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Abstract. The increasing share of intermittent sources is making it more diffi-
cult to guarantee a real-time balance between demand and supply on the elec-
tricity grid. To decrease the dependency from fossil fuel generation, a change in
paradigm is required: from supply following demand whenever it occurs to de-
mand following generation when it is available. Demand Response (DR) pro-
grams enclose all practices that allow demand to take part in actively managing
the grid. According to this perspective, the residential sector hides a huge still
unexploited flexibility resource. Therefore, utilities and aggregators need to ad-
dress weak customer engagement and a lack of regulation in order to employ
innovative business models for harnessing residential DR programs potential.
Within this paper, some of these challenges are investigated, with the view to
improve the design of an appropriate engagement strategy and an incentive
scheme to involve residential customers. The innovation consists in the devel-
opment of a questionnaire as a tool to understand customers’ behavior and pref-
erences, so to consequently design customized solutions. Finally, a first order
approximation techno-economic analysis is conducted to contextualize the ac-
tual incentives for the single customer.
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1 Introduction

According to the urgent need to decarbonize our economy, new solutions have to
be found in order to provide the required flexibility [1] for integrating intermittent
renewable power sources, such as solar and wind. Among the new sources of flexibil-
ity, Demand Response (DR) is becoming a cost-effective solution, pushed by electri-
fication of transport and heating/cooling sectors and new supporting technologies.



By definition, DR refers to any change in electrical consumption done by consum-
ers with respect to their usual patterns during peak demand times and in response to
electricity price variations over time [2]. These changes in consumption can be caused
either by manual operation of customers (i.e. Manual DR) or by a remote control of
the loads (i.e. Automated DR). DR should include a form of incentive payments to the
final customers, so to trigger their active participation [3].

Considering the status of DR in European electricity market [4], it can be noticed
that, while at industrial and commercial level DR practices encounter an appropriate
legal framework (e.g. UK, Switzerland, Belgium and France), at residential level they
are still in test phase. Nevertheless, the majority of theoretical demand response po-
tential lies with residential consumers, hindered by low consumer engagement with
energy-related activities, and a lack of regulation specifically designed for this cus-
tomer segment. In recent years, several reports have studied evidences of consumer
engagement for residential DR in UK through surveys, trials and pilot schemes [5-7].
Three critical elements to unlock the potential of DR are the maximization of value
proposition, consumer awareness about their energy choices and the risk reduction of
negative influences [8], but scientific evidences about customer engagement and eco-
nomic potential of DR programs are still limited.

The focus of this paper is to investigate some of the challenges utilities and aggre-
gators need to address in order to harness the potential coming from manual and au-
tomated load shifting at household level. In particular, it has been depicted a general
procedure to facilitate the design of an appropriate engagement strategy and incentive
scheme to involve residential customers and offer this flexibility as a service on the
electricity market. The innovation consists in the development of a questionnaire as a
tool to understand customers’ behavior and preferences, so to consequently design
customized solutions for DR programs. The questionnaire was rolled out in Italy to
perform a first validation, by considering respondents’ feedbacks and consistency of
the results. At the same time, a step-based framework has been defined to develop DR
programs in the residential market, so to involve progressively more and more people.

Section 2 describes the methodology adopted to prepare the questionnaire and the
engagement strategies, together with the procedure applied for the techno-economic
assessment of residential DR. Section 3 describes the questionnaire development and
the results obtained after the first roll-out. Finally, section 4 contains the detailed
techno-economic analysis followed by the conclusion in section 5.

Nomenclature

DCE Discrete Choice Experiment

DESWH Domestic Electric Storage Water Heater
DR Demand Response

DUoS Distribution Use of System

FFR Firm Frequency Response

STOR Short Term Operating Reserve

TNUoS Transmission Network Use of System

WTP Willingness To Pay




2 Methodology

One of the main problems of energy engagement campaigns directed towards resi-
dential customers are the high drop-out rates, as people do not perceive benefits or a
clear incentive to change their daily habits. In order to avoid this, a step-based ap-
proach is expected to have a twofold benefit. On the one hand, each step is simplified,
and customers can better embrace the change, feeling it less demanding or disruptive;
on the other hand, it allows to update the following steps according to new technolo-
gies, trends and local requirements.

Customers are involved step by step, starting with an extensive customer engage-
ment phase, followed by the actual DR program. Despite being interlocked and shar-
ing the main actors, each of the progressive steps will have a specific business model
and value proposition. A brief description of the steps is provided below:

1. User Experience Design. The environment where the program will be implemented
is analyzed. Customer characteristics and preferences are outlined through a ques-
tionnaire, in order to tailor the services and the communication strategies.

