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The project in brief

The Energy Union Framework Strategy laid out on 25 February 201&ms at fostering acost
efficient energy transition able to deliver secure, sustainable and affordable energy to all
European consumers. lhas embraced a citizeroriented energy transition based on a lowcarbon
transformation of the energy systemAt the end of the day, thesuccessful implementation of the
Energy Union will materialise in a change in energy production and energy consumption choices.
Such choices are heavily shaped by particular economic prerequisites, value systems, gender
based preferences, efficiency of gernance and the maturity of civil society.

The ENABLE.EU project attempts to understand the key drivers of individual and collective energy
choices, including in the shift to prosumption (when energy consumers start to become also
energy producers). Theproject will develop participatory -driven scenarios for the development
of energy choices until 2050 by including the findings from the comparative sociological research.
As differences between European countries remain salient, ENABLE.EU will have a stron
comparative component.

The final aim of this project is to contribute to more enlightened, evidenebased policy decisions,

to make it easier to find the right incentives to reach the twin goals of successful implementation

of the Energy Unionand EuroB 8 © OOAT OEOEI 1T O xAOAO A AAAAOAIT T EC
final aim, ENABLE.EU will seek to provide an excellent understanding of the social and economic

drivers of individual and collective energy choices with a focus on understanding changes in

energy choice patternsResults will be disseminated to relevant national and El¢vel actors as

well as to the research community and a wider public.

This project has received funding from the
European Unionbs Hori
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1. Executive summary

4EA %OOT PAAT andl 2080istrategdes,gvhiah tonstitute set of binding legislationaims

to increase energy efficiency by 20% by 2020 and B82.5% by 2030. Further, the 2020 strategy

aims at a share of 20% renewables in final energy consumption by 2020 and a share3@fo

renewables by 2030. These strategie® OO0 A OOOT 1 ¢ A&l AOGtermh knerdyl OOAET |
demandt. By employing energy saving measures, energy services are consumed more efficiently.

A more flexible energy demand avoids grid overloads, as it can be adapted to the supply
dependent feedin of renewable energies. However, these demand side opportunitider more

efficient and low-carbon energy usego hand in hand with the question: "Which factors influence

the shortOAOI AT AOcU AT 1T OOI POET 1ThiAdadeBsilid deals vith thd OOAET |
demand for energy services by private households. By undsdanding the drivers of energy
consumption, policy can directly target these drivers and implement correspondingpolicies.

Therefore, we aim to identify the causal effect of different policy intervembns on energy

consumed in four distinct country case studies, conducted in Bulgaria, Germany, Serbia and the

United Kingdom.From amethodical point of view, the country case studies are implemented in

the form of randomized controlled trials (RCTs). RCTare economic experiments, which aim at

identifying the causal effect of an intervention on an outcome variable by instrumenting
randomized exposure to the intervention.

As an analysis of theeNABLE.EU households survéghows, Bulgarian householdprovide less

accurate estimatesof ADDIT EAT AAO6 AT Aocu AT 600 AT i PAOAA O E
the United Kingdom. By receiving an energy consumption and cost breaklown by different
appliances, households are able to understand and to learn about theionsumption. Thus, the
research question of the Bulgarian case studya0d, O7 EA O E énergyEdst bikai®bnd O 1 A
by applianceon energy AT T OO DT Brisweetbe question a RCTwas conductedwith 405
households over a duration of four monthsjncluding both heating and nonheating seasons.

Results show that, although households ithe treatment group received monthly energy cost
break-downs by appliance,their energy consumption is not significantly different to the control

group, which did notreceive the information. However, a withiranalysis of the treatment group

for specific appliances shows that the treatment group significantly decreases utilization of both

the electric water heater and the washing machine over time. Still, the lackinggaificance in the
comparisonwith the control group indicates very limited potential for detailed cost breakdowns

to decrease energy consumption. A possible reason might be the high share of energy poor
households in Bulgariawho might already consume energy most efficiently.

TEA OAOOI 66 1T &#/ OEA ' AOi AT AAOA OOOAU DPOIT OEAA EIE
energy corsumption: intermittent billing. For Germany, the lag between consumptioof energy

and paymentof the bill is particularly severe as meter readings only occur on a yearly basiBhus,

the researchersdesigned an RCT to focus on the discounting effects associated with such
intermittent billing. The research question is, whether there is evidence of hyperbolidiscounting

in energy consumption.Hyperbolic discounting gives rise to timeinconsistent choices, such that
overconsumption of energy occurs from both a sociand an individual perspectiveThe RCT was
conducted asalab experimentwith 171 studentsto investigate the effect of more frequent energy

billing on energy consumption, holding saliency ath information effects constant.The control

scenario is billing one week after consumption has taken place, the treatment scenario is billing

14EA OAOI 6 OAT Aocus AT A OAI AAOOEAEOU6 AOA OOAA AOG OUIi
206. I ", %8%5 Ai 1T AOAOAA A 1T AOETTAIT U OAPOAOAT OAOEOA 000
October 2017 to February 2018 (see D 4.1 for more information).
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immediately after consumption. The main result is that immediate billing decreases light
consumption on average by around 142% compared to delged billing. Further, these results
are consistent with (quast) hyperbolic but not with exponential discounting. Theresults provide
important insights to understand qualitatively the consequences of intermittent billing. From a
practical perspective, holding information and saliency effects constant, more frequent billing will
decrease energy consumption-rom a conceptual perspectiveiirst causal evidence of hyperbolic
discounting under intermittent billing is provided.

Because energy prices of households in Serbia are the lowest in Europe, information provision,
rather than financial incentives, was selected as a potential policgtervention in the Serbian case
study. In particular, the research ains to shed light on whether energy saving instructions are a
fruitful strategy to promote reduction in energy consumption. In cooperation with the national
electricity supplier EPS Supplyatotal of 330 participants were recruited to participate in an RCT,
where the treatment group received a brochure of energgaving instructions.Such intervention
xAO OOAA O1 ETAOAAOA AiT 1T 0O00I AOBO AxAOAT AdOh AT A
patterns has an actual impact on consumption reduction. Thesults showthat in a country where
the electricity price is very low, energysaving instructions do not affect consumer behavior.
Households may be not interested to pursue the instructions, dkeir expected monetary savings
are too low.

The single most important domestic energy policy initiative ongoing in the UK is the Smart Meter
Implementation Programme (SMIP). This programme provides the legal framework to install
smart electricity and gasmeters in every household in the UK by 2020. Smart metering may allow
consumers to save energy and money, but of greater social benefit is their potential to pave a path
toward a more flexible energy system, allowing optimisation of generation and storagéndeed,
smart meters can be considered a key enabling technology of a sustainable energy system.
However, consumer resistance has severely inhibited rollout thus far. This research provisieew
evidence on this important topic. Information treatments areprovided to households to assess
the impact of anchoring in willingnessto-accept elicitation for this unusual but important context,
where subjects are essentially asked to place a value on the compensation necessary to provide a
public good. From thesaesponses, the study infers the optimal subsidy level policymakers may
need to provide to incentivise households to adopt smart meters and comment on the sensitivity
of that inference to the methodology deployed.

Taking the different country case studies ogether, this report demonstrates a limited potential

for information and feedback policies in decreasing energy consumption. This is particularly the
case when the countrieither exhibit a high share of energy poverty, as seen in Bulgaria, or have
a very low energy price, as seen in Serbia. Households living in energy poverty might not demand
information as they already gathered knowledge themselves on how to save as much as possible.
Households facing low energy costs may simply value the effort costsfollowing through energy
saving behaviours higher than expected savings. Once taking information as given, the German
case stug points to the role of discounting inrecurring billing cycles.Because consumption and
payment of energy are separated in tira, the payment will be (quasi)hyperbolically discounted
leading to an overconsumption of energy. A change in the billing system, suchnaore frequent
biling or prepaid metering, would decrease this overconsumption.The UK case study
complements the three other case studies by focusing on adoption of a potentially energy saving
technology. The results suggest thain contrast to the previous RCTs focusing on consumption,
information treatments, combined with subsidies has a significant impact on houselwl
behaviour regarding adoption of energy saving technologies

The following report is structured as follows: Section 2 provides a common introduction and

This project has received funding from the
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motivation to the national case studies. It mainly relies on a comparison between the energy
literacy levels in the different countries as elicited in theeNABLE.EUhousehold survey. Further,

the RCT methodology is explained. Sections 3 to 6 give the country case study reports. Section 3
describes the Bulgarian case study, as conducted by the reseanchefthe Center for the Study of
Democracy CSD. Section 4 comprises the &man case study, conducted byesearchers ofthe
University of Munster (WWU). The Serbian case study, conducted by researchersted Economics
Institute (EI), is covered in Sectin 5. Finally, Section 6 refers to the UK case study conducted by
researchers atthe Grantham Research Institute at thd.ondon School of EconomicsGRILSE.
Each of the country case study reports can be read independently.
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2. Introduction

The Europed 51 ET Tadd®030 strategies, which constitute set of binding legislationaims

to increase energy efficiency by 20% by 2020 and B82.5% by 2030. Further, the 2020 strategy
aims at a share of 20% renewables in final energy consumption by 2020 amdshare 0f32%
OAT AxAAT AO AU ¢nomnm8 4EAOA OOOAOACEA®©mM Brergy A
demand. By employing energy saving measures, energy services are consumed more efficiently.
In order to avoid overloading the grid with the advancing eargy transition, the supply of
electricity must always correspond to the demand for electricity. Fluctuating generation and grid
feed-in from renewable energies with relatively rigid demand at the same time presents problems
that can be addressed with vaous flexibility options. A more flexible energy demand avoids grid
overloads, as it can be adapted to the supplyependent feedin of renewable energies. However,
these demand side opportunities for more efficient and lowcarbon energy use go hand in hand
with the question: "Which factors influence the shortterm energy consumption choices of
ET OOAET 1 Aepataeals with Eh®demand for energy services by private households. By
understanding the drivers of energy consumption, policy can directly taret these drivers and
implement corresponding policies. Therefore, we aim to identify the causal effect of different
policy interventions on electricity consumed in four distinct country case studies, conducted in
Bulgaria, Germany, Serbia and the United ikgdom.

O\
O
O;

2.1 Motivation

An economic determinant of shoriterm energy consumption which joints the four country case

studiesEO OEA AAETT x1 AACAT AT O 1T &£ EI OOAET 1 A0S AAET ¢ ¢
more information on how to save energy. Thli acknowledgement is considered in survey

guestions included in theENABLE.ElLhousehold survey. The household survey includedome

Following Blasch, Boogen,Filippini, & Kumar (2017), energy literacy is used to gather
DAOOEAEDPAT 080 ETT xI AACA AAT 0O AT Aocus 4EAOA&E OAl
which households know energy prices, how much the consumption of certain energy services

costs and whth energy services consume more than others. Specifically the three energy literacy

questions are the following:

E1l. How much do you think 1 kWh of electricity currently costs in [COUNTRY] on average?
Please indicate your best guess without checking your b ill or other resources.

p8 8888888 jAIT OO EI rAAT OO0OY r PAT OAY(Q
ww8 $1 160 ETT x

E2. Please estimate, how much electricity costs occur for an average household in

[COUNTRY] when running:
ONE answer per row

0-19 20-39 | 40-59 |60-79 |80-100 | Morethan|$ 1 1

[cents] | [cents] | [cents] | [cents] | [cents] | 100 know
[pense] | [pense] | [pense] | [pense] | [pense] | [cents]
[pense]
A. | ATV setforan hour| 1 2 3 4 5 6 99
B. | A washing machine| 1 2 3 4 5 6 99

(load of 5kg at
60°C) for an hour

This project has received funding from the
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E3A. Assuming an average household in [COUNTRY], which of the following two activities
consumes more electricity?

Only ONE answer

1. Bringing 1 litre of water to a boil in an average pot with lid

3. Running a washing machine with a load of 5kg at 60°C

3. Both consume about the same

ww8 &now 8§ O

E3B. Assuming an average household in [COUNTRY], which of the following two activities
consumes more electricity?

Only ONE answer

1. Bringing 1 litre of water to a boil in an average pot with lid

2. Bringing 1 litre of water to a boil in an electrikettle

3. Both consume about the same

ww8 $1T 160 ETT x

E3C. Assuming an average household in [COUNTRY], which of the following two activities
consumes more electricity?

Only ONE answer

1. Running a tube TV for 1 hour

2. Running a flat screen TV for 1 hour

3. Both consume about the same

ww8 $1T 160 ETT x

From these questions, we gather an energy literacy indeBlasch, Bogen, Filippini, & Kumar,
2017), by giving points to eachcorrect answer. The maximum energy literacy index is 11,
indicating maximum sophistication about energy consumption and costs. The graphics below
depict the energy literacy indexes fothe four case study countries.

Bulgaria Germany
o
o
o~
>
o
o
O
B
Eh
) Serbia United Kingdom
S
o
[
>
<

i N}

Figure 1: Average energy literacy indexes by country

The average energy literacy score for Bgaria and the UK is 3. Germany and Serbia do slightly
better by an average energy literacy score of 4. However, given the maximum score of 11, all
countries exhibit a rather low energy literacy. Inthe UK,not a single participant achieved the full
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Bulgaria Germany

Serbia United Kingdom

l!

11 points. Looking in detail at the questions blocks allowsinderstanding where exactly the

Average share of E1

Figure 2: Average share of correct answers to E1 by country

misperception stems from.

Figure 2 gives the average share of correct answers on E1. Whereas in Germany and in Serbia
almost 50% of participants know the correct average price of energy, in the UK only 15% knew
the correct average price. For Bulgarig27% gave the correctanswer. Also in Figure 3, giving the
share of correct answers to E2, and in Figure 4, giving the share of correct answers to E3, both

Bulgaria Germany
ﬂ: =
(.V)_ =)
(\! -
o~
L
u—
& Ea
o
2
® ©°
G Serbia United Kingdom
S <
g~
g
<

i N |

Figure 3: Average share of correct answers to E2dountry

Germany and Serbia do comparably well. An interesting reverse emerges for Bulgaria and the UK.
The share of correct answes for the costs of particular energy services (E2) is particularly low for
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Bulgaria. In contrastthe UK outperforms both Serbia and Germany on E2. It seems that although

Bulgaria Germany
I.D_ =
ﬁ: -
(V). ]
o N+
(I
B =
o
£
) Serbia United Kingdom
&
5 w0
>
<

i N

Figure 4: Average share of correct answers to E3 by country

the knowledge on the correct average energy price is lower in the UK, the knowledge the cost

of particular services is higher in the UK. However, again the reverse is true for the knowledge on
the costs of services in comparison to each other (E3). In Bulgaria the sharecofrect answers is
comparable to Germany and Serbia, but in the UK knowledge on E3his lowest.

Based on these statistics, the fourauntries involved in this study focus on different fields to
AgAIl ETA AATTTIT EA AEAAOI OO-tehr edsrgddhdicREr nre BetaD OAET 1 Ad C

2.2 The country case studies

As shown in section 2.1, Bulgarian households have a comparative lack in giving cost estimates of
the eneagy consumption of particular appliances or servicesSimilarly, utility bills are often
difficult to understand and consumption is only presented as an aggregated measuféus, the
research question of the Bulgarian case studpid, O7 EAO E énerGycdst bleakdedsO | £
by applianceon electricE OU AT 1T O 8y ppp@dinh dost Bréakdownsto different appliances,
householdsshould beable to understand and to learn about their consumption. As a consequence,
consumersshould beempowered to condict energy saving measuresthe RCT is designed such
that over a total duration of four months, including both heating and notheating seasons, 405
households report their electricity consumption. Treatment group households received detailed
break-downs by appliance for each month, giving them the energy consumption and energy cost
for each appliance As the control groupdid not receive this detailed feedback, the treatment
group is hypothesizedat the very leastto decrease utilization ofthe most consumirg appliances
and thus to decrease energy consumption.

The payment of electricity consumption usually occurs some time after consumption has taken
place. InGermany,the time lag is particularly severe: consumption is immediate, whereas billing
occurs onlyonce a year. This lag has two consequences: future costs are discounted when making
decisions and information on consumption behaviour is just given once a yeaHowever, & the
comparison ofenergy literacy across countriesshows, the energy literacy inGermany is already
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rather high. Thus, the Germartase study focuses on the discounting effects and examines the
existence of hyperllic discounting by increasing the billing frequency while holding
informational and saliency effect constantThe RCT was @nducted asalab experimentwith 171
students. The control scenario isbilling one week after consumption has taken place, the
treatment scenario is billing immediately after consumption. This change in billing induces a
change in discounting the bill, wile information is held constant across both groups. In case of
hyperbolic discounting, the control group consumes significantly more energy than the treatment

group.

Because the Serbian energy market is not liberalized and energy prices are the lowesEinmrope,

information provision, rather than financial incentives, was selected as a potential policy
intervention in the Serbian case studyin particular, the researches aim to shed light on whether

energy saving instructions are a fruitful strategy tgoromote reduction in electricity consumption.

In cooperation with the national electricity supplier EPS Supply330 participants were recruited

to participate in an RCT, where the treatment group received a brochure of energgving

instructions. Such intenAT OETT xAO OOGAA O1 ET AOAAOGA AT 1001 A0S
adoption of new consumption patterns has an actl impact on consumption reduction.

The single most important domestic energy policy initiative ongoing in the UK is the Smart Meter
Implementation Programme (SMIP). This programme provides the legal framework to install
smart electricity and gas meters in every household in the UK by 202Dhe UK case studpresents

an incentive-compatible RCTto elicit the willingness to accept of a represntative panel of UK
households for smart meter installation.Given the relatively low energy literacy level in the UK,
information treatments are provided to households to assess the impact of anchoring in
willingness-to-accept elicitation for this unusud but important context, where subjects are
essentially asked to place a value on the compensation necessary to provide a public good. From
these responses, the study infers the optimal subsidy level policymakers may need to provide to
incentivise househotls to adopt smart meters and comment on the sensitivity of that inference to
the methodology deployed The results demonstrate that information treatments can be effective
in lowering household resistance to smart meter adoption. The results sb reveal awide range of
willingness-to-accept valuations Despite this fact, the range irgely within the range of values
that would be consideredcost-effective for society to subsidise.

2.3 Methodology

From a method point of view, he country case studies aremplemented in the form of randamized
controlled trials (RCTs). RCTs are economic experiments, which aim at identifying the causal
effect of an intervention on an outcome variabldoy instrumenting randomized exposure to the
intervention. For this case studythe relevant outcome variable is energy consumptioin the
Bulgarian, German and Serbian case studies, asrdart meter adoption for the UK case study. The
interventions are described in section 2.2.

