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Executive summary

Introduction

The increasing deployment of intermittent resources, decentralised generation, and the expectation
of further electrification pose a number of challenges to DSOs and TSOs in relation to the balance of
supply and demand. The increasing interest in demamilicéon and demand shifting has resulted

in discussions about how dynamic pricing can be used to best encourage househaldeesido
change their energy behavioursnore specifically to shift (and reduce) energy consumption. If end
users can be incenised to decrease thei&nergy consumption during peak hours, this may prevent
the need to extend the grid and thus save considerable costs. As feusad, dynamic price
incentives may provide them with insight in their own energy consumption patteraisralated

costs. It may help them in gaining or maintaining control over their energy consumption, saving costs,
getting reassurance that behavioural changes have worked, getting support in motivating other
household members to reduce energy consumptioncamplishing other benefits like increased
comfort, indoor climate, health impacts, and social aspects. In addition, becoming more aware of the
varying price of electricity may encourage the uptake of a moreagtive role as energy users and
producers. For society at large, reduction and shifting may serve environmental goals (e.g. when it
allows for more decentralisenewable energy generation) and the societal goal of maintaining the
stability of the energy system.

Research aim and focus

Having a sbng interest in demand shifting, and a (less strong) interest in demand reduction, Dutch
DSOs have questions on how to best design a dynamic pricing approach in such a manner that it
encourages household engsers to change their energy behaviours. Thiéaihresearch question
therefore has been formulated as follows:

Which dynamic pricing approaches (being a combination of a dynamic price incentive, technology
and feedback) work best for which engsers and under what circumstances in the Netherlands?

This study focuses on electricity, demand shifting and reductions. This report is based on a review of
existing studies, reviews and pilots that report on the impact of price incentives to shift and/or
reduce energy consumption at the household residdnigael. This review aims at learning what
type of approaches work best, for whom, in which context and under what conditions. Regarding the
conditions, we focus on what would work in the Dutch context and what role DSOs could and/or
should take. In additin to this report we have also developed a stgjge approach for designing a
demandmanagement approach that consists of several building blocks which can be combined in
various ways, depending on the ender characteristicfRather than designing theviantion around

a chosen price incentive or technology, we turn the process around and take thasensl as a
starting point in the process of designing a dynamic pricing approach. Thisvisiependuser

centred approach and an accompanying backgroundudmnt have been published in Dutch as
-5-
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separate documents next to this report.

Dynamic pricing approaches

Dynamic pricing is a means to an endr to several ends like for instance to balance supply and
demand; to prevent the need for grid extensiorg achieve endiser energy saving; to raise
awareness; to more actively engage amkrs and decentralized producers. A dynamic approach
consists of the following three elements: the pricing mechanism (e.g. ToU, CPP, CPR, RTP described
briefly below); suportive technology and feedback.

In this study we reviewed several forms of dynamic pricing:

1 Time of Use (ToUhpriffs are recurring daily and aim at encouraging people to use energy during
periods of the day when overall energy consumption is lower. In principle, ToU is not aimed at
reducing overall energy demand, merely at shifting the demand from one periaddther. The
peak hours are invariable and known a long time in advance by theigerd. A day can have
one or more peak periods during which the prices are set higher in comparison to the prices for
the rest of the day. Two to four levels of prices maydistinguished (peak, partial peak, -piak,
and weekend tariff) and in addition, prices may also vary according to the season.

9 Critical Peak Pricing (CP$hemes offer lower yeaound tariffs during nospeak hours in
exchange for substantially hightariffs during critical peak hours. Critical peak periods or event
days occur at times of increased wholesale prices due to heightened consumption (e.g. very hot
or cold days) or when the stability of the system is jeopardized (e.qg. risk ofdaléxk The
maximum number and length of critical peak periods is agreed upon with theisedin
advance. However, the exact moments when critical peaks occur cannot be set in advance as
these depend on market and weather conditions.

1 With Critical Peak Rebate (CP&themes the endiser is refunded at a predetermined tariff for
any reduction in consumption relative to what the utility expected the household to consume
during a few critical peak hours a year (usually during very hot summer afternoons, or very cold
winter evenings).

1 Realtime pricing (RTPineans that the endiser pays a price that is tied to the electricity price
on the wholesale market. To encourage consumption reduction during high price periods and
reduce risk of high bills, engsers can be inforntewhen wholesale prices reach a certain
threshold.

1 Inclining Block Rates (IBRyrrently is the least common schenmfes the name indicates,

Inclining Block Rates offer bleekse increasing rate®rices increase stepise as consumption
increases so themore one uses, the higher the price per unit. This pricing mechanism has been
proposed as a complement to e.g. ToU or CPP and serves mainly conservation goals.

Technology, the second element, covers a wide range of supportive and feedback deviceghof whi

smart meters and kHouse5 A a LJ | @& Oly 0SKIO@FaAAREWEA2 YaA Wiyidazy
pricing. An important technology is the In House Display (IHD) which provides feedback in a variety

of forms and has been shown to significantly improve tesponse from endisers. Other useful
technologies include ambient displays like energy orbs, smart apps, websites, email services, but also
very simple devices like paper mailings, fridge magnets or stickers and water saving showerheads. In
addition, moe complex technologies can support behavioural changes in response to pricing,

-6-
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including all sorts of smart appliances that can be programmed to respond to (changes in)
information and/or remotecontrolled.

The third element of a pricing approach is feedbawhich is part of any approach that aims at
encouraging endisers to change their energy consumption behaviour. In this study we distinguish
between feedback intended to communicate changes in the price and feedback to communicate
consumption patterns iad volumes.

Letting go of a onesizefits-all approach

In this study we explicitly diverge from studies that state that the combination of ToU, CPP, CPR, with

multiple enabling technologies and feedback technologies generate the highest peak clipping and

load shifting. Such 'full court' approach basicallya isne-sizefits-all approach that uses as many
technologies and feedback options as available in order to reach as many different people as possible.

This is unlikely to deliver the cesfficient appoach and since the brunt of the costs eventually

comes down on society, it is undesirable from a societal perspective.

¢CKSNBE | NB aSOSNIf XizeftS NRY a2JLANRA KBK A aW24291 | ROA

energy consumption reduction or stiifg.

- Waikfitst £ £ Q | LILINRBIF OKSa dzadzZffe F20dza 2y LINROAR
people are mainly economically motivated to participate. However, there is plenty of evidence
that people are not predominantly motivated by financial gairbut can also have other
motivations that relate to environmental goals, health, comfort, etc.

- Research on energy DSM aimed at energy consumption reduction has shown that approaches
that target individual behaviour onywithout addressing the sociahd physical environment in
which behaviours are embeddedhave not been very successful in achievasiingbehavioural
changes. In the case of dynamic pricing, attention for the characteristics of the house, the
appliances, as well as the social processes within a household are relevant to take account of.

- The risk of rebound during or after the pilot is largeindividuals are targeted with financial
incentives only. No social norms are addressed; nespmal behaviour is likely to occur (which
is needed if the longeterm goal is to facilitate the transition to a more sustainable energy
system).

- Studiesshow that often a small percentage of the participants is responsible for the response,
while it remains unclear why and how they responded and why the rest did not. On average 30%
of households were responsible for 80% of the load shifting.

Top 10 lessos
Based on our review of pricing mechanisms, technology, feedback, behaviour and segmentation the
following top 10 lessons could be drawn:

1. For the near future Time of Use with several pricing variations a day, combined with Critical Peak
Pricing forseveral additional days annually is the most promising dynamic pricing intervention

for the Netherlands.
-7-



DuneWorks

onderzoek & consultancy
voor duurzaamheid

2. Focusing on load shifting only creates the risk of overall load increase. If e.g.-freakfprice is
too low compared to the peak price this cana&te an increase in consumption.

3. Thetheoreticalload shiftingand reductionpotentialstell us little about the actual occuanceof
the shifting and reduction. Thadepends on the endser. Lifestyldad astrong influence on the
actualoccurrence oshitting or reductionbehavious.

4. People are not motivated by pricing incentives only. Environmental motives, "the desire to
contribute", control, comfort, ease and wellbeing are important motivators as well.

5. A onesizefits-all approach reaches a maximum 0098 of eneusers, with very different
response within this 30%. Ifthe aim is to alsoreach the remaining 70%a differentiated
approach is needed.

6. Time of Use interventions target habitual behaviours. Critical Peak Pricing and Critical Peak
Rebate focus v conscious and less frequent behaviours.

7. Load shifting can be achieved without technology (using only fridge magnets and calendars).
Additional technology such as e.g. an In House Dislaseverincreases the response rate.

8. Endusers highly value easydai such as calendars, magnetic stickers and detailed frequent
energy bills.

9. Different enduser segments need different tailored interventions consisting of a specific
combination of dynamic pricing mechanism, technology and feedback.

10. A tailored approach ahvoluntary participation are very important to avoid discrimination (and
sabotage).

Designing a comprehensive and tailored dynamic pricing approach
Understanding what motivates behavioural changes (both intentional and routine behaviours) and
consequeny the responsiveness of households to pricing signals, the potential flexibility of certain
loads in households, and how such changes can be made durable is important when designing an
effective dynamic pricing approach. Different emsers are likely to dwe different attitudes,
motivations, behaviours, capabilities, knowledge and other resouragich will affect how they
respond to and participate in dynamic pricing interventions. Ideally, these differertisas should
be targeted in ways that fitheir needs, preferences, knowledge, capabilities etc. This would entail
that real needs and real behaviours of real households are included in a segmentation, to understand
how their attitudes, motivations, awareness, capabilities, sociodemographic vesjabbme and
appliances play a role in maintain a certain way of life. To understand how a particular lifestyle brings
with it certain patterns and volumes of energy consumption it is important to know how people
wash, eat, clean, care, relax, move, sleggetera. Segmentation offers a first step towards tailoring
a pricing approach to the motivations, behaviours and needs of a group etigsrd that share
relevant characteristics thereby increasing the chances that these amérs will respond. Such a
comprehensive segmentation includes several crucial elements:

1 Attitude, motivation, awareness, capabilities, behaviours

9 Sociodemographic variables

1 Houserelated characteristics
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1 Appliances
1 Presence patterns
1 Household dynamics: timing and negotiable (readifile) use

Segmentations that address all these elements do not exist to our knowledge. Nevertheless, first
steps to segment lifestyles have been undertaken. A Swiss segmentation study addressed attitudes,
motivations, awareness, reported actual behavim@and a number of sociodemographic variables.
The resulting segments, although not translatable -tm®ne to the Dutch context, do offer end

user profiles that we can expect to occur in the Netherlands in different percentages and possibly
with nuance diferences. This resulted in different dynamic pricing approaches for each of the
following six segments:

Segment 1: Idealistic savers

Segment 2: Selfless inconsistent energy savers

Segment 3: Thrifty energy savers

Segment 4: Materialistic energy consumers

Segment 5: Comforbriented indifferent energy consumers

=A =4 =4 4 -4

Segment 6: Problem Conscious welfare oriented energy consumers

To design tailored dynamic pricing interventions that consist of a combination of segments, pricing
mechanism, technology and feedbagk designed a toolbox, see figutdelow. Each element in the
toolbox is a building block that can be chosen or not. Each column represents the building blocks that
can be chosen within the categories: pricing mechanism, technology and feedback. The combination
of selected building blocksreate a basic design for a tailored dynamic pricing intervention aimed at

a specific segment.

Toolbox
PRICING TECHNOLOGY FEEDBACK: FEEDBACK: FEEDBACK:
Mechanism Pricerelated Userelated Frequency
Level, type
none Smart meter I /kWh [ UsekWh ﬂ [ Perappllanceﬂ
E— IHD [ ReductionkWh ﬂ [ Per space I]
IBR Energylamp | Colourchange“ Usee ﬂ [ Peractivity "
e —
Tou [T" Sound [ Reductione ﬂ [ Historic ﬂ
I ) [ COZemmissionﬂ [ Comparatlve]
App )
crr I Post jl Emoticons [ COZ2Zreduction ﬂ [ Goal setting "
CPR I Graphic [ Emoticons I] [ Benchmark ]
e — I [ Graphic ﬂ [ Invoicedetail. ]
TP Remotecontrol | Tailoredtips [ Numbers ﬂ [ Talloredtlps ]
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Fgure 1: toolbox to design tailored interventions

As an example dfiow a dynamic pricing approach can be designed usedsix segmentsfrom a

Swiss study bgitterlin et al (2011)to design6 tailored dynamic pricing interventiongable 1 and

figure 2 demonstrate how choices for building blocks from th&box are made for one segment

OWLRSIFfAAGAO

al SNAR QU

Segment 1

Ideali stic savers

General
Considerations

This group shows most efforts to save energy, and already does a lot in terms of
reduction. Driven by idealism, these people are willing to make financial sacrifices and
impose restrictions to themselves even if it means loss of comfort. This customer is
knowledgeable and consists largely of highly educated women.

Preferred
behaviour

Both routine behaviour and efficiency measures

Main motivation

This group could be motivated to shift their consumption but from an environmental
motivation.

Choices related to
Pricing
Mechanism

Saving and shifting will not be financially motivated (no emphasis should be put on
money) and a price incentive may not be the best incentive. If a price incentive is used, a
combination of ToU, possibly with CPP, is a good option to visualise energy shifting
options. Because this segment is not financially motivated, RTP is probably not suitable
(because you still need to respond strongly to price). You could also simply CPP (and
focus on shifting only).

Choices related to
technology

Since this group is highly educated and well informed, different technologies can be used
to support further behavioural change. The use of technology should be functional for this
group. Almost all options are ticked in the toolbox because these people want information
to be provided both at home and at work on PG smart phone, IHD. This group does not
like ceding control (especially to a party that is less environmentally conscious and
idealistic than themselves). Remote control by third parties is not an option; automation
is possible if this group can control it themselves.

Choices related to

Detailed and differentiated information is desired. Becausethis group is well informed, it

Feedback is well able to interpret the information. Text, graphics, and / or lamp signals when price
changes are options. Tailored advice needs to be focused on shift options. Important for
this target group : who gives feedback and how reliable they find this party.

Table 1: Considerations made in choice for dynamic pricing approach (price incentive ,

technology and feedback) for Segment 1.
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Pricing Approach segment1l1
PRICING TECHNOLOGY FEEDBACK: FEEDBACK: FEEDBACK:

Mechanism Pricerelated Userelated Frequency
Level, type

none “ Smart meter l “ UsekWh “Perappliance

—1 IHD

IBR [ Energylamp Colourchange]
— 4
e — I Website I

ToU
I Email I sound

| App .
CPP Emoticons

] Post | [
CPR IMagneticstickerI Graphic ][ Emoticons ]

—-" Automation I I Graphic
TP J [ Remotecontrol ] || """ I[] Numbers ] | Taioredtips

Figure 2: Dynamic pricing approach for segment 1 (the blue blocks)

e/kWh

0

“ReductionkWh “ Per space

Usee ]] “ Peractivity

Historic

[
[ Reductione ]]
[

lCOZemmissionI Comparatlve]]

Benchmark ]]

[
[
CO2reduction [ Goal setting |
l
[

Invoicedetalil.

The role of the Dutch DSO®wards a DS@ed decentralised approach?

The role of DSOs in the Netherlands differs from the role of DSOs in most other EU countries.
Because of the separation between transport and supply, the DSOs have been created as public
organizations responsible for balancing demand and supply.

A tailorad pricing intervention requires a lot of detailed personal data from individual households
and a comprehensive segmentaticasks fora lot of private and sensitive information from
households. It is unlikely that eagsers provide sucinformation easily- for several reasons, one

being the perception that the privacy and security of their data cannot be safeguarded.

wkiKSN] GKIy GNBAY3I (G2 ONBFGS 'y StFro62NraGS |yR
safety and protection of privacy and othend-user interests, it may be a better idea to keep end

user data and information decentralised. That would also better fit with a future situation in which
end-usas become moreactively engaged in smart grid technologies. And it would make it easier for
DSOs not to compromise their task of furthering of the public interest as a priority when working
closely with parties that have very different priorities (e.g. the enormous interest in selling as much
smart and intelligent devices as possible collidehweibstefficiency for eneusers as a priority). In a

)¢

decentralised data en information management system, theem@l SNE Q | OGA @S NRES g2

Sucha systemensures that personal information needed for the segmentation as well as household
meteringdata remain with the endiser and with no one else. This also resonates with other studies
that discuss the options of full engser control and ownership over (metering) data.

The role of the DSO could be to design a tool that provides to theusads several segment
descriptions with accompanying pritechnologyfeedback combinations with an explanation of

-11-
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critical issues and potential risks and benefits. Or the toolbox could allow for a household to fill in
their personal data and the tool would ssdquently advise the best fit in terms of combination of
pricing mechanism, technology and feedback. This would allow households to choose the segment
that fits their situation best. Next, the households could ask the DSO or retailer for this dynamic
pricing intervention combination (perhaps with options to adapt elements further to be in line with
one's personal situation). The toolbox would enable this interaction between households and DSO
and/or retailer. In addition, it would do so in such a mannert th@rsonal data and information stay

with the enduser. The endiser keeps control over his/her data, the choice of segment and the
choice for a price intervention.

The role of a DSO in rolling out whlllored dynamic pricing interventions could thuig lin
facilitating the development of such toolboxes and the segmentation (that serves as a starting point).
However, the DSO should not undertake this without strategic alliances. For credibility and
trustworthiness, it would be good to collaborate withn aindependent organisation that
intermediates between DSO, energy suppliers, other relevant stakeholders angsers] whereby it

is clear that this intermediary serves the societal interest and ensures fair play.

-12-
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1. Introduction: background, scop e and focus
1.1. Background

In the face of increasing intermittent resources, decentralised generation, the expectation of further
electrification creats an unprecedented pace of change within the electricity supply industry
worldwide (IEA DSM (www.ieatisorg)). These changes posawamber ofchallengego in partiaular
DSOsand TSOsdn relation to the balance of supply and demamdany studies investigateptions to
OKIy3aS (KS Od2NNByild &deaiSy oKSNB St SOGNROAGE Aa L
of endusers. To secure grid balancenergy production and demand need to become more
integrated and the concept of smart gridsbeing deployd worldwide. At the same time, smart
meters find their way to an increasing number of households which gives rise to questions as to why
we have smart meters when the rates astll dumb (Faruqui and Palmer, 201T)he increasing
interest in demand reduan and demand shifting has resulted in discussions about how to best
encourage househol@éndusersto change their energy behaviours amdore specificallyhow to
motivate households to shift (and reduce) energy consumption. If-esers can be incentivideto
decrease their energy consumption during pdekirs, this may preventhe need to extend the grid

and thus save considerable costherefore,DSOs and TSOs regaghadmic pricingorimarily as a
useful tool for peak shifting (peak clipping) rather ah overall consumption reduction
(conservation)in view of the currententralised supply system and th&vish touse the distribution
infrastructure costeffectivdy, DSOs and suppliers regard peak shifting as more important on the
shortterm than average load reduction or conservation (Landis+Gyr, 2009).

For endusers atthe household levelgdynamic ortime-dependent price incentives offer a way to save
money and to gain more insight in their own energy consumption patterns and related Casts.
savings can result not only fromeduced energy consumptiomut also fromshifting consumption.
Dynamic pricingmay alsohelp end-usersbecoming nore awareof the varying price of electricity

and taking amore proactive role as energy users and producers (eig.case ofdecentralised
applications like rooftop PV panelsr when they offer electricity terage capacity in the future
Hectric Vehicleg. For society at large, shifting may serve environmental goals (e.g. whaéowss for

more decentralised energy generation) and the common societal goal of maintaining the stability of
the energy system. A mass rolit of dynamic pricingvould involve a paradigm shift in thinking
about the use and production oélectricity amongmany household endsersand supply side
stakeholders We are used to sedlectricity prices that change on a yearly badiectricity pricesat

the APX index areurrently not reflected at all in consumer prices, nor are the varying costs of
transport. Suppliers could offer dynamic tariffs for delivered electricity and DSOs can vary the
transporttariffs. A costreflective approach can bring about awareness of the fact that a reliable

electricity supply brings along costs that, ifsupply and demandra well balanced realime, this
-13-
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could potentiallyalso result inlower electricity costs The focus othis study is on electricity and
options forbehavioural change by means@&mand Response through the use of dynamic pricing.
Having a strong intest in demand shifting, and a (less strong) interest in demand reduction, Dutch
DSOs have questions how to best design a dynamic pricing approach so that it encourages household
endusers to change their energy behaviours. The Dutch DSO branch organisation Netbeheer
Nederland and the authors have formulated the initial research question as follows:

Which dynamic pricing approaches (being a combination of a dynamic price incentéafnblogy
and feedback) work best for which engsers and under what circumstances in the Netherlands?