2. Customer Engagement and Awareness. Customer activity and community in-
volvement are emphasized. Services that are offered are not limited to energy-
related ones, to further stimulate interest of customers through additional drivers.

3. DR Programs. Once residential customers have understood the value of being “ac-
tive”, they can contribute to the grid management through load shifting. DR can be
implemented both manually and automatically.

2.1  Questionnaire and Engagement Strategies

A questionnaire has been developed to evaluate the preferences of end-users and
their willingness to pay for a number of energy-related services. The questionnaire
survey is considered as a tool for identifying customer segments and tuning the ser-
vice offering accordingly. Within the questionnaire, a Discrete Choice Experiment
(DCE) has been selected as a quantitative technique to investigate customers prefer-
ences over different service attributes based on a marginal valuation method. DCEs
allow to assess the Willingness To Pay (WTP) for having the preferred attribute in-
cluded in a product or service [9]. With respect to the methodologies where attributes
are ranked or rated by individuals (i.e. conjoint analysis), stated preference methods
(i.e. choice experiments) are closer to the real-life situation of any shopping experi-
ence, where the customer is asked to make a choice among products with marginal
substitutions. Presenting attributes as embedded in a service, results are less affected
by strategic answering (i.e. moral arguments), indicating which attributes the re-
spondents are more sensitive to [11].

Customer engagement strategies are implemented via communication channels (i.e.
mobile application, web portal) where end-users interact with energy providers and
manage their energy-related services. “Idea flow” and gamification strategies play a
major role in engaging users on the long run. Idea flow [11] refers to the propagation
of behaviors and beliefs through a social network by means of social learning and



social pressure: people are inclined to take action according to their peers’ behavior.
In addition, gamification and individual rewards effectively stimulate users, and pre-
vent the program from being considered as a boring duty. Competition among peers
triggers these strategies, hence reward schemes are based both on individual achieve-
ment and comparative data, and saving challenges are set up.

Despite the important role of social pressure in customer engagement, the econom-
ic dimension remains the dominant one. In this regard, a techno-economic pre-
analysis was developed. The aim is to outline critical aspects that may affect manual
and automated DR economic potential at residential level now and in the future, ra-
ther than an accurate estimation of their present value.

The approach applied to both types of DR program, can be summarized as follows:
first, determine household appliances that are able to provide load flexibility and their
capacity; second, understand which application each type of demand-side manage-
ment may be more suited to; once the DR use is selected, identify the economic uni-
tary value obtained by selling the flexibility as a market product or by increasing op-
erational saving; then, based on these data, estimate the overall potential revenues,
that eventually must be compared with the expected costs of the programs.

3 Questionnaire and Results

The choice experiment included in the questionnaire has been designed following a
case study where interviewees select their preferred scenarios for landscape develop-
ment [12]. The attributes included in each scenario represent the main features of a
product or service and its price: each of them can have different levels representing
the various states of that feature. Analyzing results, it can be identified which attrib-
utes levels the users are more inclined to pay for. The software Gretl has been used to
run a multinomial logit model and provide coefficients for the WTP calculation.
These coefficients are then employed in the equation (1) defining the WTP as “minus
the ratio between the estimate of the coefficient for the attribute of interest and the tax
coefficient” [12, 13]. The resulting WTP values represent the additional (positive or
negative) amount of money the customers are willing to pay for having one specific
feature in the service, with respect to a base level.

WTA, = — (ﬁ—“) (1)

Binterest rate

3.1  Questionnaire Development and Description

Our questionnaire “Evaluation of preferences for Monitoring Services and Man-
agement of Electricity Consumption in residential buildings” has three main objec-
tives: identify customer segments, investigate user awareness, learn the most valued
features. Consequently, the survey has been divided in multiple sections:



o Characteristics of the User, including questions about age, gender, educational
level, number of household members, income, dwelling type, size and construction
year, energy consumption, and use of the main electric appliances.

e Energy Awareness, including open and multi-choice questions about climate
change, pollution and energy waste, while investigating the actions performed to
save energy in their houses.

o Dual-choice Tasks, where the interviewee has to choose between packages with
different services and prices. 22 packages — coupled into 11 choice tasks — are built
upon combinations of different levels of the 5 selected attributes, according to Ta-
ble 1. The combination process, an “orthogonal design” by IBM SPSS software,
allows getting meaningful results through a limited number of combinations [12].

Each package includes one level from each attribute. The base monthly fee relates to
similar services offered by European companies. On top of that, the fee includes the
lease of devices, where present within the offer.

The questionnaire was spread out as an online form and sponsored by word-of-
mouth. A first group of 30 respondents provided direct feedback about the intelligibil-
ity of the survey. In parallel, the overall structure was analyzed by an expert, high-
lighting specific issues. The questionnaire was adjusted according to these feedbacks
and then spread out to a larger group of people living in Piemonte and Lombardia
(Northern Italy). The achieved number of respondents was 83.

