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Preface

The world community is increasingly recognizing the severe impacts of climate change and raising its levels of ambition
in mitigating it. Countries, cities and businesses are announcing targets to reach net-zero emissions by the middle of
the century or earlier and devising policies and technological innovations to achieve them.

The COVID-19 crisis has highlighted further the significance of sustainable development and the important role
of behavioural change in addressing global problems. Behavioural insights and interventions have an important
role in reducing global energy demand and ecological footprints and enabling the transition to carbon neutrality
and sustainable energy. Through nudging, such interventions can be achieved at low or even zero cost, while
significantly increasing the effectiveness of policies and measures relating to energy efficiency, renewable energy
and environmental protection.

For the first time the BEHAVE 2020-2021 Conference was moved online due to travel restrictions amid the COVID-19
pandemic. The Conference organizers of this edition are the EnR Network, the custodian of this event, and the
Copenhagen Center on Energy Efficiency, the supporting organization for this year’s edition.

The BEHAVE 2020-2021 Conference continues to attract a high number of abstracts. This publication of the
Proceedings aims to create institutional memory of the knowledge shared at the event. The Conference organizers
have also negotiated a special issue of the journal Energy Policy, to which several authors have chosen to submit their
full papers. This special issue is being produced under the title ‘Behavioral insights for sustainable energy use: theories,
evidence and policy implications’, and it is expected to be published by December 2021.

This edition of the BEHAVE conference covers a diverse set of topics, from behavioural insights and interventions for
buildings, transport and businesses to applications in developing countries and the use of digital solutions, among
many other themes, as well as covering a large range of energy efficiency policies.

Behavioural economics and sciences are an emerging and interdisciplinary area of research. So far, most studies
within it focus on developed countries. The organizers hope these findings and their methodologies will inspire more
analysis and applications in further geographies, sectors and activities, as well as help motivate green and sustainable
behaviour, thereby contributing to achieving low carbon and climate-friendly development.

EnR - The European Energy Network

The Copenhagen Centre on Energy Efficiency, UNEP DTU Partnership

April 2021
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The Influence of Energy Policy Instruments upon
the Promotion of Solar Thermal Technology in
Greece

Theoni I. Oikonomou, Charilaos Andreosatos?, Vassiliki Drosou’ and Constantine Karytsas?®

1: Solar Thermal Systems Department, Renewable Energy 2: Energy Policy Analysis Department, Energy
Sources (RES) Division, Center for Renewable Energy Policy & Planning Division, CRES
Sources and Saving (CRES), 19th km Marathonos Av.,
19009, Pikermi, Greece

e-mail: thoikonomou@cres.gr, www.cres.gr

3: RES Division, CRES

KEYWORDS
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ABSTRACT

Renewable Energy Directive (EU) 2018/2001 sets a binding EU target to have at least 32 percent renewable
energy in the Union’s gross final energy consumption by 2030. National policy strategies are expected to
play a key role in achieving this target.

Greece’s national energy policy aims at ensuring the EU’s energy goals are achieved by 2030. The
achievement of such goals requires a significant energy transition and the adoption of higher objectives
for reducing greenhouse gas emissions, increased penetration of Renewable Energy Sources (RES) in gross
final energy consumption, improved energy efficiency to make greater energy savings, and lignite phase-
out in power generation. The national policy for the development of policy instruments and innovative
technologies for both RES and energy efficiency is still an ambitious objective and a key parameter for
securing the required funding and enhancing the energy market.

The objective of this study is to elaborate on the influence of energy policy instruments on the promotion
of solar thermal (ST) technology in Greece. To achieve this objective, the existing ST market in Greece is
analysed, and the prospects for fostering ST technology through the implementation of effective policy
instruments are discussed. Moreover, the existing Greek policy instruments for ST market deployment are
elaborated, and successful policy instruments in other EU countries are studied.

Policy instruments in Greece are limited and mostly addressed to RES technologies and not directly to ST
systems. They include a proper regulatory framework, incentives and funding opportunities aimed atimproving
energy efficiency and meeting the targets set by the EU, thus promoting sustainable energy behaviour.

The analysis in the present study has shown that, although there are certain policy instruments in Greece related
to ST technological development, further actions should occur to exploit the potential of the ST sector. This
study therefore provides a set of guidelines in order to reinforce the implementation of ST technology in Greece.
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Introduction

According to Renewable Energy Directive (EU) 2018/2001 on the “"Promotion of the use of energy
from Renewable Sources”, the EU’s member states are expected to develop proper support
mechanisms to promote solar thermal (ST) energy, alongside other renewable energy sources (RES).

The objective of this study is to examine the existing ST market in Greece and to identify
the potential for promoting ST technology through the introduction of appropriate policy
instruments. In order to achieve these objectives, the existing policy frameworks in Greece and
other EU countries are described. The result of this elaboration is a set of guidelines for policy
instruments that suitable for Greece and are expected to change citizens’ behaviour in the
direction of the use of ST technology.

The main categories of ST systems are the non-concentrating system for low and medium fluid
production temperatures and the concentrating system for medium and high fluid production
temperatures.

In Greece, ST technology for low and medium temperatures has great potential in terms of
energy savings and cost effectiveness. The total ST installed capacity in operation in 2017 for
low and medium temperature applications was 3.2 GWth, corresponding to 4,618,000 m?2 of
solar collective areal*l. This category includes the technologies of water unglazed and glazed
flat-plate collectors (FPC), evacuated tube collectors (ETC) and air collectors. The distribution
by technology of the total installed collector area in operation by the end of 2017 in the EU 27 is
presented in Figure 1[*:21. As shown in this figure, the main solar thermal collector technology
in Greece is FPC, which uses water as a heat-transfer fluid, corresponding to 99.5% of the total
market.

100%
90%
80% -
70%
60% -
50% -
40%
30% -
20%
10% -

0% -

M Water collectors unglazed M Water collectors FPC Water collectors ETC M Air collectors unglazzed M Air collectors glazed

More than 95% of the low and medium temperature solar systems in Greece are thermosiphon
systems. However, forced-circulation systems have been included in the recent years in national
funding mechanisms (e.g., in “Energy Saving | and Energy Saving II” programmes) and their
total numbers are expected to increase in the coming years. The main solar thermal applications
in Greece are hot-water production for the domestic and hotel sector, solar heat industrial
processes, solar “combi” systems for heating support and solar air conditioning.
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Regarding the concentrating solar thermal (CST) systems, also known as concentrated
solar power (CSP) or solar thermal electricity (STE) systems, currently there are some pilot
CSP installations in Greece, installed within the framework of funded national or European
projects. Commercially there is no facility in operation. However, although currently CSP does
not contribute to electricity production, this is expected to change in the coming years, as the
national target for 2030 is 260 GWh of electricity production from CSPI3].

Background

The Greek government'’s strategic goal is to contribute significantly to the required proportion
of energy produced from RES in the most sustainable way for the purposes of the national
economy, and to achieve a significant reduction in greenhouse gas emissions through a robust
and coordinated set of policies and measures. This transition will be coupled with establishing a
proper regulatory framework to ensure the sustainable development of the national economy by
making optimal use of national and European financing mechanisms and adopting appropriate
market instruments and mechanisms in line with EU legislation.

Another important objective is the preservation and management of energy sources so as to
ensure the smooth, uninterrupted and reliable coverage of domestic energy needs, as well as
access for all consumers to affordable and safe energy.

In order to comply with the European Directives, Greece needs to maintain low energy demand,
or even reduce it, while trying to achieve economic growth. To implement energy policy measures
and achieve the relevant energy and environmental targets, specific instruments must be
introduced to promote energy efficiency and the penetration of RES.

The existing Greek policy instruments for ST market deployment are limited and are mostly
addressed to RES technologies, not directly to ST systems. They include a proper regulatory
framework, incentives and funding opportunities aimed at improving energy efficiency and
meeting the targets set by the EU, thus promoting sustainable energy behaviour.

The current Greek regulatory framework, which directly or indirectly promotes ST technology
and also provides incentives and funding opportunities, is analysed in the “Findings” section of
this study. It includes, among other things, "Law 4342/2015”, which creates incentives for ST
market deployment, "Law 3855/2010” for the mandatory installation of central ST systems in
existing and new central government buildings, "Law 3468/2006”, "Law 3851/2010" providing for
production of electricity form RES and "Greek Development Law 4399/2016".

Regarding the incentives and the funding opportunities for ST systems in Greece, most of them
stem from the implementation of existing policy strategies as formulated by European policy
strategies and their implementation in Greece. The main such strategies are the "Research &
Innovation Strategies for Smart Specializations (RIS3)” for Greece, the “Strategies Energy
Technologies (SET-PLAN) Implementation” in Greece, the “National Energy Efficiency Action
Plans (NEEAP) for Greece” and the Greek “National Energy and Climate Plan (NECP)”. Existing
funding programmes of this sort that we have identified are discussed the in “Findings” section
of this study.

THE INFLUENCE OF ENERGY POLICY INSTRUMENTS UPON THE PROMOTION OF SOLAR THERMAL TECHNOLOGY IN GREECE



Methodology

The aim of this study is to provide specific policy recommendations on how to promote ST energy
in Greece. In order to achieve this objective, past and ongoing policy strategies were identified
and their successes were assessed. The outcome of this work is included in the “Findings” section
of this paper. This study has also examined the barriers that prevent the dissemination of ST
systems and provides recommendations for overcoming them.

Furthermore, best practices currently applied in other EU countries were thoroughly examined,
and the most suitable ones selected for application in Greece. In order to choose those EU
countries with high penetrations of ST systems, total installed capacity in operation and total
installed capacity in operation per thousand inhabitants by the end of 2017 for the EU27 were
elaborated and are presented in Figure 2. The data for 2017 are elaborated according to the
methodology as presented by Oikonomou Th.[2].

As shown in Figure 2, Greece ranks third in EU27 in respect of both total ST capacity in operation
in 2017 and total capacity per capita, reflecting its well-established ST market. However, the
vast majority of installed systems in Greece are of the simplest yet very efficient type of the
technology, namely the thermosiphon system for domestic hot-water production. The effective
expansion of ST technology use in more complex systems for heating and cooling, as well as
for other applications such as solar heat industrial processes (SHIP) and electricity production
requires the effective implementation of proper national policy instruments.

Total Capacity (kWth) /

Total Capacity (MWy,) = Total Capacity (MWth) ® Total Capacity (kWth) /1000 inhabitants 1000 inhabitants
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The behavioural, policy and other interventions to promote ST systems in other EU countries
with high rates of ST penetration that are ranked high in Figure 2 — such as Germany, Austria and
Cyprus — were examined for the purposes of this study(4:5:6:71,
This work has resulted in a number of suggestions for interventions suitable for Greece, as
provided in the “"Discussion” section of this study.
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Findings

Greece's existing policy framework is aimed at the creation of a competitive energy market, a
contribution towards a low-carbon economy and the efficient use of energy. The energy sector is
one of the most important pillars in terms of policy development, and the legislative framework
and associated incentives have the objective of contributing to maintaining low energy demand
and achieving economic growth.

Regarding the current Greek policy framework for ST technology, with a few exceptions it is
not distinct from that for RES in general. The existing policy framework cover the legislative
and regulatory framework, incentives and funding opportunities. In Greece there is no specific
regulatory framework for ST technology, as exists, for example, for photovoltaics and wind-power
applications. However, there are certain national laws within which ST technologies could be
incorporated.

One such regulatory framework has been developed by Greece’s "Law 4342/2015, Part B
Integration of the European Energy Efficiency Directive 2012/27/EU”, a significant instrument for
enhancing energy efficiency in Greece. It includes several articles for creating the regulatory
framework and providing incentives for the deployment of the ST market.

According to Article 7 of "Law 4342/2015” the “Heads of Regions and Mayors” are responsible
for developing an energy efficiency plan for the buildings within their authorities and for setting
specific energy-savings and energy-efficiency targets and measures every two years. This plan
may include the implementation of ST systems.

Article g of "Law 4342/2015” provides for the enforcement of “Energy efficiency obligation
schemes”, created under Article 7 of the "Energy Efficiency Directive 2012/27/EU”. Under this
provision, each EU member state must set up an energy-efficiency obligation scheme to
ensure that the energy distributors and/or retail energy sales companies, which are designated
as obligated parties, operating in each member state’s territory achieve a cumulative end-use
energy savings target. ST system implementation is included in the given list of indicative
measures for achieving the required energy-saving targets.

Article 10 of the "Law 4342/2015” and in the "“Circular AEMTEA/I/oik.181906/5.10.2017, Clarifications
on the energy audits of Law 4342/2015” include an indirect incentive for ST market deployment
that consists of the implementation of energy audits in all large enterprises. According to this
legislation, all large enterprises are obliged to carry out an energy audit in an independent and
cost-effective manner. These energy audits must meet the minimum criteria set out in "Law
4342/2015” (Government Gazette, Series |, No 143, 9.11.2015) and must be carried out on the
basis of the EN 16247 series of European Standards on energy audits.

Article 20 of "Other measures promoting energy efficiency” of "Law 4342/2015" sets out the
governments’ willingness to establish financial measures, incentives and funding mechanisms to
promote energy efficiency.

Another legislative framework related to ST technology is "Law 3851/2010: Accelerating the
development of Renewable Energy to address climate change and other provisions on jurisdiction
of the Ministry of Environment, Energy and Climate Change”. Article 10 of this Law imposes the
mandatory installation of ST systems in new residential buildings to cover some of the demand
for hot-water production. The same also applies to buildings in the tertiary sector ["M.D. D6/B/
0ik.5825/09.04.2010", Article 8]. The minimum percentage of the solar share on an annual basis
is set at 60%.

THE INFLUENCE OF ENERGY POLICY INSTRUMENTS UPON THE PROMOTION OF SOLAR THERMAL TECHNOLOGY IN GREECE
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Regarding electricity production by RES, "Law 3468/2006, Electricity production by RES
and high-efficiency cogeneration and other provisions” and "Law 3851/2010, Accelerating the
development of RES to address climate change and other provisions relating to issues with the
competence of the Ministry of Environment, Energy and Climate Change” lay down the necessary
procedures for installing concentrating ST plants in Greece.

The Greek Government also supports a more market-oriented financial support scheme. One
important such financial instrument for RES (including ST technology) is the "Greek Development
Law 4399/2016, Institutional framework for establishing Private Investment Aid schemes for the
country’s regional and economic development - Establishing the Development Council and other
provisions” (Government Gazette, Series |, No 117/22.06.2016). The objective of this law is to
encourage investments mainly in the field of manufacturing and energy by covering up to 55%
of the eligible costs.

Another market-oriented policy instrument is the establishment of an “Infrastructure Fund”
("Government Gazette B 4159 / 29.11.2017”). This action aims at offering favourable financing
conditions to the private and public sectors for the implementation of small and medium-sized
projects with an emphasis on energy, the environment and urban development. This is a financial
support scheme that aims to ensure the maximum possible use of different financial instruments
to cover the financial gap, including in the fields of energy savings and the promotion of RES.
The total resources of the “Infrastructure Fund” amount to 450 million Euros, while the funds for
the "Operational Program Competitiveness, Entrepreneurship, Innovation” (OP-CEI) programme in
the energy sector total 128.7 million Euros. In the energy sector the projects that will be financed
by the Infrastructure Fund will include the energy up-grading of public buildings, as well as
the production and distribution of energy from RES (energy-efficient space cooling & heating
systems, and domestic hot-water production).

There are also direct funding programmes for which ST systems are applicable, such as the

“Saving — Autonomy”, “Improving the Energy Efficiency of SMS Enterprises”, and “Modern
Processing” programmes.

Results and Discussions

This study describes the energy-policy instruments affecting the exploitation of ST technology
in Greece as part of the country’s efforts to promote sustainable energy behaviour and achieve
energy efficiency. It also focuses on tracking down and gathering the existing Greek policy
instruments in the energy sector, which are specifically applicable to ST technology.

Greece already has certain policy instruments related to ST technology that are expected to
contribute to the promotion of sustainable energy behaviour. These instruments will promote
innovation in key areas of added value by exploiting Greece’s competitive advantages and
investing in its highly qualified human resources. However, further actions should take place to
ensure the potential of the ST sector can be exploited.