Priceincentives are a central element in this study. Other approaches that do not include a price
incentive (e.g. complementary currencies) therefoeeaive less attention because they fall outside
the scope of the initial questionsot because they a priori considered less useful.

1.2 Scopeandfocus

Frst of all this report isbased on a reviewf existing studies, reviews and pilots that repon the

impact of price incentives to shift and/or reduce energy consumption at the household residential
level. This review aims at learning more about what type of approaches work best, for whom, in
which context and under wat conditions. Regardindné conditions, we focus on what would work in

the Dutch context and what role DSOs could and/or should take. Second, on the basis of this learning,
and on the basis of discussions with the Dutch DSO branch representatives and practitioners active in
starting dynamic price pilots, we have developed a stépe approach towards designing a demand
management approach that consists of severalding blocksvhich can be designed and combined

in various ways. Thedmiilding blocks includdynamic pricencentives, supportive technologies, and
feedback. Third, in addition to this, we also pay brief attention to the process of designing such an
approach,and the role(s) that Dutch DS@an take and what considerations appear important. The
second and third partsesult in a toolbox for practitioners and will be made availableDintch
language.

This report reviews relevant literature, thereby trying to focus on those elements around behaviour
and behavioural change in relation to dynamic pricing that so far Immtebeen addressed in a
satisfactory way. In addition, we will also address the building blocks of tHeataoand conclude

with lessons, a recommended direction for DSOs (to further explod®)R NBYF Ay Ay 3 RAf SY
unsolved issuethat need furtherresearch and/or piloting

1.3 Method and considerations

We started with a review of empirical evidence and conclusions from existing studies, cases, pilots,
experiences, and assesses these outcomes in order to arrive at conclusions and recommendations

-14-
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that are grounded in sound empirical evaluation.

The following questions served as a basic guideline while conducting the research:

1 What possibilities exist to use dynamic pricing (in combination with smart meters) to effectively
change energy behaviosiat the household level?

1 Incentives and interventions can aim at demand reduction and/or demand shifting: do these two
present a tradeoff or a winrwin?

1 What are effective combinations of incentives, technologies and feedback?

1 What role(s) can/should #1 DSO play in the design and implementation of interventions that
aim at changed behaviours to achieve demand reduction and shifting?

1 What issues around trust and privacy need to be addressed?

1 What specific Dutch context factors make some approaches rappgopriate for the Dutch
context than other8

Relevant findings were first collecteéd a large overview (summarised in Annex Mpwever, while
doing so, we becameware that several studies (anteviews of studies and pilojspresent
conclusions thagive rise to questionsSeveral reviews gather and summarize outcomes of studies,
pilots etc (see Annex 4yithout giving due attention to the manner in which these outcomes have
been arrived atSeveraktudiescan be suspected fgresening overly optimistic interpretatiors of

pilot results, whicheasilyhappensdue to anumber of reasons (Klopfert and Wallenborn 2011):

1 Studies and reviews that extensively report on failure and on disappointing results of pricing
pilots are less widely available thahet positive ones. One could argue that this relates to the
overall positive outcomes of pricing pilots. However, a more realistic explanation would be that
LIAf 20 AYAGAFG2NR FNB Y2NB AYyUSNBaldiSR Ay &aKINRY

9 Selfselection of participants results in distortions. If only very motivated participants participate
(instead of using a representative sample) then the pilot results lead to-aptémistic
conclusions

1 Many studies do not even report what the response natEs to their pilot; this makes it difficult
to place outcomes in perspective (e.g. impact of intervention on saving and/or shifting).

1 Most studies do not account for the Hawthorne effect, which involves that people behave
differently when they know thatttey are being studied; it increases their motivation to achieve
the task that is being investigated compared to situations where participants do not feel being
observed. A way around this is e.qg. first only installing a smart meter to observe any chranges i
behaviour before actually implementing other interventions. The Hawthorne effect is likely to
play an increasingly diminishing role as the duration of pilots increases

1 Most studies do not account for drawback effects: when an intervention is new, pesgpend,
but as the newness wears off over time, the response of people diminishes. So in the short term
an intervention may appear very successful, but in the longer term people are likely to fall back
to their old behaviours. (Important is to evaluateet persistence of behavioural change after a
period longer than one year; in addition ways must be found to make the new behaviours into
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routines-d2 GKFG AU R2SayQid YIFGGSNI GKIFdG G0KS ySgySaa
1 Surveys held before or afterwards may invite sogialtceptable answers from respondents (a
way around this can be to address the same item with very different questions).
1 Many pilots have been done in the US and transferability of those conclusions to European
contexts is problematic because of differesda climatic circumstances.
1 Animportant limitation of most pilots and studies is that they focus on whether price incentives
have had an impact in terms of saving or shifting, not addressing the quédstiorend-users
decrease their energy use if they do so.

These are not just issues of interest to researchers, they have a crucial impact on how the outcomes
of studies are being valued and translated into recommendations. In our view, many pilots and
projects start wih a focus on economic incentives in combination with technology, intended to bring
about changes in endser behaviour. By taking a techhegonomic starting point, and assuming that

a part of the eneusers will and a part of the enasers will not respondo financial incentives (the
dynamic prices), these studies seem to ignore the fact thatuseals carhave various motivations to
change their behaviour a financial motivation being one of these. d&t studies conclude with
recommendations to design a ersize fits all dynamic price approach which then in practice may
turn out to be not effective nor costfficient.

In our review, we explicitly search for a better understanding of why and howusers change their
behaviour. Rather than starting an intervention with selecting instruments (price incentive,
technology,and feedback we propose to turn the process amod and take theend-usersas a
starting point in the process of desigg a dynamic pricing approach. When we know more about
the endusers, their needs, motivations and behaviours, we are better able to design a dynamic
pricing approach that also fits tireinterests and needs (Breukers et al, 2009).

We will however start with an introduction tadynamic pricing mechanisms, load shiftinthen
continue with essential components of a dynamic pricing approach (technologfeaddach, and
then discussbehavioural change anchow to put the enduser centre stage to any pricing
intervention.We continue with a reflection on the Dutch context and the role of the DI®snd
conclude with recommendations, lessons learnt, and remaining dilemma'’s.
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2. Dynami c pricing

Price incentives aim to achieve a shift and/or a decreaswédmallenergy consumption. When these
incentives vary according to time (e.g. hour of the day, season, critical peak periods), it is called time
dependent or dynamic pricingdynamic pricing became first relevant in areas with summer and
winter peaks in demand combined with supply constraimisere the demand during critical hours
needed to be reduced and shifted to gféak hourgCalifornia, OntarioNorth-easternparts of he

USA and parts of Australia) (Darby 2006). For other countries, increasing issues with balancing
demand and supply and expected expansionnofro generationinform the recent heightened
interest in dynamic pricing.

Generally, DSOs and energy suppliegard dynamic pricing first and foremost as a potentially
effective means to achieve a better balancing between demand and sapplyealising security of
supply Next, for DSOs that have a clear public task (like the-stateed DSOs in the Netherlands)

the overall societal aims in terms of increasing energy efficiency, energy conservation and facilitating
the deployment of renewablenergy that ask for strategic load shifting to high supply hanesalso

aims that can be supported byynamicpricing. Several studies and reviews conclude that these
pricing schemes all have the potential to result in a shift in demand and in a reduction in demand
(Faruqui and Palmer, 2012012 Stromback et al, 2011Dynamic pricing can be coupled to
automatic and remat control of appliances (e.g. washing machine, dishwasher, thermostat). The
dynamic tariff can apply to both the energyice of suppliers and/or the price of transporting the
energy by the DSO or TSIbe nost common forms of dynamic prices are brigftgsentedbelow.

2.1Time of Use (ToU) pricing

Time of Use (ToU) tarifisre recurring daily an@im at encouraging people to use energy during
periods of the day when overall energy consumption is lowerprinciple ToU is not aimed at
reducing overalenergy demand, merely at shifting the demand from one period to anofflee
peak hours arénvariable andknowna long timein advance by the endsers Aday can have one or
more peak periods during which the prices are set higher in comparison to ittesgdor the rest of
the day. Twdo four levels of prices may be distinguished (peak, partial pealpezk and weekend
tariff) and in addition, prices may also vary accordinthoseason (Stromback et al, 2011:83,84).
Annex 1 lists several trials mducted in Europe with ToU pricinrgn Northern Ireland, UK, France,
Germany and Norwayl.he realised @ak reductionsn these pilotsvary from 0 to 12%

Many studies only focus on the achieved peak reduction, but some also metered the increase during
partial peak or ofpeak periods. For example in a large-mlt of ToU in the region of Trento in Italy,
the morning peak moved from-y 2 QOf 2 O fial pgdk pelidd $f 6 4818 Hut this peak was
less high than the previous peak, which means that the remaining demand was shifteeptabff
periods In this case there was no overall reduction of consumpffi@nriti 2012).
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2.2 Critical Peak PricindCPP)

Critical Peak Pricing (CPP) schemes offer lge@rround tariffs during norpeak hours in exchange

for substantially higher tariffs during critical peak hours. Critical peak peopdsent daysoccur at

times of increased wholesale prices duehmightened consumption (e.g. very hot cold days) or

when the stability of the system is jeopardized (e.g. risk of btaut&). The maximum number and
length of critical peak periods is agreed upon with the eisdr in advance. However, the exact
moments when critical peaks occur cannot be set in advance as these depend on market and
weather conditions. Usually, households are informed a day in advance of an expected critical day
(Stromback et al, 2011:83fhe number of critical peak days vary fronto18 a yeafSan Diego Gas

& Electric Compar8010)

Often CPP is the winner over other pricing mechanisms in terms of reduction and shifting potential,
but this should be placed in perspective since CPP only is accomplishing this during the peak days
while ToU schemes are at work seven days a week (Stromback et al, E@FLplso raises questions
about fairness, e.g. for those who are less well able to shift during critical peaks (e.g. people who
need to stay at homand cannot not use during CPP eventslaywhich is why it is usually voluntary.

One European example of the use of CPP iFEMPO Tariffgilot that EDF starteds an experiment

in France in 19891996 andwhichrecruited some 400,000 endsers. The programme combines ToU
with CPP and has been quite successfith an overallnational peak reductiorof 4% ToU in
combination with CPP can achieve a load shifting up to 30% (for a limited number of days and hours
ayear) and supplemented with load control this percentage has in cases (outside of Europe) risen to
50%. In Sweden this percentage of 50% has also been reatheks to electric heating and water
heaters that provided significant flexible loads and tgosd opportunities for shifting.

2.3Critical Peak Rebate (CPR)

With Critical Peak Rebate (CPR) schethesnd-useris refunded at a predetermined tariff for any
reduction in consumption relative to what the utiligxpectedthe householdto consumeduring a

few critical peak hours a year (usually during very hot summer afternoons, or very cold winter
evenings. Like with CPP, the maximum number and length of critical peak periods is often agreed
upon in advance. And like with CPP, the exact timing dabe@redicted as it depends on market
dynamics but usually endsers are notified a day in advance of a critical day. (Stromback et al,
2011:83) Becausewith CPRpatrticipants benefit from participation unlike with CPP where
participants can be financigl'punished’, this schemmay be more appealing to engsers It isalso

a relatively new form of pricing which has not yet been used in a large number of pilots.

In Europe the need for load shifting during a limited set of hours in a year is less felt than in countries
with great climatic differences and either extremely hot or cold days and ther€&f®i and CPR have
not seen a wide rolbut in Europe Oneexceptionbeing France where theEMPOproject combined

CPPwith ToU tariffs. scheme. In additiorCPP and CPR are particularly useful when there is a
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significant flexible load (e.g.iraconditioning (AC)and electric heatinghat can be turned off during

peak hours, and in Europe these technologies are less widely used then in countries such as the US
Australiaand New ZealandConsequently, mst findings of CPP and CPR pilots are from outside of
Europe- with peak shifts of up to 38%. Effects have beeovahto be lasting during lontgrm pilots
(Stromback et al, 2011).

2.4 Reattime pricing (RTP)

Reaitime pricing (RTP) means that the easer pays a price that is tied to the electricity price on
the wholesale market. To encourage consumption reductionng high price periods and reduce
risk of high bil, endusers can be informed when wholesale prices reach a certain threghaidby

an text messagealert) so that they need not check the prices continuously (Stromback et al,
2011:83) RTP has alsbeen trialled as dayahead real time pricing which poses fewer technical
challengesto be truly effective RTP schemes need todmmnectedto smart appliances (price to
device) that automatically respond.

RTRmeans thathe enduserpays grice of eletricity on the wholesale markeeflects He/shepays
a pricelinked tothe price of electricityon the APXIt is especiallyseful ifthe end-usercan receivea
signal(e.g.an SMS alejtwhen pricesexceed a certain thresholdso that the enduser neednot
keep their eyes on the prices all day. Rid@® also been testeés adayahead RTPwhich is
technicallylesschallenging A Imited number ofpilots that have not produced robust results show
the following percentage@-rontier Economicand Sustainaibity First 2012; Stromback et al, 2011)

9 13%reduction on the basisef peak3 Europearpilots

1 10%peakreduction on the basief 12 Americanpilots
In a USpilot where one groupparticipated inToUand CPP pricing, and the other group in RTP, the
latter showed a weakeresponse (thgeakreductionin the RTP pilot wak7% versus 2@ peakshift
in the ToU and CPPpilot). RTP is experieed as complex by enasers whth may have influenced
the lower resultswith the RTP pilofFrontier Economics and Sustability First, 2012) A pilot study
in Norway with 81 participants gave non-significant result§Frontier Economicsind Sustainability
First 2012) Like with CPP/CPR, automation of remote controllable appliances is likely to enhance the
response- particularly in case of flexible loads like AC or electric heating. (Frontier Economics and
Sustainability Firs2012).

2.5 Inclining Block Rate(IBR) pricing

This schemds the least common schemeriées increase in steps as consumption increa$bs

pricing mechanism has been proposed as a complement to e.g. ToU or CPP and serves mainly
conservation goalsAs the name indicates, Inclining Block Rates offer blask increasing rates.

As a household consumes more, the rates increase fildidlock is the cheapest sometimeseven
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free, and subsequentblocks are increasingly expensivéBRis mainly seen as an incentive to
encouragereduction The fewpilots, for examplein Californiaand Japarshowed thata smallgroup

of end-userswith a veryhigh consumptiorshowed mostresponse. In Belgium, and IBR system is in
place since 2001 with the aim to help lowincome consumers to keep thespendingon energy
within limits. However,tihashadlittle effect on the consumption ofhe poorerhouseholdsbecause
they appeared not to be awaraf the existence othis mechanisn{CRE&2010)

2.6 Dynamic pricing and Conservation

Most dynamic pricing schemes mainly focus on realising a displacement of the demangpéaloff
periods, but some such as thecliming block rate also aim for overall reduction. A review of 5 large
studies conducted mainly in the NorilWest of Europe concludes thati 6 XnObest cases a
consumption reduction of-2%can be expected in the short term. This corresponds to arounal 15
30Eurosa I SR LISNJ 8SIENJ F2NJ Iy | @SNIF IS 9dzNRLISI Yy K2 dza S
cases include a smart meter that is linked to an IHD (direct feedback) or to accurate billing, with
SySNH& ST7TA Qualeybord & KiGpark ZDED)E In US pilots, we see similar savings
percentages (EPRI 2008). ToU schemes in general will not explicitly aim at reduction, although
consumers can become more enedlijgrate and reduce their engly consumption in the process.

With CPP and CPR theeed larger reduction to be expected because often the enengighis rot
consumed during these critical hours or daigs unikely to be fully compensatedfor with
consumptionat other times. E.g. if thair-conditioningor electric heating is turned off for a few
hours, hiswill not be compensatedor at other times.There is also a potential danger of increased
consumption as a result of dynamic pricing, as the Italian Trento ToU project demonstrated.-The off
peak tariff was so low that even with increased consumption the energy bill of households still
showed cosiavings, whilst their comfort level had increased. An increase of 13% had been
witnessed (Torriti 2012).

2.7 Responsiveness to dynamic pricing

The responiseness of endisers depends, first of all, on the characteristics and resources of the end
users themselvegmore about thatin the followingsectiors below), the shift ableloads in their
households (e.g. electric heating and AC offer good opportunitidts minimal loss of comfort), and

it depends on the duration of the periods of high pricing as well as the ratio between peak and off
peak prices(Faruqui and Palmer 201Btromback et al, 2011Faruqui and Palmer (2012) have
indicated that theresponse2 y A Yy ONXB | & A y Jardiof pNde feFpansivee@shich méans: y W
that the amount of demand response rises with the price ratio but at a decreasing Aaéew
Zealand study among 400 households showed thatesets who decreased electricity canmption

did increase their response to inclining lower tariffs duringpefék periods but that their response

did not differ when faced to pay 8 or 18 cent per KWh in peak period (Thorsnes et al, RtH2).
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optimal ratio between peak and offeak tarifffor different segmentss a topicfor further piloting
andresearch

In addition, for both CPR and CBi® responsiveness of participants increases when the change in
tariff is announced timely (e.g. a degther thanan hour in advance) and when the duration of the
price change is not too long -@ hours rather than @0 hours) (EPRI 2008h combination with
remote control of appliances the responsiveness can double.

2.8 Shifting demand, shifting loads

Fgure3andtable2o St 2¢ 221 Fd Wi2FIR YIylFI3aISYSyiQ 2LIA2Yya
summarimg the ways in which load may be managaadd with different purposes (from matching
renewable production to reducing peak demand). These load management eptam berealised

using dynamic pricing, sometimes in combination with automatetility- or householdremote
control. We will not discudgerms of load managemerihat have not been piloteéh Europeor that

are technologically extremely challengingprnwill we discuss load managemefdrms that
predominantly need theinvolvement of large energyusers (e.g. industries). Our focus lies on
strategies aimed at changing household demand patterns, that can in principle be readily
implemented- and then ourspecific focus is on better understanding behavioural aspetésed to

those demand patterns This means that the use of pricing mechanisms in this study is mostly
focused on peak clipping or load shifting.

The six load management options fall intéhree main categories (http://bee-
dsm.in/DSMTheory_1.aspx)
1 Load management programmes that aim at redistributing energy demand to spread it more
evenly throughout the day.
1 Conservation programmes aimed at reducing energy use.
9 Strategic load growtlprogrammes aimed at increasing enemge during some periods, e.g.
to encouragethe usecosteffective electrical technologiesr the direct use of intermittent
sources.
Peak clippingfigure 3)is an option that can be used to meet extreme demand oricalipeak hours
or days, in combination with CPP and CPR. Often the avoided electricity consumption realised with
CPP and CPR is not consumed at other moments, bedauws&en involves the turning off of high
flexible loads such asr-conditioningor electric heating An overall reduction of consumption can of
course also contribute to peak clippingtrategic conservation is focused on the permanent
reduction of consumption in both peak and -giéak periods and can be realised by a combination of
ToU aml inclining block ratesvalley filling is an option that has the purpose of flattening out the load,
in principle industy with a base load that runs continuously already demonstrate a flat load. In the
future valley filling will be an option to maximigke use of intermittent renewable sources that
produce during those valley hours, e.g. solar.|R@&ae Ficing will be a logical pricing mechanism for
this option.
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Flexibé load shape is the most complex option and will be an option for the future whemym
intermittent renewable sources, storage options such as EV and heat pumps;@t&oand smart
appliances interact with an household demaand ask for a on a need basis direct response from
the household Real Time Pricing will then most likely bedisas dynamic pricing mechanism
combination with utility control of storage and demand technologi8gategic load growtloccurs

only when specific technologies are added to the household mix such as EV or automation, and
these can then be used to alatlow for flexible load management.