Table 1. Dual-choice tasks: attributes levels

Attribute Level A Level B Level C

User Interface

Notifications via SMS; services
management via account on
website

Notifications and services man-
agement via In-Home Display

Notifications and services
management via mobile
application

Base Service

Reports on historical consump-
tion data and real-time feedback

Level A + short-term advice about
behavioral change

Level B + automated
control of some electric
appliances

Long-term advice (e.g.

Additional Gamification and data compari- Inefficiency detection of house- . .
. ; ) X . retrofit measures, applianc-
Rewards son within a virtual community hold electric appliances
es replacement)
Rewards Bonus for public transport and Discounts on products purchased Discounts on the energy
shared sustainable mobility via approved platforms or sellers bill
Monthly Fee 5€ 11€ 16€

3.2 Questionnaire Results

Because of the small and to some extent uneven group of respondents (i.e. age
distribution), the survey cannot be considered an accurate market analysis. However,
some considerations about the market segment and the questionnaire potential can be
discussed. Respondent’s age, Household income, and Household members are set as
the clustering criteria, and three values (respectively 29 years old, 25000€, 2 people)
are chosen for splitting the respondents’ group into categories. These clusters are
employed when representing the electric appliances use patterns (Fig. 1) and the WTP
(Fig. 2). From these charts, market strategies insights can be derived. For instance, the




clusters showing a peak of appliances use in the evening (younger respondents, high-
er-income households, smaller households) are those with a stronger preference for
appliances’ automated control. Smaller households, whose appliances-use pattern
suggest the house in mostly empty at daytime, are those showing the lowest prefer-
ence towards a fixed In-Home-Device.
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Fig. 1. Respondents’ electric appliances use pattern by cluster
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Fig. 2. Respondents’ WTP represented globally and by cluster

4 Techno-economic Analysis

This section aims to generally evaluate whether manual and automated DR pro-
grams are economically self-sustainable, highlighting the main assumptions and un-
certainties behind the analysis. No presumptions about value accuracy are meant, so
that the results are to be considered limited to their order of magnitude.



41 DR Sources and Uses

Demand flexibility can be provided either when the appliance has some degree of

energy storage or when the consumers are willing to postpone its usage [14]. A high-
resolution stochastic demand model calibrated with UK data and statistics, CREST
[15], has been used to determine daily residential load profiles and to assess load ca-
pacity. For our analysis, the reference is a typical three-residents UK terraced house-
hold. Load demand has been simulated for four representative days of the year.
The flexibility extent for each appliance is strongly dependent on dwellers’ habits and
load patterns, hence it is important to use real data from a similar context to the one
under analysis. In our case, field evidence from past trials has been used to determine
the response that can be achieved with different DR programs [5,16,17], see Table 2.

Table 2. DR uses and resources parameters. s: summer; n: not summer; y: yearly

Use Price DR use time Total Fridge Dish Drver Washing Water Heat
window Load 9 Washer b Machine heater pump
Wholesale price 50 " .
spread £/MWh daily 6-15%
Cash-out imbal- 40 "
-15%
ance £/IMWh daily 6-15%
Short Term 15 7:00-14:00 s
Operating £RW/ 10:00-14:00 n - 0% 8% 8% 78% 50% 50%
Reserve (STOR) Y 17:00-23:00 y
Firm Frequency 50 . . o o o o o 5
Response (FFR) EIRWIy daily 100% 78% 78% 78% 100% 100%
Transmission 6
Network Use of oy 17:00-18:00 w - 0% 78% 78% 78% 100% 100%
System (TNUO0S) Y
Distribution Use 26 11:00-14:00 s
0, 0, 0, 0, 0, 0,
of System (DUoS) £/IKW/y 16:00-19:00 w 0% 8% 8% 8% 33% 33%

In order to couple flexibility sources with their appropriate use, the framework de-
veloped in [14] has been readapted and improved for our purposes (Fig. 3). This
framework selects among all the possible DR uses (represented by different colored
field in the chart) only the ones whose technical requirements (i.e. notice period, dura-
tion and frequency, represented by the different axis) can be guaranteed by the source
(different class of appliances). Events duration and notice period are the main re-
quirements for direct load control practices (i.e. automated DR), because end-users
are not directly involved. Differently, in manual DR programs events regularity ac-
quires importance, affecting the response rate in the short and long-run [18].