The Greek ST market for low and medium temperature applications is well-established across the
EU 27. This is the result of policy instruments being introduced to develop the national ST market,
which was established in the early 1980s, including successful marketing campaigns and fiscal
incentives, such as low-interest loans and tax credits (VAT exemptions).
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Where complex ST systems such as SHIP are concerned, the banking sector in Greece is cautious
in approving private funding for energy-efficiency investments. The main reason for this is the
lack of personal knowledge, resulting in considering such systems risky investments. This leads to
high interest rates being charged on business loans. To overcome this, personal knowledge should
be enhanced and interest rates subsidized.

To promote ST systems in Greece, the following guidelines are suggested:

— The national energy targets, set out in Greece’s National Energy and Climate Plans, should
be realized by implementing specific policy measures, including ST systems. This should
include implementation of competitive tendering programs aimed at facilitating the take-up
of energy-efficient technologies, such as ST systems.

— Best ST practices in other countries should be studied and adopted in Greece. The
effectiveness of ST applications should be disseminated, using proper tools such as leaflets,
workshops and seminars.

— More financial support programs, addressed directly to ST systems for heating and cooling
purposes, as well as to SHIP and ST electricity production, should be introduced.

— Implementation of market-oriented financial support schemes, including subsidy measures
(tax credits and exemptions, preferential interest rates, etc.) to prospective investors who
prove their energy-saving potential, to be achieved by ST installations.

— Deployment of the Greek legislative framework to ensure the carrying out of energy audits
and mandatory energy-efficiency interventions, including ST systems, not only in large
enterprises but in all enterprises.

— Investigate and establish policy instruments, and tackle energy poverty in Greece in order to
achieve economic and social cohesion. The relevant policy instruments will include measures
for the deployment of the ST sector.

— Support to pilot actions under a specific marketing strategy capable of predicting and
anticipating the replication of ST interventions.

Conclusions and Policy Implications

The potential for fostering the solar thermal sector in Greece through the adoption of suitable
policy instruments is revealed by this study. The current policy framework in Greece does not
explicitly address solar thermal technologies, but it does provide for interventions in this field
through the policy framework for renewable energy sources in general. It is important to identify
and disseminate these policy instruments, which are applicable to solar thermal interventions, in
order to change citizens’ behaviour in the direction of the use of sustainable energy and energy
efficiency. This study not only identifies the current policy instruments that are applicable to the
solar thermal sector in Greece, it also examines best practices in other EU countries and provides
a set of guidelines for reinforcing implementation of ST technology in Greece.

THE INFLUENCE OF ENERGY POLICY INSTRUMENTS UPON THE PROMOTION OF SOLAR THERMAL TECHNOLOGY IN GREECE
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ABSTRACT

Collective action will be necessary to reshape societies into models of sustainable production and
consumption. Initiatives to create energy communities can help achieve this goal, but their successful
diffusion requires acceptance, support and participation by citizens. The present paper is part of a project
investigating the introduction of energy communities in Greece. More specifically, the project examines
citizens’ awareness levels and willingness to participate and invest in energy communities while also
addressing related subjects such as structures, benefits, barriers and motives. This paper introduces the
results of the review and assessment of the themes just mentioned. The findings of this work will be further
used to ask relevant research questions concerning Greek Energy Communities by means of quantitative
and qualitative analysis.

Introduction

Reshaping societies as models of sustainable production and consumption is crucial in the current
centuryl®l. Apart from changing behaviour at the individual level, changes at the systemic level
through collective action are needed to address existing energy system challenges, as collective
action has previously been successful in leadingto social transformation[2l.

Energy communities transform energy production from a centrally coordinated fossil
fuel-powered system to a decentralized low-carbon system!3!. They create new roles for citizens
and local communities, placing them at the heart of energy systems[4]. Citizens’ acceptance,
support and participation will be essential if these ongoing energy transformations are to be
managed successfullys].
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Three main approaches to the analysis of energy communities can be identified: micro-level
processes, social acceptance and institutional conditions!®l. Regarding the micro-level
examination, the relevant work focuses on the factors that can determine the creation and
development of energy communities'7! and that can lead citizens to participate!5) and o invest!®!
in such initiatives. Despite the efforts made to describe these initiatives, these processes have
not been thoroughly examined. Only a small number of studies exist presenting empirical data on
citizens’ intentions to participate and invest in such initiatives, or on citizens’ motives and other
determinants of decisions (e.g.[5:8:9:201),

The present paper is part of a project focused on examining the creation of energy communities
in Greece, its aim being to innovate in research by examining new research questions regarding
energy communities at the micro-level. More specifically, this project investigates citizens’ views
and behaviour regarding awareness, participation and investment in energy communities and
addresses relevant issues (benefits, barriers, structures, motives) that have not been explored in
the past. In this context, the present work presents the results of a literature review that focused
on identifying, organizing and assessing the available findings relevant to the themes mentioned
above.

Section 3 presents the methodology used to conduct the literature review. Its findings relate
respectively to the structure of energy communities (Section 3.1), relevant policies (Section 3.2),
potential benefits (Section 3.3), identified barriers hindering the establishment and development
of energy communities (Section 3.4), and the motives and other determinants affecting
citizens’ willingness to participate and invest in such initiatives (Section 3.5). The discussion and
conclusions on these findings are presented in Section 4.

Methodology

A search was performed on Scopus and Google Scholar platforms (February 2020) as the
first step in the literature review. The search targeted materials (papers, reviews, conference
proceedings) combining the term ‘Energy Community / Cooperative’ with one of the following
words: awareness, participation, investment, benefits, motives, barriers, policy and participants.
Approximately 270 items were identified; after the next round of material evaluation, sixty items
were selected as most relevant to the current work. This material was used to describe the issues
under investigation and to identify existing gaps in the relevant literature.
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Findings

3.1 Structure

Depending on different national policies, energy market conditions and the level of collective
organization[*°l, energy communities may assume different organizational forms, such as
cooperatives, local social enterprises, or locally-owned energy service companies***2].In this
respect, an energy community may embrace several different types of stakeholder, such as
residents, local governments, local bodies, NGOs, professionals, development companies, energy
companies, (cooperative) banks and financiers[*3:24,25,261,

Regardless of the organizational form, all these initiatives share the International Co-operative
Alliance’s cooperative principles*7!. Additional characteristics common to all energy communities
include 1) their close connection with renewable energy sources (RES) and their use[*8:29,2°1 3)
democratic decision-making procedures*9:2°], 3) community participation in ownership[2*:221 and
4) an emphasis on geographical distribution*8:221. Hence, as Brummer[?3] has argued, energy
communities are energy systems that are more sustainable in terms of their technical aspects and
that allow greater higher participation and democratic control.

Energy communities’ main objectives can be categorized into five groups: economic,
environmental, social, political and infrastructural(*2:24], They are therefore involved in numerous
activities, such as electricity and thermal power generation, power grid and heating network
management, energy purchasing, distribution and sale, consultation activities and energy-saving
actions(*6],

3.2 Policies

The role of policies in establishing and facilitating the development of energy communities is
essential(?5], whether talking about legislative, regulatory and standardization frameworks,
financial support tools, or awareness-raising activities. However, it is challenging to devise policies
that can foster all conceivable forms of energy community. Hence, specific policies will be more
suitable for specific types of energy community in relation to others[251.

In this context, financial incentives are an integral component of the policy toolbox, as this type of
organization typically relies on limited financial resources, such as members’ funds and external
financing. Most representative financial incentives consist of subsidies and grants, income-tax
deductions, long-term low-interest loans and loan guarantees*5:25:26:27],

3.3 Benefits

The benefits of the establishment and development of energy communities can be grouped
into the economic, the environmental and the social. Economic benefits have mainly a local
effect, including in many cases the reinvestment of generated profits in the rural- community
and increased revenues for the local and regional authorities[*5]. Also, they can help reduce
energy prices28l and energy poverty overall(**], An additional impact is the creation of local
employment[29] and the development of a local ‘circular’ economy with energy communities’
revenues to supporting other community targets[3°l. It should be noted that the economic
benefits are those most frequently mentioned in the relevant literature[231.

DETERMINANTS OF CITIZENS' PARTICIPATION AND INVESTMENT IN ENERGY COMMUNITY INITIATIVES
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In respect of the environmental benefits, it is clear that energy communities, through the
production of RES and the enhancement of energy savings, support climate, energy and
environmental goals. As Coenen et al.[3] note, the contribution to energy savings is achieved
through increased awareness, improved interpersonal trust and the foundation of social norms.

Identified social benefits include the increased acceptance and diffusion of RES on a local
levell°:32], the enhancement of energy autonomy and security, the reinforcement of community
values and the promotion of democratic values and self-governancel4:33:34:351, Additionally, they
can assist community building and self-realization[23], as well as social capital creation[3¢], thus
enhancing social cohesion[**.

3.4 Barriers

In general, barriers can be grouped into four categories: economic, technical, social and
institutional. Economic barriers include high investment costs37], long payback periods!7), a lack
of profitability and high levels of risk aversion[38], Technical barriers include a lack of equipment,
know-how and expertise[33:39],

Social challenges include a lack of community involvement**], which could be expressed through
low participation or difficulties in filling managerial positions[23]. Local opposition could also
arise due to a lack of procedural and distributional justice[**! and collaboration[4°l. Moreover,
insufficient awareness (e.g., legislative framework, benefits) and previous negative experiences
with the cooperative structure could hinder the development of energy communities27..

With reference to the institutional barriers, it should be noted that the main obstacles to
establishing and promoting energy communities are the centralized management and
regulation of current energy markets. In this context, issues such as inefficient regulatory
interventions, bureaucratic constraints and unstable short-term policies should be
mentioned(7:24],

3.5 Motives and other determinants

The present section considers the motives and other factors that can affect citizens’ involvement
in energy communities, as expressed through volunteering, investing in, or contributing through
a managerial position. First there are possible egoistic and ethical motives affecting these
kinds of decisions, especially investment-related ones. Egoistic motives are concerned with
returns on investments(8:42] affected in their turn by factors such as potential subsidies and tax
incentives(42:43] and operating and maintenance costsl44].

On the other side, individuals are also moved by social and ethical norms, which can be
distinguished between interpersonal trust, social recognition and environmental concerns!5l.
Interpersonal trust is identified as the trust that must be cultivated among all the internal and
external stakeholders involved in an energy community[36:49:45:461 Social recognition refers
to individuals’ desire to be part of a group and be accepted by their local community[4:451,
Environmental concerns also positively affect participation in energy communitiesl5:40:42:451,
These concerns can be expressed through ownership of a RES microgeneration system, a
willingness to reduce CO, emissions, environmental awareness, or environmentally friendly
behaviour generally[2/5:7:8],

All the egoistic and ethical motives mentioned above may be affected by various factors,
including the institutional framework!5:8:9], spatial factors (distinguishing communities of place
and interest)[47] and the adoption of a perceived innovation[48,
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Additionally, energy-related motives have been identified as affecting individuals’ decision-
making regarding energy communities. Based on previous research, these motives have been
demonstrated as RES acceptance, energy autonomy, contribution to the energy transition and
influence on local energy policies!7:4:4%:49:501,

Demographic and socioeconomic characteristics should also be taken into consideration, such as
age, gender, marital status, education, type of education, occupation, income, home-ownership
and area of residencel?/5:44:50,52,52,531,

Discussion and Conclusions

The present study has presented a literature review performed in the context of a project
focusing on the participation and investment determinants of citizens’ participation in Greek
energy communities. The review presents and discusses the structure, benefits, barriers, motives
and overall factors that have been found to affect citizens’ participation and investment in such
communities.

First of all, it should be noted that energy communities may take the form of numerous
organizational structures, depending on legislative, market and institutional conditions.
Moreover, various stakeholders, activities, policies and benefits may be relevant to the different
types of energy community. In any case, all these initiatives should operate based on the sharing
of cooperative principles, emphasizing the promotion of sustainable solutions, community
participation and democratic procedures.

In this regard, the significance of targeted policies on the establishment and promotion of energy
communities should be highlighted, including the legislative and regulative frameworks, financial
tools and awareness-raising activities. However, not all policies are appropriate for all different
types of initiative. Thus, the particular conditions should be taken into account in each case with
the aim of devising suitable policies, as inappropriate policies may hinder the diffusion of energy
communities.

Furthermore, individuals’ willingness to participate and invest in energy communities should
be noted as a necessary condition for their successful development. Citizens’ low interest in
such community-based institutions may result in them failing. Numerous factors have been
found to act as motives and determinants of citizens’ participation and investment: 1) egoistic
motives, mainly in the form of an interest in financial returns; 2) social and ethical norms,
including interpersonal trust, social recognition and environmental concerns; 3) institutional and
spatial conditions; 4) innovation adoption; 5) energy-related motives; and 6) demographic and
socioeconomic characteristics.

The findings of this work will be utilized to develop a theoretical model and, in combination with
the current status of the Greek market, to draw up specific research questions. These questions
will focus on awareness, participation, investment, structure, activities, benefits, barriers and
policies, all in the context of Greek energy communities. These issues will be examined in depth
through future qualitative and quantitative analysis.

DETERMINANTS OF CITIZENS' PARTICIPATION AND INVESTMENT IN ENERGY COMMUNITY INITIATIVES
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Introduction

Despite important political goals to reduce individual energy consumption, overall household
energy consumption has shown stagnation or, at best, only a marginal reduction (Statista, 2017).
Thus, the efficacy of current instrument designs to reduce energy consumption need to be
reviewed and improved.

There is a growing consensus that, with regard to interventions, one size does not fit all when it
comes to the energy consumption behaviour (ECB) of households (Kldckner, 2015; He et al., 2010).
We can identify at least five rationales for tailoring interventions rather than applying “one size
fits all” approaches. First, people are heterogeneous, i.e. there is no “average” consumer. Instead,
interventions should be directed and tailored to different consumer (or social) segments. Second,
people show different types of energy-related behaviour. Behavioural change therefore needs to be
triggered in accordance with the diversity of existing forms of behaviour. Third, people respond
differently to behavioural factors, i.e. sets of norms, a diversity of values, attitudes and socio-
economic factors related to various contexts and circumstances (e.g. different places, dwellings,
financial situations, knowledge and access to technology, etc). Assuming that these factors or
combinations of them are trigger points for changing individual behaviour, it is reasonable to
assume that they can be stimulated through tailored interventions. Fourth, people do not change
their behaviour continuously or linearly: instead, behavioural change can be divided into different,
not necessarily consecutive phases. Therefore, phase-based interventions have a greater effect
on behavioural change than temporally cross-cutting ones. Finally, people respond differently to
different types and combinations of intervention, e.g. rational information, price-based instruments
or normative appeals. In addition, single interventions are less effective than consistent policy
mixes.

Without claiming that tailored interventions are the key to establishing a pathway with substantial
reductions in energy consumption, we nevertheless identify tailoring interventions as an
important aspect of this change. The aim of this paper is to develop an approach to systematically
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setting up tailored intervention strategies. In doing so we ask the following research question:
How can different types and packages of instruments be tailored to different groups of people,
different types of ECB, different trigger points and different behavioural phases?

To answer these questions, we are developing a framework to include these features of tailored
interventions in a recommendation engine as part of the Horizon 2020 Project UtilitEE (https://
www.utilitee.eu/). We are therefore not only contributing to the scientific debate on tailoring
interventions to change ECB, but also addressing different governance actors, especially utilities,
to set up pragmatic intervention strategies.

State of the Art and Methodology

A small but rapidly growing body of literature on ECB (e.g., Kléckner, 2015; Poortinga and
Darnton, 2016; Sitterlin et al., 2011) has taken up the task of identifying consumer segments and
types of behaviour that are responsive to specific tailored instruments. Mostly, this is investigated
through personalized feedback instruments (e.g. Abrahamse et al., 2007; Coleman et al., 2013).
Others investigate how instruments can be tailored to different behavioural phases or trigger
points (e.g. Bamberg, 2013). However, there is little evidence on how to tailor different designs
or mixes of instruments to different social groups with various types of behaviour, trigger points
and behavioural phases in real-world contexts.

To this end we have conducted a systematic literature review on tailored interventions to change
ECB and their designs. Based on this, we used the method of argumentative reasoning to develop
our framework, which builds on two existing frameworks, described in Burger et al. (2015) and
Bornemann et al. (2018) respectively. The two frameworks are further spelled out and adapted
in line with the real-world contexts of residential and commercial buildings and according to
business models of utilities in five European countries. This leads to our pragmatic framework
and a recommendation engine for tailored ECB interventions.