The difficulty in identifying causal effects stems frm finding the correct counterfactual situation:
how would the sameindividual behave if she would not have been exposed to the intervention.
Naturally, such a counterfactual does not exist: Either an individual experiences the intervention
or not. mparing the same individual before and after exposure to thentervention, is
contaminated by time effects as e.g. weather, institutional background, etc. might have changed
as well. @mparing individuals who are exposed to the intervention and individués who are not
exposed, gives rise to selection bias. Individuals might have selectégito experiencing the
intervention, thus are systematically different to individuals not experiencing the intervention.
Thus, for econometric analysis of natural occurrig datastricter assumptions are necessary to
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identify the correct counterfactual (Harrison & List,2004).

Controlled experiments provide the most robust method of creating a counterfactualby
instrumenting randomisation. Thereby, self-selection into experencing the intervention is
prohibited by researchers randomizingparticipants into either a treatment or a control group.
Only the treatment group has access to the intervention.Because of randomization the
participants in both groups are in expectation qual in all observable and unobservable
characteristics, except of the intervention. Thus, a comparison of average energy consumption in
treatment and control group reveals the causal effect of the intervention without contamination
of any other characterstics (Harrison & List, 2004). Thereby, RCTs can provide apple®-apples
comparisons of different interventions and policies, and inform policy makers about robust causal
effects and channel$nfluencing behaviour.

2.4 References
Blasch, J., Boogen, N., Filippini, M., & Kumar, N. (2017). Explaining electricity demand and the role
of energy and investment literacy on enelise efficiency of Swiss household&nergy Economics,
68, pp. 89102.
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1055.
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3. Country case study: Bulgaria

In Bulgaria, smart metering in the residential sector is not yet implemented and all customers
receive monthly bills for their electricity consumption. The bills include information on the total
amount to be paid and the suklamounts for transmission and access to the differd type of grids,

as well as the single price, paid by the customer for a kWh. However, the bills do not include
information on the cost of electricity consumption by separate appliances, as there is no technical
possibility for this consumption to be measared. Respectively, the main assumption in
constructing the RCT experiment was that people are not aware d¢fie amount of energy
consumed by separate appliances and respectivetyabout the related costs, even for appliances
with known electricity consumption per hour (e.g. indicated in the technical characteristic of the
respective appliance).

The main research hypothesis, tested with the current RCT is that detailed information on

electricity consumption and respective cost per separate appliance will ipact the consumption

patterns of the customers, leading to lower consumption in general and higher energy savings.

AEAR A@PAOEI AT O8O AAOGECT &£ AOOGAOG 111U 11T OI1 071 0OA
knowledge and awareness of people for their eneygconsumption, and do not aim at changing

contextual factors (e.g. introducing more energy efficient devices or better insulation). The RCT
experiment was designed to test the effect of feedback information about electricity consumption

and related costs & DAOOEAOI AO ET OOAET T A8O ADPDI EAT AAO 11
design includes a total number of 405 households, selected on a random base, following several

quota criteria. The experiment last for four months (September to December 2018) andaered

periods of both nonheating and heating seasons in the country.

The analysis found that there is no statistically significant difference between the energy bills of

the control and experimental groups with the exception of December, where surprisitgthe bill

of the experimental group was significantly higher than the average bill for the control group. This

pattern does not confirm the main research hypothesis that the experimental intervention would

lead to a decrease in bills of the experimentaroup, as compared to the control one. However, a

bi OOEAT A OAAOGI 1T &£ O OEA $AAATI AAOGO OAOOI O AT O1 .
December among the participants in the experimental group as compared tbe two previous

months and the response rag of the control group for December.

A more thorough multivariate regression model was used to delve deeper into these results with
the monthly electricity bill as a dependent variable and the group type (experimental vs. control)
as an independent variake, while various demographic factors were added as control variables
in order to isolate better the effect of main independent variable. The regression models for each
of the three months, when a feedback information was delivered to the experimental grpyi.e.
the intervention was performed) prove again that there is not any significant difference between
the control and experimental groups.

7TEET A OEA 1T AET AAPAT AAT O OAOEAAT A OiTTOEI U Al AA
intervention, we tested whether the intervention (i.e. receiving feedback information) has any
effect on energy consumptionbehavioural patterns within the experimental group only. The
assumption was that the interventionmight have influencedthe way households utilized their
most energy consuming applianceat least a little, evenf there is not difference in comparison to
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the control group. The analysis explored whether the feedback information on the share of a
particular appliance consumption in the individual monthly report influenced individual time
usage for this appliance. The results show statistically significant differences fetectric water
heater and washing machine (twoout of four appliances with highest share of cost in the
electricity bills, see details inthe following sections) which at least partially confirms that the
intervention (received feedback information) have influenced the energyelated behaviour of the
participants in the experimental group.

While providing detailed feedback for the monthlyenergy consumption did not yield the desired
effect of decreasing the energy bills for the experimental as compared to the control group, the
intervention proved successful in certain cases (for two of the most energy consuming
ET OOAET 1 AOG Alechid vilatked hdakeOahd tAeBEMAshing machine). The personalized
feedback managed to influence even slightly the individuddehaviour in the planned direction,
but only for a very limited number of appliances andhot after each feedbacKThis result couldbe
interpreted as partial success of the RCT experiment and that detailed feedback could potentially
influence in a positive way the energy usage, especially in the long term. Tipgvides some
support for the main research hypothesisThelack of statistically significant results in the desired
direction for the rest of the high-energy consumingelectric appliancesand the lack of significant
difference between thecontrol and treatment groups in the monthly energy billsmight be caused
by other factors that have stronger influence on the consumption patterns of households. Such a
factor could be the fact that according to different estimations, energy poor householdspresent
between 40% and 63%o0f the householdsin the country and mostz or even all d them, have
already optimized their energy consumption as much as possible.

3.1 Research hypotheses and research questions

In Bulgaria,smart metering in residential sector is not yet implemented and all customers receive

monthly bills for their electrici ty consumption3The bills include information on the total amount

to be paid and the subAi T OT OO &£ O OOOAT Oi ECOHI 1 OHEA RARAxIAG
OOOAT OI ECOHIT OMEA 1T ABxT OE6 -AIMTIAOAGARA AIAIODx T@IES6 BT X 1
dependingi T OEA | AOAOET ¢ AAOGEAA 1T £ OEA AOOOI I AOh OE/
AT A1 O OTECEO OAOEA&AASG jEI "' .TE7EQ8 4EAOA EO 11
of separate appliances and to report their individual consumption tohie customer. Respectively,

the main assumption in constructing the RCT experiment was that people are not aware of energy
consumed by separate appliances and about the related costs, even for appliances with known
electricity consumption per hour (e.g. indcated in the technical characteristic of the respective

appliance).

Having this in mind, the main research hypothesis, tested with the current RCT fike following:

3 There are three District System Operators (DSOSs) in the country that are distributing p@w to the

residential customers. In addition, after the introduction of liberalization measures in 2016, residential

customers are able to change their supplier, leaving the regulated market. In this case, they can choose each

I £ OEA 1 EAAT &% GEBAOMADEGTAAEAO OEAEO OACEITh xEEAE EO
the structure and the information, provided by the bill. However, according to the legislation, the Regulatory

Commission on Electricity and Water provides minimum requirenents for information, provided by the

bill, which must include the elements as described above in the text. As for the moment, there is no

ET £ O AGET 1T AAT 60 A ObPi xAO OOAAAOS6 xEI OANOEOAO OEA
detailed feedbak information to the customer.
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Detailed information on electricity consumption and respective cost per separate appliaacould
impact the consumption patterns of the customers, leading to lower consumption in general and
higher energy savings. Bspectively, the major research questions are:

91 Does detailed information on electricity consumption and respective price per sepate
appliance impact the consumption patterns of the customers?

91 Does the provision of detailed information impact the consumption patterns towards
lowering the consumption in general?

1 Does the provision of detailed information impact the consumption patteis in the same
direction regarding different groups of appliances (e.g. appliances with highand low-
energy consumption or appliances used on every day or adoc basis, etg.

The design of the current RCT experiment focuses only on voluntaribhehavioural change through
increasing the knowledge and awareness of people for their energy consumption, andedamot
aim at changing contextual factors (e.g. introducing more energy efficient devices or better
insulation) which is expected to influenceEA ET OOAET 1 AO8 AAEAOGET OOAI AA.
realization of the planned RCT does not expect to provoke so calledbieund effect, which is
observed mainly in cases whenantextual factors are changeél In general, the current RCT is
planned as béonging to approaches that focus on testing the effectiveness of intervention
strategies aiming to change endiser behaviour regading the use of energy at hom¢Abrahamse
et al., 2005). Based on theoretical and methodological framework of this set of appaches, the
current experiment targets a limited number of determinants of energy use and energy savings,
i.e. attitudes and knowledge in a very specific and narrow scope and nameglpawareness of and
knowledge about the cost of electricity consumption by separate appliance. In addition, using
the fact that the price of electricity for residential endcustomers in Bulgaria have not changed in
the period when the experiment was performed , the RCT was desiged as a norprice
intervention (Allcott, 2011).

3.2 Experimental design

The randomized controled trial was designed to test the effect of feedback information about

Al AAOOEAEOU AT 1 O00i POETIT AT A OA1I AGAA AT 6000 1 £
experimental group. The sample design includes twaroups, with a total number of 405

households, selected on a random bagefollowing several quota criteria: type and size of

settlement, age and sex of the respondent. The respondents were recruited from a larger group of
households, participating in an aline panel, managed by a survey company. All respondents were

COAT OAA AAAEOEITT A1 AOGO ANOAI DPAUIATO &I O OEAEO
AAAT OAET ¢ OF OEA ATi PATUBO 001 AbGs 4EA EET Al OAIE
of random numbers, matching the ID of the respondents, ordered by the date of their inclusion in

the panel, which was considered as being naturally randomized ordering. The distribution of the

sample according to these criteria is given in the tables below. laddition, both groups were

observed to include also families with and without kids, however an equal distribution according

4 See for example Herring &Roy (2007), Sorrell (2007), Greening et al(2000), Gillingham et al (2015),
Abrahamse et al(2005).

5 All households included into the sample, buy electricity on regulated market.

6 The houselolds were selected among those, using internet, in order to allow the use of an online survey

tool for collection of data and provision of information feedback to the experimental group.
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to this factor between the groups was not sought.

Table 1:Sample distribution by groups and sex

D3.4 | Report on economic factors impacting individual

short -term

Female Male Total
Experimental group 108 95 203
Control group 108 94 202
Total 216 189 405
Table 2: @mple distribution by groups and age
18-34 35-59 60+ Total
Experimental group 35 109 59 203
Control group 35 111 56 202
Total 70 220 115 405
Table 3:Sample distribution bygroups and type of location
Sofia Big city (Plovdiv, Other Village | Total
(capital) Varna, Bourgas, Ruse, | city/town
Stara Zagora)
Experimental group 58 56 75 14 203
Control group 43 68 85 6 202
Total 101 124 160 20 405
Table 4:Sample distribution bygroups and kids in the family
0 1+ Total
Experimental group 152 51 203
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Control group 137 65 202

Total 289 116 405

The experiment last for four months (September to December 2018) and coest periods of both
non-heating and heating seasons in the countfyThe distribution of householdsper main energy
sources used for heating of the dwellings is given beloggee Figure 1) The collection of data and
the information feedback to the experimentagroup were done through an online survey tool. The
initial questionnaire, filled in by all households in the sample, includethe following blocks of
questions:

Sociodemographic data

Description of dwellings, incl.main heating sources and technologies

Cost of electricity consumption (monthly bill)

Number, types and ageof appliances in the household (19 major type of appliances
were included)

I Usage of appliances (averageumber of hours in the last week)

= =4 —a -

Each round of data collection was held in theeginning of the respective month (i.e. about 10
day), just shortly after the dates, when the monthly electricity bills have been received by the
households. The second and the next rounds included a shorter version of the initial
gquestionnaire, coveringonly usage of appliances for the previous month. After the initial round,
and up to ten days after filling in the questionnaire, each household in the experimental group
received a feedback information on their personal electricity consumption per separat
appliance® and related cost of consumed electricity per separate appliance for the previous month.
The calculations were based on external reference data about the electricity consumption (in
kwh) of different appliances and the usage data (in average s per week)z the latter collected

OEOT OCE OEA ET OOAET |1 AOGG OAODITOAO OiF OEA 111

pretend to reflect the actual consumption and its cost per appliance(s), but to be only tentative
result, based on approxinations and calculations according to external reference data and data
reported by the household. Both control and experimental group were not aware of the existence
of the reciprocal group and each of them has been informed that it participates in a staidne
study. Respectively, the control group has been told that the study aims at collecting information
on the usage of electricity appliances in the households in smaltale empirical research. The
experimental group was told that the study is a smaldécale pilot research and aims at collecting
data about the future usability of such kind of detailed information on consumption and respeot

7The heating ®ason started officially in midOctober, when the district heating was turned on.

8 The age of appliances was prdefined in three subcategoriesz up to three years, four to ten years, and
above ten years.

9 n fact, the consumption and the related costs were calculated for each typeappliances and not for each
separated appliance (e.g. when the household reported to have more than one appliance per given type such
as two or more airconditioning units or two or more electric cookers, it received information about
calculated electridgty consumption and related cost for all airconditioning units or electric cookers in the

household).
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costs in the consumer bills.
3.3 Research limitations

The initial design and the execution of the RCT experimenttie several limitations that possibly
affect the results.

 Although ET EOEAT 1T U OEA AgbPAOEI AT 0860 AAOGECT Al OGEO
measure the actual electricity consumption of major appliances in selected households,
this approach was abandoerd due to budget restrictions and the fact that it was not
possible to ensure random selection of households that are both willing to participate in
such an experiment and are able to use such measuring devices (both because of lack of
knowledge and lack & technical ability)i°. As a result, the research team decided to
construct an experiment, based on calculated data about the usage of electricity as
described above.
1 An online survey usinga panel of households was the only feasible option due to budget
limitations and the fact that a personalized feedback information needed to be provided
to each household ina timely manner. This possibly led to relatively lower motivation
among participants since the RCT is not a typical online survey but rather an exjpeent,
xEEAE OOAPO OPiI1T OEA AOOOI POEIT 1 &£ PAOOEAEDA
longitudinal 4-in-a-row consecutive surveys. However, in the current experiment, this
limitation was assessed as of low importance due to the requirement of tle @D A OET AT 06 O
design, theparticipant not to be informed who is part ofthe experimentalgroup and who
belongs to thecontrol group.
1 The period when the RCT experiment took place was between seasons and the average
monthly temperatures decreased from abotu20 °Cto 0 °C1! This introduced additional
factors that possibly influenced the usage of electricity shorter days with more use of
lightening, continuously lowering temperatures which increase the use of heating
appliances, and last but not leasg the very beginning of the heating season usually starts
with more extensive use of electricity for many households because the district heating is
turned on later (when the temperature for 3 consecutive days is below 120). While in
theory these factors werethe same for all participants, individual trajectories caused by
some of these factors could possibly introduced additional noise to the results.

3.4 Analysis of the results and major findings of the RCT
experiment

The majority of the selected sample (7@%) lives in apartments in a multifamily residential
building with less than one third (28.1%) living in a singlefamily building or a separate storey of
multi -family building. One-tenth (10.4%) of the studied households are singlkperson and 28.6%
of all households have one or more children younger than 14 years. The majority of the
households (63.0%) are using electricity as heating sourcand about one third (35.3%) ofthese

10 An initial screening of dozens of households shows for example that major higlonsumption appliances
are directly connected to the electricity cable atwork in the dwellings and not through a power plug (e.g.
cookers, water heaters (boiler), dishwashers, washing machines, etc.). The latter was required in order to
introduce the planned metering devices.

11 For example, the average monthly temperaturefor Sofia were:17.1 °Cin September,12.7 °Cin October,
6.1 °Cin November and0.2 °Cin December.
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households are combining electricity with one or more sources of heating. The other major
heating sources are solid fuels (mainly wood and coal). About half of the households (47.4%)
declared that they have not heated all rooms in their dwellings during the last heating season
(2017/2018).

63,1962,9%

27,1928, 7%
0,
23,6%, 1 50,
. 9,9%
3, 9/0 6.9% 9% 5,9% 3.0
00% 10% ’
(—

District heatlngGas from central Electricity Coal Wood (except The dwelllng is Other heating
source wooden pellets) not heated source

m Experimental group  m Control group

Figure 1: Use dfieating sources by sample groups (multiple responses, % of cases). Source: Online survey of households,
September 2019, number of observations: 405

In terms of usage and respective cost of electricity, there is a stable trend of increase in the studied
months, which could be explained by the use of more power for heating in colder months and the
fact that the first reported month (i.e. September) did not include outside temperatures that
required cooling of the dwellings.
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Figure 2: Cost of electrigit paid by households (in BGN). Source: Online survey of households, September
December 2019, number of answers in the respective months: 380, 364, 385, 330
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4EA ET & Oi ACETT AAT OO EI OOAEI 1 AG6 EAAEOO i
towards higher energy efficiency shows that more than half of them have been trying to be more
effective and to lower their respective costs. The majority (81.7%) of all studied households
reported to use energy efficient bulbs (e.g. LED, compact fluorescent bultrshalogen bulbs) and
more than half of all (58.8%)z to adjust the temperature inside the dwellings dynamically either
manually or automatically.

13,9%

6,4%

m Not a single one

Only few of the bulbs

m Half of the bulbs

m Most of the bulbs

m All bulbs

Experimental group Control group

Figure 3: Share of energy efficient bulbs in the dwellings (% of cases). So@néne survey of households,

September 2019, base 405

Experimental group Control group

Don't know

m We have a thermostat to
automatically adjust the
temperature

® Manually adjust the
temperature according to
the needs in each room

H Set one temperature and
leave it there most of the
time

Figure 4: Which of the following best describes how your household controls your heating equipment? (% of
cases). Source: Online survey of households, September 2019, nafrdvewers: 255
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3.4.1 Major findings of the RCT experiment

Theanalysis found that there is noany statistically significant difference between the energy bills
of the control and experimental groups (see graph below) with the exception of December, where
surprisingly the bill of the experimental group was significantly higher than the average bifor
the control group. This pattern does not confirm the main research hypothesis that the
experimental intervention would lead to a decrease in bills of the experimental group, as
AT T PAOAA O OEA AT 106011 11TA8 (1 xAéshitGcbuldhe aBd OOE AT /
the much lower response rate for December among the participants in the experimental group as
compared to both previous months and the response rate of the control group for December: 67%
vs 96% response rate respectively for the expanental and the control group. The reasons for
lower response rate could benumerous and it is difficult to speculate which combination of
factors have affected the experimental group.