Peak Strategic

Clippling A Conservation

Valley Strategic
Filling [ Load
Growth
Flexible
Load Load
Shifting Shape

Figure3: overview of load shifting options
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Type of shift Definition & relevance for Which price Implications for
households? mechanism & why technology, feedback

and remote control?

Peak Peak shaving and clipping both aim at a CPP, CPRpotentially with This option is traditionally

clipping: non-shiftable reduced electricity ToU accompanied by remote
consumption in critical peak periods (when utility control and needs
overall demand is high). remotely accessible
Relevant for households. appliances (e.g. thermal

and cooling)

Valley Filling: Encouraging an increase of energy use ToU, RTP, and to a lesser | This option requires a
during off-peak periods (in order to make extent CPP, CPR relatively dynamic price
the production and supply system more information to allow for
efficient, e.g. to use intermittent renewable cost-effective use, or a link
generation or to increase cost-effectiveness to renewable generation
of certain energy intensive technologies). information. Automation
Currently more relevant for large energy can facilitate the effective
users but in the future with micro grids response of appliances. But
and decentralised generation on household households can also
level households will also benefit from manually shift demand,
valley filling. e.g. tumble dryers,

washing machines and
charging of EV.

Load Regular moving of demand from times of ToU most effective, in This option allows for most

Shifting: high to times of low demand (resulting in combination with CPP, influence of household
demand increase during off-peak hours CPR members to respond
and demand decrease during peak hours) through changes in
Relevant for households. behaviour, and not

necessarily with assistance
of automation.

Strategic Overall and constant reduction in In principle dynamic Automation can help to

Conservation: consumption pricing is not the first achieve strategic reduction

option to achieve strategic | by controlling thermal
conservation. tailored tips, | devices such as the fridge,
tricks, installation of AC, thermostat and
energy efficient appliances | regularly turning devices
and changing of routine off (without compromising
behaviour is more suited. comfort or hygiene)

Strategic Strategic load growth allows for an overall RTPor a new version of functions most effectively

Load Growth:

increase of load level because of the
installation of automation or additional
technologies such as EV that will alsoallow
for a more flexible load shape to develop.
The load growth can, just as is the case
with valley filling, also take place
strategically during specific moments of the
day or certain days to match generation by
intermittent and renewable sources such
as windy or sunny days or moments. For
large users and in future with increased
integration of EV and renewable also for
households.

CPP is the best option to
encourage temporary load
growth

with automated remote
control unless the
predictability of the need
for increased demand is
increased.

Flexible Load
Shape:

This entails the ability of the demand side
to respond to sudden generation changes
in real time by providing reserve - e.g.
when wind produced electricity is lower
due to forecast errors.

For households and companies that have
reserve capacity (e.g. electric vehicles;
decentralized energy generation)

RTP, CPP, CPR

In combination with EV,
decentralized energy
generation.

Table 2: different forms of load management
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2.9 Load shifting and/or reducing?

From the perspective of DSOs there is the tendency to focus on shifting only, because net stability is
the priority concern that DSOs need to address for the short, medium and |lomger However, a

single focus on shifting only can have severe perverse effects, as two examples show. First, the top
down mandatoryenrolment of a ToU in Trento, lItaly, aimed at shifting only. This shifting was
achieved, but the endisers increased theioverall energy consumption while lowering their bill.
While overall costs decreased, an overall increase in consumption of 13% (!) and new peaks and large
shoulders resulted (Torriti 2012). An OECD study among 18¢i@@holdsn different EU countries

also showed how incentivethat solelyaimed at shifting resulted in cases in overall increases in
energy consumption, for instance because people dettdeun half-filled washing machines during
times of low tariffs. While for energy suppliers, thisfficient behaviours may not be a crucial issue,

for Dutch DSOs that also aim at furthering the common interest of attaining a more sustainable
(hence more efficient) energy system, such outcomes should of course be prevented.
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3. Essential components of a dynamic pricing approach:, technology and
feedback

Dynamic pricing is a means to an endr to several ends like for instance to balance supply and
demand; to prevent the need for grid extension; to achieve -aedr energy saving; to ise
awareness; to more actively engage amkrs and decentralized producers. A dynamic approach
consists of the following three elements: the pricing mechanispportive technology and
feedbackPricing mechanism.g. ToU, CPP, CPR, Riti?¢ been tscussed above. Below we turn to
the elements technology and feedback.

3.1Technology

As for technology, this covers a wide range of supporéiud feedbackdevices, of which smart

meters and IfHouse5 A A LX @a OFy 0SS 02y &I BSNRR Alya O20ord A fydzi
dynamic pricingAn important technology is thén House DisplagtHD which provides feedback in a

variety of forms andhas been shown tosignificantly improve the response from enders

(Stromback et al, 2011Pther useful technologies include ambient displays like energy orbs, smart
apps,websites,email services, but also very simple devices like paper mailings, fridge magnets or
stickes (figure4) andwater savingshowerheads.

National Smart Meter Plan

Feak rate does not apply on
woskends & p.blic hobdyys

Figure4: Example of a sticker indicating the time bands (CER 2011: 56)

A crucial precondition to work with dynac pricing is the presence sfmart metes. Both national

and EU energy policy aim fomadespread rolout of smart meters. In fact the latest EU directives
stipulates that a European rolbut of 80% of the smart meters by 2020 is mandated
(Directive2012/27/EU) The smart meter is a eeed foractual andreattime metering of the energy
consumption patterns. This allows for the design of a tailored feedback that takes account of the
particularities of the household. The smart metarakes a two-way communicationpossible
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between households andtilities or suppliersdepending on which party is responsible for the-roll

out of the smart meter. In the Netherlands the DSOs are responsible for theutolHowever,
households have the ogiut option wherdy they the smart meteiis installed in their homs but
administrdively disconneced, which entails that the smart meter is not sending data out of the
home to any third party. The household itself can still make use of the data bysroétethnologies

such as e.g. usb energy sticks or wireless plug systems.

Smart meers ae promoted by policies that aim aachievng energy efficient behaviours and
encouragng end-users to become more active participants in the energy market. While information
feedback is considered useful to inform euasers on their current and pashergy consumption and
associated costs, the addition of dynamic pricing is considered potentially useful to encawshije

in demand Some ask rhetorically what the use would be of having smart meters with dumb rates
(Faruqui and Palmer, 2011). Othéi@wever, point out that meters nor rates in themselves will cause
change in consumer behaviouBased on their review of 6 large Northern European studies, Klopfert
and Wallenborn indicated that a&4% reduction in electricity consumption can be achietr@dugh
combinations of smart meters and feedback (including dynamic pribes)only when consumers
have opted for its useNo such effect is observed when smart meters are installed without the
explicit agreement of consumers (Klopfert & Wallenborrd 20 Frontier Economics has investigated
the costs and benefits of smart meter rollit in Germany and concled that fultscale mandatory
rollout of smart meters in Germany is not cesfficient. Instead it is suggested to install the meters
only in tho® households where the saving potential is highest and where the residents themselves
think installationis worthwhile. In addition, a variety of factors may play a role depending on the
particular housing characteristics, appliances and equipment, sizheohouse and consumption
patterns. The benefits of any given technology option will differ for different households (Frontier
Economis, 2011).This conclusion highlights the need for a segmentation approach to theubdf

the smart meter and the@cmmpanyingdynamic pricingEven if there is a largheoreticalpotential

for energy saving and shifting in households, the extent to which this potential can be realized
depends on which households are willing to participate actively and respond to iatiormand
AYyOSyGA@dSa o0& NBRdAzOAY3 | YyRk2NJ AaKAFOIAYy3a GKSANI O2y
households will respond are of no use, because the actual saving potential can vary from household
to householdWe will discuss segmentation ietail in sectiord.

3.2 Automation and remote control

More complex technologies that support behavioural changes in response to pricing include all sorts
of smart appliances that can be programmed to respond to (changes in) information and/or remote
controlled. The following two types of automation can bstidiguished:
1. remote-controlled enduser appliances, not involving any further agreement of the-eser
other apart from his/her agreement to participate
2. through the use of interfaces (smart thermostats or websites), which allowuseds to
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choose the etent to which they want their appliances to respond to price signals.

In principle, the advantages of automation and remote control is that it allows for very quick
responsa and controllable levels of reduction, that it is available when system emeiggccur
unplanned and when households are unable to take action (e.g. when away or asleep). At the same
time, there is no evidence showing that with this second type of automation, the extent of
participation to critical events is any lower than when Egpces were remoteontrolled (Stromback

etal 2011).

Wellknown examples of automation in combination with pricing come from countries i€reor
electric heatings widespreade.g.the state-wide California pricing pilot and the SMUD pilot in the
US(SPP 2004wvhich then are programmed to respond to peak periods. Most cases on which figure
below is based, stem from such countries.

35%

31%

30%

25%

20%

15%

Peak Clipping in %

10%

5%

0%
Critical Peak Pricing ~ Critical Peak Rebate Time-Of-Use Real-Time-Pricing

m With automation  m Without automation

Figure5: Impact of automation on peak clippings (Stromback et al 2011: 58)

(nr of trials without automation: CPP96CPR 16; ToU 215; RTP 15; nr of trials with automation: CPP 29; CPR 11; ToU 35;
RTP 10)

These levels aksponseto CPP and CPR will most likely not be reached in Europe, since the climatic
circumstances and the availability of flexible loads with ggeatential are different. Automation
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systems can also include lighting, white goods and entertainment equipménth is most likely the
automation form that would fit the European countries with moderate climates without temperature
extremes and withoutelectric heating Automation can include very lowost options like for
instance using a timelock that makes sure that the fridge turns of 15 minutes at set intervals.
However, it can also include higlost options when smarter appliances have to be pased and/or
made suitable for remoteontrol, and become part of full Home Energy Management systems,
security systems, with couplings personal computers (), smart phonesr pads.

A crucial preconditionfor effective use of automations that the enduser understands the
technology and appreciates in addition several studies highlight the concerns consumers have to
hand over control over theenergy demando third parties. In fact on average throughout European
countries, the majaty of consumers do not wish to hand over control to a utilitythe Netherlands,

this amounts to53 percent of the respondents that said no to utilitgntrol (Accenture 2010 a,
2010h Ryan & Blackmor&008).

Since automationand othertechnologiesare intended largely to interact with the eatsersandare
intended to be integrated in their homesthis interaction should fit the needs, wishes and
capabilities of the endisers. Different (segments of) people are likely to appreciate technologies
differently. In addition, people may change their appreciatioohanging from an initial hesitant
attitude to a more enthusiastic one or changing from enthusiasm to weariness with a particular
technology. An important question in this light is for instatm®v to keep the IHD interesting for
users over timgVan Dam et aR010) Hence, the choice of technology needs to be tailored to the
changing needs of endgsers to achieve optimal effectivenes8nd to achieve this tailoring,
segmentation is key.

3.3 Feedback

Feedback intended to support reductions in energy consumptiosigaéned a lot of attention in
research (Darby, 2006; 2010; Mourik, 2011; Stromback et al 2Bdddbackis part of any approach

that aims at encouraging engsers to change their energy consumption behavidwaditionally, we

can distinguish between direct, indirect and associative feedback (D2@i®%). Direct feedback
consists of information that is readilgvailable on request (that is to say that this instantaneous
responds to changes in the energy metabolism, and as the results of shows). Learning from this
feedback takes place through the process of reading this feedback or by having to pay for energy.
The advantage of this form of feedback is that it directly shows the impact of behavioural changes.
Indirect feedback is characterised by a time deldys suitable to show the effects of changes in the
heating consumption. Unintended feedback resulsni (associative) learning, for example when

the bill increases after buying a new device or when the installation of own generation / micro
generationencouragegeopleto readtheir meter (nore often) In addition, we distinguish between
feedback intendd to communicateprice changes and feedback to communicafehanges in)
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consumption patterns and volumes.

A study on effective feedback to encourage behavioural change towards energy consumption

reduction (Mourik 2001foncludeswith recommendations thiaare relevant as well when designing

a dynamic pricing interventionwhereby the relevance will however depend on the characteristics

of each segment. The lessons are summarised as follows (Mourik 2011):

1.

Need for a smart meter and user interface, whitdm be an InHouseDisplay, a smart phone

App or an ambient technology (e.g. changing light colours)

Feedback lasts at least 3 months but preferably is permanent: for any programme to be able to
change routine behaviours, a minimum of 3 months is necgssahave the potential to make
0KS WwWySgQ O0SKIF@A2dzNJ fFadAydaed ¢KS f2y3ISNI (KS
behaviour lasts

The feedback is direct, without tiragelay. Direct feedback allows people to walk around in the
house and expéence how turning devices on or off as well as other behavioural changes affect
energy usage. This helps to make energy visible and to set priorities with regard to behaviours
that can be changed and how that will affect energy usage.

The feedback is deifad, providing Information about devices, spaces, people and functions (e.g.
cooking, heating, entertainment). Pilots showed that the more detail is provided, the more
effective the feedback is in changing energy behaviours. Detail helpasnd to estnate how
devices, actions, and people contribute to the overall energy usages, which allows them to start
discussing this and set priorities.

The feedback is historical, normative and involgeal setting Historical feedback shows usage

in the course ofime, preferably in months. This can be compared with the other months in the
same year or with the same months in previous years. If a normative element is aslu@aing

usage of similar users in the same periceffectiveness is further enhanced.dhould be up to

the enduser to define whacount assimilar users. Feedback can become even more effective if
endusersset a goal and get feedback about the extent to which they are successful in achieving
this goal.

The feedback is positive, graphieald symbolic: the most appreciated display of feedback is a
combination of graphical and textual informatioGraphsare preferred to show historical
feedback. Feedback is best positive, not providing too much Information of what has not been
achieved butrather emphasising remaining saving potentials. Symbolsiikéeyor polar bears

that look happy or not depending on energy consumption have shown to be effective.

There is a combination of userterfaces (device media/locations) at different spots an
household displaying different Information in combination with particular media. Direct simple
feedback where householders can respond directly is particularly effective when show non home
displays fixed or mobile). Background information, informati@m patterns and changes in these

is best provided on a website or via the bill. Certain spaces/rooms may also affect the acceptance
of feedback- e.g. a display near the front door that shows the thermostat temperature and that
tells which lights are stitin, is considered helpful as the hallway is a spot where people consider
what is working, what is on/off in the house. The couch in the living room however is more a
place to relax and there people do not want to be incentivized by a display that emgesutfaem

to take action.
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8. The feedback system is being continuously improved and updated: a danger of feedback systems
is that they disappear into the background because they no longer provide new information, are
not consideredaesthetic are not invitig much interaction with the endsers. Feedback systems
should be developed as very interactive systems that deliver information that is constantly
renewed and updated (like with a computer or smart phone) and that is of increasing complexity.

9. There is mximum interaction possible with the meter and/or display which results in new
routines around theleedback systemKeeping the endisers engaged is a huge challenge for a
decrease in engagement will make the feedback less effective. However, if cheollingiag
the system is so easy then it can become a new routine. Coupling the system to other systems
that ask for regular interaction can help (e.g. security system or smart Phone with daily briefs).

10. A supportive social environment ensures that theren@ constant negotiation on underlying
norms : The social environment needs to be supportive in order to make the changed behaviour
last. This starts with the household itself: if some members do not participate in the initiative,
the feedback will be lessffective overall because this damotivates the participating members
of the Household. Thelisplay and the feedback are tailored to the situation and wishes of each
household (member) : A household is not a homogenous group. Men and women often differ in
their attitude towards energy, their responsibilities within the household. In addition, there are
generational differences in attitudes and motivation. It is important that diverse user can get
feedback that meets their needs and wishe€ommunicating aesumption patterns can in
ISYySNIf 0SS R2YyS Ay -@exNRedidabcially tdtivad/biutdalsoomich yhis Sy R
is the most tangible unit for peoplesasier to understand tha@C or kWh.

11. The feedback also gives personal advice and is coupled to other interventions: the most
successful feedback gives personal advice to each household member. In addition, the feedback
is supported by other interventions like financial incentives, audits peagms.

12. There is no negative impact on (perceived) comfort and edsese. When endisers have the
idea that behavioural change negatively affects comfort and ease, they will be less motivated to
change their behaviours. The most successful feedback cangmunication will show that
changes will result in an increase rather than a decrease in comfort and ease.

3.4 Pricing and feedback

Different pricing incentives will ask for different types of feedbéekdbackrelated to price changes

and feedback rated to consumptionchanges)during the times the price is applicable to, and
feedback on RTP needs real time feedbackon consumptionand on price changesThis can be
provided bymeans of ambient technologies such as light bulbs that start to flimkehange colour
when prices increase and consumption is 'too’ highaddition, sers must be enabled to studlyeir
historical usage as weth see what thampact of their changed behaviour has been on consumption
and price.For ToU, the feedback shouwdd least show the attained reduction or shifting in response
to the peak and ofpeak tariffs. Some people may want to check this on a daily basis, for others find
a monthly overviewsufficient In addition simple technologies such as stickers or magnitsan
overview of the ToU periods are very valuable to remind pedpte ToU the feedback will need to

be provided long enough for new routines to rise. When new routines have become embedded, the
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frequency of feedback can be decreased. Providing faeklwhenever consumption is increasing
again during peak hours, can beefulas well. Feedback that informs individual household members
of their achievements can be useful, so that they are all enabled to make @nfeethed decision
about the best options for reduction and/or shifting.

The more stable the price incentive owme, the more simple the feedback can B&hen pricing
incentives are not frequent, and even not fixed in advateg. CPP, CPRYxt messagealerts, or
other reminders and promptgiaemail or facebook will work wellThe more frequent the feedback
on consumptionis needed the more complexthe necessarytechnology will be: e.g. smart
appliances, reafime feedback, remote control, energy orbs etc.

3.5 Effective load shifting and combination of pricing, technologies and feedback

In some studies red$is demonstrate that the more combinations are made between pricing
mechanisms, technologies en feedback the higherrdsponseof people (in terms of the achieved

shift and the number of people that respondFaruqui et af2010 for example demonstrai after
analysis of multiple large pricing pilots in the US that the combination of ToU, CPP, CPR, with multiple
enabling technologies and feedback technologies generated the higiesst clippingand load
shifting. See figures below. However, this is edly explainable since with such a 'full cowpproach

a large section of different segments can be reached. As suéhS NXz S WY2NB A& o0Si
when all segments are targeted with a esiefits-all approach- using as many technologies and
feedback options as available in order to reach as many different people as possible. However, this
will not deliver the most costefficient approachand since the brunt of the costs eventually comes
down on society, it is undesirable from a societal perspecA New Zealand'spilot that targeted a
particular segment (high incomes, high age, new houses) found that ToU worked fine in combination
with only energy saving tips and a monthly bill that showed the realised shifts duringpesadds

per day (Thorng et al. 2012).
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Figure6: effective combinations of pricing mechanism and technologgpurce: Faruqui & Sergici
2009)

With these lessons in mind, a next step is to consider what elements are relevant when designing the
feedback components in a dynamic pricing approach. When addressing messaging and channels (IHD,
billing, websitesmart phonesemail), different technologs come up which will appeal more or less

to particular endusers. This will also be discussed in the section on segmentation.