Results and Findings

Important elements of our framework are:

1. Tailoring to suit different consumer segments. For group-specificity, we integrate a
segmentation approach along the core values (egoistic, hedonistic, altruistic, biospheric),
finally distilled into three groups: “self-focused”, “environmentally concerned” and “socially
concerned”.

2. Tailoring to types of behaviour. To be type-specific, our framework refers to energy services
and focuses mainly on habitual behaviour in the fields of electricity and heating as the main
consumption domains.

3. Tailoring to different trigger points. We integrate the different trigger points or factors (multi-
factorial) that will be influenced by the interventions or ICT tool applied by utilities or other
governance actors. These include, for example, knowledge, values, social norms etc.

4. Tailoring to behavioural phases and dynamics. Interventions are tailored to three phases of
behavioural change (unfreeze, change and refreeze habits), allowing for a dynamic approach
to influencing ECB.

5. Tailoring different types and combinations of instruments. Interventions are directed
to different groups of people (recommendations and feedback), types of behaviour and
trigger points (recommendations, information, feedback and nudging). Different tailored
interventions are therefore combined in a dynamic approach.
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The framework is currently being tested with a recommendation engine. In order to implement
the behavioural change framework in real-world settings, we have spelled out the different
elements in the recommendation engine that were then implemented by utilities through a
configuration of technical appliances.

Discussion and Conclusions

The framework was successfully translated into a tailored recommendation engine for changing
ECB. Most importantly, the scientific aim of not following a one-size-fits-all approach and
tailoring interventions has been translated into a design that is applicable in real-world settings.
The design targets different types and packages of intervention by differentiating consumer
groups, types of behaviour, trigger points and behavioural phases. Specifically, recommendations
are specified for three consumer groups identified by a segmentation questionnaire. Preliminary
results show that engaging people via the different interventions already decreases energy
consumption.
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Introduction

In Europe, historic buildings constitute about 14% of the total building stock; however, in several
historic cities this percentage could grow dramatically, up over 50%[*.. In Italy, for example, about
30% of buildings (around 12.5 million) date from before 19452 These data, coupled with the
current replacement rate of existing buildings by new-builds, which is under 3%, highlights the
importance of finding individual, suitable solutions for the energy retrofit of historic buildings!3].
Despite this necessity, until today the majority of energy-related standards in Europe exempted
this category of buildings from respecting the energy performance regulationsl4l. This is because
the European culture of preserving historical evidence preservation conceives of the protection of
cultural heritage in terms of its ‘material’ conservation, which theoretically requires leaving the
object (in this case the building) as history left it[5].

For this reason, implementation of the most common energy-retrofit measures, such as envelope
insulation or replacement windows, on historic buildings is not always possible, nor even allowed.
There is thus the necessity to experiment with individual energy retrofit solutions that could
balance the necessity to preserve such buildings as material evidence, while also reducing their
environmental footprint and adapting them to present-day standards of liveability, well-being and
comfort. In fact, their persistence is strictly related to their usability, accessibility and suitability
for human activities.

Based on these considerations, one possible solution is to explore the potential of human-
driven energy efficiency. In fact, a building’s energy usage is strictly related to how humans run
it. Moreover, intervening in building operations does not require any ‘material’ intervention,
thus avoiding any damage to the historical evidence and, in some cases, contributing to the
conservation of historical materials and decorations. This paper introduces a methodology
called BIOSFERA (Building Intelligent Operational Strategies For Energy Retrofit Aims), which
investigates the potential for enhancing energy savings and indoor environmental conditions by
acting only on how the building
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is run by the building’s administrators and occupants. Moreover, the results obtained in a
first pilot study will be critically analysed, given the potential impact that the adoption of this
methodology in a broader scale could have in economic, environmental and social terms.

Methodology

The methodology for this project follows a pre-test post-test design and is articulated in three
subsequent phases: Diagnosis, Intervention and Control. The Diagnosis phase has the objective
of hypothesizing the potential for energy savings and indoor environmental enhancement by
characterizing building operators’ energy-related management, quantifying the building’s
energy consumptions and related costs, assessing the building’s indoor environmental conditions
and acquiring energy-relevant information about behaviour and comfort from its occupants.
The second phase, Intervention, is addressed by devising actions to ameliorate the building’s
operations by building administrators and occupants through the pursuit of three objectives:
lower the building’s energy consumption, enhancing the perception of comfort and the behaviour
of the occupants, and ameliorating or solving the indoor environment-critical situations related to
the conservation of artwork. The third and final phase, Control, defines the potential, previously
hypothesized, so it is dedicated to determining the Intervention impact on the building’s energy
consumption, occupants’ perceptions of comfort and behaviour, and the indoor environmental
conditions in relation to the conservation of artwork.

Results and Findings

The first pilot study in which the methodology was used showed promising results, in terms of
both energy savings (all case studies saved between 10% and 30% seasonally) and behavioural
change to reduce energy-wasting habits. The behavioural change was assessed both directly (by
asking occupants about their perceptions of behavioural change towards specific energy-relevant
building interfaces like thermostats or artificial lights) and indirectly (repeating some behaviour-
related questions that were previously asked during Diagnosis). Moreover, the energy savings did
notimpact on or even ameliorate the occupants’ thermal comfort. Also, in terms of engagement,
the participants in the pilot study appreciated the means of communication that were adopted.

Discussion and Conclusions

This research demonstrates that human-driven energy retrofits have great potential from many
points of view. First, based on the pilot study, the zero-cost (or almost zero-cost) strategies that
were implemented can produce similar or even higher energy savings than those expected from
other energy retrofit measures in historic buildings (e.g. substitution of heating and cooling
systems).

Second, involving occupants and building operators at the same time allowed previously
unexplained reasons for energy waste and chronical environmental discomfort to be detected.
Third, the fact that a notable percentage of iconic historic buildings (like those taken into account
in the pilot study) are owned or ruled by public administrations offers the possibility to involve
citizens in the sustainable management of the cultural heritage in an active way, as strongly
claimed by the Faro convention[®l, These results encourage broader reflections on the role that
the energy sector, and particularly this kind of initiative, could play in helping to preserve the
liveability and sustainability, both environmental and financial, of historic buildings. Moreover,
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the approach made possible by the BIOSFERA methodology could easily be adopted for other
building typologies and be coupled with other ‘material’ energy retrofit measures, thus reducing

the risk of rebound effects subsequent to these interventions!7l. In fact, unexpected increases

in energy demand after energy retrofit interventions are quite frequent and could be efficiently

addressed by combining improvements to buildings’ energy performance with appropriate

operating practices.
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Introduction

To decrease the demand for heating energy in residential buildings, it is not only necessary to
increase the rate of building refurbishment!*], but also to make building technologies more robust
with respect to changes in occupant behaviour. An ongoing problem with building refurbishments
is the energy performance gap, that is, the percentage difference between the predicted heating
demand and measured heating energy consumption of a building[?l. There are three potential
reasons for energy performance gapsl3:41: 1) deviations between real conditions and assumptions
in energy performance calculations; 2) problems in realizing the technical and building design;
and 3) occupant behaviour, which is often treated as a residual category in calculating energy
performance. Our aim in this project is to understand in more detail how occupants and building
technologies interact and therefore influence heating energy consumption in buildings. We focus
on multi-apartment buildings, which are typically owned by institutional housing companies
in Germany(5! and are therefore of particular interest as a target of efficiency policies. Multi-
apartment buildings are special in that energy performance calculations are only available for the
whole-building level, despite their containing different households with heterogeneous forms of
behaviour. We thus calculated the apartment-related energy demand for 88 apartments in two
multi-apartment buildings. We also conducted a survey in the same buildings to learn more about
the energy-related heating and ventilation behaviour of the different households.
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Data and Methods

We conducted a field study in two multi-apartment buildings, built in 1960 and since refurbished
to an energy-performance rating of D, corresponding to a heating energy demand of 115 kWh/m?
according to DIN 4108-6 / 4701-10/12 and EnEV 2014. The buildings have 40 and 48 apartments
respectively, with apartment sizes ranging between one and four rooms. From the housing
company and a preceding research project in these buildings, we obtained detailed data about
the building’s design, energy consumption and indoor temperatures.

During the winter months of 2019/2020 we also conducted a survey of 34 of the 76 flats (vacancy
rate of 14%) using a standardized questionnaire to learn more about household composition,
demographics and the heating and ventilation behaviour of the occupants. During the interviews,
which we conducted face-to-face, we also took one-time indoor temperature measurements.

We used the building data to calculate figures for apartment-related heating demand comparable
to the energy performance ratings of the buildings, but in this case on the household level. We
then calculated the energy-performance gaps for each household-apartment. The answers
from the survey tell us more about the heating energy consumption-related behaviour of the
occupants.

Results and Findings

Usually energy performance ratings are only provided at the whole-building level. It can be shown
that there is a huge variation in the energy performance between different buildings[®l. To gain a
closer understanding of the interactions between occupant behaviour and building technology,
we bring occupant behaviour and building physics in multi-apartment buildings closer together.
Our results show that the following:

There is a huge variation between the energy performance gaps of different apartments, ranging
from -87% to +253% (with an average EPG of 36%)

Indoor temperatures are not homogenous, as is usually assumed in energy performance
calculations, within neither buildings or apartments. Temperature measurements, thermostat
settings and ventilation behaviour show that occupants have different thermal comfort
preferences for dif ferent rooms and activities.

While average apartment temperatures seem to be rather low (17.4 °C on average for the months
between November to March), temperatures can differ wildly for single households, with a
maximum of 28°C.

Heating practices differ widely. While housing companies usually advise their tenants to keep
their thermostats continuously at a low setting and only turn them up or down when absolutely
necessary or when ventilating for longer periods, the surveys show that tenants have very
different modes of heating and ventilating.

Statements about reduced heating requirements due to the heating habits of neighbours and the
apartment’s location indicate the possibility that individual households with a lower sensitivity
to moderate temperatures may free-ride on heating, generating potentially problematic internal
heat transfers!7.

APARTMENT-RELATED GAPS IN ENERGY PERFORMANCE AND OCCUPAN BEHAVIOUR IN TWO MULTI-APARTMENT BUILDINGS
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Discussion and Conclusions

The results show that, when it comes to occupant behaviour, we have to deal not only with varying
thermal comfort preferences and practices, but also with negligence and a certain lack of interest
in energy consumption and energy savings. This is supported by various pieces of evidence from
energy research using social practice theory[®:9], Policies building on information and education
might therefore be largely inefficient[*°]. Instead, we try to draw conclusions for the design and
mode of operation of a smart heating regulation system, where the occupants regulate their
temperatures through a tablet computer. This will be introduced to the same buildings as part
of the ongoing research project in 2020/21. The system supports occupants not by providing
information about energy consumption, but by including occupants’ preferences in finding the
optimal settings and thus reducing energy loss. The idea is therefore to relieve the household of
the need to decide on the most energy-efficient behaviour, without, however, leaving them with
the feeling of a loss of control, which has proved decisive for the occupant’s thermal comfort[*].
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Introduction

In France, residential and tertiary buildings consumed 46% of total final energy in 2017 and were
responsible for 30% of all energy-related carbon dioxide emissions in 20161, This is then an
important field where significant reductions in energy consumption can be achieved. However,
this potential is not being exploited as much as it could be, and the building sector remains a
silent consumer. With the development of the Internet of Things and the integration of Big
Data and sensors in many fields of daily life, the idea of using technology to manage energy
consumption in buildings is an interesting field for investigation. In fact, there is a significant
need to develop intelligent approaches in order to develop sustainable environments in which
less energy is consumed while responding to comfort needs. More and more importance
is nowadays being given to the industrial and academic issue of using the potential of digital
solutions to make buildings more energy-efficient. However, technology alone is not capable
of bringing about change in the energy consumption of buildings. Indeed, excluding the human
factor from the decision-making processes may lead to less comfort and more waste of energy(?!.
By developing and using simulation tools, designers aim to predict the energy consumption
and performance of buildings. However, the literature has shown that, because of different
experiences, a considerable gap has emerged between predicted and real actual consumption
of energy in buildings, and occupant behaviour is now fundamentally recognized as the main
responsible factor for this disparity[3l. It is thus important to develop tools to understand and
model the behaviour of building occupants more accurately in order to identify its impact on
energy consumption. This will help in identifying appropriate energy-saving recommendations
and turn occupants from consumers into active users of energy in buildings. For these reasons,
an approach combining both behavioural insights and technology seems to be appropriate in
improving the management of energy in buildings, taking all factors into consideration.
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Background and Methodology

Buildings don’t use energy, people do4l. The relevant literature shows that the real energy
consumption of a building can be five times higher than predicted(5:¢1 identified an energy gap
of 34% between predictions and reality based on 62 case-studies of buildings. The interaction
between users and buildings, the presence of occupants and the adaptive actions they may have
to take to maintain their comfort are the reasons behind these disparities. Despite the integration
of solutions of energy efficiency in order to make buildings consume less, consumption differs
from what is predicted once the building has been occupied. In fact, the impact of occupant
behaviour on this gap in prediction is estimated at between 10-80%[¢l. Hence, occupant
behaviour is an important factor that may cause higher energy consumption. For examplel7],
showed that some actions, like opening windows on hot days, can easily nullify the thermal
benefits of a good insulation. That is the reason why changing occupants’ behaviour to make it
more virtuous can bring about significant energy reductions.

In this context, the aim of our work is to deploy both technological and behavioural solutions
in order to increase energy efficiency in buildings. Our approach consists of simulations and
experimental studies to show the impact of changing occupant behaviour on energy savings.
For this, we use insights from behavioural economics, especially different types of nudges, and
compare their multiple effects.

To reduce the gap between predictions and real energy consumption in buildings, the literature
presents different stochastic behavioural models that can be integrated into simulation tools in
order to make the results more accurate and simulate real occupant behaviourl8:4:91, Another
solution is to educate occupants by changing their behaviour without restricting their choice and
simultaneously maintaining their comfort[3]. This is an interesting side to investigate by showing
the impact of using nudges in reducing energy consumption in buildings by using simulation and
experimental data. A “nudge” is an interesting way of transforming the incentives to take action
by making individuals choose the desired decision by changing the environmental architecture[*°l,
Our ongoing methodology consists of using both simulation tools and field experiments to
evaluate the impact of using nudges to reduce energy consumption in a tertiary building.

Results and Findings

The simulation part of this project is based on the co-simulation of a case-study building by using
an energy simulation tool and models from the literature (presence, use of openings, shading,
lighting, management of heating and cooling set points). The building concerned is an office
building situated in Nice, France. The interest in studying such a tertiary building is that the
occupants do not pay electricity bills and therefore do not have financial reasons to adopt virtuous
attitudes towards energy use. The building is simulated by taking into account its envelope,
architecture, location and HVAC (heating, ventilation and air-conditioning) systems in order
to calculate its energy consumption. In parallel, a survey will be conducted in order to define
occupants’ profiles depending on their age, gender, job position, background, energy awareness
and ability to use technology. This survey will also help confirm data that must be collected for the
experimental study, as well as defining the behaviour that needs to be changed and on which we
have to focus in order to avoid unnecessary energy consumption. On the other hand, since more
and more smart meters and sensors are being installed in buildings, these developed tools can
play an important role in studying the interaction between occupants and buildings, which is an
important step towards behavioural change. They give access to a considerable amount of data
concerning indoor and outdoor parameters, occupants’ presence, use of openings and electrical
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equipment. Analysis of this data will enable the use of energy in the building to be understood
and to define the factors behind excessive consumption. A change in the direction of virtuous
behaviour can be made drawing on concepts from behavioural economics. In this regard, we will
use sensors and collect data in the same simulated building for our experimental study. Data
will be collected from different installed sensors on the physical parameters of the building,
including temperature, humidity and luminosity, but also parameters representing occupant’s
activities such as the use of openings, shading, heating and cooling set points, and different
energy consumption. The objective is to investigate the impact of using four types of nudges in
the studied building by dividing the occupants into groups. The proposed nudges are: (1) peer
to peer comparison, appealing to one’s inclination to adopt the same behaviour as one’s peers.
This will take the form of benchmarking energy consumptions and the eco-friendly behaviour
of other occupants; (2) feedback and tailored messaging, appealing to one’s desire to build an
eco-friendly self-image; (3) moral appeals to one’s culpability for behaviour that leads to global
warming; and (4) social reviews, which appeal to one’s desire to be part of the majority adopting
the right behaviour. The data collected from the field study will be exploited in order to highlight
the impact of these nudges on changes in behaviour and thus on reducing energy consumption.
Based on the previous results of modelling occupants’ behaviour and the impact of certain
activities on energy consumption, we can choose, develop and test the appropriate “nudge”
to be implemented in the building concerned. To have more effective results, we may need to
combine different type of nudges depending on the particular characteristics of the building and
the estimated impact of the tested incentives had on reducing consumption[*].