130
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80
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60
50
40
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Figure 5: Electricity bills, paid byhouseholds (in BGN, statistical mear§ource: Online survey of households, September
December 2019, bases: 380, 364, 385, 330. * vertical bars denote standard errors.

A more thorough multivariate regression model was used to delve deeper into these téts: the
monthly electricity bill was used as a dependent variable, the type of group (experimental vs.
control) was used as an independent variable and various demographic factors (e.g. gender, age,
settlement type, dwelling type, number of rooms in thedwelling, number of people living there
and number of children) were added as control variables in order to isolate better the effect of
main independent variable.

The full model for September is presented in tablg below. Since this is the beginning dhe period
(before the experimental intervention z providing feedback to the experimental group), no effect
of the type of group was expected for this month since the control and experimental groups were
carefully matched through the sampling procedure.

The results for September showedh small but statistically significant difference in the average
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monthly bill between the control and experimental groups. This result shows that despite all the
efforts to match perfectly the experimental with the control goups, the control group started the
RCT with slightly lower monthly bills for electricity when all control variables were accounted for.

The control variables had predictable effects: a) the higher the number of rooms in the dwelling,
the larger theelectricity bill and b) the higher the number of household members, the higher the
bill. Other control variables failed to reach significance in influencing the average electricity bill.
Surprisingly, no effect of income could be found, showing that eleatity consumption was not
determined by economic status at least in the current sample.

Table 5:Bill for September and different factors influencing it

Dependent and independent variables in the Standardized t Sig.
model Beta Coefficients

(Constant) 5.155 .000
Type of group (control vs. experimental) -111 -2.146 | .033*

Control variables:

Gender of the participant -.101 -1.918 | .056
Age -.079 -1.464 144
Size of the settlement -.004 -.083 934
Number of rooms in the dwelling 152 2.734 | .007**
Number of permanent members of the household 331 5.824 | .000**
Education -.037 -.689 491
Average income of the household -.019 -.330 742

Notes: * dentes p < 0.05; ** denotes p<0.0Iwo variables (number of children below 12 and type of dwelling:
apartment/house) were also tested, but ultimately excluded from the model because of issues with-aollitiearity:
number of children is correlated with number of household members (r=0.68d the type of dwelling is correlated with
the number of rooms (r=0.53).

The October electricity bill is the first one after the experimental group received feedback, so any
confirmation in the hypothesis should be observed as a statistically signifinapositive beta. Such
AEmAAOh ET xAOAOh xAO 110 T AOGAOOGAA ET OEA OACOAQ
variable. The results followed the same pattern as in September with the only difference that the
significantly lower electricity bill in th e control group disappeared in October. Whilaull results

cannot be interpreted, this could be possibly connected with the experimentaitervention .

Table 6:Bill for October and different factors influencing it

Dependent and independent variables in t he Standardized t Sig.
model Beta Coefficients
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(Constant) 1.615 .107
Type of group (control vs. experimental) -.058 -1.136 .257
Control variables:

Gender of the participant -.079 -1.525 | .128
Age -.055 -1.034 | .302
Size of the settlement .022 412 .680
Number of rooms in the dwelling .201 3.677 | .000**
Number of permanent members of the household .357 6.391 | .000**
Education .000 -.003 .997
Average income of the household .033 .593 .553

Notes: * denotes < 0.05 ** denotesp<0.01

The NovemberAET I | EOOT OAA OEA OAIi A DPAOOAOT 1T &£ OAOOI ¢
difference between the control and experimental groups once all the cordl factors were

accounted for.

Table 7:Bill for November and different factors influencing it

Dependent and independent variables in the Standardized t Sig.
model Beta Coefficients

(Constant) 2.285 .023
Type of group (control vs. experimental) -.055 -1.068 .286
Control variables:
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Gender of the participant -.069 -1.323 | .187
Age -.056 -1.047 | .296
Size of the settlement .049 919 .359
Number of rooms in the dwelling 176 3.203 | .001**
Number of permanent members of the household 327 5.875 | .000**
Education .013 .238 .812
Average income of the household .006 101 919

Notes: * denotes p 8.05; ** denotes p<0.01

Finally, the electricity bill for December showed once again as in September that when all factors
are accounted for, the control group has lowerib than the experimental one.

Table 8:Bill for December and different factors influencing it

Dependent and independent variables in the Standardized t Sig.
model Beta Coefficients

(Constant) 5.501 .000
Type of group (control vs. experimental) -.230 -4.001 | .000**

Control variables:

Genderof the participant -.055 -.923 .357
Age -.078 -1.281 .201
Size of the settlement -.046 -.754 452
Number of rooms in the dwelling .064 1.025 .306
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Number of permanent members of the household .230 3.613 | .000**
Education -.063 -1.046 .296
Averageincome of the household -.063 -1.016 | .310

Notes: * denotes p < 0.05; ** denotes p<0.01

The four regression models above were tested with different subgroups to explore interactions of
the experimentalintervention with different socio-demographic strata.The group of respondents
without children (296 cases) replicated the same results with regard to the independent variable
(type of group). The same pattern was replicated for the group using electricity for heating (255
cases). The effect of the group typin the four models remained very similar for the participants
living in apartments (285 cases) as well as for the higher education subgroup (279).

Finally, the lower income subgroup (< 1100 BGN monthly per household) which consisted of 130
participants, once again showed no statistically significant difference between the control and
experimental groups for September, October, and November. Only for December, the electricity
bill for the control group was significantly lower than the average bill for theexperimental group

in the low-income subgroup case.

7TEEI A OEA 1 AET AAPAT AAT O OAOEAAT A OIiT1OEI U Al AA
experimental intervention, there are other variables which could show in more direct way
whether the experiment had any effect on changing energy consumption behavioral patterns.

Since the experimental group received detailed information about their energy consumption,
unlike the control group, this information might have influenced them at least a littleNaturally,

this given information is much less reliable than the information provided by actual smart meters
since it was estimated based on previous answers in the survey. Still, this does not change the fact
that participants received certain feedbackwhich among other things (e.g. serving as a reminder)
showed to what degree different appliances contributed to the overall energy bill.

On the average, the electricity consumption for some of the most energy consuming appliances

(e.g. electrical water heger, washing machine) has declined for the experimental group, which at

least partially could verify the main hypothesis. The table below shows the average share of the

Apbl EAT AAOGS AT 1 00i POETT ET OEA AEI T h AQropADi OOAA
based on their replies for the corresponding month. The table shows signs of a declining trend in

the share of some of the largest contributors to the energy bill: the share of the electric water

heater in the bill declines from 31% in Septembeto 26% in November and the share of the

washing machine decreases from 10% to 7% October (albeit the control group usage also

dropped from 11% to 9%).

Table 9:Average contribution to the cost of electricity for different electrical applianc&kperimental group

Electrical appliance Septe | Octo | Nove Average for the
mber ber | mber three months
Electrical water heater (boiler) 31% | 30% | 26% 29%
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Electric cooker (with an oven and 12% 13% | 13% 13%
cooktops)

Air conditioning unit 9% 10% | 12% 10%
Washing machine 10% 7% 8% 8%
Electric heater (e.g. oil or convector) 2% 7% 8% 6%
Standalone freezer 6% 6% 5% 6%
Micro oven 5% 4% 5% 5%
Refrigerator with inbuilt freezer 4% 5% 3% 4%
Electric heating stove (e.g. a stove with 3% 2% 5% 3%
heating resistors)

Personal computer 3% 3% 2% 3%
Dishwasher 3% 2% 3% 3%
Laptop / Notebook 2% 2% 2% 2%
Standalone cooktops 2% 2% 2% 2%
TV set or home theater system 2% 2% 2% 2%
Combined cooker on electricity and gay 1% 1% 1% 1%
(with an oven and cooktops)

Standaloneclothes dryer 2% 1% 1% 1%
Refrigerator (without an inbuilt freezer) 1% 1% 1% 1%
Audio set 1% 1% 0% 0%
Printer, multi-functional device or scanner 0% 0% 1% 0%

The same average share of different appliances is presented in the table below for the control
group, which, howeverdid not receive this information as feedback

Table 10:Average contribution to the cost of electricity for different electrical appliances: Control group

Electrical appliance Septe | Octo | Nove Average for the
mber ber | mber three month s
Electrical water heater (boiler) 26% | 26% | 25% 26%
Electric cooker (with an oven and 14% 14% | 14% 14%
cooktops)
Air conditioning unit 8% 9% 9% 8%
Washing machine 11% 9% 10% 10%
Electric heater (e.g. oil or convector) 2% 6% 6% 5%
Standalone freezer 7% 6% 5% 6%
Micro oven 4% 4% 5% 4%
Refrigerator with inbuilt freezer 5% 6% 4% 5%
Electric heating stove (e.g. a stove witt 3% 3% 7% 4%
heating resistors)
Personal computer 4% 4% 3% 3%
Dishwasher 2% 2% 2% 2%
Laptop / Notebook 2% 2% 2% 2%
Standalonecooktops 2% 2% 2% 2%
TV set or home theater system 2% 2% 2% 2%
Combined cooker on electricity and gay 3% 2% 2% 3%
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(with an oven and cooktops)

Standalone clothes dryer 2% 2% 2% 2%
Refrigerator (without an inbuilt freezer) 1% 1% 1% 1%
Audio set 0% 0% 0% 0%
Printer, multi-functional device or scanner 0% 0% 1% 1%

In order to test directly the hypothesis that the feedback for two particular highconsuming

Al AAOOEA ADPDPI EATAAO jA xAOAO EAAOAO AT A A xAOEE
analysis of covariance (ANCOVA) was used with the share of the apptia cost as a covariate and

the experimental group (control vs. experimental) as an independent variable.

This analysis explored whether the feedback information on the share of a particular appliance
consumption in the individual monthly report influenced individual time usage for this appliance.
The change in how long the appliance was used in a wepkriod (as estimated by the
respondents) was used as a dependent variable, while the percentage of the overall cost
(computed and sent as a feedback only ithe case of the experimental group) was used as an
independent variable.

If the usage (in reported hours) decreased during the month after feedback was received, then the
AAPAT AAT O OAOEAAT A OAEAT CA ET OOACA | m theeA ADD
difference between a lower usage number for month X and higher usage in the previous month X

1 is a negative number) and if the usage increasedhen the dependent variable will be positive;

if the usage of the appliance remains exactly the samth¢ same number of hours as reported in

the previous month), then the difference is 0.

Hence, if the experimentalntervention was successful, there should be a main effect of the group
type on the change in usage, or interaction between group type and share of the appliance cost in
the electric bill. A potential main effect of the share of cost on the change in usage would mean
that the higher the share of the cost, the lower the usage in the next month (negative change) and
the opposite. Such main effect could be difficult to explain in the current contexit could be due

to fluctuations in usage/reporting (lower usage tends tobecome higher in the next month and
higher tends to become lower) as well as seffrovided feedback, since even participants from the
control group are more or less aware which appliances are more energy consuming and this
knowledge could serve as a sorof internal feedback for them as well (such hypothesis could
provide one possible explanation for the failure in confirming the main hypothesis). Still, a main
effect of the group type or an interaction could partially confirm the hypothesis for a particalr
appliance.

The four appliances with highest average share of cost in the electricity bill were tested with the
procedure explained above. In almost all of thenodels, there was main effect of the covariate
(share of the cost in percentage). The meaningf this main effect is discussed above. Only main
effects of the group type and interactions are discussed in the sections below.

3.4.2 Water heater

There is not any statistically significant effect in the ANCOVA model for October (change in usage
of water heaters between October and September). Similarly, for November there were no
significant main effects of the group type and only a marginally significant interaction (p=0.094).
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Finally, for December there was a significant main effect of the groupgg (p<0.01) as well as an
interaction (p<0.01) between the group type and the covariate (share of co$¥). The posthoc
comparison between the means for the two groups, however, did not reach significance.

Table 11shows the results from posthoc comparison with Bonferroni adjustment for all months.
Estimated marginal means of the average change for the two groups are presented in the table
together with the significance of the difference between the two groupj.

Table 11:Results from posthoc compaison with Bonferroni adjustment for all month$or Water Heater

Electric water heater, change in Mean, Experimental Mean, Control Sig
usage between: group group

October and September -.046 .030 0.272
November and October .359 .455 0.592
Decemberand November -.536 -.285 0.355

The interaction between the two factors is reflected in the steeper line for the experimental group
in the graph below. It demonstrates the stronger connection between the share of the cost and the
decrease in usage fobecember in the case of the experimental groyghich received feedback.
Positive values on the Yaxis show increase in usage, negative show decrease and 0 shows the
same usge in December as in November.
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Figure 6: Electric Wate heater: Change in Usage between December and November vs share of electric bill; control group
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Figure 6 and 7show the visible difference between the pattern of the control group which in many
cases shows no difference (0 on the Y axis) and the experimental group, where there is strong link
between the share of the cost for water heaters and the change in usagehen the share is low,
the usage rather tends to increase, while when it is high, it tends to decrease.

R Linear = 0368
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Figure 7: Electric Water heater: Change in Usage between December and November vs share of electric bill; experimental
group

3.4.3 Electric cooker

The same ANCOVA models were tested for the second most energy consuming applignites
electric cooker. Data for the change between October and September is not available for this
appliance. The November and December models showed significant main effects of the type of
group or significant interactions. The estimated marginal means are again presented in the table
below.

Table 12:Results from posthoc comparison with Bonferroni adjustment for all montter Electric Cooker

Electric Cooker, change in usage| Mean, Experimental Mean, Control Sig
between: group group

October and September NA NA NA
November and October 391 .362 .783
December and November -.275 -.146 .345
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3.4.4 Air conditioning unit

Air conditioning unit showed similar results to the electric cookerz no significant main effects
were observed for this appliance for the type of group independent variable in any of the three
tested months (means presented below).

Table 13:Results fromposthoc comparison with Bonferroni adjustment for all monttier Air Conditioning Unit

Air conditioning unit , change in| Mean, Experimental Mean, Control Sig
usage between: group group

October and September .598 .567 0.884
November and October .615 .620 0.983
December and November 122 -.366 0.250

3.4.5 Washing machine

Finally, the fourth most energy consuming appliance (on the averagethe washing machine was
tested in the same way as the other three appliances. There was significant interaatioetween
type of group and share of the electricity cost (p<0.05) which is combined with a main effect of
the share of the cost and shows a pattern similar to the presented above for the electric water
heater. The posthoc comparison of the means showed ®ndency for usage of this appliance in
October to decrease slightly more in the experimental group than the control one (marginally
significant, p = 0.09). The model for November revealed no significant effects. Finally, the model
for December showed sigificant main effect of the group type (p<0.05) which also led to a
significant difference (p<0.01) in the posthoc comparison of the means. The washing machine
usage in the case of the experimental group decrease@ (54) significantly more in December tlan
the average usage of this appliance in the control groupQ;12) for the same month.

Table 14:Results from posthoc comparison with Bonferroni adjustment for all monttier Washing Machine

Washing Machine, change in usage| Mean, Experimental Mean, Control Sig
between: group group

October and September -.496 -.361 0.089
November and October .505a .539%a 0.752
December and November -.540 -.115 0.001

3.5 Conclusions

This project has received funding from the
European Unionbs Hori
innovation programme under grant agreement
number 727524.

www.enable-eu.com Page 31 of 90



http://www.enable-eu.com/

MHOLE D3.4 | Report on economic factors impacting individual ~ short -term
ENABLEEU energy choices

Enabling the Energy Union

While providing detailed feedback for the monthly energy consumption did not yield the desired

effect of decreasing the energy bills for the experimental group in general, the feedback proved
successful inlimited cases for two of the most energy consumi¢ ET OOAET 1 AOS8 APDI E
electric water heater and the washing machine. The personalized feedback managed to influence
individual behavior in the planned direction, but only for a very limited number of appliances and

months. This result could be intrpreted asproviding partial support for the main hypothesisthat

detailed feedback could potentially influence in a positive way the energy usage, especially in the

long term. The lack of significant difference in the energy bills between thexperimental and

control groups as well as the lack of statistically significant effects for other appliances like air
conditioners and cookers fail to support the main hypothesis.

It could be that there are other factors that have stronger influence on the consumiain patterns
of householdsin Bulgaria. Such a factor could be the fact that according to different estimations,
the energy poor householdgepresent between 40% and 63%o0f householdsin the country and
mostz or even all of them, have alreadgptimized their energy consumption as much as possible.
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4. Country case study: Germany

The energy consumption of households accounts for a quarter of totadnergy consumption in

Germany @rbeitsgemeinsdaft Energiebilanzen e.V., 2018 Due to associated externalities from

AT Adcu pOT AOGAOGETITh OEA ' AOi Al ¢i1 OAOTT AT O PAOOEA
energy consumption to achieve its national climate targetsBMWi, 2018). The results of the

' AOI AT AAOGA OOOAU DOl OEAA Ei pT OOAT O EIT OECEOO
consumption: intermittent billing. One particular feature of energy consumption, in distinction to

other consumption goods, is that consumption and paynm are separated in time. For Germany,

the lag between consumption and payment is particularly severe as meter readings only occur on

a yearly basis. Existing literature supports (quas)hyperbolic discounting in such settings2.
Hyperbolic discounting gives rise to time-inconsistent choices, such that overconsumption of

energy occurs from both a social and an individual perspective.

In this case study, we designed an RCT to focus on the discounting effects associated with such
intermittent billing. The research question we seek to answer is, whether there is evidence of
hyperbolic discounting in energy consumption. The RCT was conducted akab experimentwith

171 studentsto investigate the effect of more frequent energy billing on energy consumption,

hodET ¢ OAl EAT AU AT A ET &£ Oi AGETT AEEAAOO AT 1 OOAT O
ipcrqasg ~th’eir Qro,duc:[ivity to fini~sh\ a given amount qf re~al e\ffort’tgsks._Hoyveve\r, Iight o
AT 1 OO0I POET 1 EO AEAOCAA OEOI OCE Alingonkiwdeogiter AEIT 1 8

consumption has taken plac&, the treatment scenario is billing immediately after consumption.