3.6 Pre or pospaid energy

Next to price incentive, technology and feedback, the type of payment can be useful to consider.
Here wecan distinguish between pogiaid and prepaid systems. In the Netherlands pgetyment

is most common. This can also involve lbeign contracts whereby endsers sigrup for receiving
electricity for a set price for the duration of a coupleyafars. Prepayment systems have gained
popularity in Northern Ireland recentlfthese keypads or pasyou-go meters (Darby 2006) allow
households to pay for electricity as they useirtstead of paying quarterly bills. Credit can be topped
up when needd and apps have been launched to make this more-frsendly. In 2006, savings due

to the use of keypad meters were estimated at 3%. In 2009, 30% (230,000) of all electricity
customers in Northern Ireland were using the keypad prepayment mkt€$ thee, 58% are low

! with new connections continuing atrate of 2000 per month
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income, 32% middle or higher incomes, including 17% more wealthy consumers. Other countries
that have prepayment systems adopted include the UK, Australia, Argentina, South Africa and
Belgium. In the UK, prepayment meters are popular amanrg low income households, because it
gives them budgeting control and avoids worries about bills and becoming indebteich
outweighs disadvantages such as the risk of-disfonnection and selfationing. A large scale
survey (Electricity Associati@®01) showed that 85% preferred this method of payment, even when
the respondents were aware of it being more expensive than alternatives (which is the case in the
UK). In Flanders, Belgium, each household receives a free amount of electricity; senilisadueld
citizens get an additional amount as part of a social tariff provision. While electricity suppliers have
no obligation to deliver to households that do not pay their bills, tt8®have the social obligation
to serve eneusers in their area thatre unable to stay with their existing supplier or find a new one.
9! b5L{ A& &dzOK I Waz2OAlf &dzZJIJX ASNXQ FyR Ayaiulffa
card, for each new endser it takes on in this manner. The social electricity prowigsosuch that
households cannot completely salfsconnect (Owen and Ward 2010: 23).
Currently, two prepayment meters are in use. The first type,-simart token meters (e.g. UK) work
as follows: customers buy a token fronPay pointfor a fixed amounisay £5). When the token is
inserted into the meter, the meter operates with the energy credit/debt value on the token but does
not gain any other information. These meters have to be manuatsetgrequiring a supplier visit)
when tariffs change (e.gnithe UK). The second type are the samiart keypad meters (e.g.
Northern Ireland), where customer buys credit fronfPay pointfor a fixed amount (say £5) which is
added to the key or card or embedded in a vend code (keypad meters). When the cardisr key
inserted into the meter, (or the code is typed into the keypad) the meter operates with the monetary
credit/debt values and also receives any updates needed to tariff rates. It is thesssamimeters
that allow for offering a wide range of ToU tésif

In the Netherlands, both Eneco and Essent have done trials with prepaid eleétBoity
companies have however decided to discontinue their tridleeypad meter like the one in Northern
Ireland is very useifriendly with displays that can provideedback in several ways and formats,
depending on the endiser preferences. In addition, credit can be topped up in various whys
phone, atpay points or online. In Northern Ireland the prepayment scheme, originally intended for
fuel-poor householdshas become a commonly chosen payment scheme.

2 Newspaper TROUWO.11.2007
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4 Behavioural change
4.1 From routines to intentional behaviours (and back)

To effectively target household and to design pricing mechanisms and load management that meet
high response from households we need to understand the behaviour change asked from
households, andherefore we first briefly discuss the types of behaviour peoperform and what

types of behaviour are asked of households when they are targeted with ToU, CPP, CPRMar RTP.
can make a distinction betweeconsciousihtentional behaviours and routine behaviours, but it
makes more sense to talk about a behavigoectrumas displayed in figuré below.

BEHAVIOUR SPECTRUM
<ddzy¥N£TSyé d?N)}Téyé

persistence ‘habitualised routine%
conscious weltonsidered action hardly thinkingg taking actior]:

’active information Seekingb consciousness ’Iittle information seekind

once a lifetime rarely yearly half-yearly —monthly  weekly daily

- - : frequency — . : )
buying / buying car ||choosing paying bills| |groceries | [cooking
renovating house ||buying fridge |energy supplie holidaying ||recycling ||showering

Figure?7: BehaviouralSectrum®

Intentional behaviourscan include one-shot behaviours that are performed rarely and very
consciously likdéor instancebuying a house ainvesing inimprovements of thesnergy efficiency of

the house (e.g. insulatigndoubleglazed windows But we can also think ofmore frequent
intentional behaviourse.g. the purchase of smart appliances awctianging the settings of the
thermostat. Dynamic pricingn the form of CPP, CPR anPRencourage intentional behavisure.g.

the critical peaks only occur a limited number of days a year in which energy consumption needs to
be reduced or shifted. With RTP howeverthié response isutomated (e.g. automatedesponse

when the prices reach a certain thresholde intentional behaviour only pertains to the moment of

% The authors thank Julia Backhaus for contributing to this figure
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deciding to automate the response).

Routine behaviours are the recurring, habitual behaviours that affect how we do our daily things
(cooking, vashing, caring, working, etc). We can chamngeonsciousroutines by making them
conscious first. Then an intentional behavioural change is possible which subsequently needs time
become a new habit. Examples areanging the momemnof dishwashing tmther set times of the

day or eveningor changingroutines in showering showering less londess frequent or using less

hot water ToU asks for changes in routine behaviours asteseds are encouraged to permanently
perform (different) behavioural patternat different times of the day/night. People need at least 3
months to get used to nedishwasher, washing machine, cleaning, entertainment, eatimgfjnes
during which (and preferably longer than thagminders and prompts arcrucial(Abrahamseet al,
2007;Darby 2006 Fischer & Duscha008; Janssen et al, 200fartiskainen 2007).In addition since

it involves the changing and settling of new routinds effectiveness of ToU increases over time:
people unfreeze their old ways of doing, adopew ways of doing which over time become
established routines. Thayay even purchase necessary appliances like for instance timers to help
them control the energy usage of certain appliandé$gpini 2011 Thornes et al 201 Iforriti 2012.

Generaly speaking, investment and intentional behaviours are easier to perform comhpare
changingroutines (Breukers et al., 200Mourik et al., 2009 PwC2009 When changing routines,
people find turning off the lights easier than using dishwasher and washdfiine more efficiently.
Turning appliances off is an even more difficult routine to adopt. Decreasing temperatures or
decreasing level of coolness (in summer) is done less easily as this is perceived as directly impacting
on the need for comfort. And tming off thestandby modeis done even less frequently as it affects

the perceied need for convenience and contigleopleoften worry that that programmed settings

are lost when turning the appliance really ofEFRA2007).Hence, there appears toeba negative
relation between changing routine energy behaviour and the need for comfort and convenience. This
also has consequences for the effectiveness of price incentivegaiget demand shifting through
routine behavioural changes.

4.2 Behaviours and potential load shifting

Table3 summariseghe theoretical potential for load shifting and theeduction for different types
of loads (appliances and practices) households Annex 2 providesfor each appliance a more
detailed argumentatn.
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Appliance i Ho us e h ol | Flexibility in Options Flexibility in Automation/
Practice or terms of for terms of remote
needo potential reduction Willingness to control?

load shifting shift and
reduce

tumble dryer Washing & + + - =/ -
cleaning

washing machine Washing & + + + - ++
cleaning

dish-washer Washing & + - + +/ -
cleaning

cooking (if electric) Eating & drinking + - - - -

water cooker, Eating & drinking + - - -

microwave, espresso

machine, coffee

grinder, blender, oven

fridge and freezer Eating & drinking + ++ ++ ++

lights inside the house | Comfort - ++ - ++

outside lighting Safety + - + ++

TVds Leisure + - - -

music installations Leisure + - - -

games Leisure + - - - -

PCb6s, t abl e Leisure/ +/ - - - -
administration

hair-dryer; el Care + - - -

toothbrushes, el

razors, etc.

stand-by Ease + - +

Vacuum cleaner; do- | Cleaning and + - + -

it-yourself and
garden-related
machines (e.g. lawn-
mower, drilling
machine, terrace
heater)

maintenance of
the house,
balcony and/or
garden.

Hobby

Table3: options for load shifting and reduction for different types of household demand.

-36-




DuneWorks

onderzoek & consultancy
voor duurzaamheid

Understanding what motivates behavioural chaageoth intentional and routine behaviours) and
consequently the responsiveness of households to pricing signals and the potential flexibility of
certain loads in a householdnd how such changes can be made durable is important when
designing a dynamic piig approach. Segmentation offers a first fdpwards designing and
tailoring a pricing approachio the motivations behaviours and needs of the ewmders A
segmentation approach ideally addresses the following components:

- housing characteristics angbpliances available

- patternsof presence and absence of the residents

- attitudes, motivations and actual behaviours of the residents

- sociodemographic factors such as age, income, education, gender
This is further discussed tine section below.
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5. The end-user as a starting point

¢ KSNBE | NB aSOSNIsizefidhbt 8@y B LIIKRB I OK WR¥ Sy 20i | ROA&Ll O

consumption reduction or shifting.

- W2 ifkfits-| f dpfoachesusually focus on providing nfancial incentives assumingthat
people are mainly economically motivate participate. However,there is plenty of evidence
that people are not predominantl motivated by financial gains, but can also have other
motivations that relate to environmental goals, health, comfort, €fevo pilots in Sweden
(Lindskoug,2006howed that the majority of participants had other than economic motivations;
GKSe 6SNB SygANRYyYSyidlrftte Y20A01 4GSR 41 yiSR
challenge presented to them.

- Research on energy DSM aimed at energy consumption reduction has shown that approaches
that target individual behaviour onkwithout addressing the social and physical environment in
which behaviours are embeddedhave not been very successful in aclmgmMastingbehavioural
changes (Breukers et al, 2008).the case of dynamic pricing, attention for the characteristics of
the house, the appliancesas well as the differences between social processes within a
household are relevant to take account dhe introduction of dynamic prices in combination
with an IHD that provides information on energy consumption, can trigger very different
reactions in a household and can even cause conflicts to occur (e.g. Hargreaves et al 2010).

- The risk of rebound is Hger if individuals are targeted with financial incentives oy social
norms are addressedio pro-social behaviouis likely to occuwhich is needed ithe longer
term goal is to facilitate the transition to a more sustainablergy system)The lkely result is
that when the incentive is withdrawn, the individsahat responcedg A £ £ FF € o6 O1 Ay
behavious - because their motivation was related only to their direct getérest If the
incentive stays in plac@vhich is the case wit dynamic pricing)there is the risk of rebound:
money saved will be invested in other enemmpnsuming activities because the motivation is
not based orpro-social values, rmoon any broader consideration o$ocietal interest related to
energy and environmental issues.

- Studies show that often only a small percentage of the participants is responsible for the
response, while it remains unclear why they did and the rest did not resg@ncverage 30% of
households were responsiblér 80% of the load shifting (Faruqui et al., 2010 Using
segmentation can help to gain more insight in thigl design interventions that also reach the
remaining 70%

In line with an acknowledgment of multiplenotivations anddiverse (options for) behavioursa

dynamic pricing intervention may focus on facilitating one or more of the followmgjuser tasks

(Foster and MazuStommen 2012):

f becoming aware and learning abcity” S8e&gy consumption

f gaining or maintaining control ovér y’ S8k#gy consumptio

i saving costs

9 being reassured that previous actions or investments have worked
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1 getting support in motivating other household members to reduce energy consumption.
9 accomplishing other benefits like increased comfort, indoor climate, health impacts, social
aspects

5.1 Segmentationas thesecondbest option

Different end-users are likely to have different attitudes, motivations, behaviours, capabilities,
knowledge and other resourceswvhich will affect how they respond to and participate in dynamic

pricing interventionsldeally, hese different enelisers should be targeted in ways that fit what the

needs, preferences, knowledge, capabilities. ¢low to do that? Approaching individual enders

would enable us to find out what sort of intervention fits best with the needs of theseuseds.

However, interventions are often of a scale that does not allow for imisvidual approachin

practice.In such situationssegmentation can offer #econdbestQ a2 f dzi A2y > Fa Ad | f
an approach to the needs ofgroup of endusers that share relevant characteristics. Then a dynamic

pricing approach can be tailored to the particular Eweristics of such a segme(targetingdiverse

motivations norms, knowledge and capabilities, resources and behaviours/practices).

5.1.1. Segmentation: load profiles and sociemographics

Sgmentationis not totally new tadynamic pricing pilotg-or insance, segmentations preceding the

launch of dynamic pricing pilotasddresged the characteristics of thehouse the appliances and

technologies present in this housélowever, such segmentation have not paid attentionthe

people who actually live in thihouse (Stromback et al, 2000ften, segments are constructed

F NRPdzy R LJ NIOGAOdzE  NJ WE2F R LINRPTFAESAaQ Ay 2NRSNJ G2 Y

with the appliances and technologies in the household. While this is useful to estithate

theoretical technical potential of saving and shifting, this is not giving us any information on whether

the people targeted will perform the behavioural changes needed to realize these potantfals

and in practice the actual response is lower thia@ theoretical potential

LI NG FNBY aS3avySyidliAazy o0ST2NBKFYR (2 RAAGAYyIdzA

demographic factors has also been us&ggmentatios have been performed in order to explain

pilot results- trying to correlate @d-user responses to their soe@emographic characteristic¥he

Irish CER trial (see annex 1) made use of segmentdtigestigaing whether particular societal

groups had responded tiifferent ways to the ToU tariffShey did so by using axistingand widely

used demographic classificatiohttp://www.mrs.org.uk) and performing surveys before and after

the trial. It was found that the level of energy usage reduction declines as the-scaimmic class

declines. This is however also related to taeel of overall household consumption which tends to

be larger in highncome households. For peak reduction these relations could not be established

with equal clarity. Factors such as employment status and home ownership also étpaetall and

peak eductions (CER 2011:83Yhe CER triahddressessegments,but does notpay attention to

actual motivations and behaviours of the people targetedanother European trial,ite EDRP study
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(see annex l)there was limited evidence of how different poputat segments (e.g. based on
geographic location or oan existing UK demographic classification callexsaig were affected by

the interventions. The effects found were e.g. that smaller households were more likely to reduce
overall energy consumption artd shift consumption from the evening peak period (EDRP, 2011).
Usinga database with registered data of 50,000 households including-scoimmomic information of

the householders, buildirgpecific information (building type, year, size etc.) and maetadings on

heat consumption (space and water) and electricity constimmp(lighting and appliances) revealed
the followingcorrelations between users, buildings and energy consumption (Gtanssen, 2011).:

- The number of household members is the stresigpredictor of electricity consumption; income
is the second most important and the size of the home the third.

- Variables like age and education of the inhabitants explain consumption only to a small degree

- Living together with more people is more energy efficient (the trend towards more single person
households drives increases in energy consumption).

- Even when comparing households in detached houses of the same size and with the same
income, huge variatios in the electricity consumption appear. Income and household size
together only explain one third of the variation in electricity consumption.

So while household size and income are the strongest predictors for electricity consumption, they still

only acount for one third of differences in consumptidiurthermore, leat consumption is much

more dependent on the energy efficiency of the buildifftpuserelated characteristics)while
electricity consumption is more dependent on euser practices (includinnumber, size and use of

appliances) (Grarlanssen, 2011).

A recent study among more than 4,000 US households concluded that lifestyle factors reflecting

social and behavioural patterns associated with air conditioning, laundry usage, personal computer
usage, climate zone of residence and TV use explained 40% of the variation in electricity
consumption (Sanquist et,a2012). Sanquist et al define lifestyle as : "...patterns of consumption
influenced by decisions at various points across the lifespai asiavhat profession to engage in,
where to live, when (or whether) to marry and have children, and more proximal choices regarding
what to purchase and how and when to operate energy consuming equipment. This
conceptualization suggests that analysis fa-dtyle and energy consumption needs to encompass
not only the traditional demographic segmentation elements, but also information about what
people own and how they use it" (2012:1)p a Swedish study, large differences in electricity
consumption weredund between households that had very similar profiles with respect to electric
space heating systems and number of household members and perceptions and experient@Jvith
mechanism (Bartusclet al,2012).A study amongst more than 1000 respondents fotiat the use

and duration of appliances related to cleaning and entertainmaatounted for a large part of the
variance in electricity consumption between otherwise similar householdsriacage, dwelling)
(Bedir et al2013).

What can be concludeadm the above is thatifferences inend-userpracticesand energy
consumption of householdsan only to a limited degree be explained by the sal@mographic
factors that the usual segmentation studies use. These include factors such as age, education,
income, environmental attitude, household size at¢hile such segmentations can help to find out
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how to tailor acommunicationstrategy todifferent segments (e.g. the sort of information, level of
detail, media used to communicate) the segmentationdo not predict actual behaviour.

5.1.2 Attitude, motivation, behaviours
A deskresearch on energy saving showed that for the majority of households, argason to start
with energy consumption reduction is financial, the seconénsgironmental(Mourik, 2011). The
primarily environmentally motivated segments have shown to be the ones that also realised indirect
energy saving in their consumption behaviours regarding food, loility and waste (Hargreaves et
al., 2010).As such these segmentsealess prone to performing the rebound behaviour discussed
above.Pilots aimed at shifting demand that inquired into motivations, showed that not only costs
but contributing to security of supply and contributing to societal/environmental problem solving
were also important motivations fahe targetedsegments e.g. richer and older segmer(fhornes
et al. 2012).In addition, the motivation to contribute to security of supply is probably not a
motivator that will resonate with the average European citizeince in Europblackouts and brown
outs are less commonA Swiss study showed that environmefyadware segments were put off
when they were encouraged to save money by saving energy. Similar situations occur for seme well
to-do householdsStterlinet al, 2011).In addition, a segment that is environmentally motivated to
shift consumption is likely to have difficulties if the organisation that offers the pricing intervention is
doing this from a commercial point of view only (Curtius et28l12). This would mean that the
Dutch DSOs will be well positioned to target this segment, as long da3Sfkesocietal aim and non
for profit character is well highlighted.

A consumer survey in Austria, Germany, LiechtensteinSwitzerlandshowed that 77% of
the 837 respondents indicated a willingness to contribute with demand shiteng. by having the
washing machine work on other times of the day (Curtius e2@12).These respondent were not
fully representative for the average population in these coig®, with a bias towards males and
middle aged peoplePerceived or experienced decreases in comfort and-kesiig are a huge
barrier to behavioural change (Peters et al, 2010). Theviitip groups of needs appear to be an
important consideration for peple when encouraged to save energy (in order of appearance):
control (over costs and energy saving), comfort, wellbeing (health, safety, social relations/contacts),
desire to behave environmentally responsible; and eaSairfl & Roy2007; ON World2010b;
PikeResearctl2009 Zwiers 2010) Of course this is a generic picture: the extent to which and ways
in which these needs are relevant differs for different (segments of) people. Likely these groups of
needs play an important role when people calgsito shifttheir energy consumption.

A pilot among a couple of thousands of Dutch @rsers showed that the perception of
energy saving behavioisan important predictor of the actual performance of that behavienext
to the attitude one has towarsl energysaving. If people have a positive attitude towards energy
saving this is more likely to result in actual saving behaviour compared to a situation where this
positive attitude is absent (Van der Sluis et al., 2011). However, this does not mdaa e
environmental or preenergy saving attitude will always translate in energy saving behavibars.

-41-



DuneWorks

onderzoek & consultancy
voor duurzaamheid

example,while generallypeople with a higher education tend to be more concerned about the
environment and understand the need to save energys ttoes not translate into energy saving
behaviours (AxeNilssen 2003). This the (in)famousattitude-behaviour gap pro-environmental
attitudes do not necessarily translate inforo-environmentalbehaviours. Saving energy in many
cases goes against thenergy intensive lifestyleghat people are locked intoFor instance,
environmentally aware parents may still choose to pick up their kids from school by car because of
time pressure (due to their busy urban working livesksafety considerationsEnergyconsumption

at the household level is not so much driven by environmeatitudes andawareness, but rather

o Wi Ol dzk £ | yAkeiNisbE) SOAIMORIK 20015 FHe deardng people give to
energy consumption or saving is connected witwhthey live: often the search for time, comfort
and convenience has a larger impact on household energy consumyptidependent of economic

or environmental attitudes (AnkeNilssen 2003; Klopfert and Wallenborn, 201Fgacilitating
behavioural changeis not just about creating awareness, changing attitudes and intentions towards
more sustainable behaviour. It is also about changing the social, institutional, physical and
technological contexts in which these behaviours are embed8edial nrms arourd comfort and
convenience for instance can charmmeer time (e.gcar use and car ownership in cities).