Discussion and Conclusions

The main assumption underlying our work was the awareness that a multidisciplinary approach
(technical and social) is required in order to understand energy use in buildings and achieve
energy efficiency by changing occupants’ behaviour*2:231, By predicting occupants’ activities and
comfort needs, a more effective “nudging” to induce them to change energy use can be achieved.
In future work, the objective will by automatization of the process of generating “nudges” for the
building concerned based on our previous study of occupants’ influence on energy consumption.
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“...we just don't like the noise of having somebody there, noise, smells we could smell them
cooking in the townhouse, we could smell their food.”

Introduction/Background

By supporting location-efficient® (LE) housing developments, municipalities can help provide
homes in areas that result in fewer vehicle miles travelled (VMT) while increasing the accessibility
of employment, amenities and services, active transportation (walkability, velomobility) and
transit options (Poticha and Haas, 2006; Burda, 2012; 2014). The potential benefits associated
with choosing an efficient home location include reduced commuting time and costs, improved
health and wellness, lifestyle effects (e.g. more leisure time) and lower greenhouse gas (GHG)
emissions (Lyons and Chatterjee, 2008). A majority of North American homebuyers have still
been shown to desire homes in suburban developments, and cities are still adding the majority
of their growth in these types of development (Gordon, Hindrichs and Wilms, 2018; Saville-
Smith and James, 2010). In order to reduce energy use by transportation, GHG emissions and
the infrastructureal costs associated with new suburban developments, municipalities are
attempting to promote the development of and the demand for homes that are situated closer
to employment centres and along transit corridors (location-efficient development) (Hoehner,
Barlow, Allen and Schootman, 2012; Litman, 2012; Natural Resources Canada [NRCAN], 2009;
Rose, 2010).

Choice of home location has been studied by diverse disciplines, yet little is known about how
location-efficiency is factored into such choices. A growing number of homebuyers are seeking
easy access to amenities, services, employment and frequent destinations that are associated
with location-efficient neighbourhoods (Becker, Bernstein, and Young, 2013; Borth and Summers,
2017; Burda, 2014; Litman, 2010; Lewis and Baldassare, 2010; Nelson, 2009; Rauterkus, Thrall
and Hangen, 2010). These housing location preferences appear to be out of line with current

1 Location-efficient neighbourhoods consist of compact mixed-use
neighbourhoods with access to employment opportunities, shopping and
essential services, and convenient access to public and active transportation
options (trails, walkability, bike paths).
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development trends, as many homebuyers would rather live in a more location-efficient home,
yet traditional suburban development still continues unabated in North America and other parts
of the world. This research was undertaken to investigate the factors that influence choice of
home location with regard to location efficiency and to consider participants’ inclusion of location
efficiency in their home location behaviour.

Methodology

Like many North American cities, Edmonton in Alberta, Canada, has identified urban
densification, location-efficient infill (a goal of 25%) and TOD as principal components in
changing the traditional development paradigm of new greenfield suburban single detached
housing. Gordon, Hindrichs and Wilms (2018) study shows that of the 231,955 growth in
population experienced in Edmonton from 2006-2016, 81% of it was classified as occurring in
auto suburban developments (Calgary was the only city in Canada with a higher figure, at 83%).
This study recruited recent homebuyers in Edmonton and used semi-structured interviews to look
into choice of home location and location efficiency. Participants were recruited through multiple
e-mail lists, message boards, social media, references through professional and personal contacts
of the primary researcher, and local community groups. Snowball sampling was used to locate
subsequent interview participants. Through this approach, 30 households were recruited with a
total of 39 participants (21 solo participants and nine couples). The semi-structured interviews
were audio-recorded, transcribed and analysed using thematic analysis as outlined by Braun and
Clarke (2006; 2014).

Results and Findings

The qualitative findings of this research contribute to further understanding of the inconsistency
between homebuyers expressing an interest in location-efficient homes and the continued,
unrelenting growth of suburban areas. Results in four main thematic areas provide insights into
how participants’ past housing and commuting behaviour and experiences can have a sizeable
influence on choice of home location, as well as participants’ misperceptions and miscalculations
of the associated long-term costs (health, finance, time) of choosing location inefficient
homes. Local amenities (social, services, commercial) and neighbourhood design (walkability,
velomobility etc.) were also shown to be contributing factors in participants’ home location
choice behaviour. This study provides recommendations for housing growth policy, housing
development standards and behavioural interventions to help influence more efficient home
location choices.

Discussion and Conclusions

These results provide evidence for improved LE prioritization in municipal outreach education
and the real-estate sector (resources for municipalities etc). By making homebuyers more aware
of the benefits of LE, municipalities, developers and planners can attempt to influence their
home location decisions while mitigating issues like declining budgets due to increased municipal
sprawl, traffic, GHG emissions and health issues related to long commutes and walkability. The
areas of perceptions of transportation costs, past commuting and shared wall living experiences
influencing home choices, as well as the existence of culs-de-sac as community hubs, offer some
evidence that developers and municipalities could utilize to attract homebuyers to location-
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efficient areas they wish to prioritize. Location-efficient developers and home-builders could

utilize these results to concentrate on acoustic upgrades and marketing. The snapshot provided

by this research provides insights that can be built upon in future research directions to encourage

location efficiency and home location choices.
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Introduction

The COVID-19 pandemic has accelerated the switch between traditional office-working and
flexible working solutions. In 2017, the European Commission calculated that around 10% of
people were working from home!*], while in June 2020 between 30% and 65% were doing so
full-timel!. The urgency of meeting climate targets by 2050 requires the energy consumption
of buildings to be cut by 40%!3. In the post-pandemic world, even if office-working returns to
being more relevant, flexible hybrid solutions are likely to remain(4l. The design and operation of
office buildings will then have to be adapted to new working habits while becoming more energy-
efficient, given the stricter climate targets that the post-pandemic world is facing.

Automation plays a key role in creating flexible design and achieving energy efficiency while
maintaining adequate levels of occupant comfort and well-being, which includes minimising the
risk of contagion(5]. However, the disruptive advent of the pandemic and extreme climate events
have combined to show that the design of office buildings is not responsive or automated enough.
For instance, during the first wave of the pandemic, several buildings were still consuming large
amounts of energy, despite the low levels of occupancy. In addition, office buildings will have to
re-adapt over short time scales to even more variable occupancy rates than before the pandemic.

This paper presents data on occupant satisfaction with office environments with and without
automated controls before and after the COVID-19 pandemic. Its aim is to provide evidence of the
importance of occupant-centred building controls and indoor environmental quality in the post-
pandemic office. Offices in the post-pandemic world will need to devise an optimal occupancy
distribution both to control the infection risk from COVID-19 and energy consumption while
maximising occupant satisfaction. Flexibility, responsive design and the use of occupant-centred
automated building technologies will need to become a core design principle in order both to
preserve occupant health and achieve carbon neutrality[®].




Methods

Data on occupants’ perceptions of their working environments is compared at a distance of one
year before and after the COVID-19 outbreak in two different office environments, one with
automated controls of the building envelope, the other with manual controls. The offices are
located in Central London, and both had automated environmental services for heating, lighting
and ventilation.

Linear mixed models and repeated measures are used to analyse the data. Environmental data
are collected by means of a novel internet of things (loT) toolkit before, during and after the
pandemic. The toolkit was designed to capture high-resolution data on the visual, thermal and
acoustic environments and air quality. In addition, interfaces for gathering occupant responses
in respect of occupant discomfort and environmental satisfaction were included. Occupancy and
energy consumption are also monitored by the respective building management systems.

Results and Findings

Volunteers had on average statistically significant higher satisfaction with daylight, the thermal
environment, the level of personal control and the acoustic environment when working from
home than with their pre-pandemic working conditions. In addition, they also felt generally
more productive than in the office environment. The volunteers considered the improved levels
of personal control and flexibility to be a main factor in their higher levels of satisfaction with their
workload, despite possibly working for longer hours than in pre-pandemic times.

Occupancy of the building already showed greater variation before the pandemic, highlighting
the potential for better occupancy regulations to increase occupant satisfaction whilst while
reducing the use of energy and space. After the first lockdown, occupancy levels were extremely
low, but the energy consumption of the buildings was only 50% lower than in pre-pandemic times.
Despite the abrupt reductions in occupancy, energy consumption fell gradually throughout the
first month of the lockdown, showing an inertial response to the change in occupancy by the
automated environmental services.

In the office with automated controls for the building envelope, occupants experienced two
scenarios upon their return to the office space. In the first scenario, the building envelope was
manually controlled, while in the second scenario a hybrid solution was adopted, the envelope
being controlled by a combination of automated and manual methods. In the hybrid scenario,
occupants were more satisfied upon their return to the office environment in comparison to the
office with the manual controls since they felt there was better indoor environmental quality due
to the improved levels of daylight and view.

CAN WE MAKE OUR OFFICE BUILDINGS MORE RESPONSIVE? ENERGY EFFICIENCY AND BEHAVIOR IN THE POST-PANDEMIC OFFICE
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Discussion and Conclusions

Automated occupant-centred control of occupancy regulations, building envelopes and artificial
services can play a key role in redefining the office environment in the post-pandemic world.
Office environments will have to offer spaces that can enhance occupant well-being and
productivity, promote social interactions and minimise the risk of infections. The post-pandemic
office presents an opportunity to accelerate the use of smart building technology, which
will ensure that workplaces are designed in flexible and personalised ways, while minimising
resource-consumption by increasing the level of responsive behaviour by buildings. This will be
also important in supporting the optimization of space use, workspace allocation and physical
distancing. Interfaces for better human-building interactions will also be crucial in empowering
occupants, thereby increasing their levels of perceived personal control in a safe manner, for
instance, through the use of touch-free interfaces. A shift from compliance to performance-based
design will therefore be required to support responsive building design.
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Introduction

For countries to reach their CO, emission reduction targets, the adoption of emission reduction
measures in industry needs to accelerate rapidly*l. Because of their substantial impact on
countries’ CO, emissions, decarbonization options for energy-intensive industries have received
substantial attention in research and policy[*:2:3]. Smaller emitters, such as the agro-food
industry, receive relatively little attention, although they face many challenges. Cost-effective
energy-efficiency innovations for these companies are available, but often they are not adopted
because middle managers lack the resources to identify innovation opportunities or to persuade
higher management of their merits (or both).

The literature on the drivers of and barriers to the adoption of energy-efficiency measures tends
to focus on the technical and economic barriers(5l. Similarly, most interventions (i.e., tools,
methods, guidelines) to help companies improve their energy efficiency focus on removing these
barriers by providing knowledge and insights on the technical and economic aspects!®l. While
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it is acknowledged that organizational, cultural and behavioural factors have an impact on the
eventual implementation of energy-efficiency measures, it is apparently difficult to address
drivers and barriers of this nature, whether in research or in practice.

Whether interventions have a lasting behavioural impact on companies strongly depends
on the ability of intermediaries (i.e., training companies or energy managers in large firms).
Intermediaries are typically very knowledgeable about the technical opportunities to make
energy efficiencies and how to identify and implement them, but often lack the skills to make
companies actually want to adopt these measures!7.. Expanding their knowledge to cover the
non-technical drivers and barriers that affect the implementation of energy-efficiency measures
may increase their impact on the company’s energy efficiency. Thus, approaches aimed at
improving current practice by incorporating insights on organizational, cultural and behavioural
change also need to take the role of these intermediaries into account. Such interventions should
preferably be developed in close cooperation with these intermediaries and should pay attention
to transferring knowledge transfer to them.

Therefore, in this study, we ask the following research questions:

RQa: What organizational, cultural and behavioural drivers and barriers stimulate or hamper the
adoption of energy-efficiency measures in companies in the agro-food industry?

RQ2: How can training programs address the organizational, cultural and behavioural drivers and
tackle barriers to adoption, in addition to the technical and economic drivers and barriers?

RQ3: How can intermediaries be empowered to use insights about their client’s organization,
culture and behaviour to help them realize technical improvements in energy efficiency?

Background and Methodology

The study described here was performed as part of a capacity-building project to boost energy
efficiency in the European agro-food sector (INDUCE, 2018-2020). At the heart of this project was
the development and implementation of a training program through co-creation involving fifteen
pilot companies in four different countries (the Netherlands, Germany, Spain, and France), four
training companies, four trade associations and a team of social scientists.

The training program was based on studies of the barriers to organizational energy efficiency!®:9],
strategic decision-makingl7:2°], cognitive social psychology[**], group decision-making*2! and
organizational culture[*3].

After conducting a concise review of the drivers and barriers to organizational energy efficiency,
we conducted three empirical studies for each of the fifteen pilot companies: (1) a structured
interview with the energy manager about energy-efficiency measures already implemented
and organizational routines; (2) semi-structured interviews with four or five employees about
the drivers and barriers to implementing energy-efficiency measures; and (3) a survey of
organizational culture. Based on the individual pilot outcomes, proposals for training programs
were developed and discussed with each pilot company in co-creation sessions. Development
of the training program followed the publicly available Human-Centered Design method?. This
resulted in programs that took into account what companies considered useful and achievable at
the specific time the trainings were to be conducted.

1 https://www.designkit.org/human-centered-design
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The co-creation process provided an opportunity for the training companies to learn how to
develop training programs focusing on the technical, financial, cultural, organizational and
behavioural barriers to effective energy management. The training programs were delivered
to the companies by the trainers, with the support of the behavioural scientists. A twenty-hour
train-the-trainer course was developed and implemented in each of the four countries, training
approximately sixty other trainers in the method. Training results were monitored and evaluated
for their effects on the drivers and barriers. Trainers also filled in a questionnaire to report on their
experiences with the training formats.

Results and Findings

In addition to identifying known barriers and drivers related to organizational structure and
resources, this study extended insights on barriers and drivers related to organizational
processes, communication, culture and individual behaviour on all organizational levels. In
subsequent training proposals, however, it proved difficult to get companies to take up these
training programs to address these barriers and drivers. To the extent that training addressing
these “soft” aspects was implemented, the focus was the workplace, not middle management
or the boardroom.

The organizational culture of the pilot companies generally focuses on cooperation rather than
competition. This finding is interesting because many employee training programs contain
competitive elements. The findings of the present study indicate that such elements may backfire
in interventions targeting employees in agro-food companies. Monitoring and evaluation results
of the trainings are being produced at time of writing this abstract and will be available by the
end of June 2021.

Discussion and Conclusions

RQzx: Drivers and barriers stimulating or hampering the adoption of energy-efficiency measures
in the agro-food industry are not only related to organizational structure and resources, but also
to organizational communication, processes, culture and individual (exemplary) behaviour.

RQ2: Co-creation sessions appear to work well in generating ideas for training the workplace,
but the setting was not suitable for making tempting offers to middle management. A stronger
commitment on the part of the boardroom might have made a difference.