The main result is that immediate billing decreases light consumption on average by around 410
12% compared to delayed billing. This resultis significant and stable across specifications.
Additionally to affecting energy consumption itself, we observe strong substitution patterns in
terms of time spent at solving thetaskd. © | ECEO ET AOAAOAO DPAOOEAEDAT O«
substituted by spending more time on the taskTime spent increases with immediate billing on
average by around 1519%, which remains significant at the 1%level across specifications. This
provides evidence that participants not only decrease light consumption leause of immediate
billing, but also test and exert substitution behavior, which costs participants even more time. This
somewhat compares to realife energy savings: Most measures of decreasing consumption are
time consuming (e.g. switching of standy, using the longer ecewashing programs) but @ve just

a few kilowatt-hours. By running a backof-the-envelope calibration, we show that these results
are consistent with (quast)hyperbolic but not with exponential discounting. The results provide
important insights to understand qualitatively the consequences of intermittent billing. From a
practical perspective, holding information and saliency effects constant, more frequent billing will
decrease energy consumption. From a conceptual perspective, we progifirst causal evigence of

12 Quasthyperbolic and hyperbolic discanting occur with dynamically inconsistent, presentfocused
preferences(Ericson & Laibson2018). Present£El AOOAA DPOAAEAOAT AAO AOA AAEET AA

in the present to choose an action that generates immediate experienced utility, then they would be if all

the consequences of the actions in their choice set were delayed by the same &mioO T £ OEI A8d6 | %Ol
Laibson, 2018, p. 5). Such presefibcused preferences are also dynamically or timénconsistent, if these

inconsistent choices occur while the state of decisiemaking (e.g. environment, information) is held

constant (Ericson & laibson, 2018).

13 In fact, under yearly billing effects should bemuch stronger than observed with weeklybilling. However,

only with weekly billing payment uncertainty is plausibly constant between the control and treatment

scenario. Further, only with weekly billing hyperbolic discounting can be distinguished from exponential

discounting (see Section 4.4).
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hyperbolic discounting under intermittent billing .

A typical instrument to account for hyperbolic discainting is a commitment device (Laibson,
2015). However, first, to demand commitment householdsnust be aware of their own tine-
inconsistent decisionsand second, commitment comes at either monetary or nemonetary costs.
As the source of hyperbolic discounting in energy consumption stems from the billing structure,
another policy recommendation is to change the billing structureThe lab experiment conduted
in this case study provides one possible change in billingpy introducing real-time billing. An
alternative would be pre-paid billing as currently discussed in some countries. Additionally, more
frequent energy billing, e.gfrom yearly to monthly billing, would reduce the extent to which the
energy costs are discounted. However, existing empirical studies investigating the effect of
receiving an energy bill find rather mixed results due to differential interactions with
informational and saliency effects (Gilbert & Zivin, 2014, Wichmann, 2017, Sexton, 2015
Relatedly, our results provide insights on the sensitivity to energy price policies: If energyosts
are devaluated due to hyperbolic discounting, households may exhikdt low price elasticity of
demand.

4.1 Motivation and research question

The energy consumption of households accounts for a quarter of totadnergy consumption in

Germany @rbeitsgemeinsdaft Energiebilanzen e.V., 2018 Due to associated externalitiefrom

AT Adcu bpOiT AGAGEITh OEA ' AOiI Al ¢ci OAOT T AT O PAOOEA
energy consumption to achieve its national climate targetsBMWi, 2018). However, energy

reductions are way behind their targets. The national targets of 10% rediions in gross

electricity consumption and 20% reductions in total primary energy consumption until 2020 will

be most likely not achieved IL6schel et al. 2018). To define and implement effective potiies a

greater understanding ofthe drivers of househoA 06 AT A O Cion ishéeted.O1 B O

One particular feature of energy consumption, in distinction to other consumption goods, is that
consumption and payment are separated in time. Whereas consumption is immediate, the costs
are only experienced intermittently. For Germany, the lag between consumption and payment is
particularly severe as meter readings only occur on a yearly basis. An extensive behavioral
economics literature has shown that households engage in (quagiyperbolic discounting when
dynamic trade-offs are involved4. If individuals discount future costs (quasi)hyperbolically, they
overvalue present benefits compared to an ex ante valuation, i.e. they drased towards the
present. This inconsistencyin valuation induces a reversal of choices.hE consequence is an
overconsumption of the respective good. For energy this means an overconsumption, not only
with respect to the social costs of energy but also with respect to own ex ante plans. Next to an
externality, there is an internality from energy consumption.

The literature has however not experimentally validated hyperbolic discounting in tradeoffs
involving goods which are only intermittently billed, such as water, gas or electricity. The research
guestion we seek to answer is, whether therés evidence of hyperbolic discounting in energy
consumption. Support of such evidence stems from the literature on credit card consumption.
Credit card consumption faces the same dynamic tradeff as energy consumption. Quasi
hyperbolic discounting has ben shown to correlate with credit card debt Meier & Sprenger,
2010) and to explain credit card choicgShui & Ausubel, 2005) Further,Harding & Hsiaw 014)

14 SeeEricson & Laibson (2018)for an overview.
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provide evidence in favor of present biased energy consumption by meating energy saving
goals as commitment device to follow through ex ante plans.

However, intermittent billing of energy has moreconsequenceshan hyperbolic discounting of
costs. Existing literature focused on information and saliency effects of recang a bill. Wichmann
(2017) finds an increase in water consumpbn by 3.55% after the billing frequency has been
increased from bimonthly to monthly billing. The author explains such an increase by households
expecting water costs to be higher than they actually are. Information provided by the bill induces
a decrease in cost expectations. By anaing high-frequency smart meter data,Gilbert & Zivin
(2014) argues that an energy bill reminds households of their energy costs. After being reminded
through the bill, households reduce their consumption by 0489%, but return to usual
consumption habitsone week later. Similarly,Sexton 015) shows that automatic bill payment
programs increase residential electricity consumptn by 4-6%. Because of automated
transactions, households pay less attention to energy costiack & Smith 2016) exploits a switch
from pay-later-billing to pay-aheadbilling in South Africa. Households responded with a
persistent decrease in electricity consumption of 13%. Considering these studies, the effect of an
increase in billing frequency on energy consumption is not cledrecause of competing channels.

To identify hyperbolic discounting in energy consumption, we need to abstract from the
competing channels. Therefore, we experimentally vary only the timing of receiving an energy bill,
holding information on and saliency ofcosts constant. In a laboratory environment with 171
students, we adapt the setting of immediate real effort costs and delayed wage payment
(Augenblick & Rabin, 2018Kaur et al., 2015) to a setting of immediate benefits and delayed costs.
Through consumi ¢ O1 ECEO8h PDPAOOEAEDAT 6O AAT ET AOAAOA
amount of real effort tasks. However, light consumption isSEAOCAA OEOT OCEThdT OA
control scenario is billing one week after consumption has taken place, the &ttnent scenario is

billing immediately after consumption. Importantly, as the distance between consumption and
billing is only one week, an exponentially discounting participant would not act substantially
different in both scenarioss. Because of hyperboli discounting, we hypothesize light
consumption to be lower with immediate billing compared to delayed billing. Further, there is an
indirect effect of the change in billing on the time spent on solving the task. As light increases
DAOOEAEDAT §Adght candé sulisthtuiel I6y Epending more time on the task. With more

light, less time forsolving the fixed number of tasks is needed. Hence, the time spent on solving

the tasks will be higher in the scenario with immediate billing compared to delayekilling.

4.2 Description of experimental design 16
4.2.1 Sample

15 This would imply exponential discount rates not in line with literature (cf. Section 4.4).

16This trial was preregistered at the AEA RCT Registry under trail numbe”AEARCTRO003503
(https://www.socialscienceregistry.org/trials/3503/history/36623 ). In addition to the betweendesign
described in this section, we also employed a withirdesign. Therefore, the identical experiment was
repeated with the same participants. However, in the repetition, participants being before on retime
billing experienced now delayed billing and vice versalhe main motivation ofadding the within-design
was the fear of dropouts in the betweerdesign, which would have endangered the assumption of random
exposure to billing scenarios. In factywe only observe a singé dropout from date 1 to date 2, but 11%
dropouts to the repetition. Due to this loss of sample size and betweatesigns having less strong

assumptions than within-designs, this report only relies on the betweerdesign.
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The reason for using studentsas study samples that a change in billing will only affect energy

Ai100i pOETT EA OEA AT AOCU AEI 1T AAEAEAAOOthéxAseOEAEDA

for low-income households, whose consumption possibilities are affected most by energy bills.
Similarly, existing research has found scarcity in money to increase discounting and impatience
(Carvalho et al, 2016, Haushofer & Fehr, 2014. This implies that low-income households are
particularly sensitive to overconsumption under delayed billing. Further, corresponding policy
implications, such as prepaid billing, are particularly discussed for lowincome households.

Among lowincome households, wdents are the most appropriate. First, students have a
relatively high costeffectiveness. The costs to run a lab experiment with nestudents are
substantial because compensation rates are higher. Second, students tend to understaine
rather complicated instructions of laboratory experiments, which could be problematic with low
educated households.

4.2.2 Organization

To be able to control for information or saliency effects from more frequent billing, the experiment
was conducted as longitudinal lakexperiment. That means the experiment was organized across
two sequential dates with oneweek distance. The first date was conducted in the computer pool
of the economic department of the University of Minster. On the second date, only a payment
needed tobe collected. For convenience, we offered a grace period of one day for that second date.
Students were recruited via the online recruitment tool ORSEESfeiner, 2015. Upon registration
participants agreed to participate on the sequential dates. We offedel0 sessions, with five
sessions being on Tuesdays and five on Wednesdays. In particular, the experiment started on
either Tuesday, 3@ October or Wednesday, 3% October, with the second date being eithert6
November (+/- 1 day) or #h November (+/- 1 day). We remindedpatrticipants of the dates on the
evening before via email. For the second date, we seémp to four reminders if the payment was
not collected. On the first date, participantseceived a letter, reminding them about the dates and
of genemal experimental instructions. That letter also contained a unique ID consisting of four
letters. That ID was used as identification across the experiment, such that we can match
paricEDAT 06 0 AAAEOEI T O AAOI 6O AAOAOs

Each session allowed for 25 participars, such that we were able to rearit 250 participants.
Assuming a treatment effect of 10%, as comparable faugenblick & Rabin 2018) and Kaur et al.
(2015), and using the standard deviation in outcome as measured in néncentivized pilots, the
required sample size for a betweersubjects analysis is 200 subjects. In total 213 students
registered for the experiment, but only 171 student@ppeared at the computer pool. Participants
could earn between 10 and 20 Euros depending on their decisions in the expeent if they
participated on both dates. All payments were made in cash at the Chair of Microeconomics, esp.
Energy and Resource Economics.

17 We further assumed a power of 80% and an alphaalue of 0.05.
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4.2.3 Experimental design

4EA EEOOO AAOA ET OEA Ai i pOOAO PIiiT1 OOAOOAA AU E

their ID. Upon log in, the computer randomized the participant with equal probabilities into a
group with real-time billing (RTB) or with delayed billing (DB). Figure 1 gives the procedure for

Group DB
1 2
| 1
| |
Tasks :
Buy light? 106~
10€
Group RTB
1 2
| 1
! |
Tasks 10€
Buy light?
10€ - Bill

Figure 1: Experimental design

both groups. On the first date, participants do a real effort task. The real effort task is designed to

reproduce the energy consumption decision, e.g. when being at work and doing a déxlsed task.

The task is to find acertain letter in a table full of 100 letters. The number of tasks is exogenously

fixed at solving 25 tables. The letters are shown with weak contrast (i.e. black letters on a grey
AAAECOI 61 Aqs &1 O AAAE OAOEh bDAOGEAED®BITODMAAT AA/
Light increases the contrast and therefore eases the task. By pressing the light switch, the contrast
changes. Per second of light switched on a price of 0.5 Eurocents is charged. We count the seconds

Figure 2: Task with light switched off
light is switched on and the totd time spent on solving the tasks. Figure 2 and figure 3 show
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screenshots of the tasks, with light off or on.

4

.....

29 Cent
L
Figure 3: Task with light switched on
47 A1 OOOA OEAO OEAOA EO #0111 ET & Oi AGEIT AT A AOO

subjects their light costs in reaitime while solving the tasks. Consequently, the only difference

between groups is the timing of when light costs are subtracted. In the instructions, this traetf

EO EECEI ECEOAA AU OAUET ¢cd Odap Acaigasad foblirphyhentid & Ox E
one week/today AU m8uv %OOT AAT 0868 41 [ AEA PAOOEAEDAT 0O
three introduction rounds, which were not payoff relevant. After the tasks were finished,
participants answered a short surveyThe survey includes sociedemographic questions, such as

gender, age and iname brackets. Further, we askor the subject of study, the desired degree and

begin of study. Wecode the subject of study in a binary measure, indicating whether the

participant OEOEOAA AT U AATTTI EAO Al AOOGAO j OAATTTI1EAOD

M-

Y

The first date ends with all participants picking up a first payment at the Chair of Microeconomics,
esp. Energy and Resource Economics, which is about three walking minutes from tleenputer
pool. In RTB, light costs are subtracted from that first payment received on the first date, i.e.
immediately after consumption. On the second date, all participants picked up a second payment
at the Chair of Microeconomics, esp. Energy and ResoeirEconomics. In DB, light costs are
subtracted from that second payment received on the second date, i.e. one week after
Al 1 O00i pOET 18 7EAT AOGAO PAOOEAEDPAT OO PAEA OEAEO 11
them the seconds of light consumedthe price per second and the total costs. We required
participants to pick up all payments at the Chair of Microeconomics, esp. Energy and Resource
Economics, to have transaction costs and uncertainty constant across groupeth the first and

the second myment equals 10 Euros. Hence, if no light is consumed, the maximum payment is 20
Euros, as all participants, irrespective of their group, receive two payments. The minimum
payment is 10 Euros because light costs are subtracted on only one of the two dafEke average
payment is 18.29 Euros.

4.3 Descriptive and analytical results

4.3.1 Summary statistics of sample and outcome variables
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Table 1 gives the summary statistics of the outcome variables. Total light gives the sum of seconds
the light was switched on over the 25 tasks. Total time gives the seconds spent on solving the 25
tasks. On average 342 seconds of light (i.e. 5.7 minutes) are consumed and the average time spent
is 826 seconds (i.e. 13.77 minutes). As the average of total light is slighgipaller than the medan

of 367 seconds, the average townward adjusted by some participants consuming only very few

or none light seconds. The number of observations reflects the 171 students participating.

Tablel: Summary statistics of total light and total time

_ Average Percentile

variable | sy pev] | 10th | 25th | s0th | 75th 9th | N
341.73

Total light 100.03 | 209.30 | 367.21 454.83 533.23 171
[166.70]
825.85

Total time 488.62 | 578.52 | 786.87 | 1000.57 | 1250.92 | 171
[293.82]

To give an indication of how light consumed and time spent relate to each other, we introduce the

wn
et

Fraction

.05
L

o

0 2 4 6
Share of light
Figure 4: Fraction of share of light

i AAOOOA OOEAOA 1T &£ 1ECEOS68 3EAOA T £ 1 Ege®donCEOAOD
solving all tasks. A share of light of one indicates that light was always switched on, a share of light

of zero indicates that lightwas never switched on. Figure #lots the fraction of participants across

their share of light. The largest fradbn had the light always switched on, but there is an almost

equal distribution across all shares of light.

To give an overview on the sample characteristics, table 2 gives the average sociodemographic
and study characteristics as elicited in the surveylhere is almost a gender split, with males being
only slightly overrepresented (44% females). The average age is 23 years, which is consistent with
the average degree being a master degree and an average begin of study in 2016. Around half of
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our sample stdies economics or has attend economics introductory courses. The average income
category refers to an average monthly net income of 1.36D.499 Eurds.

Table2: Summary of sample characteristics

Variable Average
[Std. Dev.]

Female 0.44
[0.50]
Age 22.82
[2.87]
Income 7.01
[3.38]
Economics 0.45
[0.50]
Degree 1.87
[1.28]

Begin of study 2016.05
[1.67]

4.3.2 Descriptive statistics of outcomes by treatment

Table 3 gives the average light consumed and the average time spent on the tasks both for
participants in the RTB and the DB group. The standard deviations are in brackets. There are 85
participants in the RTB group and 86 participants in the DB group. Thiast column gives the
differences between group means for both outcome variables, as well as the significance levels of
t-tests on equal means. Both for light consumed and time spent, the hypothesis of equal means
can be rejected at the 10%and the 5%level, respectively. Light consumption is significantly
lower in the RTB group than in the DB group. On average, the reduction is around 44 seconds or
12%. In turn, the RTB group spent significantly more time on solving the tasks than the DB group.
On averag, RTB spent 145 seconds more, which is about 19%. These results are also supported
by non-parametric Mann-Whitney tests. The hypotheses of equal medians can be rejected both
for light and for time at the 10% and 5%-level.

Table3: Average light and time by group

RTB DB Difference
Average light 319.66 363.54 -43.89
[Std. Dev.] [169.26] [162.15] [25.35]*
Average time 883.68 768.69 144.99
[Std. Dev.] [303.97] [273.32] [44.20]**
Observations 85 86

Notes: Standard errors fodifference in parenthesis. Significance levels: %iglue<0.10, **: pralue<0.05, ***: pralue<0.01.

18 This question was refused to answer by 33 participants.
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Figure 5displays these first results graphically. When comparing the average light consumption
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Figure 5: Average light (left) and average time (right) by DB and RTB. The vertical lines indicate 95% confidence intefrifad
means.

in the RTB and the DB group, consumption of the DB group is significantly higher. The contrary
holds when comparing the average time spent on solving the tasks: the DB gpospent
significantly less time. This gives first evidence, that we can confirm our initial hypotheses.

4.3.3 Regression results

To further investigate our research question, we run OLS regressions with first, the total light
consumed and second, the tal time spent on solving the tasks as outcome variables. The two
specifications are:

Total_light=ro+r1RTB+r2X +R
Total_time=ro+r1RTB+r X +R,

where the subscript i denotes the individual observation and the coefficients are given by the
values. RTB is a dummy indicating whether the participant was in the RTB grouRTB=] or in
the DB group RTB=0Q. Xis a vector of control variables, which wl be subsequently added to the
regressions. Control variables compromise the session, study characteristics, gender andlage
Finally, ris the error term. Table 4 gives the regression results for total light and table 5 for total
time.