5.2 Improvingsegmentation

Extravagant Average Consumption| Thrifty consumption
consumption

Motivated & capable | +++ ++ +

Motivated ++ + +/-

Capable + +/- 0

Neither motivated, | +/- 0 0

nor capable

Table4: Potential savings in different household&lopfert and Wallenborn, 2011)

Table4 by Klopfert and Wallenborn (2011) shows potential savings as the result of a combination
of consumption ptterns and motivation.According to this tablgthe highest potential lies with end
users that are 1) extravagant and motivated, and 2) average, motivated and capablauffiors
argue that a third dimension needs to be taken into accodiitis is thedimension oflifestyle
However,they see no way of including that sinoe clear classification or segmentation of lifestyles
is availableSo if any type of intervention aims @&@tangng consumption patternsit needsto address
lifestyles (in all theidiversity) as well.

This would entail thatthat real needs and real behaviours of real househ@dsincluded in a
segmentation, to understand how attitudes, motivations, awareness, capabikesodemographic
variables, home and appliances play a role in suppotimgrtain way of Viing To understand how a
particular lifestyle brings with it acertain patterns and volumes oEnergy consumptionit is
important to know how people wash, eat, clean, relax, movegsktcetera First stepshave been
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taken to understand and segment lifestylda a Swiss segmentation study addressed attitudes,
motivations, awareness, reported actual behaviours and a humber of sociodemographic variables
(Sutterlin et all, 2011). Theegmentation is based on an inquiry that is representative for the Swiss
population, whereby respondents were asked about their attitudes, behaviours, preferences.

The segmentation study by Sdtterlin et all (2011) aims at identifying the saving potéintiaés not
focus on shiftingThe resulting segments, although not translatable-tmene to the Dutch context,

do offer enduser profiles that we can expect to occur in the Netherlaimddifferent percentages

and possibly with nuance differencebheyinclude motivation, capabilities, consumption patterns as
well as lifestyle elements (e.g. attitudes in combination with actual behaviours). In fact, they match
rather well with some other segmentaticaxercisegperformed in the Netherlandévan Dam2013).
Therefore, hese segmentsoffer the best possible starting point available fiesigninga dynamic
pricing intervention (including technologyfeedbach aimed at shifting and reducing household
electricity consumption in the Netherland$Ve briefly sumtmarise the six segments that were
identified, the percentages are relevant only for the Swiss situatiarh Dutch research has found
strong similarities with segments found in Dutch pilots (Van 2413; Mourik 2011b)

Segment 1: Idealistic savers (15.6%)

This group shows most efforts to save energy, both through routine behaviour and efficiency
measures. Driven by idealism, these people are willing to make financial sacrifices and impose
restrictions to themselves eveif it means loss of comfort. They support policies that put a price on
the energy intensity of products within a product category. They believe that they can make a
difference, in a positive sense.

Segment 2: Selfless inconsistent energy savers (26.4%)

This group also shows significant enesgying activities. At the same time, they are not very
consistent: although they do believe that they can make a difference, they are quite inconsistent in
terms of energy efficiency measures at horiecause at tht level they do very little.

Segment 3: Thrifty energy savers (14%)

The thrifty savers are into energaving as long as this does not bring them any negative financial
consequences. This also applies to their acceptance of policies: these should nfutr asky
additional financial efforts fronend-users Their motivation is not primarily intrinsibut relates to
financial necessity and social pressure.

Segment 4: Materialistic energy consumers (25.1%)

The materialists do little to save energy, bueapen to energy efficiency measures for the house.
They are not very positive about policies if these have financial implications for them. The main
motivation for energy savinbgehaviouris financial.
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Segment 5: Comforbriented indifferent energy cosumers (5.3%)

The comfort oriented are the least likely to energy saudedpaviour They do not care about the
potential societal problems that the increasing energy consumption entails. They do not feel
responsible and energy consciousness is nil. Thehaviouris driven by the search for personal
comfort. This group of people is opposed to restrictive policies and interventions that discourage this
behaviour

Segment 6: Problem conscious welfaoeiented energy consumers (13.6%)

This segment is notnghusiastic about saving energy. Although they are aware of the consequences
of their behaviourand also believe that energgavingbehaviourcan make a difference, do not they
feel called to action. This is possibly because they think that their aloilggwe energy is very limited.
Although oriented towards comfort, they also feel a certain social pressure to do something about
the energy situation.

For each of thesé segments we can ask questions tike following ones

- what are important motivatins for a specific segment (e.g. financial, environmental, social)

- what do we know about their behaviour and where can we see opportunities for change (and
should the focus be on reduction and/or shifting). This could mean that pricing is not the first
motivator and a pricing mechamiscan even have adverse effects.

- what is this segment willing to shift in terms of activity, and what?not

- what does this imply for the choice of a dynamic pricing mechanism?

- what does this imply for the choice of technolodies

- what does this imply for the choiad feedback messages and media?

Answers to these questions can help to design tailored dynamic pricing interventions that consist of
a combination pricing mechanism, technology and feedback. FRjbetow shows a toolbox (to be

read horizontally) offering building blocks. Each element in the toolbox is a building block that can be
chosen or not. Each column represents the building blocks that can be chosen within the categories:
pricing mechanism, thnology and feedback. The combination of selected building blocks create a
basic design for a tailored dynamic pricing intervention aimed at a specific segangunte 9 shows

how such a basic design could look like for segment 1, based on consideastieladorated in box 1.
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Toolbox
PRICING TECHNOLOGY FEEDBACK: FEEDBACK: FEEDBACK:
Mechanism Pricerelated Userelated Efeqllletncy
evel, type
none Smart meter I /kWh | [ UsekWh ﬂ [Perapplianceﬂ
— [ ReductionkWhﬂ [ Per space ﬂ
or | (Cenepams | | ;
Energylamp Colourchange [ Usee ﬂ [ Peractivity ﬂ
—
ToU [Tan" Sound [ Reductione ﬂ [ Historic ﬂ
) ) [ COZemmissionH [ Comparative]
App )
crP Post I Emoticons [ CO2reduction ﬂ [ Goal settingﬂ
0s
CPR Graphic [ Emoticons ﬂ [ Benchmark ]
[ Graphic ﬂ [ Invoicedetail.]
RIP Remotecontrol I Tailoredtips [ Numbers ﬂ [ Tailoredtips ﬂ

Fgure 8: toolbox to design tailored interventions

Segment 1: #dAldealistic Saversbo

General Considerations

This group shows most efforts to save energy, and already does a lot in terms of reduction. Driven by idealism,
these people are willing to make financial sacrifices and impose restrictions to themselves even if it means loss of
comfort. This customer is knowledgeable and consists largely of highly educated women.

Preferred behaviour
Both routine behaviour and efficiency measures

Main motivation
This group could be motivated to shift their consumption but from an environmental motivation.

Choices related to Pricing Mechanism

Saving and shifting will not be financially motivated (no emphasis should be put on money) and a price incentive
may not be the best incentive. If a price incentive is used, a combination of ToU, possibly with CPP, is a good
option to visualise energy shifting options. Because this segment is not financially motivated, RTP is probably not
suitable (because you still need to respond strongly to price). You could also simply CPP (and focus on shifting

only).

Choices related to technology

Since this group is highly educated and well informed, different technologies can be used to support further
behavioural change. The use of technology should be functional for this group. Almost all options are ticked in
the toolbox because these people want information to be provided both at home and at work on PG smart
phone, IHD. This group does not like ceding control (especially to a party that is less environmentally conscious
and idealistic than themselves). Remote control by third parties is not an option, automation is possible if this
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group can control it themselves.

Choices related to Feedback

Detailed and differentiated information is desired. Becausethis group is well informed, it is well able to interpret
the information. Text, graphics, and / or lamp signals when price changes are options. Tailored advice needs to
be focused on shift options. What is important for this target group: who gives feedback and how reliable do

they think this party is?

Box 1: Consideration thainderlie the choices of building block for segment 1

Pricing Approach segment1
PRICING TECHNOLOGY FEEDBACK: FEEDBACK: FEEDBACK:
Mechanism Pricerelated Userelated ErequJency
evel, type
e Smart meter I /kWh ’ ﬂ UsekWh "Per appliance
—_— l IHD ﬂ ReductionkWhI " Per space I
iBR | | Energylamp IﬂColourchange][ Usec ]] " Peractivity
Website I
ToU m Sound [ Reductione ]] [ Historic n
| mail ) — :
“ CO2emmission [ Comparatlveﬂ
CPP el '
Emoticons [ CO2reduction I [ Goal settingﬂ
l Post I
CPR i [ Emoticons ] [ Benchmarkﬂ
ﬂ Graphic [ Invoicedetail.
P l Remotecontrol I Tailoredtips ﬂ Numbers I “ Tailoredtips I

Figure 9: Dynamic pricing approach for segment 1 (the blue blocks)

Annex 3 elaborates th&ilored dynamic pricing interventionr all six segmentsjemonstraing

how thistoolbox @nbe used.

Of course, for any particular project in the Netherlands, further tailoring can and needs to be done

based onissueslike house characteristics, appliances, presepatterns and particular other local

characteristics. Nextfurther tailoring and fine-tuning is possible irthe choice ofdynamic prices,

technologies and feedbacBelow we briefly elaborate on these issues that need to be addressed as

well.

House characteristics

¢KS AYTFEdSyOs

27

iKS K2dz&a 8z Al QaisSoyfifRand &

lj dzt € A @

A survey showed that in general, people arere willing to invest in more energegfficient

appliances than investing in measures like insufatiod double glazing (Logica CMG, 2009). Such

preferences are however likely to differ for @ifént segments.
There is a positive correlation between homenership, age and type of house: the older the
residents,andthe larger the homes, the more appliancea household own$OECPD2010).The type
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of appliances differ with the level of educatiothe higher the education the more PCs a household
owns. Research shows that the influence of behaviour on energy consumption is larger than the
influence of the househaracteristics. Identical energpfficient houses can show a consumption
that differswith a factor 2- caused by differences in behaviours (Darby, 2006).

Tenants often have less options to install appliances that can support reduction or shifting. Remote
controlled HRE boilersare the responsibility of Dutch housing corporations, and same goes for
generation.

Appliances
In recent years many appliances have become much more energy efficient, and high consuming

appliances have been replaced. Howevbe savings acquired by using ma#icient appliances is

nullified by the tendeng to purchase ever more appliances (Nationale Denkt2@&9 TNO, 2008).

PLILX AL yOSaQ LRGSyidAlrt G2 NBFfA&AS RS YpeaKperiodsKA FiAY:
or the turning off during peakperiods. Inaddition, smart appliances or alignces with a
timer/thermostat can be programmed such that they temporarily use less electricity (e.g. thye fri

RdzNRA y 3 LISThefmodtadicdbiiande regirded as a demand that is potentially highly flexible:

the demand of an average fridge can $lsifted during peak hours with some 30% (Zehir, 2012)

which is significant if we consider that almost all households have a fridge that is on every day. Other
opportunities forshiftingl NE 2 FFSNBR o0& | LILX Al yOSaQ obhedk(i SNR Sa
periods- and used during peak hours.

An additional value of shiftinlgpadsthroughdifferent applianceuse is that it can also contribute to a

better integration of decentralized renewaldeby adjusting the energy use period of the appliances

to moments of high generation by wind, sol&ither remote controlled or with a timer.

The potential flexibility of many appliances is already accounted for in several studies. What these
studies failto address sufficiently is the use and timing of use of appliancesgy. the example of

watching TV in the evening which is aoeegotiable for many. Timing of usagestisonglyaffected by

timing of activities (presence) and lifestyles. Some-mgenents are norshiftable because it entails

0§22 YdzZOK 2F | RA & NXzLiie/orbgcaueheNlsd at tKaf speciickrdrheRis Q NP dzi
considered necessary.

Presence patterns
This refers to the presence at home of household members during the day and evening. In as far as
thisincreases thir (theoretical) flexibility to reduce or shifbonsumption during these periods, it will
affectthe effectiveness of price incentiveSomeresearchers claim that electricity demand loads are
determined predominantly by the timing of daily practices of such people travel to work and children
to school, cooking and eating (Dewiwéight et al 2009; Torriti, 2012). Average presence profiles
differ across segments, but also from country to country. In Italy, the presence of people during the
day for exampléds higher than the European average (Tord012). This makes their flexibility to
respond to price incentives (without automated contridjger than in other countries. Thedach
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0221 FYR SIG FNRdzyR SAIKG 2Q0ft201 Ay (GUKS S@SyAy
activities, including sleep, work, housework, eat, relax, watch TV affect the flexibility and thus
response toprice incentivesVery little research has been done on how people change the usage of
particular appliances in response to DSM incentives. A UK survey showed that less than 20% of those
individuals who cook or watch TV between 7 and 9 PM, would be willipgstpone these activities

till after 9 PM (Platchkov et al, 2011). A qualitative inquiry in the UK confirmed this, where
respondents indicated that changes to these kind of lifestyle practices that relate to a particular
Wy I GdzNI £ NXe (i Kareongegotiable- ferdrg Sxicyf tdRcooking and watching TV

after work (Hargreaves et,&010).

Across EuropeS A I KiG 2 Q0f 201 t a large partDf tiSe@bpudation. Yhat tikeYiS F2 NJ
sacred andoften responsible for uBd3GWh A huge poential but only theoretical becausemany
peopleneedtheir comfort andrelaxationat that time, notearlier or later Activitiesin the morning

peak periods differ from evening peak period activities, both in content and in the way they are
valued. In the morning activities can be started after which the absesicthe residentsis not an
issue(washing dishwashey. An talian study of a ToU piloin Trento(Torriti, 2012)showeda greater
willingnessto shift the activitiesin the morningthan in the evening This hasbeen confirmed by
findings in a RTPUSstudy on thewillingness topay for electricity related to the willingness to
experience higher temperature ( because allowihg temperature settingpf the ACto be changed

by remote control (a higher temperature rise was considered acceptabia the morningin
comparison to thesvening This RTP pilatoncludedthat there areprobably 6 tot 10 relevant timing

slots in which people are more or less willing the shift or reduce their energy\Miskette et al.,

2010).

Household dynamics

Each household has its own dynamic or moral economyhistery and social practices from which
norms and values, habits and routines, thoughts, motivations and wishes and needs in relation to
comfort, cleanimy, caring, leisure practices have developed. The household members very often
grows into this more economy without noticing, with each member having a specific role and
opinion. The household dynamics usually are not under discussion, expect when divhsevent

such as a new baby, a move, a high energy bill happens. Each household views the energy
consumptionthroughtheir personal moral economy lens. Therefore, when a tailored dynamic pricing
intervention is developed it is crucial to pagtention to this household dynamicbecause different
household members can respond differently.

Main elements of a comprehensive segmentation
Recapitulating the discussion above, we can now summarise the crucial elements of a
comprehensive segmentation (whichémds to design tailoredynamic pricingnterventions).
1 Attitude, motivation, awareness, capabilities, behaviours
1 Sociodemographic variables
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6. The Dutch context & role of DSOs

Consumers in the Netherlands (and elsewhere) are familiar saithedynamic pricingnechanisms

e.g. Time of Use is common when bookimgidays,hotels and airline tickets that differ in price
according to day of the week, seas@hen it comes to critical peaks and pricing around such peaks,
this is a less familiar thing for the Dutchlso unusual areatls from national governmerb reduce

or shift energyconsumption to prevent power blaabuts - as has beewlone in countries with more
extreme climatic conditionsDutch householdsare likely to beless avare of the possibility of
interruptions in energy supplyA need to shift energy consumptionin order © maintain a proper
balance between supply and demaigisomething mostDutch people are nolikely to befamiliar

with at all.

Due to large differences in climate conditionssults of dynant pricing programmes in the U&d
Canada (Faruqui and Palm2e11)are not easily translatetb the Dutch context. Nor can thesults

from Italy, which has seen a massive uptake of househ&ild Conditioningsystems and an
accordingly rise in electricity consumption (Battle and Rodilla 2008jhe Netherlandstiere is no
widespread use of @ na a widespread use of electrical heatifitke in Scandinavian countriesp
thesepotentials for shifting and reductiomre absent Dutch households typically use gas for cooking
and heating which limits options to shidind reduce electricity usage in comparison to households in
countries where electrical heating and cooking is more commonplace.

As for the gaslefined usage, the options for shifting and reduction lie to large extent inafhe
behaviours like changindié¢ thermostat settings, investment behaviours to reduce the leakage of
warmth, and to a small extent to changing routine behaviours (showering, baths, and cooking in the
Dutch situation). Like in Ireland, the majority of Dutch households do not use eicfdr heating

nor AC for cooling, the main options for electricity reductamd shifting thereforaelate to routine
behavioural changes in the areas of lightiigy, P€ise, gaming, use of the oven, dishwasher, fridge,
freezer, washing machine, alltar electrical appliancednvestment/intentional behaviours volve

the purchag of new appliances, software or games that affect the time spent behind the computer,
and the setting of timers on e.g. the fridge (programming devices to tdifat certain moments
during the day or night)in the Netherlands, many people come home from work at around 18.00.
They cook and eat dinner, and enjoy some leisure time in the following hbluesloads that related

to these activitiebetween 18.0021.00are difficult to shift.

The Dutchare quite activeon socialmedia (includinyTwitter. Many peopleare alsoused totouch on

a service likeSMSalerts This offers opportunitiegor providing feedback to support behavioural
changes and feedback to commoate (changes in) tariffd.ike elsewhere in Europe, the ageing of
the Dutch population is a trend that will affect presence patterns and peak demand patterns and
changes in/proliferation of new appliances in and around the house in the Netherlands. Other
relevant trends are developments like teleworking (working from home) and increasing
unemployment as a result of the crisidich affect presence patterns and hence future options for
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reduction and shifting.

Theinitial mandatory rollout of the smart metewas notpushed through due to strong resistance
from consumer organisations and privacy watchdogs (Elburg, 2009). This has raised issues around
who isentitled to read and process user data, who owns these and howsacisegrantedSeveral
changes followed, e.g. at present teenartmeter can only be read 6 times a year and people have
the right to administratively opbut in which casethe meter readings do not leave thieouse.
Currently the smart meter is being reltl-out in pilots to learn about the best strategies and end
user acceptanceln 2015 a more mase roll-out is plannedwhich is toincorporate the lessons
learnt in the pilots. In addition many smart grid pilots are initiated to learn aboutues®is response
and technical aspects. Thkessons learnt are however not widely shared or disseminated.
Cooperationand knowledge sharingetweenDSOsretailersand other stakeholderss taking place

on arather limited scaleand offers room for improvement.

6.1 Role of DSOs in the Netherlands

Faruqui et all (2012) mention the following benefits of dynamic pricing and smart meters:

- avoided or deferredresource costs (including generation capacity and, to a lesser extent,
transmission and distribution capacity)

- reduced wholesale market prices,

- improved fairness in retail pricing (i.e., providing a better match between the costs that
customers impose orhe system and the amount they are billed)

- customer bill reductions, facilitating the deployment of both distributed resources (such as solar
electric systems ) and engse technologies (such as pligelectric vehicles)

- environmental benefits (through psible emissions reductions)

The question is who benefits from these effects, on what ®and to what extent? And how

transparent is the envisaged digtution of costs and benefits? And what role Dutch DSOs are to

play in this ared DSOs can introducgynamic tariffs on the electricity transpecbst parts of the

energy bill. Energy suppliers can do this for the delivered electricity.

Because of the separation between transport and supplyhe Netherlands, Dutch DSOs have a

different position compeed to their colleagues imost other EU countriesthe Dutch C50s have

been created as public organizations responsible for balancing demand and supply.