RQ3: The project marked the start of a learning process for training companies. However, since
training companies, like every company, suffer from resource constraints, it is tempting for them
to stick to business-as-usual training methods. Repetitive use and evaluation of the training
formats developed in this project will be important in consolidating the learning effect.
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Introduction

In the challenge to create a net-zero carbon economy, combined with the diffusion of renewable
energy sources, energy efficiency has an essential rolel*:2], being the ‘first fuel’ for the energy
transition3l. In order to achieve a decarbonised society, the European Union has launched the
European Green Deal and the ‘Clean Energy for all Europeans’ package’, that sets ambitious
energy and climate targets for 2030, including at least a 32.5% reduction in energy use. It also
introduces the principle of ‘energy efficiency first’, as saving energy is the most accessible way of
saving money for consumers and reducing GHG emissions!4l. The moderation of energy demand
should be achieved throughout the whole energy chain, involving both citizens and companies. In
this context, information and training campaigns become valuable support tools to disseminate
energy-efficient practices, helping fill the ‘energy efficiency gap’l5! and reducing the issue of
imperfect market information(®:8]. Once information campaigns have been implemented, the
next crucial step is their evaluation in terms of their real impact on energy savings. Nevertheless,
ascribing punctual assessments of the reduction of energy uses to information campaigns remains
a big challengel®l. While various studies have evaluated the impact of information campaigns
targeted on citizens, there is a lack of investigations assessing the impact of such campaigns
on non-residential sectors e.g.[*%:221, The research presented here, which aims to reduce this
gap, describes the Italian approach to assessing energy savings resulting from the national
information and training programme. Through a survey dedicated to those companies that are
the targets of the programme, the paper presents the approach employed to quantify energy
saved by companies as a result of institutional activities aimed at supporting the implementation
of energy-efficient practices.
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Background, History, Review of Literature and Methodology

The European Union framework on energy efficiency is set out in Directive 2012/27 (EED),
according to which, as an alternative to energy-efficiency obligation schemes, member states
may adopt other measures to achieve their goals. These include information and training
programmes (Art. 7 EED). Italy, under National Decree 2004/2012, implemented an information
and training programme targeted at households and companies between 2015 and 2019.

In the context of energy-efficient policies, in the non-residential sector there is a literature gap in
evaluating if and to what extent information and training campaigns are effective in stimulating
the implementation of measures to reduce energy consumption. The investigation presented here
aims to address this gap by following a two-step procedure. The first step was to analyse companies’
energy savings and calculate their annual energy savings achieved through energy-efficiency
measures. The next step consists in administering a survey to companies with the goal of evaluating
the percentage of energy savings that can be linked to the information and training campaign.

According to Article 7 of National Decree 2004/2012, companies subject to a mandatory energy
audit should notify the additional energy savings achieved each year to the Italian Energy
Efficiency Agency. Therefore, this specific group of companies was employed in the subsequent
analysis. The companies’ communications on their energy savings were adopted as a baseline to
estimate energy savings during the years in which the information and training programme was
being conducted. Next a questionnaire using a Likert scale 1 to 5 scale addressing this group of
companies was carried out (Figure 1).

STEP 1 - Companies (%) that did not obtain saving from (1) measures implemented to comply
with the legislation and to remedy design errors and (2) measures implemented through state
incentives)

4

STEP 2 - Companies (%) that considered the information and training activities carried out by
Public Authority as "very important" in the decision to carry out energy efficiency intervention

4

STEP 3 - Companies (%) that considered the increased awareness on energy efficiency as
significant role in the decision to implemented energy reduction intervention

4

STEP 4 - Results multiplied by the communicated energy savings

4

STEP 5 - Results multiplied by the correction factor (0.2)

Results and Findings

The results of the survey show that 190 companies (63.33%) declared not having obtained any
energy savings from measures implemented to comply with the legislation or to remedy design
errors, nor through state incentives (STEP 1). STEP 2 identified the 36 companies (12%) that
considered the information and training activities ‘very important’ in their decisions to carry
out energy-efficiency interventions. Next, STEP 3 showed that 281 (93.67%) of respondents
considered their increased awareness of energy efficiency to have played a significant role in the
decision to implement an energy-reduction intervention. STEP 4 multiplied the additional savings
communicated by companies by the percentages obtained in Steps 1-3 by a correction factor of
0.2 (STEP 5). Total savings from the information and training campaign were 196.13 ktoe (Table 1).

Figure 1.

Evaluation process

of the energy savings

arising from the
information and
training programme.
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ENERGY SAVINGS (KTOE)

Table 1. Year 2015 2016 2017 2018 2019 Total savings
Companies’ final 2015 14.89 14.89
energy savings in 2016 14.89 11.25 26.14
2015-2019 associated 9097 | 1289 | 1125 | 2110 47.24

with the information

campaign carried out 2018 14.89 11.25 21.10 4.47 51.71
in Italy. 2019 14.89 11.25 21.10 4.47 4.44 56.15
Cumulated savings 196.13

50

Discussion and Conclusions

The process presented in the paper has allowed the energy savings that can be attributed to
the information and training campaign targeted at Italian companies to be quantified. The
cumulated savings for the period 2015-2019 amount to 196.13 ktoe, corresponding to 1.44%
of the energy savings communicated by companies that are subject to the obligation to notify
additional energy savings to the relevant national authority. The approach described here and its
associated results have significant implications for the national authority, as they demonstrate
support for the decision-making process. In fact, they provide a way of evaluating the effects of
public investment in spreading an energy-efficient culture to the most energy-intensive national
companies. However, the process is not free of limitations, mainly due to the simplification
that has been made to extract tangible results for energy savings and to the restricted scope
of the survey. Future research would consider extending the scope of the survey to information
campaigns targeted at citizens.
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Introduction

The electricity-system transition needs to speed up in Europe if we are to reach the European
Union’s (EU) goals for renewable energy and reduced greenhouse gas (GHG) emissions.
Photovoltaics (PV) have a potential role to play in this transition. There is huge potential in the
roofs of all buildings, many of which would be suitable for PV installation. The importance of
using commercial and non-residential buildings for PV installation has been highlighted in earlier
research(*l, The International Energy Agency (IEA) forecasts increased PV deployment over the
next five years[?], which also applies to the Nordic countries®1.

In recent years, there has been a trend to increase the number of prosumers, or consumers
producing their own electricity in their own homes. Barriers to and enablers of the adoption
of PV in residential buildings and privately owned houses have been relatively well studied!3:7].
However, the barriers to and enablers of PV adoption by the owners of non-residential buildings
have so far been little studied. The aim of this study is to fill this gap through a literature review
and by means of an empirical study in Sweden using a survey and semi-structured interviews.

Methodology

A literature review was conducted focusing on the barriers to and enablers of the installation
of PV on non-residential buildings. The studied literature covered peer-reviewed articles, non-
academic papers and the grey literature. This systematic literature review was conducted in line
with Sovacool et al.[81 and Efron and Ravid!9! (see Table 1). The literature search was conducted
in two phases, in spring 2019 and spring 2020. The second phase was conducted to update
the literature that had already been collected. For the literature search, four scientific (article)
databases were used, yielding a total of 533 articles. The abstracts of these 533 publications were
read, selecting those dealing with non-residential buildings and solar energy, and including a
discussion of what enabled or hindered PV installation. Twenty-eight articles were identified in
the second round.
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Table 1.

The five steps of the
systematic literature

review.

52

NO. | DESCRIPTION OF STEPS

1 Explicit research questions

What barriers to and enablers of the installation of PV in non-residential
properties can be identified?

2, 3 | Systematically searching the available literature with explicit criteria for
inclusion or exclusion

Type of Peer-reviewed articles, book chapters, conference
literature proceedings and grey literature.
Keywords Three groups of keywords were used and combined for a total

of 267 keywords used in the search.

Group 1 - Building type: non-residential building, commercial
building sector, commercial real estate, non-domestic
building, retail sector, office, institutional building, commercial
property, non-residential

Group 2 - Solar energy: PV, solar (energy), prosumer

Group 3 - Barriers and enablers: barriers, hindrances,
challenges, incentives, drivers, motivations, opportunities,

benefits
Databases Scopus, Web of Science, Science Direct, and Google Scholar.
4 Determining and then executing a coding strategy or analytical protocol

Analysing or synthesizing the collected evidence

Fifty-two structured and semi-structured interviews were also conducted with commercial
property owners in Sweden. The topics covered in the interviews addressed different themes,
but in this presentation we will focus on the perceived barriers to and enablers of PV installation.
The categories for enablers and barriers are based on the literature review and the enablers and
barriers discussed during the interviews. The interviewees were asked two structured questions
with predefined barriers and enablers, as well as open questions about which hindrances and
driving forces they had experienced in relation to PV installations. During the analysis, we
qualitatively merged categories with similar content into one overarching category. This created
broader categories, but in the analysis we also address which barriers each category covers.

Results and Findings

The most common type of barrier found in earlier research was related to economy (mentioned
in twelve of the 28 papers). This barrier covered many different aspects, such as transaction
costs, insurance costs, insufficient funds, and long pay-back periods. Information and knowledge
barriers were often mentioned (in eight papers). This category includes difficulties in finding
information about PV systems and a lack of awareness of the possibility of installing PV.
Administrative or organizational barriers were also fairly common (five papers) and included, for
example, split incentives and difficulties in sharing PV installation costs among tenants. The type
of enabler most often mentioned in earlier research was the existence of subsidies, tax waivers
and feed-in tariffs (nine papers). Other common enablers were environmental concerns (five
papers), recognition that PV was a mature technology (three papers) and the possibility to earn
money by producing electricity (three papers). These categories and what is included with each
of them will be discussed further in the presentation.
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Many of the barriers and enablers found in earlier research were also found in the Swedish study.
Barriers mentioned in Sweden not found in earlier research included building construction
barriers, lack of electricity storage and tenants’ electricity supply contracts. Enablers found
in Sweden that were not dealt with in earlier research included tenant demand, when the PV
installation can be combined with renovation, and the possibility of selling own-produced
electricity to tenants.

Discussion and Conclusions

This study advances our understanding of the barriers to and enablers of the deployment
of PV perceived by non-residential property owners. A main barrier to PV adoption is related
to economic factors. This barrier can be addressed through subsidies, tax reductions, feed-in
tariffs, etc., Many barriers discussed by our respondents concerned the lack of easily accessed
information and a lack of trust in the information given. This barrier could be addressed by a
neutral third party tasked with disseminating information on PV.

This study is just a first step towards gaining a fuller picture of the barriers to and enablers of PV
adoption facing non-residential property owners. Future research could study the non-residential
buildings and their ownership in more detail in order to acquire a more differentiated understanding
of non-residential actors. Different buildings have different barriers and enablers, and a comparison
of, for example, hotels, schools, offices and large storage facilities is one approach lacking in
research today. More empirical studies of barriers and enablers are also needed.
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Introduction

As a means of enhancing sustainability, reducing demand on the power grid and saving energy
costs, influencing energy-saving behaviours (ESB) has gained in popularity in recent years. While
enthusiasm stretches across stakeholder groups (e.g., utilities®, policy-makers!2!, consumer
groups!3l, and more), action and attention have largely focused on the residential sector, being
limited at best in both quantity and quality when applied to the commercial sector. This disparity
between the effective identification, study and promotion of ESB in the residential as opposed to
the commercial sector suggests a potential opportunity for significant energy savings along with
all their associated benefits by giving ESB in the commercial sector increased attention and focus.

ESB in the commercial sector comes with inherent difficulties in defining opportunities and
identifying optimal measures for the wide variety of commercial sub-sectors that exist and the
actors engaged with them. This affects what the commercial sector as a whole is like and how it
should be treated for research and intervention purposes. These challenges explain, at least in
part, why the commercial and residential sectors are treated quite differently regarding ESB. In
this paper, we provide a gap analysis of the literature on commercial ESB and call for action to
address and overcome them.

Methodology

The methodology for this work consisted of a comprehensive, narrative literature review of
primary and secondary literature on the topic of commercial energy behaviour from the last
fifteen years. Articles were identified via keyword search, outreach to professional networks and
backward and forward reference searches of key references. All articles were reviewed by one
or more primary authors and coded for the inclusion of specific commercial building types and
ESB. We then summarized the findings into a summary report, which was delivered as a technical
report to the study fundersl4l.




Findings

Overall, we identified three key gaps in the literature.

3.1. Generalization of Commercial Building Use

One evident trend was the tendency to treat the commercial sector as a single, homogeneous
entityl5], While the residential sector can reasonably be addressed holistically (despite differences
in home and types of tenure, general cross-over of ESB applies across most households), the
commercial sector is made up of too many unique types of buildings and business uses for such
a one-size-fits-all strategy to be effectivel®l. The diversity of the commercial sector and even its
sub-sectors (e.g., fine dining will have different opportunities than fast food) makes it difficult to
take all commercial building types into account at once, while addressing each unique sub-sector
individually requires significantly more investment than simply tackling the more homogenous
residential sector.

3.2. Overrepresentation of Research on Office Buildings

When the available literature does drill down into the specifics of commercial buildings, most
papers focus solely on office buildings[7l. While office buildings are ubiquitous and have many
opportunities for energy-saving interventions, this focus neglects the significant opportunities
that can be achieved in other commercial sub-sectors. While a smaller body of literature was
found to address sub-sectors like hospitals®], education!9] and retaill*°], the quantity of this
literature was significantly less, the usefulness of the recommendations more questionable, and
other areas of the commercial sector (e.g., food services, grocery stores, lodgings and many
more) were left largely unexamined.

3.3. Focus on Equipment and Purchasing

When discussing specific forms of ESB, the available literature tends to focus on upgrading
equipment[**] and does not delve into less obvious but equally significant energy-saving
opportunities. The existing literature tends to overlook opportunities for maintenance and
curtailment behaviours, which are much less capital-intensive and can be implemented in
between purchasing cycles*2l. When research does include non-purchasing behaviours, it tends
to use a predefined set of assumed opportunities (e.g., lighting, computers, heating and cooling),
rather than studying what the ideal target behaviour should be, especially when moving beyond
these surface-level opportunities.

Conclusions and Recommendations

To realize the significant savings potential of commercial unexplored ESB, additional research
is needed. Rather than continuing to focus on the overall sector, we recommend significant
investment in “small science”, that is, numerous smaller and more focused studies of individual
sub-sectors and/or ESB within the commercial realm. Unfortunately, a one-size-fits-all approach
will continue to neglect potential ESB that is unique to hospitals, grocery stores, restaurants, dry
cleaners and the dozens, even hundreds, of other unique commercial building uses in the world.
We encourage more funders to support this work and more researchers to undertake it because
our planet is depending on it.

A GAP ANALYSIS OF THE LITERATURE ON ENERGY-SAVING BEHAVIOURS IN THE COMMERCIAL SECTOR
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Introduction

Given all the attention the energy transition attracts nowadays, one could easily imagine that
doing business in this market is an easy ticket to success. Sadly, this is not the case. In reality, only
a relatively small group of entrepreneurs is able to take advantage of this sense of urgency or even
to challenge the current unsustainable institutional arrangements. We found that those energy
service entrepreneurs that manage to build strong business models are successful in making
their innovations legitimate and accepted, and thus demonstrate very specific behaviour. This
behaviour can be defined as the capacity to act for changel*:2], which involves the ability to align
resources, discourses and social position.

Background, History, Review of Literature and Methodology

Previous research on the apparent lack of market uptake of energy-efficiency facilities found that
entrepreneurs that adopt a service-oriented business model and that have the skills needed to
deliver a service (sensing, conceptualizing, orchestrating and scaling) are usually more successful
at creating mass uptake (growing a market share) than those with a traditional product-push
approach!2:3:4], Given the important role entrepreneurship can play in the energy transition,
we set out to improve understanding of how the uptake of more radical business models and
services, (i.e. those that challenge the existing system, such as community virtual power plants
or microgrids, retrofitting as a service, heating as a service, or demand response as a service) can
benefit from the servitisation-directed behaviour of the organisation. We explored this question
with a research team from four countries: the Netherlands (coordinator), Australia, Ireland and
Sweden. The research was based on a dynamic, qualitative research methodology involving desk
research, a literature review, more than 75 interviews and more than 60 case studies?.

2 As part of the annex ‘Energy business models and systems’ under the
Technology Collaboration Programme ‘User centered Energy Systems’ by the
International Energy Agency.

57



58

Results and Findings

Our research found that only a few of the more radical types of energy services and business
models are successful at being accepted and embedded, and that this usually involves successful
attempts by the entrepreneurs to create changes to technological, infrastructural, regulatory,
institutional or cultural arrangements to help embed the service. Most radical services, however,
are not successful. Instead, these business models and services need to adjust to survive, tone
down their level of innovation and become more “business as usual”, with the result that the
potential transformative contribution they could make to the energy transition does not
materialisel5:6],

Those entrepreneurs that are successful at delivering innovative services demonstrate a very
specific set of skills or practices. What characterises these entrepreneurs, or entrepreneurial
teams (some of them are consortia or energy communities), is first of all that they have a set of
skills that allow them to deal with the specific characteristics of a system in transition, such as the
energy sector: complexity, uncertainty, technocracy, organised irresponsibility and contestation.
These skills include the ability to mobilise diverse actors and promote collective action, create
strong formal and informal social positions in relevant networks, cultivate strong relationships
with key stakeholders, secure important resources, and frame discourses within those networks
and on a more social level.