Table4: Regression results of total light on RTB

1) (2) (3) (4)
Total_light Total_light | Total light | Total light
-43.89* -42.37 -59.13** -61.82**
RTB
(25.35) (25.67) (28.49) (29.59)

19 We do not include income as control variable, as theorresponding decrease in number of observations

offsets the gains in explanairy power.
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Session X X X
Study characteristics X X
Gender and age X
N 171 171 147 140

Notes: Robust standard errors are in parentheses. Significance levelsvatue<0.10, **: pralue<0.05, ***: pralue<0.01.

Column (1) of table 4 replicates the graphical and descriptive results from above. Participants in
the RTB group consumed on average 44 seconds less light than the DB group. Once controlling for
the session in column (2), the results turn marginally insigificant: the p-value is 0.10 and the t
statistic is 1.65. Particularly, the last sessions on both dates led to less light consumption.
Probably, because the light contrast in thdaboratory itself became easier once it was dark
outside. However, when contolling for study characteristics in column (3) and for age and gender

in column (4), the effects of RTB on light consumption become significant at the Si#vel. RTB
reduces light consumption by around one minute itomparisonto DB.

Table5: Regression results of total time on RTB

1) (2) (3) (4)
Total_time Total_time | Total time | Total_time
114.99** 121.76*** 126.15** | 133.63***
RTB
(44.22) (43.02) (45.38) (46.45)
Session X X X
Study characteristics X X
Gender and age X
N 171 171 147 140

Notes: Robust standard errors are in parentheses. Significance levelsvatuye<0.10, **: pralue<0.05, ***: pralue<0.01.

Compared to the effects on total light, the effect of RTB on total time is much stronger. Acrafis
four specifications, i.e. column (1)(4), the effect of RTB on total time is highly significant.
Participants in RTB spent on average two minutes more to finish the 25 tasks. As a side remark,
particularly economics students spent more time on solvinthe tasks.

For a more detailed analysis, we modify the regressions above by using the light consumed per
OAOE AT A OEA OEIi A OPAT O PAO OAOGE AO 1 O0O0ATI A
regressions change to:
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Light_per_task=ro+riRTB; +r4X; +R;

Time_per_task=ro+riRTB + 14X +R;.

The set of control variablesX, does now compromise the session, the task number and the study
characteristics. We refrain from using gender and age, as these did not add explanatory power in
the regressions on total light and total time. The results of the two taskased specificatiors are
displayed in table 6 and table 7.

Table6: Regression results of light per task on RTB

1) (2) (3) (4)
Light_per_task | Light_per_task | Light_per_task | Light_per_task
-1.76* -1.69* -1.69* -2.37**
RTB
(2.01) (1.00) (1.00) (1.08)
Session X X X
Task number X X
Study characteristics X
N 4,275 4,275 4,275 3,675

Notes: On individual level clustered standard errors are in parentheses. Significance levelsvatugx0.10, **: p
value<0.05, ***: pvalue<0.01.

Across all four specifications of table 6, RTB significantly decreases the amount of light consumed
per task compared to DB. The average effect is about two seconds less per task, which is about
10%. This matches our results on the aggregate level: Whenidg 25 tasks with on average 2
seconds less, the average effect on total light is 50 seconds less. Also, the coefficient on tasks is
highly significantly negative. The subjects seem to learn and improve as the tasks proceed, making
them consuming less ligh

Table7: Regression results of time per task on RTB

1) 2 ®3) (4)

Time_per_task | Time_per_task | Time_per_task | Time_per_task

RTB 4.60*** 4.87*** 4.87*** 5.05%**
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(1.76) (1.67) (1.67) (1.72)
Session X X X
Task number X X
Study characteristics X
N 4,275 4,275 4,275 3,675

Notes: On individual level clustered standard errors are in parentheses. Significance levelsvatugx0.10, **: p
value<0.05, ***: pvalue<0.01.

Table 7 reproduces the aggregate results of table 5. Participants in RTB spent significantly more
time on solving the tasks compared to participants in DB. The results remain robust and
significant at the 1%level across all specification. The average effeis about five seconds per task
more in RTB, which is about 15%. Among the control variables, the coefficient of the task number
is significantly negative, supporting the learning argument stated above.

4.4 Discussion of results

Our main results arethat, first, RTB significantly decreases light consumption by 102%, and
second, RTB significantly increases the time spent on solving the tasks by-1%%. Thus, we can
confirm our initial hypotheses. Importantly, the laboratory environment allowed us tokeep
information on and saliency of light costs constant. The only difference between RTB and DB, is
that DB pays for the light costs with one week delay. This also means that the effects of RTB on
time spent are only attributable to the change in billingBecause of differential discounting, RTB
participants consumed less lightwhich they substituted with spending more time. However, as
the effect is stronger for time than for light, we conclude that RTB participants mainlyied to
substitute time for light. Trying to substitute time for light, costs the RTB participants even more
time. Moreover, we may observe only marginally significant differences in light consumption
because the task was too difficult to solve without ligh#e. This result somehow reflets real energy
conservation behaviour: when increasing the billing frequency, more effort is used for decreasing
energy consumption as suggested by our treatment effects. Most attempts of decreasing
consumption are however time consuming (e.g. searchinqichow to save, switching of staneby,
using the longer ecewashing programs) but save just a few kilowathours.

The results further support the literature on hyperbolic discounting of future payments
(Augenblick & Rabin, 2018Kaur et al, 2015). Most related to our design,Kaur et al. (2015)
compare the number of realeffort tasks conducted when corresponding payments are received
immediately and when payments are received with delay. Similar tidaur et al.(2015), we can do
some backof-the-envelope cdculations, to get the exponential discount factor implied by our
treatment effects. To do so, we assume participants to produce the fixed amount of tasks using a

20TodetermineA OB TAT T 61 O 1T £ A AfdS, hodeden theadprofri@te amduni of contrast
seems to dependstrongly on the haur-of-day as the session specific effecsiggest.
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Cobb-Douglas production function The participant can decide between two technologies for
production, either she uses her time while having light switched on or she uses her time while
having lights switched off. The two inputs she thus chooses to produce the task® either time
with light on (light_on) or time with light off (light_off). Togetrer these two inputs determine the
total time spent on solving the tasksTotal_time = light_on + light_affThe production function is
given by:

YOI Qo e o W "QQ.

As the number of tasks is fixed, participants chooskght_onand light_off according to a cost
minimization problem. For participants in RTB this is

aQen N a Wa ¢ naWe QQidB Ywi 7(|£(‘J WE ¢ o WR Q08

By deriving the first order conditions, the optimal amount of light switched on and offight_orirts
and light_offrrs can be calculated as a function of, pr, Y i, ady . The price for each second of
light was experimentally determined atp,=0.5.Further, the participant experiences opportunity
costspr for spending her time. As she spends her time on the tasks, both when light is switched
on and off,pris charged on both inputs\We assume opportunity costs to equal the minimum wage
in Germany, which was 8.84 Euros pdrour in 2018. On a per second basis this meaps=0.002.
Further, we fixed"Y® i=28. By using the averagéme with light on and averagetime with light off

in the RTB group adight_orirrsand light_offrrs, we can backup the missing parameter), which

is ] =0.993.

The parameter | gives the elasicity of production with light switched on, i.e. with 1% more
seconds havindights switched onthe number ofsolved tasks increases by 0.998. Contrary, 1%
more seconds having light switched ofincreases the number of solved tasks by only 0.00%. This
reflects the above disossed necessity of having lightwitched on to solve the tasks.

Turning to the DB group, the relevant cost minimization problem is
AaQ& N n aWae ¢ n dTde QAB YW i T(|29(‘1( WE £ a WE Q038

In contrast to the minimization problem of the RTB group, the DB group discounts the light costs
p. as these costs occur with a week delayhe opportunity costs pr occur immediately, while
sitting in the computer pool, just as beforeWe first only introduce a time-consistent, exponential
discounting parameter| , for one week discounting.Existing literature suggests a yearly
exponential discounting parameter close tmne (Ericson & Laibson, 2018Augenblicket al, 2015,
Kaur et al,, 2015). Using the imputed) -Parameter and the observed time with lights on and offy
the average DB group participant, we calibrate the discounting parameter consistent with our
data and asumptions. The result is an average exponential discounting parameter =0.6273.
This parameter iscomparableto the daily discounting parameter calibrated byKaur et al.(2015)
ofl =0.9615, which equals a weekly discounting parameter of =0.7599.

The yearly exponential discounting parameter implied by our results isnuch smaller thanthe
exponential discounting parameters observed in the literaturef-urther, as argued byO'Donoghue
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& Rabin 2015):0! 1 U . i OE ATerndiscbuntngib Bvidencd £ 0 OAOAT O WEAOS |
line with the results of Kaur et al. (2015), our results are inconsistent with exponential

discounting of future costs, but consistent with (quas)hyperbolic discounting. Under the

assumption of quasihyperbolic discounting according to ther iframework (Laibson, 1997 and

an exponential discounting parameter of =1, the average present bias parameter consistent with

our data isf =0.6273. Such an estimate is much more in line with the literature, e ugenblick &

Rabin (2018) estimate [X0.81;0.84] and Augenblick et al. (2015) estimate X[0.88;0.90].

Although our experiment does not allow for distinguishing between quashyperbolic and

hyperbolic discounting, our results provide evidence against tim&onsistent, exponental

discounting as this calibration exercise shows.

As the experiment was conducted in a lab environment with students, our results might not hold
quantitatively if implemented in the field. However, qualitatively our results provide important
and novel irsights on the importance of billing frequency. First, holding information and saliency
effects constant, more frequent billing will decrease energy consumption. Second, we provide
causal evidence that the underlying reasonof overconsumption under intermittent billing is
(quasi-)hyperbolic discounting.

4.5 Conclusion and policy implications

AEA OAOGOI 6O 1T &£ GEA ' AOiI AT AAOA OOOAU bDPOIT OEAA EIi-
energy consumption: intermittent billing. One particular feature of enegy consumption, in

distinction to other consumption goods, is that consumption and payment are separated in time.

Whereas consumption is immediate, the costs are only experienced intermittently. For Germany,

the lag between consumption and payment is paidularly severe as meter readings only occur on

a yearly basis. Existing literature supports (quasjhyperbolic discounting in such settings.

Hyperbolic discounting gives rise to timeinconsistent choices, such that overconsumption of

energy occurs from baoh a social and an individual perspective. The literature has however not
experimentally validated hyperbolic discounting in tradeoffs involving goods which are only
intermittently billed, such as water, gas or electricity.

In this case study, we desigretan RCT to focus on the discounting effects associated with such
intermittent billing. The research question we seek to answer is, whether there is evidence of

hyperbolic discounting in energy consumption.The RCT was conducted as lab experiment to

investigate the effect of more frequent energy billing on energy consumption, holding saliency and
information effects constant. 4 EOT OCE AT 1 OO0i ET ¢ Ol ECEOGO8h DAOOE!
productivity to finish an exogenous amount of real effort tasks. Howevelight consumption is

chAOCAA OEOI OCE. THelconttBsteAaddidbilliAgcohd week after consumption has

taken place, the treatment scenario is billing immediately after consumption.

Our main result is thatin our lab environmentimmediate billing decreases light consumption on
average by 1012% compared to delayed billing. This result is significant and stable across
specifications. Additionally, we observe strong substitution patterns in terms of time spent on
solving the tasks. The time spat increases with immediate billing on average by 18.9%, which
remains significant at the 1%level across specifications. This provides evidence that participants
not only decrease light consumption because of immediate billing, but also test and exert
substitution behavior, which costs participants even more time. This somewhat compares to real
life energy savings: Most measures of decreasing consumption are time consuming (e.g. switching
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of stand-by, using the longer ecewvashing programs) but save just afew kilowatt-hours. By
running a backof-the-envelope calibration, we show that these results are consistent with (quasi
)hyperbolic but not with exponential discounting.

We acknowledge that our results may not hold quditatively when implementing reaktime
billing in the field. However, our results provide important insights to understandqualitatively
the consequences of intermittent billing. From a practical perspective, we provide evidence, that
holding information and saliency effects constant, more frequent billing will decrease energy
consumption. From a conceptual perspective, we provide first caal evidence of hyperbolic
discounting under intermittent billing .

A typical instrument to account for hyperbolic discounting is a commitment deviceL@ibson,
2015). If households are sophisticated about their inconsistent choices, they demand commitment
to stick to their ex ante plans. For energy or water, studies have investigated the roleafergy
saving goals Harding & Hsiaw, 2014 Agarwal et al, 2015, Loock et al, 2013), which could be a
commitment device, and find large effects between -20%. However, first, to demand
commitment households have tobe aware about their own timeinconsistency and second,
commitment comes at either monetary or noAmonetary costs. As the source of hyperbolic
discounting in energy consumption stems from the billing stwcture, another policy
recommendation is to change the billing structure. The lab experiment condted in this case
study provides one possible change in billing by introducingreal-time billing. An alternative
would be pre-paid billing as currently discused in some countries. With prepaid billing, the
intertemporal trade-off changes to immediate costs of charging the meter and delayed benefits of
consumption. An empirical study, investigating the introduction of prepaid meters finds prepaid
meters to degease electricity consumption by 13% compared to traditionaldelayed billing (Jack

& Smith, 2016. Additionally, more frequent energy billing, e.g. from yearly to monthly billing,
would reduce the extent to which the energy costs are discounted. Howevexisting empirical
studies investigating the effect of receiving an energy bill find rather mixed results due to
differential interactions with informational and saliency effects Gilbert & Zivin, 2014, Wichmann,
2017, Sexton, 2015. Furthermore, hyperbolic discounting of energy costs may explain why
existing studies observe only a low price elasticity (e.giMolak (2011), Allcott (2011), Jessoe &
Rapson @Q014)). If energy costs are devaluated due to discounting, households may be less
sensitive to changesn prices. Thus, pricebased policies may not prove effective.

Future experimental research should examine thedifferent consequences resulting from
intermittent billing more closely. In particular, disentangling and estimating the effect sizes of
discounting, saliency and informational effects both in the lab and in the field, can be fruitful to
understand the overlaying mechanisms of receivingn energy bill. Moreover, more researclis
needed on the relationship between hyperbolic discounting and price gensitivity.
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5. Country case study: Serbia

Serbian households have share of 51% in total electricity consumptionin Serbia ( T OOAET 1 AOS
electricity consumption is not efficient due to electricity beingmostly used for heating. Erostat

data indicates that 2.5 million households in Serbia spend almost five times more elgicity per

unit of GDP than the EL28 average. Since Serbian electricity production is mainly based on
lignite-fired thermal power plants (thermal power plants account for 73% of total electricity
production), there is a high level of CO2 emissi@nThe Evel of CO2 emissionper capita is at the

EU-28 average, but the emission per unit of GDP is almost six times higher in Serbia.

Having in mind that electricity prices in Serbia are the lowest in Europe, the preliminary
hypothesis of this research was thiathe low electricity price of householdsin Serbia is the main
reason why electricity is inefficiently used. Starting from this assumption, theesearch question

is whether the energy saving information can change electricity consumption behavior in Segbi
The research hypothesis is that energy saving information represents an effective means for
affecting the energyconsumption behavior of households in Serbia andor reducing electricity
consumption.

The research was designed with the aim to determinthe effect of energy saving instructions on

ET OOAET 1 A0 Al AAOOEAEOU AT 1 00i pOEiI T8 4EAn OAOAAC
Belgrade which demonstrate similar average levels of electricity consumption. In order to have

equal representation of howseholds with different heating solutions, the total sample in Belgrade

was divided into three strata depending is it electricity the main heating source or one of sources

(when households have district heating or use energy mix). For each stratum, houseti®iwere

randomly chosen and informed about the study and asked for participation in RCT research.

Those who agreed to participate were randomly divided in treatment and control group (50:50).

Participants in the treatment group receiveda brochure with energy-saving instructions. Such

ET OAOOGAT OEI T xAO OOAA OI ETAOAAOA AT 1 00 AOGO Ax
consumption patterns has an actual impact on consumption reduction. The control group was not

Aogbpi OAA OI OBA ADAOLOKEGEAATICOI 6D xAO OOCAA &I O | AE
experimental group.

The research results showed that ira situation where the electricity price is very low, energy
saving information does notlead to changes in consumer behavior. Based on thanalysis of
statistical data and field research, it could be concluded that energy efficiency, as well as energy
efficiency awareness, is still at low level in Serbia.

Serbia has undertaken commitments to increase the share of renewable energy under theky
Community Treaty to 27% by 2020. However, in 2015 it managed only 21% of renewable energy
Z mostly wood used for space heating. As of May 2018 wind power construction has been finally
speeding up somewhat and in its energy strategy implementation pte Serbia has committed to
bring online more than 500 MW of wind power by the end of 2020.

5.1 Motivation and research question

The research in Serbia will be based on the examination of the impact of information provision on .

AT T 001 AOOSG AAEARDEOOAEAAGOBORGD AT 1 O00I POET T8 4EA
is:

21 7EAO0 EO OEA AxEEAAO 1T &£ AT AOCU OAOGET C ET O
consumption?
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With regard to factors of individual shortterm energy choices, the impact of nomrice factor will
be analyzed, in particular, the impact of energy savingelated information on the increase in
AT 1001 Aoos ETT xi AACA AT A AAEAOEI OAI
within the experimental material to the participants in the reserch, in order to determine if the
adoption of new consumption patterns actually impacts the reduction of consumption.

The set research question is especially interesting for Serbia due to certain country
characteristics. Even though electricity consumptin per capita in Serbia is bellow Et28 average
(4.54 MWh/capita in Serbia in comparison with 5.97MWh/capita in the EU28), electricity
consumption in Serbian households is not efficient due tthe fact thatelectricity is significantly
used for heating. Having in mind that Serbian householdspresent 51% of total electricity
consumption, there is a huge space for improving efficiency in electricity consumption. Secondly,
Serbian electricity production is mainly based on lignitefired thermal power plants (thermal
power plants account for 73% of total electricity production)?t Therefore, the negative
consequence of inefficient electricity consumption is a high level of @@missions. Table 1 shows
the latest available data (2015) for eletricity consumption and CQ emissions in the 11 project
countries.