A reasonable assumption is to consider that the conditions (prices and require-
ments) imposed by the current UK regulation for industrial and commercial DR pro-
grams will be kept unchanged also for residential applications, at least in the short-
term scenario. It is possible that over the coming years, new regulatory arrangements
(e.g. network charges) could lead to different requirements and prices for DR.
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Fig. 3. DR framework

4.2  Revenue evaluation

Considering customer concerns for short-notice period and frequent DR requests,
and observing the DR use selection framework (Fig. 3) manual DR programs seem to
provide operational saving from the supplier’s perspective. The flexibility capacity
can be indicated as a percentage of the daily consumption [19] (Table 2), and it is
remunerated in terms of energy shifted. Differently, in case of automated DR, flexibil-
ity is valued in terms of power. The temporal dimension (i.e. the synchrony between
flexibility demand and its availability) was included in the methodology developed by
Wegner et al. [19]. The flexible power Py ; is set as the average consumption of cho-
sen appliances over the DR time window defined in [20,21] (Table 2), while the load
flexibility share c, ; is defined as the fraction of power that can be actually shifted in
time depending on DR use (minimum duration) and source (shiftability), see equation
(2). For each DR use potential, revenues R, ; are evaluated as the product of the aver-
age power Py ;, the temporal factor ¢, ; and the DR price ppg ., See equation (3)

Atflex
C . = —— 2
k.j AtpRuse ( )
Ry = P Crj Pork (3)

A remarkable aspect is the possibility to aggregate the flexibility sources in a port-
folio for providing diverse services, according to economic and technical optimization
strategies and to the needs of the energy system. As there is not a considerable litera-
ture evaluating the interaction of different DR sources and uses into a flexibility port-
folio, the two extreme cases of perfect and absent integration and have been analysed.

The costs involved will vary significantly depending on the assets and the specific
arrangement used to provide DR services. UK Power Networks [22] states that the
main cost term is due managing customers relationship, accounting for 105 [£/y/p].

In Fig. 4., the analysis results are plotted at household level for the manual DR
programs, while for the automated ones they are disaggregated by DR use and DR
source. Finally, both the automated and manual DR programs revenues are compared
to a reference operating cost [22]. In all scenarios the potential revenues are not suffi-
cient to cover the high operational costs for running such programs. This occurs even
in the best-case of perfect integration between different uses of demand flexibility.
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Fig. 4. DR programs revenues and cost estimations

5 Discussion and Conclusions

The present work addresses some of the challenges related to DR programs in the
residential segment by investigating possible mechanisms and engagement strategies.
However, the analysis is limited by several factors. The number of questionnaire re-
spondents is too small to be statistically relevant and addressing a part of the popula-
tion — namely elderly people — is challenging. This issue goes beyond the reach-out
potential of a questionnaire tool, as it signals the scarce interest in such programs and
the related technical barrier for a big part of the target customers. Spreading the ques-
tionnaire only through digital channels represented a technological barrier in itself,
and this aspect may affect the development and the effectiveness of DR programs. For
future applications, some adjustments should be made on the questionnaire. Open-
ended questions should be avoided, and compulsory answers reduced in order to
shorten it. To achieve a higher reliability of the WTP, respondents should state for
each choice task whether they would actually purchase the preferred solution or not.

Moreover, each age cluster demonstrates different needs and drivers to participate
in these initiatives. As the economic reward that can be returned to end-users results
limited, it cannot be adopted as the main leverage to keep them involved and it is key
to engage customers with various strategies. A way to reduce high drop-out rates is
automating most of the process, so to require the least effort and time from customers.
In addition, results from our preliminary economic assessment show that automated
DR programs allow to realize higher revenues as the flexibility capacity can be used
to provide more profitable services to the energy system.

This is likely to be the winning strategy in the long term to achieve a firm response
that can be leveraged as a flexibility asset on electricity markets, but it requires a
complete renovation of all appliances as they need to be “smart” and connected. This
process started few years ago (and it is still going on) with respect to new energy
efficiency labeling, therefore it is not likely to happen once again in the short term
only relying on market mechanisms. In order to make this happen and to fully lever-
age the flexibility potential at household level, the relevant actors and stakeholders
(suppliers, aggregators and system operators) must incentivize it properly so to create
the conditions for DR programs to work. At this point, it should be considered wheth-
er the flexibility impact of household load shifting will be cannibalized by the de-
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ployment of storage systems and electric vehicles at scale. DR is not likely to substi-

tute storage systems deployment but, if combined with them, it can reduce the overall

costs for providing flexibility to the grid. The electrification of residential demands
due to the diffusion of heat pumps and electric vehicles will open new scenarios for

the role of Demand Response as a key flexibility asset of the power sector. Neverthe-

less, this solution must not be the reason to promote high electrification rates in the
residential sector. It is meant for reducing stress and strains on the grid and its frame-

work is the penetration of renewables.
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