The second clear characteristic of these entrepreneurs is that they are very capable of turning
systemic challenges into opportunities. They use the system barriers as the raison d'étre and
legitimation for their business model. Some of them even go a step further to develop their
service and business model with the explicit aim of contributing to changing policy or regulations,
providing answers to social problems and contributing to social discourses. This type of
entrepreneurship is called ", and the skills discussed above, when combined, create institutional
power or agency/[7:8:9,20],

One example of such an institutional entrepreneur is the Microgrid Electricity Market Operator
or MEMO in Australia. MEMO was set up by Monash University in collaboration with several
market actors to contribute actively and strategically to the reconfiguration of the electricity
system in Australia. MEMO was successful in achieving this, with new regulations stemming
from this experiment. They demonstrated strong systemic thinking and strategic capabilities,
analysed the market in-depth, positioned themselves in a new role in a changing market, took the
lead, were very agile and adaptive, used their strong lobbying capabilities, mobilised networks,
and informed policy and reforms of regulatory and market design at the state level by framing
discourses from a strong formal social position.
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Discussion and Conclusions

These types of institutional entrepreneur are very important in accelerating the energy transition.
One way of approaching this is to increase the number of institutional entrepreneurs. Training and
developing capabilities and adjusting business models so they are more oriented towards service
and the transition will certainly help. However, apart from the fact that institutional skills are only
transferrable to others to a certain extent, despite their success, and that much more research
is needed to understand this specific agency, these entrepreneurs are operating in a system that
falls short in supporting them and their transformative or transition-supporting service. At the
moment this system is not yet “fit to serve” these more radical energy services, and much more
research is needed on what such a supporting system could look like.

REFERENCES
[1] Duygan, M., Stauffacher, M. & Meylan, [6] Mourik, R.M., Breukers, S.C., van Sum-
G., 2019. A heuristic for conceptualiz- meren, L.F.M., Wieczorek, A.J., 2019.
ing and uncovering the determinants The impact of the institutional con-
of agency in socio-technical transi- text on the potential contribution of
tions. Environmental Innovation and new business models to democratising
Societal Transitions, Volume 33, pp. 13- the energy system. In: M. Lopes, A.C.
29 Henggeler, K. Janda, (eds.). Energy and
[2] Mahzouni, A. 2019. The role of insti- Behaviour: Towards a Low Carbon Fu-
tutional entrepreneurship in emerging ture.
energy communities: the town of St. [71 DiMaggio, P.J., 1988. Interest and
Peter in Germany. Renewable and Sus- agency in institutional theory. Institu-
tainable Energy Reviews, 297-308. tional Patterns and Organizations, pp.
[3] Janssen, M. J. & Castaldi, C., 2018. 3-22.
Services, innovation, capabilities, and [8] Jolly, S., Spodniak, P. Raven, R. 2016.
policy: toward a synthesis and beyond. Institutional entrepreneurship in trans-
Science and Public Policy. Issue 46, pp. forming energy systems towards sus-
863-874. tainability: wind energy in Finland and
[4] Mourik, R.M., Castaldi, C., Huijben, India. Energy Research & Social Science,
J.C.C.M., 2021. Business models for 102-218.
energy efficiency services: four arche- [9] Garud, R., Hardy, C., Maguire, S. 2007.
types based on user-centeredness and Institutional Entrepreneurship as Em-
dynamic capabilities. Forthcoming in: bedded Agency: An Introduction to
A. Aagaard, F. Lideke-Freund, P. Wells the Special Issue. Management Studies,
(eds.). Business Models for Sustainabili- 957-969.

ty Transformation. [10] Heiskanen, E. Kivimaa, P. Lovio, R.

[5] Tolkamp, J., Huijben, J.C.C.M., Mourik, 2019. Promoting sustainable energy:
R.M., Verbong, G.P.J., Bouwknegt. R., does institutional entrepreneurship
2018. User-centred sustainable busi- help? Energy Research & Social Science,
ness model design: the case of energy 179-190.

efficiency services in the Netherlands.
Journal of Cleaner Production, 182, pp.

755-764.

WHAT CAN ENTREPRENEURS AND THEIR BUSINESS MODELS CONTRIBUTE TO ACCELERATING THE ENERGY TRANSITION?

59



SECTION 4

BEHAVIOURAL
INSIGHTS AND
APPLICATIONS
IN DEVELOPING
COUNTRIES



SECTION 4. BEHAVIOURAL INSIGHTS AND APPLICATIONS IN DEVELOPING COUNTRIES
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Introduction

The built environment is a key part of any education programme that influences the learning
processes and behaviour of children[*l. Some studies have revealed differences in children’s
behaviour due to the spatial definition of the classroom(2:3], as well as some associations between
classroom densities and aggressive attitudes in toddlers(5!. Recently, researchers have found
that variables in environmental comfort influenced children’s academic performance up to 50%
and that the lighting and flexibility of the classroom had a greater impact on children’s general
progress(4:81, Furthermore, a previous study found that in free choice situations children stayed
in the classroom area when illuminance was greater than the average illuminance of the spacel9l.

Studies of environmental comfort with children in the early years of schooling are still scarce
due to the challenges of data collection. Behavioural mapping has been shown to be a useful
technique for gathering information that cannot be acquired through users’ self-reporting[*°l. In
classrooms, especially in kindergarten or pre-school, teachers usually control the environmental
settings and spatial configurations, leaving the children with only a passive role. This suggests
that understanding young children’s behaviour in the classroom could be an alternative pathway
to creating better indoor educational environments.

This paper aims to identify the use and occupation characteristics of kindergarten classrooms.
The characteristics of the luminous environment during different activities are identified, and the
relationship between the occupied areas and the illuminance range are further analysed.
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2. Methodology

The data were collected through field studies in pre-school classrooms located in Floriandpolis,
Brazil (Latitude: -27,60°, Longitude: -48,54°), from March to December 2016 and involved the
participation of 84 children between four and six years of age. In each of the three kindergartens
considered in this study (identified as “A”, "B” and “C") two classrooms were assessed (identified
as “1” and “2"). The specifications of the classrooms are shown in Table 1 and Figure 1. Table 1 also
gives the periods of data collection for each classroom.

Table 1. (a) Classrooms characteristics and, (b) Months and number of days for data collection

Kinder ID A A B B C C Week 1 Week 2 Week 3
Classroom ID 1 2 1 2 1 B

Plan shape Rectangular | Irregular Square

Area (m?2) 44.5 37.6 26,01

Room height (m) 3.4 3.4 2.8 2.8 2.4 2.4

Orientation SW | NE NE NE NW | SW

Month/2016

External glazingarea | 0.25 | 0.22 | 0.16 | 0.16 | 012 | 0.14
(m?)

Window-sill height (m) | 1.04 | 1.04 | 0.7 0,7 1.3 1.0

Clasmoom 2 |1 R
N L L R i e s s e b
s ISUUSSR JURPPUOR RPN JOUPROROL NP SUUPRNL SSRRS SRRSO

Number of luminaires | 8 8 3 3 2 2 g
Lamp type Fluorescent T8 Y Y S P g v g v o Y iy )
£ EIE E|E £ EIE EIE E|E S E E
Number of children 21 20 |26 |25 |11 12 028000800888 0i80888i88
9 3.3 3.3 33 3.3 3% 33333337
Children age (yrs) 46 |57 |50 |59 |46 |58 solboldoodlododlooloolso
Figure 1. Pictures of the selected two classrooms in each kindergarten.
CLASSROOM 1 | CLASSROOM 2

Kinder B Kinder A

Kinder B
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The information on the time and occupancy characteristics of the classrooms was surveyed
by direct and indirect methods of behavioural observation and examined through behavioural
mapping. Simultaneously, illuminance measurements were taken using a grid of nine Hobo
U-12 data loggers. The illuminance data were plotted in iso-illuminance maps, and the mean
illuminance values during the activities were calculated. The illuminance data and the classroom
areas occupied by the children were studied together.

Results and Findings

3.1 Occupancy behaviour

The activities performed in the classrooms ranged from an organized arrangement involving the
whole class to free activities in smaller groups. The behavioural maps allowed us to identify the
different ways in which the classrooms were occupied by the children. In Kindergarten “A” the
main configuration for classroom occupancy was to have children in a rectangular, since most of
the activities were directed by the teacher. In these two classrooms, the teachers also placed the
children in the middle of the space, leaving some areas unoccupied (see Figure 1).

In kindergartens “B” and “C", by contrast, each child was free to choose any spot in the classroom
to perform the activities. In the four classrooms in "B” and “C”, the most common occupancy
configurations were a large circle containing all the pupils and small groups of children (see Figure
1). In kindergarten “B”, children occupied the classrooms homogeneously during the activities.
However, during those activities that were performed in circles, those areas next to the windows
were the most heavily occupied. Although the classrooms in Kindergarten "C” were the smallest,
during most of the observation time the children in this kindergarten were more homogeneous
in their arrangement within the classroom area than in the other kindergartens.

3.2 Lighting in the classrooms and daylight illuminance
ranges

Under daylight conditions between 1 pm and 5 pm, the average illuminance value of the
classrooms was 479.5 lux (DP=295.7 lux). For those periods in which artificial lighting was used,
the average illuminance value was 461.4 lux (SD=743.8 lux). Figure 2a shows, per classroom, the
average illuminance during each activity. Regarding the use of artificial lighting system, with the
exception of classroom “B1", the lamps were turned on for more than 50% of the observed period
(Figure 2b). Conversely, the blinds remained open in all classrooms on average for 92% of the
observed period, being closed only at specific moments.

In a preliminary analysis, lighting distribution was assessed based on the average illuminance and
occupancy area of each activity, through three illuminance ranges. The iso-illuminance maps were
used to calculate the areas within each of the following ranges:

- “Superior” for areas with illuminance greater than 3000lux
- “Useful” for areas with illuminance less than 3000lux and greater than 300lux

- “Inferior” for areas with illuminance equal to or less than 300lux.

LIGHTING AND OCCUPANCY BEHAVIOR OF PRESCHOOL CLASSROOMS: A FIELD STUDY IN BRAZIL
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Figure 2:

a) Average illuminance

during activities;

b) Time of use of
artificial lighting in
each classroom.
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Due to the use of average illuminance during classroom activities, the classrooms did not have
areas with illuminances within the “Superior” range. The overlapping of the occupancy maps with
the iso-illuminance maps allowed us to determine that the highest children’s occupancy was in
those areas of the classroom with illuminances in the useful range (Occupied areaavg= 60.7%;
SD=37.3%), not in the inferior illuminance range areas (Occupied areaavg=39.3%; SD=37.5%).

Discussions and Conclusions

During 64 days of data collection in six preschool classrooms, it was revealed that, despite the
differences derived from each kindergarten’s pedagogical model, the average classroom area
occupied by the children varied from approximately 44% to 51%. a preliminary analysis of the
illuminance range showed that the studied classrooms had most of their areas in the “Useful”
illuminance range, meaning that the children tended to be located in those areas with illuminances
greater than 300lux. However, in this study the average illuminance during an activity was used to
analyse the lighting distribution, which is a limitation of this approach. Even when the classroom’s
use characteristics are guided by the pedagogical models, the teachers are in charge of the spatial
configurations and environmental settings. This highlights the importance of observational
studies in this type of building to improve the technical criteria and design of the facilities. In
future steps, the methods of analysis will be extended in order to identify occupancy behaviour
in relation to illuminance levels.
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Introduction

Occupants’ behaviour is one of the most important factors to impact on indoor building
environments and energy usel*]. Studies have shown that there is a gap between predicted and
actual energy use due to poor consideration of the occupants’ behaviour[?:41. The objective of this
study is to improve understanding of occupants’ behavior and describe a mixed-mode strategy for
ventilating and climatizing office buildings in southern Brazil. Mixed-mode or hybrid ventilated
buildings integrate the natural ventilation and the air-conditioning system by responding to
thermal conditions (e.g., through an automation system) or through occupant intervention
(e.g., opening windows). Models of adaptive behaviour often focus on actions aimed at adapting
the environment to the occupant’s needs (e.g. window and solar-shading operations, adjusting
thermostats, etc.)[5:8]. Few papers have focused on actions aimed at occupants’ adaptation to
the prevailing conditions such as adjusting one’s clothing or the consumption of hot and cold
beverages!9:°l. In this work, we intend to go beyond the typical behavioural models of building
simulation to provide insights into other adaptive actions, such as changing clothes and drinking
habits during working hours.
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Method

This research is based on data collected during two years in three mixed-mode office buildings
located in southern Brazil. The buildings are located in the humid subtropical climate of
Florianopolis (latitude: -27° 36’, longitude: -48° 33’ and altitude: 7m). The mixed-mode strategy
was manually controlled, that is, the occupants decided themselves when to shift between natural
ventilation and air-conditioning (AC) mode.

Classic field studies were carried out of thermal comfort, along with simultaneous indoor
environmental measurements and the circulation of questionnaires. The detailed methodology
and the results were published in[*2]. Questionnaires included background questions and asked
the occupants about their thermal perceptions and adaptive actions (e.g., drink intake and
clothes adjustments) just before answering the survey. During the field studies, the researchers
monitored the operation of the AC system, fans and windows, and occupants’ drink intake and
clothes adjustment in real time and then analysed these data.

In order to understand occupants’ behaviour and the principle of mixed-mode operation, multiple
logistic regressions were performed with environmental variables (e.g., indoor and outdoor
temperatures) as predictors, and windows, fans or AC operation as the binary outcome (o =
windows closed, fans off or AC system off; 1 = windows open, fans on or AC system on). Also,
four sets of multiple logistic regression analyses were conducted with environmental variables
and thermal responses (e.g., thermal sensation vote) as predictors and drink intake (hot or cold
beverages) or clothes adjustments (adding or removing an item of clothing) as the binary outcome
(Table 1). We also performed simple logistic regression between the outdoor temperature and AC
operation with the aim of providing some guidance for building energy simulation practitioners.

Results and Findings

The data we collected consist of 5,470 indoor environmental measurements linked to subjective
data and behavioural observations.

We found that the probabilities of either adding or removing an item of clothing were associated
with the thermal sensation vote and the outdoor air temperature (Table 1). The probability
of drinking a cold beverage was associated with the indoor operative temperature, outdoor
temperature and mode of operation (natural ventilation or AC) (Table 1). The probability
of drinking a hot beverage was related to the thermal sensation vote and indoor operative
temperature (Table 1), but this model cannot be generalized beyond the actual data due to local
cultural aspects influencing the consumption of hot beverages. A statistically significant model
was not achieved for the fan operation.

The outdoor temperature and indoor operative temperature were strong predictors of AC
operation (Table 2). The AC operation (i.e., ACis turned on) is 2.09 times (OR=2.09) more likely
to happen for each 1.0°C increase in the outdoor temperature. In contrast, the AC operation is
0.64 times less likely to happen for each 1.0°C increase in the indoor operative temperature.

The negative association between indoor temperature and AC operation may lead to the
counterintuitive conclusion that occupants were less likely to turn on the AC at high temperatures.
However, the negative correlation may simply be an effect of the lower indoor temperatures
caused by AC. As a consequence, measurements of indoor conditions cannot be used to predict
the AC operation, since they are affected by the variable they are predicting. In contrast, climate
data used for building energy simulation is not affected by the AC operation and may be used as
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Table 1.

a predictor. We derived a logistic model that treated only the outdoor temperature as a predictor
of AC operation. Figure 1 shows the probability of AC operation as a function of the outdoor
air temperature. As expected, the AC operation occurred mainly in warmer outdoor conditions.
Above 25.0°C it was highly likely (>90% probability) that offices relied on cooling. Below 19.0°C,
there was a lower probability (<10%) that the AC was operating.

Logistic regression models of drink intake and clothing adjustments as a function of environmental variables and thermal

responses.