It is questionable whether most Dutch enders are aware of the separation between transport and

supply and of the public role that DSOs are now supposed to fulfil. The fact that Dutch DSOs are

public organizations, does not necessarily mean that they are regardadrase trustworthy. The

Dutch government does not have a good record when it comes ¥0&a@ dzf NRAYy 3 OAGAT Sy

However, tust in DSOs affects the credibility to enslers of information provided and it likely also

affects the extent to which endsers are willing to participatan dynamic pricing interventiodt is

important for DSO%0 learn how they are being viewed by enders.
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Several relevamjuestions thatcan be asked from an eagserpoint of viewinclude

What are isks of being disconnectdckelated to the smart meter)?

Doesd F RYAYAZGNI GA@St & anbrinationdahindeNdnat baieKchaihged S G S NA v 3

Aremeasures taken sufficient to guarantee security and privacy protection ctisady?

To what extent do enelisers have opbut optionsfrom dynamic pricing schemes?

What sort ofaccess do they have to their owdata?

How isthe publicinterest that DSOs claim topeesent, defined?

What other interests ddSOs, energy suppliers and othbesre and how does this affebbw
DSO engage and communicate watid-users?

Ld GKSNB | Y2NB Wy S dganizatibrQtha? nyfelseyitd tonsiuesythat2 NJ
endorses tle information provided by DSQs

How transparent is thenarket that is arising around thmarketingof smart metering technology
(a billioneuro-market), feedback technologies andTlCelated consultancyand energysector
parties interested ircustomer retention, networlbalancing, &.?

Dutch DSOs need to consider these type of questions that can arise. If there is a lack of clarity on
roles, responsibilities this can thwart enderacceptance and commitment.
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7. Conclusions:1 AOOT 1 Oh OAAT I 1T AT AAQET T O AT A OAIl At

7.1 Top 10Lessons

Based on our review of pricing mechanisms, technology, feedback, behaviour and segmentation the
following top 10 lessons could be drawn:

1. For the near future Time of Use with several pricing variations a day, combined with Critical Peak
Pricing for several additional days annually is the most promising dynamic pricing intervention
for the Netherlands.

2. Focusing on load shifting only creatée trisk of overall load increase. If e.g. thequdik price is
too low compared to the peak price this can create an increase in consumption.

3. Thetheoreticalload shiftingand reductionpotentialstell us little about the actual occuenceof
the shiftingand reduction. Thatlepends on the endiser. Lifestyldad astrong influence on the
actualoccurrence oshiftingor reductionbehavious.

4. People are not motivated by pricing incentives only. Environmental motives, "the desire to
contribute", control, canfort, ease and wellbeing are important motivators as well.

5. A onesizefits-all approach reaches a maximum of 30% of -asdrs, with very different
responsa within this 30%. Ifthe aim is to alsoreach the remaining 70%a differentiated
approach is need#

6. Time of Use interventions target habitual behaviours. Critical Peak Pricing and Critical Peak
Rebate focus on conscious and less frequent behaviours.

7. Load shifting can be achieved without technology (using only fridge magnets and calendars).
Additionaltechnology such as e.g. an In House Disptayeverincreases the response rate.

8. Endusers highly value easy aids such as calendars, magnetic stickers and detailed frequent
energy bills.

9. Different enduser segments need different tailored interventions simting of a specific
combination of dynamic pricing mechanism, technology and feedback.

10. A tailored approach and voluntary participation are very important to avoid discrimination (and
sabotage).

7.2 Towards a DS@ed decentralised appro&h

The research questiothat we have addressed in this reparasas follows Which dynamic pricing
approaches (being a combination of a dynamic price incentive, technology and feedback) work best
for which endusers and under what circumstances in the Ng#mels?

The preceding sections have discussed how to design a tailored pricing interv@atmobining price
incentive, technology and feedbadklat takes the eneuser seriouslyin addition, we addressed the
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situation in the Netherlands and the role that the Dutch DSO can Edwever, section 6 also raised
some enduser issues regarding rivacy, acces to and ownership of datA. tailored pricing
intervention requires a lot of detailed personal data from indual households and a
comprehensive segmentaticasks fora lot of private and sensitive information fronouseholds. It is
unlikely that endusers provide suchnformation easily- for several reasons, one being the
perception that the privacy and sedtyr of their data cannot be safeguarded.

Rather than trying to create an elaborate and costly centralised data sy§tenius et al. 2012hat

W3dz NI yiSSaQ GKS al FSae | y-bserlididisStinaylbe gbeteFided INR G C
to keep enduser data and information decentralised. That would also better fit with a future
situation in which enduse's become moreactively engaged in smart grid technologies. And it would

make it easier for DSOs not to compromise their task of furtherfripepublic interest as a priority

when working closely with parties that have very different priorities (e.g. the enormous interest in
selling as much smart and intelligent devices as possible collide witlefficgtncy for enelsers as

a priority). Ina decentralised data en information management system, the@@dSNB Q | OG A @S
would become keySucha systemensures that personal information needed for the segmentation as

well as household metering data remain with the amkr and with no one eds This also resonates

with other studies that discuss the options of full easler control and ownership over (metering)

data (e.g. Wallenborn and Klopfert, 2011)

The DSO coulthke up a role in dsigring a tool that provides to the endsers severasegment
descriptions with accompanying pritechnologyfeedback combinations with an explanation of
critical issues and potential risks and benefits. Or the toolbox could allow for a household to fill in
their personal data and the tool would subsequerdlyvise the best fit in terms of combination of
pricing mechanism, technology and feedback. This would allow households to choose the segment
that fits their situation best. Next, the households could ask the DSO or retailer for this dynamic
pricing intenention combination (perhaps with options to adapt elements further to be in line with
one's personal situation). The toolbox would enable this interaction between households and DSO
and/or retailer. In addition, it would do so in such a manner that pertdata and information stay

with the enduser. The endiser keeps control over his/her data, the choice of segment and the
choice for a price intervention.This approach ofactively incluihg endusers entails an
institutionalisation ofend-user involvemehand commitment.

The role of a DSO in rolling out welilored dynamic pricing interventions could thus lie in
facilitating the development of such toolboxes and the segmentation (that serves as a starting point).
However, the DSO should not undertakastwithout strategic alliances. Peomensiderinformation
more credible wherthe source of information is considered impartial. While people might consult
and even trust their energy supplier or a company that provides energy efficiency products and
sewices, endorsement from scientistconsumer- or environmental organisations might be
important when positioning energy saving products and services (Logica 2007). For credibility and
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trustworthiness, it would be good to collaborate with an independentgamisation that
intermediates between DSO, energy suppliers, other relevant stakeholders angsers] whereby it
is clear that this intermediary serves the societal interest and ensures fair play.

73Remaining dil emmads apedichsuggestions for fu

{SOSNIt 2F GKS RAfSYYFIQad YR 20KSNJ AaadzSa GKFd vy
main text. For some issuesg.g. related to consumer access and ownership of data and information

we have suggested solutions. However, addéiloresearch or pilots are needed to further elaborate

these ideas for solutions.

We still understanddo little about how and why people reduce or shift

Surveys that accompany trials and pilots give little insight imbev households change their
behaviours, which household members take on what roles, how changes are negotiated or not, etc.
Quialitative research that provides insightstl limited (e.g. Hargreaves et al, 2010)

Lifestyles and social practices

Households tht are comparable demographically and technically, show very diffdsehtwioural

responses which reflects different lifestyles, histories and social practices. Feedback or incentives are
being interpreted andchegotiatedthrough the particular lifestyldens and acted upon accordingly
OFSSRoIFO]l A& Y2NB (KFy WwWedzad AYyF2NXIGA2YQ YR ai
08 GKS O2YYdzyAOIFG2NJ NB G(GK2aS dzyRSNE(G22mR o0& (K.
addition segmentatiorassumes avorld of individualswhile it alsomakes sens# look athistorically

developed social practices and norms (e.g. with respect to hygieneand washing/showering
regardingdress standardsind heating/ACon comfortand heating and howthis can be an entry

point for change Lastly egmentationis based orthe assumption otoherentindividual attitudes

and beliefs. It does not allow for interniaiconsistencies or multiplelentities (e.g. the same person

can be man, father, researcher, tempkayer, partycrasher and each of these identities might bring

along slight differences that also result in different behavioural choices).

Rebound

When people are only incentivized on their motivation to save money, then a rebound effect is more
likely to take placecompared to a situation where environmentally motivatigpro-social values)

plays a role. However, unintended or indirect rebounds pose a more complex challenge that is not
easily solved.

Engagement with the IHD
Since engagement with the IHD is importdot endusers to remain committed to decrease and
shift energy usage, it is important to learn more about how this engagement can be maintained.
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Persistence

Many studies have something to say about persistence and point out that savings persist in cases
over the course of a twgear pilot (Farugui and Palme2p12 Stromback et al 2011; Foster and
MazurStommen 2012). However, pegilot inquiries or ongoingniquiries after fulscale roHout,

into the persistence of behavioural changes have been done, which leaves questions unanswered as
to whether seemingly persistent behavioural changes really last.

Equity issues

To what extent are particular segmentdesfted disproportionately by a particular dynamic pricing
approach? We can think of leimcome households, who may have fewer, older and less efficient
appliances and therefore less room to shift or reduce. But also households were most people are
away duing daytime in comparison to households with people at home all day.

Some shifting activities, e.g. programming the fridge thermostat in such a manner that less electricity
is used during peak hours, need to be performed before the peaks occur (ZeBj: Z0& only way

for people who are not at home (or are otherwise unable to perform several maui@nsduring
off-peak periods) is to work with remote control. However, this asks for additional technology and
costs. Some segments may be financiallpditsntaged over others because of this. These and other
socicdemographic factors are important to consider. While some studies argue that poor
households are not disproportionately affected by dynamic pricing (Faruqui and Palmer, 2011) others
state that plots show mixed results. High income families often have two working parevitis

more absenceunless one of them works at home. This affects their ability to shift. Low income
segments often already cut down on their energy cost to save money and éaeg bptions to
change routines to reduce electricity (fewer and legBcient/older appliances) and energy (low
quality social housing) and they have fewer scope to invest in more efficient appliances or efficiency
improvements of the house (and splitcentives) (Brandon & Lewis 1999). Even if this segment
would respond to and profit from price incentives that target shifting , the question rises if they
might end up using less energy than is needed to maintain a very basic level-béinglland health
Housing corporations have an important role to play in improving the quality of dumisingand
decreasing consumption while at the same time ensuring no increases in bill.

Future of gas in the Netherlands?

In case of a futurespreadof household heapumps thismay raise the flexibility of load. Likéth air
conditioners, the demand is flexible to the degree that ers#rs are willing to accept small
decreases in comfort during peak periods (Frontier Economics and Sustainaisiljt2d3i2)

Who has access, to what sort and form of data, to what extéhiacy issues

Do endusers have access to their data? In what form, to what extent? Who else has aklcess?
can privacy of the endser be protected and by whom? What can bertetom mistakes made in
the past?
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Correlation between motivations and effectiveness of pricing mechanisms

Research into concrete motivations for concrete Dutch segments is lacking. Especially the impact of
motivationsaround comfort and their influencefahe effectiveness of certain dynamic pricing
mechanisms needs further research. E.g. a load shifting that demands a permanent behavioural
change can be experienced as diminishing con#od therefore not accepted

Theoretical and real load flexibility

The real flexibility of promising loads such as e.g. television watching or dishwashing need to be
investigated in real life for different segments. Axeopleactually willing to shift their television time

or dishwasher cycles? What do these people need to make this shift? In practice much of the
theoretical load flexibility is not existing because people feel they cannot shift their activities due to
needs, mrms and capacity.

The role of social media and feedback
The role of social media in delivering feedback and the role of tablets and smart phones is not
sufficiently understood.

Moral economies and negotiating household practices

Feedback could playrole in the discussions within households about the household's energy
consumption practices and could mediate between diffener@mbers 'needandwishes
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pricing
mechanism

Number of
participants

Overall
consumption
reduction

Peak reduction

Peak -to - off -
peak
differential

(approx )

1. Electricity Smart
Met ering Customer
Behaviour Trials
(CBT (2009 -2010)

ToU

2,920

2.5%

8.8-11.3 %

143-271%

2a EDRP EDF project

ToU

194

2.3-4%*

Varied, between 4%
(weekdays) to 8%
(weekends)

165%

2b EDRP SSE project

ToU

1,352

2.5-3.6 %2

up to 0,5%°

180-210%

3 TEMPO EDF

ToU and CPP

From 800 in
1989 to 20,000
in 1995 to
>300,000 after
2004

cuts in total national peak
consumption by 4% the
total peak load reduction
that has reportedly been
achieved through the
Tempo program is 450 MW
- due to an average peak
load reduction of 45
percent from participants
on red days (and 15
percent on white days).

126-286 %

7. PowerShift
2003 -2004

ToU

100

None 2%
increase
compared to
control group

Very little (1-2 %
compared to the control
group)

267%

4. Norway DSR

ToU

40

Participants with standard

electric water heaters:
average reduction during
morning peak load of 1kW
per hour.

Participants with hot water
space heating
average reduction during
morning peak load of 2.5

kW per hour.

systems:

5. Elforsk pilot
Sweden

CPP

93

The load was cut back to
an average of at least 50%
during high price
instances.

6. Intelliekon

ToU

(of 2000, part
was provided a
ToU tariff)

9.7%

2%

250%

7. Norway effloccom

Varied

" This percentagef savingcounts forall 1,979 participants of the whole tri§iWallenborn & Klopfert 20110 percentage
is available for the ToU sample that consisted of 194 participants
2 This percentage counts for the total 27887 participants of the whole trigWallenborn & Klopfert 2011); no percentage
is available for the ToU sample that consisted of 1,352 participants
3 Foster and MazuBtommen 2012
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1. Electricity Smart Metering Customer Behaviour Trials (CBT ), Northern Ireland (CER 2011)

Duration

18 months (July 2009- December 2010).

Month 1-6: collection of energy consumption benchmark date
Month 7-18 (Jan 1% 2010-Dec 2010): actual trial

Scope: National-wide pilot of TOU rates and informational interventions.

Aims:

fascert ai n forbneart peteting techinobdy, when combined with time of use tariffs and different DSM
stimuli, to effect measurable change in consumer behaviour in terms of reductions in peak demand and overall
electricity useodo and t o i apointtat whigh the prigeTof geptiicity gvill Significantlyd
change usage (CER 2011:4)

Recruitment, response, segmentation used, control group, representativeness

Test and Control Groups: participants divided into trial and control groups. Trial group s were asked to trial
different ToU tariffs and DSM stimuli. The control group kept their normal electricity supplier tariff, did not receive
DSM stimuli and were asked to continue consuming electricity as normal.

Pre-and post-surveys were held among trial-participants.

To the trial 5,375 were initially recruited and of this number, 5,028 were still in when allocation started in
November 2009.

Participant recrui-tm@&ntagmpmpddaowhke,d wint bopn average re
The trial group was representative of the national sample.

Interventions (- pricing mechanism; technology; feedback)

ToU rates : 4 tariffs offering different unit prices for night time, day time and peak times; and a weekend tariff.

Aims of cost neutrality and cost reflectivity in the design of the ToU:

-The ToU tariff would be neutral i n compar i s o nusewsiwhoh

did not change their consumption patterns were not penalised financially .

- The trial-participants were guaranteed that they would not pay more than if they had been on the normal tariff.

- The base ToU tariff was to reflect the underlying cost of energy transmission, distribution, generation and

supply as per standard tariffs.

- The ToU structure (time bands) would be based on system demand peaks.

- Tariffs would be based on the cost inputs used in the 2009/10 regulated tariffs

Feedback and technology

1  Smart meters were installed prior to the benchmark period.

1 IHD showing near-real-time information on electricity consumption and costs and historical consumption

information

Budgeting feature with default and self -entry options;

Bi-monthly enhanced electricity bill and a monthly enhanced bill (enhance parts of the bill: information on

estimated costs of running select appliances, energy saving tips, weekly average costs of electricity, an

explanation of changes in consumption, a list of online resources for further information)

1 afridge magnet outlining the time bands and the tariffs per band, customized for each tariff group; a sticker
providing details of the time bands

1 Overall Load Reduction (OLR) incentive: a financial incenive to reduce use 10% below actual historical
consumption

1
f

Achievements:
Response to tariffs and DSM stimuli

- The deployment of ToU tariffs and DSM stimuli reduced overall electricity use by 2.5% and peak
consumption by 8.8%;

- The combination of bi-monthly bill, energy usage statement and IHD was more effective than other DSM
stimuli. It resulted in a peak shift of 11.3%;

- Households with higher consumption levels tend to deliver greater reductions.

- Shifting mostly takes place from peak to post-peak; and in general from peak to night usage.

- Of the tariff groups that were trialled, no single one in combination with DSM stimuli stands out as more
effective than the others.

- The peak and overall load reductions detected for all the stimuli tested proved to be s tatistically significant.
An exception is the overall load reduction detected for the bi-monthly bill and detailed energy statement
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stimulus, although the peak load reduction for this stimulus was statistically significant;

- No evidence was found for a tipping point (demand for peak usage is estimated as being highly inelastic
relative to price)

Demographic, behavioural and experiential conclusions

- 82% of the participants change their electricity use in response to the trial, with 74% indicating major
changes in their households

- 75% thought the magnet was useful and 63% found the sticker useful;

- the IHD was found effective in supporting peak reduction (91% indicated the IHD as an important support)
and supporting shifts to night rates (87% found it an i mportant support).

- Barriers to peak reduction relate to the difficulty participants had with connecting behavioural changes to bill
reduction. Their perceptions may have involved exaggerated expectations of savings and exaggerated
expectations of consequences if reduction is not achieved;

- Barriers to shifting to night usage relate to safety and convenience.

- The OLR incentive was recalled by 58%. The communications, reasonableness of the target and
effectiveness of the OLR incentive in motivating change were rated as very good.

- No secondary benefits were identified in increased awareness of general energy

- efficiency or in relation to efficiency investments for the home;

- The trial has made participants more aware of energy usage (54% agreed) which is in line w ith the recorded
reduction in usage. 18% stated that there had been no impact on the way their household uses electricity;

- Households headed by individuals with higher education or social grade achieved higher levels of reduction
compared to those with lower levels. This was partly related to the typically higher consumption levels of
these households. Therefore, the impact of education or social grade on the ability to gain benefit from the
tariffs is limited

- The impact of the tariffs on households that a re entitled to receive Free Electricity Allowance i e.g. elderly,
people that get invalidity or disablement benefits - showed that these exhibited the same levels of changes
as other households (they do not appear to be disadvantaged)

- Fuel poor households (that lack financial means to adequately heat their homes) also benefit from the
deployment of time of use tariffs.

Remarks:

1  Savings were not distributed equally across demographic groups. Households with higher initial consumption
and more formal education, higher incomes or more children under 15 had higher savings.

1  Not clear how savings were achieved

1 Interesting: comparability to Netherlands : no use of electricity for heating, no AC penetration

1 This is one of the largest and statistically most robust trials to date.

2. The Energy Demand Research Project (BDRPs I & | f I NBS LINRB 2SOl

responses to different formsfdnformation about their energy use. The primary purpose was to

investigate consumer behaviour. Four energy suppliers conducted itnidhee period from2007 to
2010; two of these interventions made use of dynamic pricing and focuseshifting in addition to
reduction. These two trials (conducted by suppliers EDF and SSE) testeai-tisee(TOU) tariffs for
electricity in combination with smart meters and other interventions (advice, historic andineal

feedback, and incentives to reduceerall consumption). These trials showed effects on shifting load
from the peak period, with bigger shifts at weekends than on weekdays. Estimates of the magnitude

of shifting effect vary with trial but were up to 10%.