Table 1. Electricity consumption and CO2 emission in all partner countries

DAOOAOIT 08

Country Electricity Electricity CQ/ CQ/GDP

consumption | consumption population (kgCQ/2010

/ population |/ GDP (t CO2/capita) | USD)

(MWh/capita) | (MWh/2010

USD)

EU-28 5.97 169.99 6.28 0.18
Serbia 4.54 801.64 6.27 1.11
Bulgaria 4.86 638.17 6.10 0.8
France 7.04 168.00 4.37 0.1
Germany 7.01 155.00 8.93 0,2
Hungary 4.10 282,20 4.32 0.3
Italy 5.10 150.35 5.45 0.16
Norway 23.40 261.24 7.07 0.08
Poland 4.01 277.03 7.34 0.51
Spain 5.48 179.79 5.32 0.17
Ukraine 3.21 1196.74 4.20 1.56
United 5.08 123.74 5.99 0.15
Kingdom

Sourcehttp://lwww.iea.org/statistics/statisticssearch/report/?country=EU28&product=indicators&year=2015

While electricity consumption per capita in Serbia is below the E\28 average, the available data
indicate that 2.5 million households in Serbia spend almost five times more electricity per unit of
GDP than the Et28 averageThe level of C@emission per capita is at the Et28 average, but the
emissions per unit of GDP is almost six times higher in Serbia. Analysis based on 11 ENABLE.EU
project countries shows that only Ukraine has higher electricity consumption per unit of GB
Ukraine is at the same time the country where CO2 emissisper GDP is 8.66 times higher than
the EU28 average.

21 Energy Balance of Republic Serbia, retrieved on 4 unk 2018 from
http://www.mre.gov.rs/doc/efikasnost -izvori/EN%20BILANS%20ZA%202017%2012.12.2016.pdf
This project has received funding from the
European Unionbs Hori
innovation programme under grant agreement
number 727524.

www.enable-eu.com Page51 of 90


http://www.enable-eu.com/
http://www.mre.gov.rs/doc/efikasnost-izvori/EN%20BILANS%20ZA%202017%2012.12.2016.pdf

MHOLE D3.4 | Report on economic factors impacting individual ~ short -term
ENABLEEU energy choices

Enabling the Energy Union

The fact is that every household can influence the improvement of energy efficiency and achieve
noticeable savings. Although monthly savirgjat the individual level may appear small and not so
important, this amount may become significantly high at the annual level. Furthermorea
reduction of consumption by just a few percent in individual households will contribute to the
achievement of gltal and national goas of reduction of energy consumption and environmental
protection.

Electricity prices in Serbia are the lowest in Europe. For comparison, given the latest Eurostat
data??, at the end of 2017 the average electricity price in the ERB including taxes and levies for
medium size household consumers (Consumption Band Dc with annual consumption between
2500 and 5000 kW) was 20.52 Eur@ent, while household electricity price in Serbia was 81
Eurocent.
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Figure 1. Residential electricitprices in the ELR8 and partner countries, the second sester 2017, in Brocent per
kWh. Sourcehttp://ec.europa.eu/eurostat/data/database

It is interesting to analyze the share of taxes in the final electricity price. The relative share of taxes
in 2017 at the EU28 level was on average 40%. Analyzing thgroject countries, the lowest share
of taxes in final electricity price were found in Serbia (9.7%), Bulgaria (16.7%) and Ukraine (17%),
while the highest levels were observed in Germany (54.6%), 1talB6.3%) and France (36.3%).
According to the Eurostat data for the second semester of 2017, the highest electricity prices were
recorded in Germany (30.48 Eurccent), while the lowest prices wereachieved in Ukraine (3.83
Eurocent), Serbia (6.93 Euroent) and Bulgaria (9.83 Eureent). Having these facts in mind, the
preliminary hypothesis of this research was that low electricity pricefor householdsin Serbia is
the main reason why electricity is inefficiently used. Starting from this assumption, the ides this
research was to analyze whether energy saving information can change electricity consumption
behavior in Serbia.

uage=en

23 Methodology for classification and ckulation
https://ec.europa.eu/eurostat/cache/metadata/en/nrg_pc_204 esms.htm
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Field experiments have becomea useful and commonly used method in consumer behavior
studies in different areas, as well as ithe area of electricity consumption. It usually includes the
existence of experimental and control groups and demand implementation of preeés
experimental design. Burchell et al(2016) implemented experimental design in exploration of
the impact of two factors: community action and monitoring of energy consumption on the
behavior change in the area of energy consumption. The field experiment was conducted as a part
of the two-year project that took place in London and includech sample of 400 households.
Participating households were exposed to experimental stimuli in the form of advices on seasonal
energy saving and information about different local and national events and programs dedicated
to energy saving. As a result of this field experiment, statisticallyignificant differences in
knowledge between experimental and control group were obtained. Actually, households that
participated in the project and were engaged in monitoring and providing feedback demonstrated
change in energy consumption behavior in rekgon to households that were the control group
(that did not join the project).

Abrahamse et al(2007) conducted the field experiment in Groningen, Netherlands by using two
experimental groups (314 households) and one control group. The goal was to detgine the
effectiveness of experimental interventions from the aspect of changes in direct and indirect
energy use, energyrelated behaviors and behavioral antecedents over the period of five months.
In order to determine the impact of these interventions, participants filled out online
questionnaires three times in the course of the study. After five months, those households that
were exposed to the combinations of interventions saved more energy (5.1%), while households
that were in control group consumed slightly more energy. Furthermore, households in
experimental groups accepted more energgaving behaviors and demonstrated more knowledge
of energy conservation during the study in comparison to the households in control group.

Alcott (2011) conducted randomized natural field experiment in order to determine the influence
of information feedback on energy consumption. The data was collected durirayspecialized
program that included about 600,000 households in the USA, as participants in treatment and
control groups. The treatment included sending letters to households where they could see the
comparison between the level of electricity consumed by them and neighboring households,
which had been provided by energy supplying company. Since the program redut energy
consumption by 2%, the results clearly provided the evidence that noeprice interventions are
proper way to substantially and costeffectively induce the change in consumer behavior.

In other research, authors Carrico &iemer (2011) had a goato determine the way and the extent

to which peer education and feedback represent significant factors in reducing energy
consumption. They conducted a clusterandomized field experiment with a 2 x 2 (feedback x peer
education) factorial design. There wee 24 buildings used as clusters within one private university

in the United States, where 2,300 people were employed. All clusters were exposed to the same
basic information campaign aimed to educate people about energy consumption and
conservation. The catrol group consisted of onefourth of the buildings that received only
information from public information campaign. Experimental groups consisted of buildings that
received a peer education intervention, a feedback intervention and combination of all the
interventions (one-fourth of buildings for each intervention). Interventions were conducted
simultaneously during four months and data were collected through online survey. Results
indicated the statistically significant decrease of consumption of feedltk and combined
experimental groups (by 7% and 8%) and the slight decrease in case of peer education (but not
statistically significant), while consumption during the intervention phase increased within the
control group (by approximately 4%).
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AAEET ¢ ET O AAAT OT O 1 EOCAOAOOOA OAOGEAx AO xAlIl
consumption in Serbia, the research was designed with the aim to determine the effect of energy

OAOET ¢ ET OOOOAOQETTO 11 EIT OO0Ammlbwing éesearch ihybdtresBE AE O U
was developed:

HO: Energy saving information represents an effective means for affecting the energy
behavior of households in Serbia and reduction of electricity consumption.

5.2 Description of experimental design

The research in Serbia was conducted in cooperation with national electricity supplier
Elektroprivreda Srbije (Power Industry of Serbia, EPS). EPS has a dominant position and owns all
large generation capacities and supplies most consumers.

Experimental design was adapted to the national characteristics, so the RCT methodology was
developed by considering the following facts:

- The Serbian electricity market has notbeentotally liberalized yet and electricity prices are
regulated on the national level;

/

- (1T O0AEI 1T AO AAT AEITTOA Aii1¢c OAOGAOAI Al AAOOEAEC

customer due to low electricity price;

- There is no smart metering in households in Serbia, and electricity consumption is still
recorded by field operators employed ly EPS who visit houses and buildings on monthly
basis and make records of the consumption, based on which monthly bills are later sent by
the company;

- EPS s interested to provide support as a segment of its socially responsible business, which
includes education of consumers.

Therefore, the support of EPS in this research was crucial mainly for choosing a sample of
households that are suitable for participation in the research and following their monthly
electricity consumption.

The sample consists of 352 householdsin Belgrade, whichdemonstrate similar average levels of
electricity consumption in order to enable comparison of the obtained results upon terminating
the experiment. EPS performed the selection of the sample by observing their consumptiorritg
the previous year.

In order to have equal representation of households with different heating solutions, the total
sample in Belgrade was divided into three strata:

1. Households in buildings with district heating (the new part of Belgrade),

2. Householdsin smaller and older buildings without district heating, so electricity is mainly
used for heating (the oldBelgradecity center,) and

3. Households inBelgrade suburb, mainly houses, where various energy sources are used
for heating (electricity, wood, etc).

This division is important since heating appliances are often consuming the largest amount of
energy, and, therefore, may affect the overall possibility of households to apply enefrggving
instructions. Since the target population was split into threestrata, stratified random sampling
was used since households from each stratum must be included in both, experimental and control
group. When each stratum was defined, simple random sampling was performed to choose
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elements from each stratum.

Randomization was performed in order to randomly choose experimental participants. For this
purpose, simple random sampling was used, where participants were assigned random numbers
and then drawn randomly from a sample where everyone has an even probability of beipgrt of
experiment. Then, by using software tools, the assigned numbers were shuffled and randomly
assigned either to treatment or control group.

By respecting the protocol for implementation of this kind of methodology, the randomization

was performed by EPS (assigned employees in IT sector). Randomization in case of this
experiment was performed in order to avoid bias. In this way, selection bias (where some groups

are underrepresented) is eliminated and accidental bias (where chance imbalances happes)

minimized. Furthermore, if your sample is random it enables later running of a variety of

statistical tests on the obtained data to test the hypotheses. For each stratum, 300 households

were randomly chosen by assigning numbers to all households in theample and choosing

OAT AT i 106i AAROO | OEA 6PAOOEAEDAT 00608 %OAU ET OOF
be chosen.

In the next reseach phase fieldwork was organized. These randomly selected households were

contacted and informed about the aidy and asked for participation in RCT research. Those who

agreed to participatez the participants were randomly divided in treatment and control group
jonmdqungs8 4EA AT 10011 cOiIObPb xAO 110 Aogbi OAA O1 Ol
control group was used for making a comparison with the experimental group regarding the
consumption during the experiment. In this way, the subjects of the total sample of 330
households living on the territory of Belgrade were randomly assigned to control group(165

households) and treatment (or experimental) group (165 households). Therefore, the proportion

between treatment and control group was 50:50.

Participants in the treatment group received brochure with energysaving instructions. As already
mentioned, the type of introduced intervention was the provision of information about energy

OAOGET C 1 POEIT 108 4EA AgpPpAAOAA EIi PAAO 1T &£ OOAE EI
implementation of given instructions during the experiment. Such intervention was sed to

ET ACAAOGA AT 1 001 AO6O AxAOAT AOGOh AT A 1T AOGAOOA EE OE
actual impact on consumption reduction.

Such interventions were also used by other authors. As it was noted by Abrahamse et al. (2005),
we used the "anteedent interventions”, which include "providing households with information
about energysaving options" that "may result in energy savings, because people have acquired
(more) knowledge." In this article, different strategies to influence consumer behavioii.e. their
consumption, are mentioned, so we choose to use the informatiatrategy, whichis described as
follows: "Information is a commonly used strategy to promote energy conservation behaviors.
This may be general information about energyelated problems, or specific information about
possible solutions, such as information about various energgaving measures households can
adopt." As for the "treatment”, which the experimental group was exposed to, in our case, it
consisted of written energysaving tips/instructions on the possibility to reduce energy
consumption (forms of behavior that members of households should adopt and implement during
the experiment). Something similar was described in the paper of author Alcott (2011), who used
letters with instructions that were sent to consumers, and conducted measurements after a
certain period of time and compared results with control group.

The Economics Institute team prepared experimental material, and further distributed it to
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households throughface-to-face contact. Household members assigned to the treatment group
were asked to follow provided instructions. The households assigned to the control group just
received notification that they will be participating in the research and that their monthly
consumption will be observed (at the level of the entire group). Monthly consumption of
consumers in the treatment group was compared with the households in the control group @n
monthly basis. Such comparison of the electricity consumption between treatnt and control
group allows us to determine the effect of information on behavioral change, and consequently,
electricity consumption.

Intended duration of the experiment is three months, starting from February,$12018 and lasting
until April, 31st2018. This duration was agreed with EPS Supply since this company provided us
with the information on the electricity consumption of households during the experiment.

The electricity consumption was measured by monthly billing. Consumption of individual

households was monitored ona monthly basis and data were provided by EPS Supply. Upon
OAAAEOET ¢ ET & Oi AOGEI T OACAOAET ¢ Al AAOOEAEOU AT T C
treatment group were performed by taking into account different variables (household
characteristics, previous energy behavior, etc.), as well as comparison of data between treatment

and control group.

According to our hypothesis, louseholds in the treatment group should adopt and implement
simple energysaving instructions given in the brochure. Those instructions for saving energy in
households refer to more efficient use of home appliances for everyday use. The household
appliances that use significant amount of electricity, besides heating stoves, are: boiler, washing
machine, cooker, fridge and lighting in the apartmentsBy optimizing the use ofappliances, it
would be possible for households to reduceonsumption, whichis intended to be demonstrated
with this research.

On the other hand, consumers from the control group di not receive these energysaving
instructions (this is the only distinction between these two groups). The participants in both
groups were informed about the research and both groups were asked at the beginning to
participate in the research. Furthermore the participants were informed that their consumption
will be monitored for three months for the research purposes. Due to previous experience with
similar research, it was necessary to offer some kind of stimulation at the beginning, in order to
make hauseholds willing to initially accept to participate. The reason for that can be found in
lower level of environmental awareness that currently exist in Serbian market. Consumers in
3AOAEAT 1 AOEAOG AOA 1106 OAOU OI bAlspecidyiftreyddst OO0/
several months, and are often reluctant to provide researchers with any personal data and data
regarding behavioral patterns.

For these reasorns, we considered giving a small gift at the very beginning (a voucher for
supermarket - approximate cost of 34 EUR) in order to encourage households to accept the
invitation and to fully cooperate. The initial reward was given to participants from both
experimental and control group, in order not to make this incentive to be a contaminatingdtor.

At the end of the research, the participants who had been randomly assigned to experimental and
control groups were asked to fill ina short questionnaire regarding their current energy
consumption. All the participants who were able to fill in the gestionnaire received a small tip
(as a reward for their time).

Since the experimental material included multiple instructions for several house appliances, the
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influence of each instructionon the reduction of the consumption could not be properly obserd.
Only the aggregate results of application of some or all of the instructions by some or all household
members can be observed and analyzed. Since we cannot know for certain whether all household
members implemented instructions during the entire expenment, nor canwe rely on their self-
reporting, we will perform the analysis solely based on the data on consumption received by EPS
and data collected in the questionnaire.

5.3 Descriptive and analytical r esults

EPS prepared the sample of 352Bouseholds, whichdemonstrate similar monthly average levels
of electricity consumption. Households were divided into three strata representing different types
of energy mix used for heating (electricity, district heating, and energy mix). In order to rebca
total number of 330 participants in the survey, 1605 households were contacted, out of which 899
households did not provide access (interviewer could not enter the building or nobody was at
home), 368 did not accept to participate in the survey, 8 wer@icapable to participate in the
research (Table 2).

Table 2. Total number of contacted persons and number of the participants in the research

Contact | Contact | Number Type of contact
Interview | Without 899 The interviewer could not enter the 669
was not | response building
done Respondent is not at home 230
(after 2 attempts)
Refusal 368 Refusal by the whole household 212
Refusal by respondent 153
Refusal during the interview (interruption 3
of the interview, the respondent refuses to
completethe interview)
Other 8 Respondent is physically or mentally 8
incapable to participate in the research
Interview | Done 330 Successful interviews 330

The analysis of the entire sample or the number of participants in the research was difficult for
several reasons:
Inability to access potential respondents (they were not at home or would not open
the door, etc.);
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The topic of the research was nainteresting for participants
Lack of trust in the research olack of credibility of the process;
Concerns about anonymity and how personal information can be used;

Lack of time for respondents or unwillingness to participate due to duration of the

research;

Preventing the interviewer to reach the place
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In order to achieve the desired number of research participants, the following measures were

taken:
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- The interview was done by Economics Institute team after joint training and
interviews with professional interviewers;

- Participants in the project / survey (experimertal and control group) were rewarded
by vouchers;

- A contact line for interviewers and respondents was provided so that at any time a
response or clarification could be obtained, which at the same time created an image
that the research isserious which reassured households to participate

- Conducting an interviewer's Log containing the necessary information about
respondents, who were not included in the questionnairg

- The interviewers wore a badge that pointed out that ESOMAR standards were met,
which directly implied compliance with the confidentiality test requirements.

A group of 330 participants was selected based on RCT. As the request was to form a 50:50 control
and treatment group, it was much harder to find 165 participants willing to participaé in the
experimental group. Therefore, 368 respondents refused to participate when they heard that they
were expected to follow certain instructions and that they would be contacted on a monthly basis.

The difference between the two groups is only in théact that the experimental group received
instructions, and the control group did not receive instructions on measures for more efficient use
of electricity in the household. All households were informed about the research and all 330
households acceptedd participate in the research.

5.3.1 Analysis of electricity consumption

Depending on the type of energy used for heating (district heating, electricity and mix), the
research was carried out on three strata. For each stratum, the change in consumptionthe
control and experimental group was analyzed for the period Janua#pril, where the impact of
instruction can be analyzed only for the period February April. Using RCT based on the control
and experimental group, the seasonal effects were eliminade(temperature and other weather
effects).

kWh District heating
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366 369

2 349 345
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B DH - Experimental m DH - Control

Figure 2. Comparison of electricity consumption in the sample of 110 housel@@®iis each group)with district
heating

Strata of households having access to district heating (the lowest level of electricity consumption)
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recorded the lowest level of changes in electricity consumption considering the observed period
February-April. Consequently, consumption in January (whethe research has not started yet) at
the experimental and control group level was almost identical (average consumption of 382kWh).
In February, the experimental group recorded an increase in consumption relative to the control
group. This trend contradiced expectations that the group that received energy saving
instructions will reduce consumption. In February, the average household consumption in the
experimental group and control group was 349kWh and 345kWh, respectively. In March, the
control group recorded a decrease in consumption (average electricity consumption of
households in the experimental group was 366kWh in comparison to 369kWh in the control
group), while in April the level of consumption in both groups was at the same level (322kWh). It
can be concluded that in this stratagelectricity consumption is comparable throughout time in
both groups.