Outcome variable Binary outcome Logistic model

Probability of drinking a hot 0 - Drank nothing P(Hdri) = 1

beverage - P(Hdri) 1-Drank a hot beverage 1 4 ¢—(1.55-0.16T0~0.13TSV)
Probability of drinking a cold 0 - Drank nothing P(Cdri) = 1

beverage - P(Cdri) 1- Drank a cold beverage T 1 4 ¢—(-3.78-0.27M0+0.09T0+0.05Text)
Probability of adding an item of 0 - No clothes changed P(Aclo) = 1

clothing - P(Aclo)

1 - Add an item of clothing 1 + ¢~ (-1.99-115TSV-0.11Text)

Probability of removing an item
of clothing - P(Rclo)

0 - No clothes changed 1
P(Rclo) = 1 4 —(~093+084TSV~0.16Text)

1 - Remove an item of clothing

Note: all parameters and models with p<0.001. N=5,470. To: indoor operative temperature; Text: outdoor air temperature; TSV: thermal sensation vote (seven-
point scale from -3 to +3); MO: mode of operation (0=Natural ventilation; 1=AC).

Table 2.

Logistic regression model of air-conditioning operation as a function of outdoor temperature and indoor operative
temperature.

AC operation Coefficients (b) 95% Cl of Odds Ratio (OR)
Predictors b Wald Sig. Lower OR Upper
Outdoor temperature (°C) 0.74 1168.87 p<0.001 2.00 2.09 2.18
Indoor operative -0.45 163.87 p<0.001 0.59 0.64 0.68
temperature (°C)

Note: Model intercept=-4.91, p<o.0oo1. Model x2(2)=3058.96, p<o.001. R?=0.57(Nagelkerke). N=5, 470.
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Discussion and Conclusions

The study produced some insights into occupants’ behaviour, such as patterns of changing
clothes and drink-intake habits. Further studies are needed to assess the impact of such actions
on workers’ productivity and well-being and to perform a thorough evaluation of the indoor
environmental quality (e.g., air quality) of mixed-mode buildings.

Figure 1 may provide a better understanding of the mixed-mode strategy in office buildings in
southern Brazil. As expected, the air-conditioning was more likely to be operating in warmer
outdoor conditions. A logistic model was generated for office buildings in southern Brazil,
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which may be used as input to building simulations, improving the prediction of energy use. It is
important to stress that during the field studies more than 80% of the occupants reported being
in thermal comfort, i.e., the mixed-mode strategy provided good indoor thermal conditions. In
the studied climate, it was predicted that mixed-mode buildings could save 30-35% of energy
used for climatization in comparison with fully air-conditioned buildings[*?]. Besides the energy
savings potential, this work shows that adoption of the mixed-mode strategy provided thermal
comfort to occupants.

100%
90% .
Figure 1.
80% e
° / Probability of air-
70% / conditioning operation
> 60% as a function of
= / the outdoor air
" 50%
9 ° / temperature for
o 40% mixed-mode office
30% / buildings in southern
/ Brazil (Logistic model
20% / intercept=-12.99;
10% b=0.60, p<0.001).
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Introduction

Recently, Cambodia’s rapid urbanization has been continuing alongside a construction boom and
widespread socio-economic changes. Given the increasing purchasing power of the emerging
urban middle class (the so-called new consumers) and associated lifestyle changes, social impacts
on the environment have been substantially increasing™!. Despite high electricity prices, newly
constructed buildings are usually neither energy-efficient nor adapted to the tropical climate and
have massive direct and indirect environmental impacts. In order to confront this problem, the
aim of the trans-disciplinary Build4People project is to take into account the urban context and
socio-cultural and technical dimensions when supporting sustainable strategies and planning
processes to enhance energy-efficient buildings and lifestyles. The social science research within
the Build4People project focuses on analysis of the constraints on and motives for sustainable
lifestyles, the demands for housing and the urban built environment in Phnom Penh on the part
of urban citizens, and pathways towards transformations of sustainability in urban spaces.
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Background, History, Review of Literature and Methodology

Understanding and explaining behaviour can be considered the initial condition for being able to
find ways to change a certain individual in an environmentally friendly direction[2l. Behavioural
change can occur in different domains of life, both individually and collectively. Since behaviour
is always shaped by its context, the aim of changing a certain type of behaviour needs to take
such contextual determinants and dynamics into account!3l. Furthermore, behavioural change
can be understood as a part of a wider transition of socio-technical and socio-political (sub-)
systems such as the building sector. A better understanding of such systems (in our case the
building system) also increases our understanding of individual behaviour, making possible
better intervention strategies. At the same time, a better understanding of socio-psychologically
determined norms, values and behaviour refines the analytical depth of the system from the
perspective of transition studies. This enables the development of suitable transition strategies
beyond a focus on individual behaviour (i.e. other actors, institutions, policies, etc.). Linking the
micro- and macro-scales by analysing individual behaviour and the wider building system in
urban areas from the environmental psychological, transition and urban studies perspectives,
our research addresses the key challenge of bridging scales in the context of sustainability
transitionsl4:51.

We aim to address behavioural change in the direction of sustainable lifestyles through different
interventions and modes of dissemination, and towards transformative change in the building
sector’s socio-technical and socio-political systems that will encourage pro-environmental
behaviour and consumption. With regard to the building system, Durdyev et al. (2018) report
low levels of awareness and knowledge of sustainable construction practices within the industry
and the tendency to associate sustainable construction with environmental sustainability, as well
as “life quality”[6l. It is still unclear what kinds of knowledge or awareness of which elements
of green building need to be considered. Furthermore, research on the transition and system
thinking suggests that the underlying interconnections between the different factors and causal
relationships should be accounted for in a more systemic way!7l. It becomes clear that a much
deeper understanding of the Cambodian building sector, including the user’s perspective, its
cross-linkages to other sectors, the urban development regime and its rural-urban interlinkages,
are necessary to initiate and support transformational change towards urban sustainability.

Our empirical approach uses a mixture of different methods. Through qualitative interviews
with representatives of local universities and NGOs (N=6), initial insights into the relevant
cultural and contextual factors that influence perceptions of environmental problems, the
energy consumption of households and the social norms of pro-environmental behaviour
were obtained. Semi-structured interviews with stakeholders from the building sector (N=20)
have complemented the insights on the individual level and extended our understanding more
systemically. This included interviews with local and national state actors, architects, NGOs,
investors, consultants and representatives of real estate and construction companies. In addition,
the pre-test results of a standardized questionnaire conducted among urban households (N=30)
provided insights into the culturally specific aspects, the environmentally relevant mind-set and
pro-environmental behaviour.
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Results and Findings

Based on the initial results of the pre-test and the elaboration of our questionnaire with our
Cambodian research partners, we will adapt psychological measures to Cambodia’s social
context. The development of more environmental education is suggested as a way of raising
awareness of environmental concerns. Energy-relevant behaviour and underlying factors that
could contribute to changing attitudes more in the direction of pro-environmental and energy-
saving behaviour will be discussed based on the survey’s results. The specific characteristics of
Cambodia’s socio-cultural and political contexts will be taken into account, as will the role of
social norms and behavioural constraints in relation to pro-environmental behaviour. The survey
results provide insights into the culturally dependent psychological mechanisms that need to be
considered when using psychological models of behaviour that are derived from and frequently
applied in studies of western cultures rather than the regional context of Cambodia.

The interview results suggest that approaches by combining attractive (economic) incentives,
capacity mobilization and innovations in governance to counter institutional and market
disjointedness will be the most promising in supporting energy-efficient behaviour and facilitating
a sustainability transition in the context of Cambodia’s built environment.

Discussion and Conclusions

A deeper understanding of the factors that influence environmental awareness and pro-
environmental behaviour in Phnom Penh will support the development of tailored behavioural
interventions for energy-saving and educational programs to promote sustainable lifestyles and
environmental awareness. At the same time, behavioural insights may inform the development
and discussion of approaches to transition governance and transition strategies, including policy
instruments and business models.

We regard saving energy as one potential behavioural domain that can be achieved through
tailored interventions with new consumer households that would have a relevant impact on
environmental issues. Besides, consideration of the above-mentioned approaches to the
economic, political and technical paths towards a sustainable urban transition within the building
system may lead to the development of supportive contextual factors for energy-sufficient
lifestyles.

The transdisciplinary research evidence discussed here indicates that a combined consideration
of individual behaviour and of the general socio-technical and socio-institutional system of the
urban built environment can contribute to more holistic understandings and more promising
interventions and policy mixes than isolated studies.

INSIGHTS IN ENERGY CONSUMPTION PATTERNS, SUSTAINABLE BUILDINGS AND NEIGHBOURHOODS IN PHNOM PENH, CAMBODIA
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Introduction

Residential energy use (i.e. electricity) in India is projected to increase four-fold by 2030, yet
there is limited data or understanding of how electricity is used in Indian households. This
paper investigates empirically how and why electricity is used in Indian dwellings with and
without air-conditioning (AC), using an interview-based survey approach applied in 41 dwellings
located across two cities (Hyderabad and Jaipur) representing the composite climate of India.
Statistical analysis (multi-variate regression) is used to analyse the co-relations between the
physical characteristics of dwellings (such as built form), income group, occupancy patterns,
socio-demographics and appliance usage in AC and non-AC dwellings that influence household
electricity-using behaviour. The study is part of a wider Indo-UK research programme called
RESIDE — Residential Building Energy Demand Reduction.

Background and methodology

Residential electricity consumption (REC) in India has nearly tripled in the past two decades
and accounted for 24.2% of overall electricity consumption in 2019[*:2], This increase was
due to an increased use of space cooling and other electrical appliances driven by increased
access to electricity, improved socio-economic status and rising expectations concerning
thermal comfort[*:3:51, In order to develop residential energy policies or programmes, a deeper
understanding of REC and end-use energy behaviour is essentiall®l. Internationally, various
studies have examined the determinants of residential energy-use that include the physical
characteristics, socio-demographics, occupant behaviour and electricity tariff subsidies!7:9].
However, such studies on India are lacking. In 2013, a review of data quality related to building
performance for residential and commercial buildings in four world regions (India, China, the
United States and EU) found that building performance data for the residential and commercial
buildings sectors was weakest in India. Accessibility to such data, whether national, regional or
local, is very limited due to the lack of substantial funding, a general lack of interest and the
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Figure 1.

Distribution of annual

electricity use across

different income groups
with and without ACs
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absence of the requisite technology!*°:*21. Recently the India residential energy survey (IRES) has
investigated the level of energy access in rural and urban dwellings, with a limited focus on the
sociotechnical factors that shape urban residential electricity usel31.

This study was designed to gather bottom-up sociotechnical data for 41 dwellings accomodating
41 households) using an interview-based questionare survey implemented online on Google
form. Data were gathered about physical and household characteristics, socio-demographics,
occupancy and appliance usage. Historic electricity bills were collected for one year (2018-2019).
Initially 47 dwellings were recruited using purposive sampling, however, a complete set of data
were only available for 41 dwellings, of which 22 were located in Hyderabad and 19 in Jaipur.
Low-income (LIG), middle-income (MIG) and high-income groups (HIG) were defined using the
income slabs recommended by the Government of India (Pradhan Mantari Awas Yojana). The
empirical data were prepared for regression analysis through checking for collinearity, normality,
removing highly correlated variables and transformation of variables where necessary for an
unbiased result*2l. Multi-variate regression analysis was conducted to establish the strength of
the relationship between the different variables and annual residential electricity use.

Results

The 41-dwelling sample was split into 16 LIG, 16 MIG and g HIG households occupying a total
of 12 apartments and 29 detached houses. While 28 dwellings had one or more ACs each, 13
had no ACs, especially in the LIG dwellings. As expected, mean annual REC was observed to be
highest in HIG dwellings (5618 kWh), followed by MIG dwellings (3870 kWh), and was lowest in
LIG dwellings (2169 kWh). The difference in electricity use across the seasons was evident since
average monthly electricity use and cost across the 41 dwellings were found to be 375.23 kWh and
USs$29 respectively in the summer or monsoon season, falling to less than half in the winter at to
182.12 kWh and USs$11 respectively.

Electricity consumption with respect to the income group and AC/no-AC dwellings is represented
in Figure 1below.

Simple Boxplot of Annual electricity consumption (kWh) by Income group (as defined under PMAY - Pradhan
Mantri Awas Yojana) by ACorNoAC

12000 39
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Annual electricity consumption (kWh)

Income group
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Appliance ownership data showed that 98% of the households owned a refrigerator and
television, while 68% owned an air conditioner. The mean annual REC for AC dwellings was
found to be 4,208 kWh, nearly double that of dwellings without ACs (2,260 kWh). Although HIG
dwellings reported higher use of AC in the summer than LIG and MIG dwellings, about 7% of AC
dwellings reported non-usage of AC, implying that having an AC does not mean it is also being
used regularly. Analysis of annual hours of use for appliances excluding ACs by different income
groups revealed that LIG dwellings had higher annual use hours, despite owning a smaller number
of appliances.

A regression model was developed to examine the variation in electricity use across the dwelling
sample, as shown in Table 1. The number of occupants, the presence of AC, total appliance hours,
number of rooms (dwelling size) and income group were found to explain 81% of the variation in
REC, with 76% of the variation being explained through the presence of AC and income group.

(Dependent variable)- Unstandardized Standardized t
Annual e/ectricity Coefficients Coefficients

consumption (kWh) B Std. Error Beta

(Constant) 6.09 0.19 31.29
Number of rooms 0.05 0.02 0.29 295
Presence of ACs 0.48 0.1 0.37 4.44
Number of occupants 0.09 0.02 0.39 49
Appliance hours 0.0001 0 0.31 3.4
Income group 0.28 012 0.19 2.27
R Square 0.808

Durbin-Watson 1.758

Discussion and conclusions

Statistical analysis of the empirical data by income group, ownership of ACs and appliance use
hours has helped give us a deeper understanding of the causes of variation in electricity use across
41 dwellings. It is evident that dwellings with AC and higher incomes use two to three times more
electricity than those on lower incomes and with no ACs. These findings have implications for
designing energy-efficiency programmes in India. It will be worthwhile focusing on HIG and MIG
dwellings, 80% of which are found to own ACs.

This study also provides important process lessons for scaling-up survey-based techniques in
India and the challenges that need to be addressed in terms of the time taken to do the survey,
internet connectivity when using online survey forms and correlating survey findings with
measured electricity data.

EMPIRICAL ASSESSMENT OF SOCIOTECHNICAL FACTORS INFLUENCING RESIDENTIAL ELECTRICITY USE IN INDIA

Table 1.

Regression mode
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Introduction

To address the growing concerns over the climate emergency, the UK government has committed
itself to a net-zero emissions target by 2050[*! by limiting the temperature rise to 1.5°C[2:3]. Local
energy initiatives can help in meeting this target by delivering cleaner, cheaper and desirable
energy services for end-users(5! by integrating the smart (digital) use of data and communication
technologies to interact with users!®l. Deploying effective Smart Local Energy Engagement Tools
(SLEETSs) in local energy projects that allow users to manage, control and observe energy better
will help to reduce this pressure, while encouraging users to become active participants(®l. SLEETs
are enabling smart tools that enhance user engagement by supporting energy users to reduce
energy use and costs, match energy demand with supply and improve energy efficiency and
management!7]. They also allow users to measure their own energy consumption and investigate
energy efficiency measures and the environmental impact of energy systems[®l. These tools
can provide advice and support to improve energy behaviour and help users participate in local
energy markets such as peer-to-peer trading and grid balancingll. For SLEETs to be effective,
they should address engagement between people and people!*©1 and people and technologies™*!. It
is also important to improve the inclusiveness of SLEETs by including vulnerable users and those
who are not digital and therefore ensure no one gets left behind in the local energy transition.

This paper examines the prevalence, effectiveness and inclusiveness of smart local energy
engagement tools (SLEETs) that have been deployed in local energy projects both across the UK
and internationally to enhance user engagement and participation in local energy management.
This includes supporting users to engage with energy efficiency, energy generation and demand-
side response.




Methodology

A meta-study approach was adopted to identify what types of SLEETs were deployed in local
energy projects during the period from 2008 to 2019 and the major programmes funding local
energy projects, such as Low Carbon Communities Challenge (LCCC), Localised Energy Systems,
Network Innovation Allowance (NIA), Horizon 2020 and the Local Energy Action Fund (LEAF).

About 86 local energy initiatives were identified that used SLEETs to enhance user engagement.
These projects were undertaken in the UK (73), EU (7) and outside the EU, i.e. internationally
(6). They were characterised by lead actor (e.g. DNO, university, private sector, community
group, local authority, partnership collaboration), funder (e.g. government, research council,
DNO, regulator), start year (2008 to 2019), type of initiative, namely community energy (CE),
local energy (LE) and smart local energy systems (SLES) and energy vector (electricity, heating,
transport).