2 a. EDRP EDF trial ToU tariffs for electricity (EDRP, 201% Foster and Mazur-Stommen 2012)

Duration: between 2007 and 2010

Scope: 194 participants (of a total of 1,979 participants, 194 were offered ToU Tariffs (the rest did not receive
any dynamic pricing incentive)).
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Aims: Aim of the ToU as part of this intervention was to shift peak consumption

Recruitment, response, segmentation used, control group, representativeness
With one exception, all trial groups had smart meters and received more accurate billing, including the control
group. There were 7 trial groups could with subdivisions between households with electricity-only accounts
(received electricity smart meters) and households with dual fuel accounts (who received electricity and gas
smart meters). 194 were offered ToU Tariffs and the control group consisted of 187 participants.
Participants were recruited from EDFO6s customer ba
customers were required to have 4 meter readings in the 12 months prior to the start of the trial 7 but this was
reduced to 2 meter readings due to the shortage of customers fulfiling the original specification. Several
categories were excluded from participation (e.g. EDF staff; customers making use of consumption reduction
products or services; etc)
Estimated annual energy consumption resulted into low, medium and high estimated annual consumption
households. Further stratification divided recruits using the following variables:

1 Prepayment users

1 Fuel poor (based on a model that predicts the likelihood of a geographical area spending 10% of more

of their salary on fuel bills).
1 Green: customers on a green tariff or have a very high propensity to be a green customer based on a
lifestyle code.

1  Grey. customers of 55 years or older.

1 High consumption

1 Low consumption (was amalgated with the fuel poor)
The sampling frames for each trial group were rand
only medium baseline consumption households were recruited.
The variable tariff trial group was difficult to recruit to because customers did n ot understand the principle of
load-shifting and did not believe that the company would want to help them save money. EDF had to provide the
recruitment agency with a special training session specifically on this intervention.

Interventions ( pricing mechanism; technology; feedback)

ToU rates : The peak period was 16:30-19:30, night period was 23:00 -06:00 and off-peak period was 06:00-
16:30 and 19:30-23:00. The peak tariff was 161 -169% of the off -peak tariff. Night tariff was 56 -65%, depending
on region. The off-peak tariff was between 8.41 and 9.03 pence per unit (excluding VAT).

Feedback and technology

In addition to ToU tariffs, participants were supplied with:

- Smart meters

- Accurate billing

- IHD (Real Time Display)

- Energy efficiency advice, sent by post

Achievements:

Estimates of the magnitude of shifting effect were up to 10%, with stronger effects in weekends compared to
weekdays (EDRP 2011). However, Foster and MazurStommen (2012) mention peak reductions of 8% in
weekends and some 4 % during weekdays.

Peak electricity consumption increased with additional household members under the age of 16; and with
paraffin/oil/no heating in comparison to electric/gas heating. It was also higher for households in South East
England. Overall, EDF found that differences in energy consumption between trial and control groups were more
clear-cut for smaller households (one or two people). This finding should be viewed cautiously because the
analysis did not take account of baseline data, but it is in keeping with the load -shifting results.

Survey results:

- 38% of consumers in the ToU tariff trial sample were aware of the real -time display in their home, which
was the lowest awareness amongst the trial groups in this study (this might have been caused by the fact
that the IHD was more basic than that provided to some other groups. Consumers on the ToU tariff also
rated the usefulness of the visual display below the ratings given by three of the four other trial groups ).

- 65% of survey respondents in the ToU trial sample agreed or strongly agreed that the smart meter

technology had enabled them to plan or budget their energy use. This compared to an average across
samples of 55% of consumers that agreed or strongly agreed w ith the statement.

Remarks:
1 EDF found a small but significant difference between trial and control group. AECOM, who analysed the data
as well, found a large reduction in energy use, taking into account the control group and baseline
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consumption, but it was not statistically significant (or meaningful) because the sample size was too small
for households where both in-trial and pre-trial data were available. The effect on overall consumption is
therefore unproven but plausible.

1 the IHD provided was more basic than in the other trials and the survey revealed that it was less likely that
customers would be aware of its existence; those who were aware rated it as being less useful.

2b. EDRP  SSE trial in UK (EDRP, 2011; Foster and Mazur-Stommen 2012; Frontier Economics and
Sustainability First, 2012)

Duration: 2007-2010

Scope: 1,352 participants

Aims: Aim of the ToU as part of this intervention was to shift peak consumption

Recruitment, response, segmentation used, control group, representativeness

SSE used its national customer baseof 1.4 million customers. Participating households were stratified
demographically in order to ensure that treatment and control groups were similar. Within trial groups,
households were stratified according to being aware of the trial and committed to energy consumption reduction.
In some trial conditions, only the Aware and Committed groups were used.

- Committed: customers were aware of the trial and, in a signed statement to SSE, have said that they were
committed to reducing energy.

- Aware: customers were aware of the trial.

- Unaware: customers were unaware that they were participating in a trial.

As the initial recruitment rates for the Aware and Committed groups were between 3% and 10%, the
recruitment methods were adapted (e.g. withdrawing the recruitment questionnaire; changes in the
correspondence; systematically following up letters with telep hone calls; accepting a statement of commitment
from customers by telephone rather than a written commitment).

Interventions (- pricing mechanism; technology; feedback)

ToU was based on electricity tariffs varying with time of day, season and day of the week (weekday vs weekend).
Peak period:16:00-19:00; night period: 00:30 -07:30; off-peak period: 07:30-16:00 and 19:00-00:30. Low
Season: MarchOctober. Off-peak tariff was between 10.29 and 10.88 pence per unit (excluding VAT), varying
with region. The peak tariff was 180-190% of the off -peak tariff (for both weekdays and weekends) and the
night tariff was 50 -60%. High Season was NovemberFebruary and the off-peak tariff was between 10.87 and
11.46 pence per unit. The peak tariff was 180% of the off -peak tariff at weekends and 210% on weekdays; the
night tariff was 50 -60%.

Feedback and technology

- booklet

- monthly bills with graphs

- incentive to reduce consumption
- IHD and web information.

Achievements:

Load shifting in the SSE trial was smaller than for the EDF trial. Peak demand reductions were small, some 0,3 %
on weekdays, and 0,5% in weekends (Foster and Mazur-Stommen 2012)

- Groups without web information and without a real -time display shifted more load away from peaks i
suggesting that too many interventions increase complexity which reduces the response.

- The percentage of usage in the peak period was higher in the high season compared to the low season.

- The percentage of consumption that alls in the peak period is reduced by the incentive to shift but by only a
small amount T from 19.8% to 19.5%.

- The percentage shift from peak to night electricity usage is estimated as 8.5-10.1%, based on peak season
consumption at night (overall shift from peak is not estimated).

Survey results:

1  Survey data from participants with smart meters (and/or RTDs) in the SSE trial found that the most frequent
reason for joining the trial was to save money, and the next most frequent motivation was to help the
environment.125

1 The energy advice booklet had a high recall rate (80%), and consumers were more likely to say it was quite
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or very useful, and to still refer to it, if they owned an RTD.

1 Early survey evidence on the recall of additional billing data was low (32% recalled something different
about their bills).

1  Use of the website by consumers with smart meters was low, at 9%.

1  Satisfaction with and recall of smart meters was higher for credit and prepayment consumers (who had an
RTD) than for consumers without an RTD.

1 Respondents rated cost information above energy information on RTDs, and the traffic light display was
rated the most useful feature.

1  40% of consumers aware of the incentive to shift reported that they had shifted their electricity demand and
saved money, 33% reported they had shifted their demand but not saved money, and 28% reported that
they had not shifted the ir demand.

1 Consumers without the incentive to shift or reduce demand reported that the night rate would have to be
19-32% cheaper than the peak day rate in order to encourage them to shift their demand.

Remarks:

The report stated that the limited impac t might be due to the limited awareness of the intervention and a
perception that it was overly complex.
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3. TEMPO tariffs in France . (EFFLOCOM_2004; Faruqui, Hledik and Palmer, 2012; Frontier Economics and
Sustainability First, 2012; Stromback et al, 2011)

Duration:
1989-1992 (experimental stage), 1993-1995 (tariff launch), and generalisation after 1995.

Scope: Tempo was first tested by French utility EDF in 1989 and then offered to its residential customers
starting from 1995.

A Experimental stage: 800 consumer s.
AlLaunch (1993 onwards): 20,000 by 1995.
A Generalisation: there were mstamersih2084dn 3 00, 000 dome

Aims: the purpose was to study the effect of dynamic tariff on electricity consumption patte rns.

Recruitment, response, segmentation used, control group, representativeness
Different customer classes were identified according to their heating system, typically:

- electric space heating

- electricity space heating and wood-burning fire place

- dual energy system (electricity + oil)

- heat pumps

- without electric space heating.

800 customers were recruited in 6 different geographic regions (Alsace, Lorraine, Massif-Central, Rhone Alpes,
Poitou-Charente, lle de France).

After generalization, opt-in is for consumers that choose to be on the tempo tariff. The se end-users are in
principle prepared to change their behaviour in order to save costs (FE and SF, 2012)

Interventions ( pricing mechanism; technology; feedback)

Combination of ToU and CPP:  The number of days of each type is known in advance but the type of any
particular day is announced only at the end of the preceding day.

CPP pricing :

The year is divided into three types of days:

1 300 blue days (the least expensive) (weekend days were always blue)

1 43 white days (medium price)

1 22 red days (the most expensive).

ToU rates :

Each day is divided into two fixed periods: peak hours (day) and off -peak hours (night).

The colour of the day is chosen by the national operating system at the end of each day for the next day. Once
the colour of the next day is decided, the signal is transmitted to the customer and displayed both on their meter
and on a small box which can be plugged into any power socket. The box also indicate s t he dayds
current hourly rating. This system of #Atraffic |igh
efficient way to inform participants.

For the launch (1993 onwards), four different combinations were offered:

1 the standard tempo tariff;

1 dual energy tempo, for households with a dual-energy boiler, which can switch source automatically
depending on the current price;

1 thermostat tempo which adjusts heating depending on the current price; and

1 comfort tempo, which manages end uses (e.g. space and water heating and large electric appliances).

Feedback and technology:

For launch (1993 onwards):

1 A smart meter displaying the same information as the notification device, as well as the consumption per
tariff period.

1 A notification device which can be plugged into a power socket which displays the colour of the day and the
current hourly rating. It a Iso provides advance notification of the colour for the next day from 8pm.

w Energy control systems that enabled consumers to programme their demand (and communicate this to
appliances) according to current prices and their specified indoor temperature.

w information booklets, a start-up visit and advice from a tempo specialist, and option to receive a report after
one year to set out the hilling differences under the tempo tariff.

Achievements:
The total peak load reduction is 450 MW, which is due to an average peak load reduction of 45% on red days
and 15 % on white days (Farugui, Hledik and Palmer 2012. Load shifting from peak to off -peak hours was 1.3
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times higher on white than blue days, and higher again for red days.

The main consumption reductions on white or red days are due to reduced electric heating. Consumers either
used fireplaces or accepted a lower temperature.

Consumption reductions on white and red days were stable over the years.

Customersd satisfacti onfollbwengresultss a survey showed the
T 84% of the customers were quite or very satisfied with this option,

T 59% told that they had made savings (average or substantial for %4),

T 53% considered the option as slightly restrictive or entirely unrestrictive,

T 87% understood the tariff principle very well.

The Tempo tariffs, launched in 1989, are appropriate for large households with electric heating. 22 years after its
launch it still cut total national peak consumption by 4% (Stromback et al, 2011:63)

Remarks:

The level of price responsiveness is much higher than in most other pricing pilots in different parts of the world.
Faruqui,Hledik and Palmer (2012) state that this might be due t o t he pr ogr #@snektsnsive
customer education program (including in-home visits), and the wide range of load control technologies and
informational devices that are provided.

4. PowerShift , Northern Ireland  (Gill and Owen, 2007; Frontier Economics and Sustainability First, 2012)

Duration: 2002-2003

Scope: 100 keypad (prepayment) consumers on the ToU tariff, and an additional control group of 100 keypad
consumers with the flat rate tariff.

Aims: study the response of Keypad users to ToU tariffs

Recruitment, response, segmentation used, control group, re presentativeness

In 2009, 30% of consumers in Northern Ireland used keypad prepayment meters. Eligible to participate in the
ToU tariff group were prepayment consumers with a Keypad meter with an IHD, which allowed them to monitor
their current load, tariff rates, the number of units used at each rate, previous costs and remaining credit.
Customers are offered the option to switch to the Power shift tariff - by means of one phone call - and and they
can opt out again if they wish to in the same manner.

Interventions ( pricing mechanism; technology; feedback)

The trial tested a time -of-use (ToU) tariff with low, medium and high price periods. The hours of operation for
these differed between weekdays and weekends.

Weekdays:

Midnight to 8am i green (low)

8am-4pm i amber (medium)

4pm-7pm i red (high)

7pm-midnight T amber (medium)

Saturdays and Sundays :
Midnight T 8am 1 green (low)
8am-7pm i amber (medium) 7p
m-midnight 7 green (low)

The applicable rates (including VAT) are :

6.56p/kWh - low (40% lower than standard keypad)
9.84p/kWh - medium (10% lower than standard keypad)
17.50p/kWh - high (60% above standard keypad)

Technology and feedback

- Keypad meter

- IHD

- A leaflet with advice on how to avoid using some appliances during peak hours; estimates of the cost of using
specific appliances (tumble dryer, washing machine, and electric shower) during the different periods compared
to the standard rate.

-71-




DuneWorks

onderzoek & consultancy
voor duurzaamheid

Achievements :

Keypad consumption already was 6.4% in 2005-2006 lower compared to average overall domestic electricity
consumption in Northern Ireland.

Consumers on the ToU tariff lowered peak consumption (1-2 %) relative to the control group, but their overall
usage slightly increased

Still, their bills went down. So the participants saved money, not energy.

Remarks: Becauseconsumers were positive about the trial, some 1000 additional customers were recruited to
the Powershift concept in 2007.

5. Norway D emand Side Response (D SR) Pilot Study (2010) (Seale, H. and Grande, O., 2012).

Duration: 1 year, 2013

Scope: 40 households, from the same geographic area and with hourly electricity metering above a certain
quality.

Aims:

Recruitment, response,  segmentation used, control group, representativeness
- households were not randomly selected

- 10% had hot water space heating with an electric boiler. The remaining 90% used standard capacity electric
boilers.

Interventions (- pricing mechanism; technology; feedback)
- ToU tariff (a morning and evening peak period on weekdays)
- direct control (during peak periods only).

- 2 information meetings to inform participants about the pilot (e.g. peak hours, pricing, and the possibilities
for demand shifting)

- communication material: information on the benefits of demand response.
- hourly metering with use of existing automatic meter reading technology.

- 3 magnets to place on appliances, displaying morning and afternoon peak hours.
Under the direct control regime, a response of electric water heaters was automated during peak periods.
Installation costs for remote load controlwere80-3 75 0 per participant.

Achievements:

1  Survey results showed that participants evaluated the pilot positively. Their main interest was in personal

economic benefit, followed by reduced consumption of electricity.

Participants accepted remote | oad control, provid
The average reduction during morning peak load was 1kW per hour for participants with standard electric

water heaters, and 2.5kW per hour for participants with hot water space heating systems.

1
1

Several participants adapted their behaviour to the ToU tariff, by investing in energy control systems; buying
firewood in winter; and manual efforts

Remarks

A larger average peak load reduction was achieved compared to a previous pilot. This was understood as
indicating that in this trial participants were manually reducing peak load, as well as reducing load via direct
control. The reminder magnet might have been helpful in this regard (was not included in previous pilot)
(however, sample size (40 participants) is small.)
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6. Elforks pilot 2 in Sweden (Lindskoug, 2006)

Duration: the 2003/2004 and 2004/2005 winter seasons

Scope : the first winter season, 53 customers of Skanska Energi participated; in the second winter season the
trial was extended with 40 additional customers of Vallentuna Energi

Aims: an overarching aim of the project is to address the (increasing) risk of capacity shortage in the Swedish
electricity supply system during periods of extremely cold weather.The aim of the pilots was to demonstrate
approaches that lead to an electricity demand reduction at a national level at times of high spot prices. The need
for the measures to be profitable for the parties involved is an important starting point.

The goal of Partial Project 2 was to examine the price sensitivity of customers with various heating altern atives.

Recruitment, response, segmentation used, control group, representativeness

To get around the problem of Hawthorne effect (participants are likely to behave differently when they know that
they are being studied), the trials were introduced as an offer from the electricity supplier to take part in a
commercial assessment using a new pricelist- and as such conceals the marked research aim.For both cases, a
random 200 customers was approaches with an offer.

Interventions (- pricing mechanism; technology; feedback)

Critical Peak Pricing:

The trials were carried out using relatively moderate price differences compared to the extreme pricing levels
expected in a future capacity loss situationThe trial tested price as a control method to persuade customers to
shift load.

A special price list was prepared for the trials. This price list allows the electricity supplier to apply a higher

charge for a maximum of 40 hours. For the rest of the year the deduction is made from the custom er 6 s r e
fee. The higher electricity price was in the 3-10 SEK per kWh interval. The customer was notified the day before
of the time and level of peak price via text message or e -mail. The price list is designed to guarantee cost
neutrality relatveto t he regul ar price |list as |l ong as the cus
In the 2003/2004 winter, 15 critical peak moments (amounting to 39 hours of high prices) took place. The winter

of 2004/2005 saw high

price notificati ons mersfor& totalfB8Kourdon Brogasiors, and 8% hows on 15
occasions for Vallentuna Energi 6s customers.

Feedback and technology

- text message or e-mail

- advice on how to temporarily reduce electricity usage and which actions have significant impact, depending on
heating alternatives and systems.

Achievements:

The results from the trials show conclusively that a price sensitivity exists toward temporary price levels in the 3 -
10 SEK per kWh interval. The technical results, questionnaires and in-depth interviews show a consistent picture
of the customero6s generally |l arge willingness, abil
high prices. The load was cut back to an average of at least 50% during high price instances.

Another important conclusion from the project is that the results have been achieved without having to install

new technology at the customer end. The price interval of 3 -10 SEK per kWh for a maximum of 40 hours a year
has been sufficient to achieve sizealle load reduction. The load reduction has not become significantly greater at
notified prices of 5 and 10 SEK/kWh compared to 3 SEK/kKWh.

The results of the interviews summarised:

- It was felt that the trials have gone well.

- Participants had varying motivations for participating: economic profitability; both economically profitable and
interesting; good from an environmental perspective; a challenge to see how much could be saved by reducing
power usage.

- Realising changes was not viewed as troubleme or time-consuming

- No major drawbacks were experienced in connection with lowering electricity usage.

- The response to the level of reimbursement varied between the households. But overall, it was remarkable that
the amount of pradnied Thefeding 6ftbeing dble tothdipadoing something beneficial to the
environment was important as well.

- Despite many not having a clear idea of how they saved, they were happy with the trial.

- A continuation with this type of tariff was viewe d positively.

- Households were ready to finance and install some form of control equipment themselves.

- Large-scale roll-out was not considered to present any major problems.
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Remarks:

7. Intelliekon  (Fraunhofer-Institute for Solar Energy Systems ISE, 2011; Schleich et al 2011)

Duration: preparations started in 2008; the ToU trial only lasted only 3 months

Scope: atrial included over 2000 households - of which part w as provided ToU incentives

Aims: to examine household behavioural responses to feedback instruments; to gather valuable data on energy
saving due to feedback and smart meters

Recruitment, response, segmentation used, control group, representativeness

Recruitment: of customers who already had a smart meter installed or would g et one. More than 2000
households were motivated to take part, including people of different ages, genders, household sizes and living
conditions.

Over half of the sample received feedback on their energy consumption for more than a year. They could cho ose
between a web portal or written feedback (monthly).

People of this sample were surveyed three times during the trail - addressing their attitudes and motives towards
feedback and energy saving as well as their evaluation of the feedback.

The other households received a smart meter, but they did not get any feedback on their consumption. They

were surveyed twice T at the beginning and at the end of the field trial 7 and their electricity consumption was
also recorded. A cortrol group like this is imp ortant to be able to compare households with and without energy

feedback.