KWh Electricity for heating
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M Electricity - Experimental M Electricity - Control

Figure 3. Comparison of electricity consumption in the sample of 110 houseH&lisn each group)which
dominantly use electricity for heating

In the strata of households that dominantly use electricity for heating, average electricity
consumption is the highest. Observing the control group in January, the average monthly
consumption is 2.5 times higher inthis stratum than in households with district heating. Inthis
stratum, experimental group during the whole experimental period recorded the level of
electricity consumption higher than in the control group. These data indicates that the
instructions were not followed by households that normally have the highest average electricity
consumption. Likewise, throughout the observed period, the difference in average monthly
consumption at the household level was maintained in February the difference in the average
monthly household consumption was107kWh, in March 110 kWh, and in the lastmonth the
difference was113kWh.
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Figure 4. Comparison of electricity consumption in the sample of 110 housel{b&lin each groupwhich use
energy mix for heating

In the strata of houselolds that use different energy sources for heating, the experimental group
recorded ahigher level of electricity consumption than the average household consumption in the
control group during the whole observed period. Furthermore, the level of electricit
consumption in the experimental group was higher than in the control group during the whole
experimental period.

Although the criterion for equal number of participants in the control and experimental group
was met, at the beginning of the research thievel of average consumption was the same only in
the first case (households with district heating). Inthe two other casesthe experimental group
had a higher average electricity consumption and kept that trend until the end of the research.

5.3.2 Socio-economic analysis z post experimental survey

Analysis of socieeconomic factors was based on face to face interview on the sample of 330
participants in the research. The study was carried out on population aged 19 years and over, and
women (54.8%) showedhigher interest in the research than men (45.2%). The elderly population
aged 60 to 69 years was the mosipento participate in the study (Figure 5).

18-29
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Figure 5. Age structure of respondents %6
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Given the educational structure (Figure 6), people with secondary education (64.2%) were
dominant participants in the research.

Without formal education | 0,6
Primary school 6,7
Secondary school 64,2
Faculty and MSc 28,5

T T T T 1

,0 20,0 40,0 60,0 80,0

Figure 6. Education of respondents, %

The majority of participants (70%) were full time employed (Figure 7).

Full time employed 70,0
Retiree
Inactive person

Student

Unemployed (more than 3 months

Employed, half time 3,0

0,0 20,0 40,0 60,0 80,0

Figure 7. Enployment, in%

In terms of housing type 70.6% of participants live in apartments, and 29.4% live in houses.
Considering the size of living space, the highest share of participants lives in flats/houses of 43

63mz2(Figure 8).

Up to 42 m2
43¢ 65 m2 50,9
66¢ 90 m2

91¢ 120 m2

121¢ 200 m2

0 10 20 30 40 50 60

Figure 8. Size of livingpace, in m2

Respondents were asked about their personal monthly income. Although the survey was
completely anonymousas many asalf of respondents refused to provide answers (Figure 9).
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Figure 9. Personal earnings, and RSD (currency 1IEUR = 120RSD)

The largest number of participants in the research is connected to district heating (46.1%), while
37% use electricity for heating (Figure 10).

33,9
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District heating
Electricity
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Figure 10. Structure of respondents by type of energy sources used for heati¥tg, in

Out of the total number of respondent$330) who use storage heaters, as many as 92% responded
that they let heaters store thermal energy at night when electricity is cheaper (Figure 11).

Only at night when electricity is cheap 33,0

We do not take care of it whenever there is

need 21

A few hours a day| 0,3
At night and by day for several hour§ 0,3
We do not use the storage heater 64,2

T T T T T T T 1

0 10 20 30 40 50 60 70
Figure 11. When do households dtge their storage heaters, in %

The most commonly used electric appliance ithe TV, as 97% of respondents confirmed to be
watching TV onadaily basis.The second most frequently used household electrical appliance is

the stove z (87% of respondents said they uséhe stove on a dailybasis), while water heater is on

This project has received funding from the
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the third place,with 77% of respondents staing they use this appliance ora daily basis (Figure

12).
N o
TV A 97,0

-

Stove 1,2 #] 89,1

Water heater |7 16,7

Dishwasher

Air conditioning

Portable heater
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m 1 do notuse them © Rarely mOnce aweek m2-3times aweek mEveryday

Figure 12. How often do you use the following electrical appliances in your household?

Most respondents have only ordaary light bulbs in their household (36.7%), while only 11.2% of
the respondents use only energyefficient light bulbs (Figure 13).
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Figure 13. Type of bulbs in the living space, in %

In order to examine how much respondents are informed about CO2 emiss® the following
question was raised: "In your opinion, what is the percentage of the total amount of CO2 emitted,
released from combustion of fossil fuels during the production of heat and electricity?" The
highest percentage of respondents (41.2%) repdid that out of the total amount of CO2 emitted,
about 50% emits on the basis of combustion of fossil fuels during the production of heat and
electricity (Figure 14).
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combustion of fossil fuels during the production of heat and electricity?

The majority of respondents believe that the most effective energy saving is through the
installation of thermal insulation (50.6%) and the replacement ofvindows 37% (Figure 15).
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A large share ofrespondents (43.9%) answered that they were informed on how to save
electricity on TV, which confirms that TV is the mosprominent medium.

Radio
Brochures / leaflets
Newspapers

Daily newspaper

m Yes, | watched / listened / | read the content on the subject

™ There was information about that, but the topic was not of interest to me
| do not remember that | have ever seen / listened / read the content on this subject

Figure 16. Have you ever had an opportunity to get information about ways to save electricity through the foljowin
sources?

An extremely high percentage (43.6%) of respondents stated they were not interested in seeking
information on possible ways of saving electricity on the Internet (Figure 17).

| was not interested in looking for such informatio— 43,6

| do not use the internet

Yes, | was interested and | found useful informati_ 16,7

Yes, | was interested but | did not find any usef 115
information '
0 10 20

Figure 17. Have you ever tried to find information on the Interradout the possible ways to save electricity?

T T 1

30 40 50

In order to gain an impression of how much research participants were informed about the
possibilities of saving household electricity, the participants were asked whether they were
familiar with some methods of saving electricity (Figure 18). It is intersting to note that the
highest percentage of respondents (51%) said that they were informed that energsfficient light
bulbs last up to six times longer tharordinary bulbs, but they were not motivated to change bulbs
in their household. Out of the information provided in the instructions, the largest percentage of
respondents (66%) said they heard for the first time that TV consumes electricity even when it is
turned off. Likewise, as many as 52% of respondents did not know that plugged in mobile phone
charger consumes energy althougkhe mobile phone is not being charged.
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TV also uses 24% of the energy when it is switched off
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Energy saving bulbs last up to six times longer than ordinary ones 7,9
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Figure 18. Are you familiar with the following facts?
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5.4 Discussion of results

At the beginning of our research, we started from the preliminary assumptiotthat price incentives
would not be effective in our case due to the fact that electricity price in Serbia is the lowest in Europe.
We suppose thatthe low electricity price is the key reason for high and inefficient electricity
consumption in households. mstead of choosing price incentives, we set the research hypothesis that
energy saving information represents an effective means fochanging the energy behavior of
households in Serbia and reduction of electricity consumption.

However, the research resuls did not confirm this hypothesis. Moreover, this research showed that in
situation when electricity price is very low, energy saving information does not affect changes in
consumer behavior. Since this trend contradicted the research hypothesis, Differenén Difference
(DnD) analysis was implementedData used for DnD analysis, where:

-y iselectricity consumption;
- x-0 for control group, 1 for experimental group
- t-0for January, 1 for later months;

- xt-1 for experimental group after instructions, 0 br all others.

Table 3: Explanation of Regression Variables

Y X T XT
Electricity for heating 837 0 0 0
Electricity for heating 971 1 0 0
Electricity for heating 611 0 1 0
Electricity for heating 721 1 1 1
District heating 382 0 0 0
District heating 382 1 0 0
District heating 346 0 1 0
District heating 346 1 1 1
Energy mix 739 0 0 0
Energy mix 806 1 0 0
Energy mix 625 0 1 0
Energy mix 668 1 1 1

This project has received funding from the
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Source 55 df M5 Humber of aobs = 12
Fi 3, 8) = 0.40

Model 63968 .3333 3 21322.7778 Prob > F = 0.7598
REesidual 431126.667 & 53B90.8333 E-=sguared = 00,1252
Adj B-=quared = -0.1973

Total 455095 11 45008.6364 Root MSE = 232.14
v Coef. S5td. Err. T B>lt| [95% Conf. Interwval]

-4 67 185.5448 0.35 0.733 -370.091 504.091

t -125,3333 189.5448 -0.66 0.527 -hE2.,4244 311.7577

KL -1é 268.0568 -0.06 0.5954 -634,.1401 602.1401
_cons 652.6667 134.0284 4,87 0.001 343.5966 961.7367

Figure 19: Estimation Results

Interpretation of the coefficient value:

- The average consumption ofhe control group in January was 652.6667kWh;

- The difference between the average consumption of the experimental and control group in
January was 67kWh;

- The difference between the average consumption of the control group in the later period
(February-April average) and January wasl25.333;

- The difference in the change in average consumption between the experimental and the control
group in the observed period was16.

Considering the pvalue, it could be noticed that coefficients are greater than 0.05hiE means that these
higher coefficients are not statistically significant. In particular, these differences in the change in
consumption of either group cannot be explained by the criterion applied in the research (whether they
were given instructions ornot).

Coefficients are not significant. In additionthe coefficient is negative, which means that electricity
consumption is more reduced in the control group than in the experimental group. Changes in the
electricity consumption that occurred could not k& explained by the above used factors (whether they
received instructions or not). R-square indicates that only 12.92% of the change in consumption can be
explained by these variables, and besides it is insignificant (p value 0.7598 and less than 0.05.40]

Sociceconomic analysisof participants showed the following:

- In order to reach the number of 330 households that will participate in the survey, 1605
households were contacted, out of which even 368 refused to participate in the research for
various reasons (they were not interested in the subject, long research period, not ready to
follow the instructions, concerns for anonymity, etc.);

- Women (54.8%) were more interested in the research than men (45.2%);

- The most commonly used electric appliances athaily basis are TV, stove and water heater;

- Most respondents have traditional light bulbs in their households (36.7%), while only 11.2% of
the respondents use only energyefficient light bulbs. Most households in Serbia use
incandescent bulbs. There are m tax incentives for using more efficient but more expensive
fluorescent bulbs;

- In more than 90% of households in Serbiavater is heated by immersing avater heater. Most
of the tanks are domestically produced, with poor or damaged insulation and inadeqiga
controls;

This project has received funding from the
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- The majority of respondents believe that the most effective energy saving is through the
installation of thermal insulation and the replacement of windows;

- TV is still the most influential medium for disseminating energy efficiency information

- An extremely high percentage of participants stated they were not interested in seeking
information on possible ways of saving electricity on the Internet;

- Since 51% of participants said they were informed that energgfficient light bulbs last up to six
times longer than usual bulbs, but they were not motivated to change bulbs in their households,
it could be concluded that people are not very interested in changing their consumption
behavior even though large material investment is not required;

- Analyzing other answers on being informed on how to improve energy efficiency in the
household without significant material investments (e.g., unplug chargers when not used), it
can be concluded that the level of information is at a rather low level.

The biggestlimitation of this study was at the very beginning, prior to conducting the survey, to ensure
that the experimental and control group have the same average electricity consumption on the basis of
RCT. Despite the fact that EPS created a household base tiad a fairly uniform consumption at the
level of the strata, it was almost impossible to divide the experimental and control group on the basis of
RCT so to have the same level of consumption before the start of the research. Since this criterion was
fulfilled only in the first case (households with district heating), it seems that these data are the most
reliable. In the other two groups, the use of RCT for the distribution of respondents to the control and
experimental group at the very beginning of thestudy showed that the experimental group had a higher
level of consumption before the start of the study. Despite the fact that they received instructions and
were called each month on the phone and reminded of the measures for more efficient use of howdéh
electricity, the research participants did not manage to reduce their spending in any month compared
to the control group.

4EA OAOAAOAE OEIT xAA OEAO OEA OAODPI T AAT 6O COAAOAO
included questions of gpersonal nature (monthly income), we had to make additional efforts to get the
requested information. First of all, it was necessary to convince respondents that the interview is
anonymous and that their identity will remain anonymous. In order to ensuretie anonymity of the

research, our team adopted the following control measures:

- There will be no identification data needed to complete the survey, and
- There will be no identifiable information displayed in the questionnaire,
- The information of all respondents will be written ina separate document, the "Log"

5.5 Conclusion and policy implications

This research yields some important conclusions that could influence the energy policy design and
future research relevant to househd A6 O A1 AAOOEAEOU AT 1 O0I POET T DPAOO!
The case study showed that ia situation where electricity price is very low, energy saving information

does not havean influence on consumer behaviorBased on the analysis of statistical data and field
research, it could be concluded that energy efficiency, as well as energy efficiency awareness, is still at

low level in Serbia. Lack of adequate knowledge about energy use and available devices redtice

guality of energy servicesThe fact is thata majority of Serbian households use electricity for heating,

since the price of electricity is still more attractive than prices of other energy sources (e.g. gas). The

other reason why electricity is used for heating is the fact that infrastructure for disict heating is still

not developed enough in Serbia. The lack of alternative energy sources and eneuging devices

severely constrains household consumption patterns and their ability to save electricity.

Consequently, households adopted inefficient eddricity practices. Standards on the thermal
characteristics of buildings especially in older buildings havearely been enforced, and residents
complain about dampness, leaking roofs and inadequate walls and floors. Residential buildings

This project has received funding from the
European Unionods Hori
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connected to thedistrict heating grid are considered to be of better quality, since in many cases they
were constructed by builders who were able to enforce technical standards.

Although electricity prices in Serbia are the lowest in Europe, it is important to note thatenditures
related to housing, water, electricity, gas, etc. have a very high share (17.4%) in the individual
consumption expenditures of the Serbian households It is the second largest share after expenditures
for food and nontralcoholic beverages (34%).

Lack of information means that most households are not able to predict the losigrm consequences of
their current electricity consumption patterns. Both district heating and electricity services are billed
after consumption, with considerable flexibility in fee collection. The combination of district heating
systems and electricity is considered a good package of energy services and costs. Households
connected todistrict heating systems rarely consume quantities of electricityarge enoughto be placed

in the higher tariff zones. Electricity consumption is likely to depend on the sufficiency or the lack of
district heating service and is inelastic with respect tahe price of electricity. The surveys indicate that
knowledge of electricity prices is very limited.

Retail price of electricity for households is not realistic (for example CO2 costs are not included inbe

final price), which is the only reason why eerrgy suppliers and traders do not compete with EPS in
supplying electricity to households. The current price of @ EOOT AAT OOTE7TE EO AOA1
production price, but the Government builds its social policy on the price of electricity, which is
significantly lower compared to other countries in the region. However, EPS sells electricity to traders

in Serbia and region at market prices, thus covering the losses made in supplying households.

The electricity market in Serbia is still dominated by stateowned public companies and is mainly
characterized by incomplete liberalization, as well as the low level of participation of private companies.
Since February 2008, the qualified buyers could have opted for new electricity to be supplied either at
market prices or at regulated tariffs. Since regulated tariffs are currently lower than the market prices,
consumers have generally chosen the supply at regulated tariffs.

Although the electricity market in Serbia has been liberalized for more than three years, stebwned
power utility EPS is themain supplier of electricity to Serbian households. EPS currently holds 97.25 %
of electricity market in Serbia, which includes the supply of households, small and mediusized
enterprises, public institution and large industrial consumers.

Serbian householddave the right to choose their own supplier, but that right has not been exercised so

far, because EPS offers electricity at prices far below market prices, which means that independent
suppliers would suffer losses if they offered prices competitive witth0 38 O DOEAAO8 )1 AAPAI
will have the motivation to participate in the supply of Serbian householdsriy if the price rises above

7 Burocents/kWh, plus VAT and other excise duties.

Electricity price, which the consumers will finally pay,is affected by electricity tariffs and contracts
structure, which usually implies many factors, such as established charges and unit prices that differ in
relation to the electricity consumed and period of its consumption. An empirical analysis shows that
electricity bills received by residential consumers can serve as a basis for division of taxation
components into taxes that are connected to energy policies and value added tax (VAT), and other
taxation instruments that can be recovered. It is also noticed thahese electricity bills might be
impacted by energy efficiency policies, renewable energy policies, emissions trading schemes, and
investment in infrastructure. Financing that is related to policy priorities in the member states is done

in two ways, i.ethrough taxes or levies and as an element of energy production price or network costs.
However, generally speaking, VAT is considered as the general tax applied to every business activity

24 Household Budget Survey, data available attp://www.stat.gov.rs/en -us/vesti/20180615 -prihodi-u-novcu-i-
u-naturi/?s=0101
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regarding manufacture and delivery of goods and service.

The analyss showed that the lowest share of taxes in final electricity price were found in Serbia (9.7%),
Bulgaria (16.7%) and Ukraine (17%), while the highest levels were observed in Germany (54.6%), Italy
(36.3%) and France (36.3%). At the same time, Serbia, Bulgaand Ukraine are the countries with the
lowest electricity prices and the highest emissioa of CO2. This implies that electricity price policy
should be changed and the othemodel, which brings together economy, energy and environmental
policy (3E policy), should be implemented.

As Serbia intends to join the EU, it should also aim at reducing emissions by 86 by 2050, in line
with the EU policy. However, Serbian government and EPS plan to remain lockedto a carbon
intensive energy system, most notably through the constructio of the 350 MW Kostolac B3 lignite
power plant and the expansion of the associated mine from 9 to 12 million tons annually. Although
Kostolac B3 is the only plant expected to be built before 2025, ttgerbian Energy Strategyalso puts
forward several more fossil fuel power plants for construction.

With its traditional forms of generation not proving resilient to climate change, Serbia would do well to
diversify its energy mix and work more on energy efficiency. Serbia has a promising potential for
renewable energy, but as with all the countries in the region, different sources put the exaajdres at
quite different levels, depending among other things on whether they use sustainability criteria.

