bill which enables households to gauge their curr
costs for their electricity and act upon it.

Websites: Offer an alternative way to provide the consumer with information about their electri
consumption. Websites are chosen as a means of providing feedback because they are relativel
They rely on smart meters to collect the necessary consumption dadattzerefore the granularity o
data provided to consumers depends largely on how often the meters are read or how ofte
information is transferred from the meter to the utility (or retailer).
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Annex 2a: Fridge magnet showing different time bands
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Annex 2b: Electricity conservation and trial guide brochure
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SourceElectricity Smart Metering Customer Behaviour Findings Report, CER (2011)
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