- Part of this group could choose a tariff with two price levels which varied depending on the time of the day.

pilot time-variable
group tariff

control group

Interventions ( pricing mechanism; technology; feedback)

Choice between

Web portal: overview of energy consumption (e.g. per hour, day, week, month; showing base load, electricity
consumption by cooling appliances (blue) and other electricity consumption (yellow).

- practical advice on energy saving.

- option to download their consumption data easily and to save it.

OR:

Written information:

mainly sent to people who did not have any access to the Internet and those who prefer red the written form. It
showed the energy consumption of the previous months, weeks and days; provided estimates of base load share
of energy consumption; provided advice on energy saving

AND/OR

ToU tariff: there were two tariffs, peak and off-peak with a large difference between peak and off -peak (factor
2,5)

Participants in the variable tariff option saved more energy (3 times more) than households that only received
energy consumption feedback.

Achievements in experimental stage:

Households with a time-variable tariff attained an extra energy saving of 6 % (on top of the average 3.7%
achieved by the group without dynamic pricing) , the load shift was only 2 %.

Most users judged the feedback as informative, helpful, well-designed, easy to use and understandable. A
minority was concerned about data security and a smaller number found being involved consciously in energy-
consumption matters was inconvenient and time -consuming. Most people surveyed showed a clear willingness to
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save energy. The written information was judged almost as positively as the web portal. Suggestions for
improvement included a display of the energy consumption in real time and a breakdown of the electricity
consumption for each appliance in the web portal.

Remarks:
The duration is rather short for evaluating durable changes in routine behaviours

8. Efflocom pilot in Norway (Efflocom 2004)

Duration: 2001-2004

Scope: 10,485

Aims: to increase the end-user flexibility in periods of scarcity of electrical energy and power by establishing the
basis for the set-up of a an infrastructure based on ICT-solutions for direct communication and load
management.; by developing, testing and evaluating different incentives to encourage flexibility in consumption
(based on tariff s)

Recruitment, response, segmentation used, control group, representati veness
Technology for direct communication was installed at customers located in the concession are
the network operators Buskerud Kraftnett and Skagerak Nett.

Interventions ( pricing mechanism; technology; feedback)

Residential consumers were placed on one of three tariffs.

A a ToU tariff;

A a dynami c t-timeieléenient deipending an the e/lwlesale spot price; and

A a dynamic tariff with a temperature dependent par
Of the participating households, 50 % of the houshold customers were to be equipped with potential for load
control via the two -way communication link). For the household customers, the boiler for water heating and
some floor heating were the appliances that are most relevant for load contro |.

The variable parts of the dynamic tariffs were only activated in periods of peak load (8 -11am and 5-8pm for
November-April).

For consumers that accepted remote load control, low prioritised loads (Boilers for water heating) could be
disconnected by the energy supplier under certain conditions

Technology and feedback:

- smart meters (two-way communication), including hourly metering

- and a separate channel for remote control

Achievements:

Results for Buskerud Kraftnett showed the following.

- For consumers with remote load control: 12% reduction in morning peak usage, and 14% reduction in
afternoon peak usage. (1,230 consumers)

- For consumers with the ToU tariff but no load control, maximum peak use reductions were 10% in the morning
and 7% in the afternoon. (39 consumers).

- Results for the ToU tariff and spot price on an hourly basis show peak use reductions of 35% in the morning
and 31% in the afternoon , but the sample size was small (6).

- Results for use of power contract with spot pric e on an hourly basis, without technology for load control, shows
peak use reductions of 15% during the morning and 22% during the afternoon (17 customers)

Results for Skagerak Nett showed the following.

- For ToU consumers without load control, the maximum peak period demand reductions were 8% in the
morning and 9% in the afternoon (198 consumers)

- Results for both ToU tariff and spot price on an hourly basis: peak use reductions of 16% during the morning
and 24% during the afternoon (34 customers)

- For consumers with ToU pricing and an hourly spot price, the maximum peak period demand reductions were
14% in the morning and 28% during the afternoon (24 consumers).

Remarks: study is not providing clarity on methods of recruitment, results, use of control group etc.
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Annex 2: Load flexibility for different appliances

Household practice or need: Cleaning and washing: Tumble Dryer

Flexibility in terms

Tumble dryer is a large load and can contribute significantly

of potential load

shifting

Options for Drying without tumble dryer when possible (preferably not indoors due to health
reduction issues)

Reduction can also be accomplishedthrough the investment in more energy efficient
tumble dryer or a washing machine that dries the laundry more effectively.

Type of behaviour

Routine
Investment

Flexibility in terms
of Willingness to
shift and reduce

Shifting: limits to willingness to shift time of washing and therefore drying due to
household routines and needs and limits to norms around air drying (some segments
might see it as a poor people's thing to do)

Automation/
remote control?

A general problem is that from a technology point of view this load is easily controlled
remotely or with automation, but many households express concerns around the
clothes getting folds because they lie still for too long if not put in wet and taken out
immediately after the cycle is concluded.

Household practice or need: Cleaning and washing: Washing Machine

Flexibility in terms

In principle the washing machine can be used flexibly during the day by means of

of potential load timers or remote control. the shifting potential is high.
shifting
Options for Reduction can be accomplished by lower temperature settings, using the eco cycle
reduction washing only with full loads, and by investing in more energy efficient washing
machine
Type of behaviour Routine
Investment

Flexibility in terms
of Willingness to
shift and reduce

Shifting use of washing machine is a tricky thing because households have concerns
about the hygiene and folding of laundry if left in the closed machine for too long.

Automation/
remote control?

The washing machine can easily be controlled remotely or with a timer, and remote
control also allows for temporary stops of the washing cycle.

Household practice or need: Cleaning and washing: Dish Washer

Flexibility in terms

There usually is a great many hours between the filing and emptying of the

of potent ial load | dishwasher, in which time the appliance use can be shifted. To avoid perverse use of
shifting cost beneficial time of use and the consequential increase in consumption it is
important to make sure the dishwasher is only turned on when full.
Reduction can be accomplished by washing by hand, but then there is a rebound in
gas for water heating.
Options for Reduction can be accomplished through the investment in more energy efficient
reduction dishwasher

Type of behaviour

Routine and investment

Flexibility in terms
of Willingness to

The dishwasher can relatively easily be turned on off-peak
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shift and reduce

Automation/
remote control?

Remote control of the dishwasher is relatively easy to manage and relatively
acceptable to households in general.

Household practice or need: Eating and drinking: electric cooking

Flexibility in terms
of potential load

Not very flexible since this is linked to cultural routines. some dishes can be prepared
before peak hours and then only reheated.

shifting
Options for Reduction can be achievedthrough tailored tips such as turn off the pasta as soon as it
reduction cooks; turnto steam cooking, put lids on pans, cook for more days at a time.

Type of behaviour

Routine

Flexibility in terms
of Willingness to
shift and reduce

very limited willingness to shift cooking between 7 & 9 pm to later time Cooking
routines are strongly linked temporally. Not much options to shift to off-peak unless
food is cooked before peak periods and then reheated.

Automation/
remote control?

Cooking cannot be automated, nor are appliances used for cooking.

Household practice or need: Eating and drinking:

grinder, blender, oven

water cooker, microwave, espresso machine, coffee

Flexibility in terms
of potential load
shifting

The theoretical potential is reasonable

Options for
reduction

Reduction can be achieved by means of investment in more energy efficient appliances
and through tailored tips such as: cook/heat no more than needed

Type of behaviour

Routine

Flexibility in terms
of Willingness to
shift and reduce

Some things can shifted but has one person commented: "what am supposed to do,
have cold tea?" the potential is limited. The use of these appliances and the needs
they fulfil are felt frequently during the day and changing them would severely affect
feelings of comfort.

Automation/
remote control?

No real options for automation of these functions

Household practice or need: Eating and drinking: Fridge and freezer

Flexibility in terms
of potential load

The fridge and freezer represent a significant load in many households and have great
potential for flexible load.

shifting
Options for Reduction can be achieved through the investment in a more efficient fridge or freezer,
reduction but also by automated control of the temperature and defrost opti ons (turning of 15

minutes every hour has no impact on temperature or hygiene). in addition tailored tips
such as:

- set temperature right

-do not leave door open too long.

-put second fridge/freezer in barn or cellar during winter

Type of behaviour

Routine/one -off

Flexibility in terms
of Willingness to

Several projects have been undertaken with this automated control of the fridge and
households are in general willing to allow this load management option.
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shift and reduce

Automation/
remote control?

automated turn -off for small periods

Household practice or need: Comfort: lighting

Flexibility in terms
of potential load

In general light is necessary, the amount could be reduced but the load not really
shifted.

shifting
Options for Reduction can be achieved by turning off lights in unused rooms, and by installing CFL
reduction or Oled bulbs or motion detectors

Type of behaviour

Routine and investment

Flexibility in terms
of Willingness to
shift and reduce

People will not be very willing to reduce light levels in their homes, except for turning
off lights when they leave a room.

Automation/
remote control?

yes (timer; lightning control systems) and movement detection systems.

Household practice or need: comfort: outside lighting

Flexibility in terms
of potential load
shifting

This light can be connected to movement detection and can be turned off during peak
hours.

Options for
reduction

turn off lights & use saving bulbs and motion detection

Type of behaviour

Routine and investment

Flexibility in terms
of Willingness to
shift and reduce

people might be unwilling to turn off certain types of outdoor lights, such as Christmas
lights since the explicit aim is to be visible.

Automation/
remote control?

yes (timer, lightning control systems), motion detectors

Household practice or need: leisure: TV

Flexibility in terms
of potential load

Watching television during other activities can be unlearned. However, the watching of
television in the evening is often a non-negotiable activity that is deemed necessary to

shifting unwind. Some shifting is possible by watching television on other media such as tablets
that have been charged beforehand.

Options for turn off when no oneés watching

reduction

Type of behaviour Routine

Flexibility in terms
of Willingness to
shift and reduce

very limited willingness to shift watching TV between 7 & 9 pm to later time

Automation/
remote control?

The only real option would be to connect the TV to batteries so that the direct
consumption of energy can be temporarily shifted

Household practice or need: leisure: Music installations

Flexibility in terms
of potential load
shifting

Listening to music on devices with batteries such as laptops, iPods mp3 players
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Options for turn off when no onedés | istening
reduction
Type of behaviour Routine

Flexibility in terms
of Willingness to
shift and reduce

For many households having the radio or music player on during other activities or
when not at home as 'companion 'to pets is a difficult behaviour to change.

Automation/
remote control?

No automation available to shift this behaviour.

Household practice or need: leisure: games

Flexibility in terms

With online gaming the only way to shift consumption is by means of battery devices

of potential load such as laptops. However to have a good gaming experience usually a desktop
shifting computer is required.

Options for limit use of games

reduction

Type of behaviour

Routine

Flexibility in terms
of Willingness to
shift and reduce

This activity is comfort and leisure related and very much linked to relaxation time in
the evening

Automation/
remote control?

Automation is not relevant for this activity

Household practice or need: leisure: PCs/tablet

Flexibility in terms

the total consumption of these devices is significant, and as such the potential load

of potential lo ad | shifting as well, although these devices are used rather constantly during the day
shifting

Options for turn off when not used, charged in off -peak periods. Buying more energy efficient
reduction devices.

Type of behaviour

Routine and investment

Flexibility in terms
of Willingness to
shift and reduce

The activities related to these devices are usually not very shift able, e.g. servers or
work related.

Automation/
remote control?

Not relevant

Household practice or need: care:

hair-dryer; el toothbrushes, el razors, etc.

Flexibility in terms

Not very significant load

of potential load

shifting

Options for limiting use of hair dryer; not using the electric toothbrush every day, razing by hand
reduction etcetera

Type of behaviour Routine

Flexibility in terms
of Willingness to
shift and reduce

People could be motivated to perform these activities later in the evening before going
to bed, instead of in the morning. However, it requires a change in norms and
perceptions of comfort.

Automation/
remote control?

No automation possible here, would even be worthwhile limiting the electronic device
use in this area.
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Household practice or need: ease: standby

Flexibility in terms
of potential load
shifting

Significant load shifting potential

Options for
reduction

use stand-by killers

Type of behaviour

One-off/investment and Routine

Flexibility in terms
of  Willingness to
shift and reduce

Turning otherwise standby devices off completely during peak periods could work, if
people are convinced that the settings will be preserved.

Automation/
remote control?

Automation can create increased level of comfort

Household practice or need: cleaning and maintenance:

Vacuum cleaner; do-it-yourself and garden-

related machines (e.g. lawn-mower, drilling machine, terrace heater)

Flexibility in terms
of potential load
shifting

These activities can be shifted to off-peak periods, They very often already take place
in off-peak periods.

Options for
reduction

reconsider usage and frequency of cleaning with electronic devices, stimulate use of
brooms, and manual devices or otherwise buy energy efficient machines

Type of behaviour

Routine and One-off/investment

Flexibility in terms
of Willingness to
shift and reduce

People can probably be motivated to shift the time of use

Automation/
remote control?

Not really possible, mostly requires manual activity.
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Annex 3: Dynamic pricing approaches tailored to 6 segments

Segment 1

Idealistic savers

General
Considerations

This group shows most efforts to save energy, and already does a lot in terms
of reduction. Driven by idealism, these people are willing to make finan cial
sacrifices and impose restrictions on themselves even if it means loss of
comfort. This customer is knowledgeable and consists largely of highly
educated women.

Preferred behaviour

Both routine behaviour and efficiency measures

Main motivation

This group could be motivated to shift their consumption but from an
environmental motivation.

Choices related to
Pricing Mechanism

Saving and shifting will not be financially motivated (no emphasis should be
put on money)and a price incentive may not be the best incentive. If a price
incentive is used, a combination of ToU, possibly with CPP, is a good option to
visualise energy shifting options. Because this segment is not financially
motivated, RTP is probably not suitable (because you still need to respond
strongly to price). You could also simply CPP (and focus on shifting only).

Choices related to
technology

Sincethis group is highly educated and well informed, different technologies
can be used to support further behavioral change. The use of technology
should be functional for this group. Almost all options are ticked in the toolbox
because these people want information to be provided both at home and at
work on PG smart phone, IHD. This group does not like ceding control
(especiallyto a party that is less environmentally conscious and idealistic than
themselves). Remote control by third parties is not an option, automation is
possible if this group can control it themselves.

Choices related to
Feedback

Detailed and differentiated information is desired. Becausethis group is well
informed, she is well able to interpret the information. Text, graphics, and / or
lamp signals when price changes are options. Tailored advice needs to be
focused on shift options. What is important for this target group: who gives
feedback and how reliable they find this party?

Mechanism

Pricing Approach segmentl
PRICING TECHNOLOGY FEEDBACK: FEEDBACK: FEEDBACK:

Pricerelated Userelated Frequency
Level, type

( IHD

Smart meter | [ ' ] I - l
none “—l e/kWh II UsekWh \ Per appliance

IBR Energylamp I Colourchangel Usee “h E—— I
- Website I ]

II ReductionkWh] h Per space

| Reductione “[ Historic

|

App
CPP

ToU “TI Sound
[ [ CO2reduction ] [ Goal settingﬂ
I Post I -

" COZemmissionI I Comparativeﬂ

Emoticons

CPR Magneticstickerl Graphic I Emoticons “I Benchmarkﬂ

Automation I —_— II Graphic ] h Invoicedetail.l
RTP Tail i f - -
ﬂ Remotecontrol I ailoredtips II Numbers ] h Tailoredtips I
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Segment 2

Selfless inconsistent energy savers

General
Considerations

This customer is already highly motivated, highly educated and fairly reasonably
prosperous. This group also shows significant energy-saving activities. At the
same time, they are not very consistent: although they do believe that they can
make a difference, they are quite inconsistent in terms of energy efficiency
measures at home - because at that level they do very little.

Preferred behaviour

More routine and less investment behavior.

Main motivation

This group could be motivated to shift their consumption but from an
environmental motivation.

Choices related to
Pricing Mechanism

Saving and shifting will not be financially motivated (no emphasis should be put
on money). TOUand / or inclining block prices, in combination with CPPor CPR
would fit this group . Sincethe motivation is not primarily financial in nature,
RTPis probably not perfect (because you still need to respond strongly to

price).

Choices related to
technology

Since this group is well-educated (but not as well informed) we can assume that
different technologies can be usedto clearly and adequately inform the user
good about their behaviors and their impact. This group is willing to pay for the
technology as long as it is functional. this group is not worried by remote
control and automation may be appreciated, but can also put a brake on
learning of this group (see below).

Choices related to
Feedback

Clear and understandable feedback to the end user is needed to allow them to
start a learning processon their own (inconsistent) behavior and opportunities
for improvement (also e.g. goals, and advice on investment behavior). Since
these users are motivated, this may result in an actual decrease AND shift in
energy. Thus, in the beginning especially graphics and light signals can be used,
and in time the information can be further differentiated in accordance with the
growing understanding of the end user.

Pricing Approach segment 2
PRICING TECHNOLOGY FEEDBACK: FEEDBACK: FEEDBACK:
Mechanism Pricerelated Userelated Frequency
) . 7 Level, type
none | Smart meter l /kWh " UsekWh I " Per appliancel
IHD ) . " ReductionkWhI " Per space ]
IBR | Energylamp I Colourchange] " Usee I " Peractivity I
Website I P —
ToU ' _ Sound “ Reductione I “ Historic I
" Email | = > :
- [COZemmlssmn“ l Comparatlveﬂ
CRE il i i
f S oneons CO2reduction I Il Goal settingl
Post I :
CPR Magneticsticker | Graphic " UL I l Benchmark ”
Automation | i “ Graphic I “ Invoicedetail.l
RIP " Remotecontrol | Tailoredtips | Numbers " " Tailoredtips I
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Segment 3

Thrifty energy savers

General
Considerations

The thrifty savers are into energy-saving as long as this does not bring them
any negative financial consequences. This also applies to their acceptance of
policies: these should not ask for any additional financial efforts from end

users. These are older people with lower incomes.

Preferred behaviour

Focus onroutine behavior

Main motivation

Their motivation is not primarily intrinsic - but relates to financial necessity and
social pressure. If shifting pays off financially they would be interested.

Choices related to
Pricing Mechanism

Since financial motivation is strong dynamic pricing rates are all possible in
principle. This segment accepts intervention if it pays off ( in any case is should
cost nothing extra). ToU, IBR, in combination with CPPor CPRmay be used.
RTP is anoption, especially if it offers additional opportunities for savings. It is
important that this segment understands what it all entails and receives clear
information and tailored tips.

Choices related to
technology

Sincethese people are older, not very well educated and not very prosperous,
we assume a surfeit of technology to do more harm than good. This segment
will not want to invest (payback time is probably unfavorable due to old age).
The technologies used need to be functional, designed to provide the
necessaryinformation via an easily programmable IHD, with postal and
magnetic sticker reminders. Remote control is most probably not attractive to
this group.

Choices related to
Feedback

Good regular guidance accompanying the technology is important. The
feedback should clearly show the financial savings and provide tips to save
even more. Feedbackchannels are: oral, mail, TV commercials. Becausethis
segment is sensitive to societal expectations of energy efficient behavior,
comparative feedback is also desirable It is important to keep in mind that this
is potentially a vulnerable segment and the behavioral changes should not
compromise health or well-being.

Mechanism

ToU

CPP

RTP

Pricing Approach segment3
PRICING TECHNOLOGY FEEDBACK: FEEDBACK: FEEDBACK:

Smart meter I
none €/kWh
t IBR Energylamp Colourchange Usee Peractivity

Website

f
CPR I\/Iagneticstickeri Graphic { Emoticons Hl Benchmark”
Automation

[ Remotecontrol ﬂ

Pricerelated Userelated Frequency
Level, type
UsekWh Per appliance
ReductionkWh Per space

Reductione Historic
Sound

—_— 4

COZemmissionl Comparative

CO2reduction

[ Emoticons i Goalsetting"

Graphic Invoicedetail.

UGl Numbers Tailoredtips
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