Serbia hasa significant potential for energy efficiency and has a target to increase energy efficiency by
20% by 2020 under the Energy Community Traty. Inefficient use of energy represents a major concern
in the country. It has the seconéhighest energy intensity in the region, nearly four times as much as the
EU average. Incentives to save energy are limited due to artificially low electricity prisévut this is going

to have to change in the coming years as Serbia integrates into the European electricity market.

Generally, the results of this research imply the following policy recommendations:

- Creating the conditions for education and informationof citizens and the youth about the
importance of efficient electricity use and benefits of renewable energy sources;

- Preparation of the Guide for citizens about the importance of energy efficiency and possibilities
of their investments in energy efficieny home appliances as well as home RES projects;

- Encourage a variety of institutions (companies, NGOs, professional organizations, government
owned institutions, financial institutions) to enter the energy efficiency field by providing
innovative services and investments;

- Analysis of incentive models for citizens and small projects in the area of RES (férdariffs,
energy cooperatives, net metering, green certificates, etc.) based on the international practice
with the assessment of optimal economic incdive model for domestic conditions;

- Establishment of a work group with the task to investigate the possibility, validity and
limitations of tax incentives or other financial models for citizens so that they would use energy
efficient boilers/furnaces/stove s and to develop a proposal of concrete measures;

- Consideration of the possibility to introduce incentives for the innovation and promotional
energy efficiency projects in the production and use of renewable energy sources, etc.
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6. Country case study: United Kingdom

6.1 Introduction and Motivation

The single most important domestic energy policy initiative ongoing in the UK is the Smart Meter
Implementation Programme (SMIP). This programme provides the legal framework to install smart
electricity and gas meters in every household in the UK by 2020t has been described as the most
expensive and complex smart meter rollout in the world and the layest UK Government run IT project

in history (Lewis and Kerr, 20148 3 OAAAOOADOI EIi b1 Al AT OAGET 1T 1 &£ OE
voluntary agreement to install meters in their homes. However, a number of partiesE T A1 OAET ¢ OEA
National Audit Office, themedia, and interest grous? have expressed several concerns relating to the
technical performance of the meters, data security and privacy, consumer vulnerability, and consumer
resistance and ambivalence, amongst othe{Sovacool et al, 2014)In addition,concerns have been raised
2P0SNJ GKS {aLtQa tfFr0O1 2F OfFNARGE 2F LIzN1J32&aS |yR @N
of CommonsSTC 2016).

Smart metering may allow consumers to save energy and money, but of greater social benefit is their
potential to pave a path toward a more flexible energy system, allowing optimisation of generation and
storage. Enhanced demand flexibility would enable more efficient management of the energy system,

allow for a greater proportion of intermittent renewabl AO ET OEA 5+8 0 AT AOCU [ E®@
system costs.

Consumer resistance due to a range of factors has clearly inhibited rollout. In deciding whether or not

to adopt a smart meter, a household must weigh up a range of costs and benefits. Batsts and benefits

have private, social, and intertemporal dimensions. The costs are generally more immediate while a
greater proportion of the benefits will accrue in the future. The present value of the net benefits to a

given household is idiosyncraticE8 A8 EO [ AU OAOU AAPATAETIc¢c 11 OE
behaviour,and may be positive or negative.

Of key policy interest is to what level consumers will need to be incentivised in order to adopt smart
meters? And would this incentive level be jstified based on the net present value of the estimated social
benefit? Moreover, of academic interest is the extent to which framing of information can anchor
PAT PI A6O OAOPI T OAOG ET AARAEAOGET OOAI ET OAOOAT OET 1 08

This research developsan incentive-compatible online experiment to elicit the willingness-to-accept
(WTA) of a representative panel of UK households for smart meter installation. Variotieatments are
provided to households to assess the impact of anchoring MWTA elicitation for this unusual but
important context, where subjects are essentially asked to place a value on the compensation necessary
to provide a public good. From these responses, we will aim to infer the optimal subsidy level
policymakers may need to provide to incentivise householdsotadopt smart meters and comment on
the sensitivity of that inference to the methodology deployed.

6.2 Background

The UK government has obliged energy companies to offer every household in the UK a smart electricity
and gas meter by 2020 as part of itsmenmitment to meet European energy reduction and climate change
targets. Nearly seven million smart meters had been installed to date, with approximately 46 million
traditional meters remaining to be replaced
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Figure1: Smart meter rollout in the UKSource: https://www.gov.uk/government/collections/smart
metersstatistics

A major aim of smart metering is to allow households to better control their energy consumption
through increased information on their usage and costs. That is, by providing reime information on
consumption, smart meters can help to reduce overall consumption and tirmhift demand if the right
incentives are in place. However, not only may some households be unaware of the potential benefits of
smart meter installation, they maybe reluctant to adopt for a number of reasons such as privacy
(McKenna et al., 2011), financial costs (Ozkan et al., 2013), hidden costs (Gillingham and Palmer 2014),
or general disengagement with their energy utility (CMA, 2016). In addition, energy utiles may have
difficulty in accessing certain customers, there may be physical and structural constraints associated
with dwellings that make installation of smart meters impossible, or misaligned incentives and
communication channels between landlords andenants may constrain adoption in the private rented
sector.

More generally, a broad literature exists that examines the sAAT 1 AA OAT AOCU A-£EFEAE,
evidenced phenomenon suggesting that consumers do not invest in enefggving technologies(such

as insulation or replacement boilers) that may be privately beneficial for them. This gap is often
attributed to imperfect information or inattention on the part of consumers (McKinsey, 2009; Allcott

and Greenstone, 2012). Gillingham and Palmer (2@} provide an extensive overview of reasons why

the gap may be smaller than perceived, and of both market failures and behavioural anomalies that may

be contributing the gap that exists.

Importantly, the non-monetary costs of energy efficiency upgrades Wa been shown to deter
households from installing free measures, even once households have become aware of the potential
private benefits and made an application for a home upgrade (Fowlie et al., 2015). Such hidden costs
can be substantial and are difficli to account for in estimating the size of the energy efficiency gap.
While these nonmonetary costs are significantly smaller for smart meter installation, hidden costs such
as making an appointment and sticking to it may be an issue for some householaisd the appointments
require that the householder is in the home for several hours for the appointment. Thus, in the current
UK context where householders are perhaps unaware, uncertain, or untrusting of information regarding
the benefits of smart meter i OOAT 1 AOEI T h AT A xEOE Al AOI EOO | AAE
confusion and resistance, consumers may requitensiderablecompensation before agreeing to install

a meter in their homes. Our study takes a first step at quantifying this resistance itareful attention
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DAEA OI OEA ET &1 OATAA 1T £# OEA OOOOAU 1 AOETAIIT GU

6.3 Methods
6.3.1 Survey methodology for eliciting willingness -to-accept compensation

Environmental economics aims to incorporate the social costs of ayoject or policy into the decision
making of social planners using cosbenefit analysis. If all of the costs and benefits of a given project or
policy are aggregated and the outcome suggests a positive net present value (NPV) that outweighs the
NPVs of d other alternatives, then economists would recommend implementation on the grounds of
maximizing social efficiency. However, valuing environmental goods and bads is not straightforward
given the lack of markets governing their exchange. While some envimmental goods may have an
implicit market price? e.g., the value that the public places on green space may be inferred from housing
prices with varying distances to parks others lack convenient market proxies. Take, for instance, the
value that society plaes on the existence of Antarctic wildlife. While there are few to no direct market
benefits of the continued existence of the polar bear, individuals may still garner utility from their
OOOOEOAT AO A OPAAEAO8 4EEO -WODAGE O OATOAA OBLIOBA & ORG
encapsulated in any market exchange.

In recent decades, eonomists have identified a number of methods for eliciting théotal valuation of
non-market goods or goods with norrmarket attributes (Carson, 1996). Earlysurveys in environmental
economics tended to ask hypothetical and opeanded questions, thereby suffering from a number of
biases and shortcomings. More refined stated preference methods following from the NOAA Panel of
1993 (see Arrow et al., 1993arguably improve upon these surveys using additions such as cheap talk
(Cummings and Taylor, 1999) and consequentiality (Cummings and Taylor, 1998; Landry and List,
2007), though many stilluse hypothetical payouts, such that the veracity of respondents in sp&gng
their valuations remains in question.

A number of survey methods overcome this hypothetical biaby using incentivecompatible survey
methods. One simple methodd OE A - D@ AcBAE O8 j» &inply,agk€respondents whether they
will buy or sell a good or service at a given price, where the researchers generally vary the price to back
out an implicit demand curve. TIOLI boastan obvious benefit of comprehensibility. Its resemblance to
familiar and routine market exchanges consumers make in theidaily lives all but ensures that
researchers will elicit a true and unbiased response from their subjects. Yet, unless followed up with
several (theoretically infinite) subsequent questions, the method suffers from imprecision: we do not
obtain an exact d&a point for a given respondent to reflect his/her true WTA using the TIOLI method.

To overcome the issue of relatively limited information provided by each respondent (which demands
a very large sample size to flesh out a demand curve), the BeceeGrmt-Marschak (BDM) method
circumvents the requisite iterative process of the TIOLI method by directly eliciting an exact WPA.e.

a single selling price using a seconebrice auction against an unknown bidder. In accordance with the
theory set out in BeckerDeGroot, and Marschak (1964), surveyors can elicit a true amcact WTA (or
OOAI1 1 E TfrGn réspohdemsdoyoffering to pay them an unknown (and, in our case, double blind)
amountb-OEA OAOAA OA E Atdhé evAnDthkE theQattad éxEeAd&he former. Since sellers
(i.e. survey respondents) do not know the value df in advance, they essentially cognitively engage in
an iterative TIOLI process, asking themselves whether they would be willing to accdpin exchange for
the service for every possible value thab could take, thereby ultimately identifying and stating their
true selling prices.

In addition to the precision of the methoc and the resulting implications for requisite sample size and

budget to infer a demand curve Berry et al. 015) point out that the BDM mechanism offers additional
practical advantages over TIOLI. If there is a wide range of prices over which the researcher is eager to
understand WTA, then TIOLI can be quite impractical. h OO0 AAOAh Al 1T OO AOOGS 74!
installing a smart meter is highly uncertain and the private costs associated with installation vary
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immensely across individuals, so the variance of true WTAs is potentially substantial. Moreover, it is
possible EAO OEAOA EO AT ET OAOAAOEIT AEEAAO AAOxAAT 11
I OEAO x1 OAOGh EZEZ A OAOGAAOAEAO EO ET OAOAOGOAA ET OEA
or two prices are offered as part of a TIOLI survey, thethe researcher can only identify the treatment

effect at that/those price level(s). Therefore, without the assumption of a constant treatment effect,

TIOLI could preclude identification of a treatment effect when one indeed exists for some individuals.

Finally, if compensation received could be a predictor of subsequent behauis--e.g., in our case, actual

smart meter installation--then BDM offers the variation in compensation necessary to tease out such an

effect.

The contextual features of the serviceve aim to value more closely reflect those that favour BDM rather

OEAT 4)/,)8 10 1 AT OGETTAAhRh OEA OATCA T &£ ET AEOEAOD,
established market for provision of this service means that individuals will have little prioexperience

of prices to anchor their valuations. Moreover, we are indeed interested in heterogeneous treatment

effects, so BDM provides us with the nuance necessary to tease out these effects with a fairly limited
sample size.

However, aside from its lover comprehensibility relative to TIOLI, some methodological difficulties are

worth mentioning. Foremost, and particularly when the market for such a service is missing or
unfamiliar, the appropriate buying price range is both difficult to identify and coull even influence
OO0OO0OAU OAOPTITOAO EZEZ I AT OETTAA Agbl EAEOI U8 3EI Ol OA
selling price, the surveyor risks extracting valuations that are perhaps unreasonable or, at the very least,
infeasible to pay out.

To understand the implications of various solutions to this issue for the valuation of a familiar
commodity? here, subjects are endowed with a voucher for gasolineBohm et al. (1997) conduct an
experiment in which they compare mean selling prices elicited usaqthe BDM to those in a real market
setting. In addition to sensitivity of responses to varying levels of the upper bound of the buying price,
they find that an upper bound on the buying price equal to either the actual market price of the good or
anunsplA E EEAA OAl OA AAOAOEAAA AO OOEA | AgEi Oi DPOEAA
DAUG 1T AAAO O1T OAI OAOGETT O 11 AEEZEAOAT O MEOI I OEA Acg
when the upper bound is set above the market price, the saily price significantly exceeds the market

price. Similarly, Vassilopolous et al. (2018) find an anchoring effect of the buying price range when

selling mugs, and Sugden et al. (2013) find an anchoring effect of both the buying and selling price range

for several goods whose market value is £5.

In the absence of a market price on which to anchor our subjeatd O 11 xEEAE OOAEA
experience may anchor their valuations in the absence of a researchaduced anchor we test

whether such an anchoring effct exists in the BDM when subjects are asked their WTA to adopt
technology in their homes. The technologythe smart meter--has been widely promoted by the UK
Government and therefore respondents may perceive compensation as a type of subsidy for proviglin

a public good. While various supplier incentives have been trialled with small customer samples in the

UK, most energy decisiormakers will be unaware of these offers, and offers may have varied both

within and across suppliers. Moreover, most of theseials are commercially sensitive, so the incentives

offered remain unknown; a published trial performed in partnership with British Gas reveals that £5

and £10 incentives have been trialled at the low end, though we are aware of some suppliers having
offered £30 incentives.

6.3.2 Experimental design

In line with the above description, the BDM works by allowing individuals who do not wish to accept a
free meter to select a value that they would be willing to accept (WTA) as compensation for having a
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smart meter installed in their homes. The researchers then randomly draw a value within a delineated

range, and if the value equals or exceeds the stated WTA, then the transaction takes place; that is, the
researchers will pay the individual the randomly drawnoffer (which acts as a subsidy for adoption in

OEEO AAOAgqnh AT A OEA ET AEOEAOGAI 60 TAI A xEI1 AA AAA
energy supplier. If the number drawn is below their WTA, no such transaction takes place.

ByusingEEO | AOET Ah OEA OAOGAAOAE OAAI AEI O O1 Al EAEC
meter installations in their homes. However, a major methodological question remains regarding the

extent to which the range of possible buying prices i.e., the subsidythat individuals could potentially

receive? influences these responses. To glean insight into the importance of this survey design decision
randomly expose respondents to identical surveys that vary along this dimension alone.

Experimental
Sample (N=274)

Control (n=90): Treatment 1 Treatment 2
No information (n=97): (n=87): Range s
on range Range set at £5 at £100

Figure 2: Experimentaldesign

Specifically, in delimiting the potential buying price, we test three designs. First, given the purported
monetary savings of £50 in energy costs per customer who adopts a smart meter, we test an explicitly
denoted range of £0 to £50, which simphguarantees the customer will reap the monetary benefits

promised by the smart meter rollout campaign. Additionally, all values used for our comprehension

tests lie in this range, further reinforcing the possible range of the buying price and conveying
ex)AAOAOQGET T O 11 OEA OAODPITAAT 060 7418 3AATTAI Uh x/
increases valuations and, if so, whether this change is proportional to the doubling of the range. Since
compensation of £100 captures the opportunity cost of timéor approximately 90% of the populatior?

assuming installation time of 4 hours per household this treatment represents our preferred range.

&ET AT T Uh OET AA Agbpl EAEOI U 1 AT OETTETIC OEA OATGA |4/
the experimerOA 08 O AGPAAOAOGETT 1T &£ xEAO Al 1 OOEOOOAO A OAA
simply does not mention the maximum buying price that may be drawn, though all random values used

for the comprehension tests remain below £100.

Figure 2 summarises In total the sample consists of 274 households. The control group of 90 households

do not receive any information of the range of WTA acceptable WTA values; Treatment 1 consists of 97
households who havebeen instructed that the range of values lies betaen 0 and £50; Treatment 2

consists of 87 households who have been instructed that the range lies between 0 and £100.

.1 OA OEAOh AOA Oi AOACAO AT 1 OOOAET OOh xA Al 110 b
instead inform participants that they have a 1 in 10 chance of being selected for payout should our offer

exceed their bid price. Since this level of incentive compatibility is constant across treatments, we should

still identify an effect of anchoring if one, in fact, exists.
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6.3.3 The sample

The sample was chosen to be nationally representative of the UK in terms of age, gender, income and
region. Participants were recruited through an online panel on Qualtrics. Households who had
previously been contacted by their energy supplier regaling having a smart meter installed were
screened out. Additionally, any households who were not customers of the 11 largest supplievgho
representabout 90% market share in the UKwere also screened out®

6.3.4 Survey overview

The survey first screas for a number of variables, including: (i) age, gender, region, and income (to

AT OO0A xA 1T ARO NOT OAO £ O OADPOAOGAT OAOEOAT AddQgn i E
Al AAOOEAEOU AEI I N j EEEQ xEAOHAk@esOfhe UE bl Bvivihdi@A | 6 O
OEA ET OOAETT A EAO Al OAAAU AAAT AOGEAA O1 EAOA A Oi
of a follow-on survey (for which the results of this report will inform the design), the participants are

then exposed to some very basic information regarding the energy grid, after which they are asked

whether they would like to sign up to adopt a smart meter in their homes (without compensation).

Individuals who answer this question in the affirmative move on t@ series of attitudinal questions that
assess their sentiments toward renewable energy, energy suppliers in the UK, science and technology,
and the UK Government; additionally, they report on their electronic appliance ownership, their energy
saving behavour, and their tolerance for risk. Subsequently, they provide further demographic
information, including education level, household members of various age groups, government benefits
receipt, employment status, and whether they own or rent their home. Fitlg, individuals are asked to
provide their electricity account information so that we may sign them up to get a smart meter on their
behalves. If the individual has further comments, they may share them in an opended comment box

at the end of the survg.

25 This was purely for practical reasons as the research team will need to follow up by contacting the suppliers of
any household interested in having a smart meter installed.
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Figure 3: Overview of survey logic

Individuals who turn down the offer to sign up for a free meter branch to a different survey path that
ultimately leads to their provision of information on their willingness to accept compensation for
signing up to get a meter installed (see Figure 3). e individuals view five screens in total that provide
background explanation and instructions for the exercise. The second and third screens both allude to
the randomly selected buying price, and we specify a range of potential values for this buyingqaiin
Treatments 1 and 2 while we do not specify any such range for the control group (see Figure 4).
Individuals indicate whether they are confident they understand the exercise and are offered to review
the instructions and keep them open in a separateab while undertaking the subsequent
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