An analytical framework was devised to classify SLEETs in terms of their interface design (numeric,
visual or aural) and type of interaction offered, namely information-driven (one-way), information
& interaction (two-way), and information & control or decision support (Table 1). A total of 111
SLEETS were identified across the 86 projects. These were grouped into eight types of SLEET,
including in-home-display (IHD), digital energy platform (DEP), digital voice assistant, spatial
mapping, thermal imaging, gamification, mobile app and online energy dashboard.

Interface

Extend of interaction

Numeric

Visual

Aural

Example of SLEET

Example of SLEET

Example of SLEET

Information driven
(one-way) -could be
numeric or spatial.

In-home-displays
(IHDs)

Spatial map (energy
flows a cross scale)

Thermal imaging

Information
& interaction
(two-way)

Online dashboard/

Gamification (Energy
mapping tools that
require input from

web portal users for example
to assess solar
potential)

Mobile app —

Information & control
— could be manual or
automated

Digital voice
assistant

Decision support — to
help operation of
systems by providing
energy related data to
users

Digital energy
platforms (DEP)

ENHANCING USER ENGAGEMENT IN LOCAL ENERGY INITIATIVES USING SMART LOCAL ENERGY ENGAGEMENT TOOLS

Table 1

Analysis
Framework

classifying

SLEETs
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Figure 1.

Distribution of SLEETs
in the UK at spatial
resolutions of counties

82

Results

Statistical analysis revealed the prevalence of different types of SLEET across 86 local energy
initiatives. Digital energy platforms that visualise energy data were most popular (30 out of 111
SLEETSs), followed by in-home displays (IHD) that provide energy feedback (29 out of 111 SLEETs)
and thermal imaging that identifies heat losses from the building fabric (23 out of 111 SLEETS).
Interestingly, information driven (54) and decision support (31) tools with numeric and visual
interfaces were dominant. Information & interaction tools were less popular: these included mobile
app (z0) and gamification (9g), followed by online dashboard (5) and digital voice assistant (2).

The majority of SLEETs (34%) were deployed in project areas with network constraints, including
South East (20 out of 86) and South West (g out of 86 projects) of England (Figure 1). Interestingly
there were active community energy groups in these areas, as well as local authorities with local
energy action plans, who acted as intermediaries to improve user engagement*7:281, Projects
funded by government, the regulator or research councils were found to be deploying SLEETS to
engage users in energy management. However, only 27 out of 86 projects took into account the
inclusiveness of SLEETs in relation to low-income groups and vulnerable users.

:

01
[(E[H

Online Energy ...

Dashboard/ Web p Digital Voice Assistant

Gamification

P In-Home-Display o
Thermal Imaging {IHD) . g;;g:::lnin(gé; i

Mobile Application (app)” ; A ) r - "

Statistical analysis revealed a significant correlation between types of energy initiative, whether
CE, LE and SLES and type of SLEET. Thermal imaging was widely deployed in CE projects to
encourage behavioural change (p<o.001), while digital energy platforms (DEPs) were prevalent
in SLESs as decision support tools for improving energy management (p<o.oo1) (Figure 2).
There was also some correlation between SLEETs and the engagement pathway adopted in
local energy initiatives. In-home display and gamification were adopted as engagement tools for
communication (p-values < 0.05), while DEP and thermal imaging were used as informing tools.
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It was evident that the majority of the energy projects that deployed SLEETs were SLES (61%),
since these projects focused on the digitalisation of energy and the smart approach to integrating
heating and electricity generation, distribution, storage and EV infrastructure*sl. Spatial
distribution of SLEETs in relation to local energy initiatives confirmed that SLEETs were deployed
in areas with a high capacity for adopting renewable energy technologies, while having an issue
with grid constraints*6], as well as a prevalence of active community energy groups and local
authorities.

Integrating the social aspects with interactive engagement tools such as mobile apps, online
dashboards, gamification and digital voice assistants can empower users to manage energy
services. For this to happen, transparency should be improved to allow users to learn what data
are being collected and how they are being used (D&belt et al., 2015) alongside developing energy
platforms by trustworthy intermediaries to foster trust. Digital voice assistants may be more
appropriate for vulnerable users and those who prefer not to use a thermostat or smart app. Most
importantly, SLEETs also have a new role at this time of the COVID-19 pandemic, since they can
allow long-term user engagement with less face-to-face interaction.
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Introduction

To meet international climate change targets and develop a sustainable energy transition,
economic and social transformations are urgently required across all areas of daily life. According
to the UK Committee on Climate Change, two thirds of the necessary measures are social
and behavioural, with the single most important category being the adoption of low-carbon
technology™. In recent years, digitalisation has enabled a surge of consumer innovations to
emerge which challenge high-energy consumption norms and offer additional benefits, such
as support for local economies (e.g., digital food hubs), relational networks (e.g., ride-sharing),
social capital (e.g., neighbourhood electricity trading) and healthy living (e.g., food-pairing apps).
However, many remain trapped in small market niches2l. As theirimpact has been limited thus
far, insights are needed in devising diffusion strategies for rapid extensive adoption. To help
accelerate innovations into the mass market, this paper investigates the diffusion of information
through social influences for a wide range of digital consumer innovations to mitigate climate
change.

Background and Methodology

A large body of innovation studies!3] has confirmed the central premise of the diffusion of
innovations theory (Dol) that the adoption of new technologies is heavily influenced by those
around us exchanging both functional and social information[4]. We extend this evidence base in
two important ways: 1) we collect and analyse comparable data on a wide range of innovations,
allowing us to control for variations in context when analysing social influence on the adoption
of innovations; and 2) we focus on the emerging intersection between digital technologies, and
low-carbon goods and services. In combination, these two contributions allow us to assess the
importance of social influence in diffusing digital consumer innovations to mitigate climate
change.
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We conducted a large online survey with over three thousand UK respondents, purposively
sampling adopters and non-adopters of sixteen innovations across four consumption domains:
mobility, food, homes and energy. Standardised blocks of questions established respondents’
perceptions of innovation attributes and measured the relative importance of four mechanisms
of disseminating information: word-of-mouth (WOM), electronic-WOM (eWOM), neighbourhood
effects and injunctive social norms. We distinguish adopters from high- and low-propensity non-
adopters to capture heterogeneity. We then test differences between the two non-adopter
samples using Mann Whitney U tests (with effect sizes) to understand the relative importance
of different mechanisms of social influence on adoption propensities. We then cluster the
innovations into three groups defined by their perceived attributes and create binary logistic
regressions, one for each cluster, to test the links between specific attributes and influence
mechanisms.

We then conduct surveys, interviews and focus groups to examine further three targeted
case-study innovations with distinct characteristics: peer-to-peer (P2P) ride-sharing (strong
requirement of trust), smart home technologies (lack of public visibility) and digital food hubs
(community-based). Our quantitative and qualitative analysis provides detailed insights into the
moderating roles of these characteristics, thus helping identify the contexts that shape social
influence and adoption.

Results and Findings

The results from the large survey show that all influence mechanisms are significantly important
(p<.05) for non-adopters when high propensity is compared to low propensity. Analysis of the
innovation clusters (Table 1) reveals that eWOM and social norms significantly increase the
likelihood of adoption for highly trialable (cluster 1) and highly visible innovations (cluster 2),
whereas only eWOM is significant for innovations with low trialability and low visibility (cluster 3).

Our in-depth case studies identified the most important social influence mechanism and the
potential barriers hindering wider adoption for each specific innovation. Figure 1 summarises the
key findings from both the large survey and the case-study investigations.

Cluster 1 Cluster 2 Cluster 3
(e.g. car clubs, 11th (e.g. ride-sharing, home | (e.g. smart home
hour apps) energy generation) lighting and heating)
Table 1. Binary Variables Exp(B) p-value Exp(B) p-value Exp(B) p-value
logistic regression ~ Word-of-mouth 986 230 1.193 21 1.399 .292
models predicting  .\yrd-of-mouth 2199 .001* 2.595 .001* 3.782 001*
adoption propensities
- Social norms 1.679 .001* 1.589 .001* 1.520 133
(with example
innovations in each Nfi'ghbourho"d 1.234 159 1169 213 775 426
cluster)  €mect
Pseudo R2 0.497 0.552 0.615
Correctly classifies %
of cases 78.8% 81.9% 84.2%
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influences (see table below)

e MODERATING ATTRIBUTES

Requires trust Lack visibility ~ Community-based
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Case study innovation Sodial influence mechanism Social barriers hindering adoption

P2P ride-sharing
(requirement of trust)

Social norms crudial for trust. Adoption in workplace
cufture reduced anxieties, reassuring additional
colleagues to adopt.

For one-off users, frequent accounts of social contacts
perceiving them as ‘crazy’ indicates a lack of societal norms
still exists in the wider community.

Smart home technologies
(lack of visibility)

eWOM from adopters to non-adopters increases
salience and encourages adoption. Adopters reported
as opinion leaders and frequent users of social media

Non-adopters found to lack exposure and sodal
connection to adopters for first-hand knowledge.

Digital food hubs
(community-based)

WOM most important for shaping opinions in
communities. Adopters reported as opinion leaders
persuading others to adopt.

Low propensity non-adopters rely upon eWOM to shape
opinions rather than locally relevant WOM.

4 = Discussion and Conclusions

Overall, we find that social influences are important determinants of adoption propensity. With
our novel emphasis on a diverse set of digital consumer innovations for climate change, we find
that eWOM has the greatest importance, highlighting the ever-increasing need to improve digital
skills, as well as equitable access to digital infrastructure for the wider adoption of innovations.
We also stress the importance of social norms, even though the current lack of norms surrounding
many of the innovations concerned emphasises the need for behavioural interventions which shift
perceptions of social acceptance of the adoption of innovations. For example, our study of P2P
ride-sharing found that altered social norms in a workplace environment reassured employees
that this is a safe, trustworthy and beneficial scheme to use.

Other findings from our case studies indicate that innovations with low visibility (e.g. smart home
technology) would benefit most from strategies that create supportive infrastructure in order to
expose non-adopters to adopters, such as using digital social media platforms and influencers,
thus increasing visibility and reaching wider audiences.

To accelerate the diffusion of digital consumer innovations to mitigate climate change, our
findings highlight where generalisable insights exist for harnessing social mechanisms. We also
identify where context shapes social influence factors and adoption, which requires targeted
marketing and policy-driven diffusion strategies to fast-track a transition to low-carbon energy.
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Figure 1.
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Introduction

In Switzerland, as in many Western countries, households are responsible for 31.4% of total energy
consumption!®l and are therefore an important intervention point for ‘Energiestrategie2050’,
for achieving the country’s energy transition. Acknowledging that the widespread technical
measures targeting the energy efficiency of buildings tends to neglect the impact of occupants’
behaviour in overall energy usage, a growing body of research has focused on behavioural
measures targeting reducing energy consumption and exploitation of the potential for increased
energy sufficiency. Social interventions targeting energy savings at home were in fact observed
to reduce energy consumption by as much as 20% when several behavioural and engagement
initiatives were implemented!(2:3:4:5:6,7],

Thanks to recent progress in information and communication technologies (ICTs), with smart
meter rollouts by utility companies, ease of installation of sensors and the widespread diffusion
of smartphones among consumers, energy-saving interventions are increasingly being performed
by means of applications (apps) for mobile technologies. This allows customized, (nearly) real-
time energy feedback and interaction with and between the users. One particular growing
tendency is to approach consumers no longer as individual agents for change, but rather as
socially situated individuals who are part of a wider community(8l.

In previous research, our team developed an app-based energy-savings challenge, called Social
Powerl9], that allowed households to monitor their electricity consumption in real time through a
gamified, lay-person visualisation, which connected actions to energy use without the need for a
more complex understanding of the energy system[*°]. Households were placed in teams, within
which they were invited to collaborate to save a
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given amount of energy collectively or to save more energy than a rival team (compared to their
historical average consumption). While the real-world test of the app-based energy savings
challenge successfully resulted in approximately 8% in electricity savings in two Swiss cities, the
savings were not being maintained one year after the intervention ended**.

We hypothesize that such relapses into previous behaviour are due to a failure to explicitly
incorporate user knowledge, practices and preferences into the design of the Social Power
challenge. To explore this hypothesis, we have launched the Social Power Plus follow-up project,
in which we overcome the expert-based approach and actively engage potential target users in
the design of the behaviour change intervention itself, using a living lab approach.

Literature Review

Living labs are processes aimed at co-creating and validating innovation within collaborative,
real-world environments[*2:23:24:251, They make possible ‘participatory mindsets’, in which users
become active partners in the value creation process*¢:27]: beyond ‘designing for the users’, living
labs support ‘designing with the users’. The approach involves users during the design process
(e.g. through interviews, surveys, focus groups, pilot testing). This results in the product being
designed for its intended use, the argument being that this is ultimately more effective and
efficient*8l.

Designs involving users have been previously applied to energy transition research in order to
improve smart meter-based behaviour change interventions: in this case, ‘users’ are household
energy consumers receiving feedback on usage from their smart meters. For example,
consumption data have been used as feedback to provide support for energy-efficient purchasing
decisions based on household appliance usel*9], improve energy-efficient appliance use
behaviour[2°:221 or capture multi-faceted benefits, including increasing comfort, energy savings,
transparency and overall consumer awareness(>2.

Results and Findings

The Social Power Plus community energy-savings challenge and the related app will be designed
together with interested community members within the Social Power Plus living labs being run
in three Swiss regions in early 2021. The living lab engages three Swiss utilities and a sample of
their household customers, recruited through an open communication campaign targeting all the
residential customers of such utilities. Three to four workshops will be held between February and
June 2021 to co-design a new version of the app and the community energy-savings challenge.

The first workshop focuses on an introduction to the app and the energy-savings challenge,
connecting this to individual energy practices at home. This workshop aims to identify the
material and immaterial factors that influence and drive practices, as well as possible ways they
might evolve to support the energy transition. The second workshop focuses on co- design
and getting specific feedback for possible new or adapted features of the app and challenges
from the household participants. In addition, in these two workshops we will explore what
incentives, features or interactions might support a longer lasting and continuous use of the
app and hence probably a longer lasting engagement with their own energy consumption. In
parallel, professional software developers will turn such proposals into app prototypes, which will
be tested in the final meetings, providing feedback for additional improvements. This iterative
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process is novel and potentially impactful in realising a user-centred design. We expect to adopt
a mixture of in-person and online formats to enhance interaction possibilities, while also dealing
with the social-distancing norms imposed by the COVID-1g crisis.

Discussion and Conclusions

While results of the entire co-creation process are not yet available, preliminary results concerning
the first design workshops, as well as lessons on how to engage customers, will become available
in spring 2021 for presentation at the conference.

Social Power Plus aims at improving personal engagement in the app-based energy challenge
through co-creation workshops, which are in turn intended to optimize the app’s retention rate
and to encourage the embedding of the energy savings in the long term. Promoting co-creation
and knowledge generation, the living lab is in fact expected to support the transformative
potential of socially embedded behaviour change interventions?31. This participatory approach
supports an initial alignment of goals and interests with potential participants to save energy, its
aim being to understand the surrounding contexts, limitations and opportunities. Furthermore,
the living lab allows the app’s and community energy-savings challenge’s features to be
tested, and ideally inter-locking practices that are relevant to household energy savings to be
identified®4], thus supporting long-term impacts.

The app and community energy-savings challenge resulting from co-creation in the living labs will
finally be tested in 2022 in three real-life trials engaging a large number of customers in order to
assess their long-term effectiveness in supporting the energy transition.

REFERENCES
[1] Bundesamt fir Energie. (2017). Anal- [4] Sovacool, B. K. (2014). What are we
yse des schweizerischen Energiever- doing here? Analyzing fifteen years
brauchs 2000 - 2016 nach Verwend- of energy scholarship and propos-
ungszwecken. ing a social science research agenda.

Energy Research and Social Science,
1, 1-29. https://doi.org/10.1016/].
€rss.2014.02.003.

[2] Iweka, O., Liy, S., Shukla, A., & Yan, D.
(2019). Energy and behaviour at home:
a review of intervention methods and

practices. Energy Research & Social Sci- [5]1 Frederiks, E. R., Stenner, K., & Hob-
ence, 57(August), 101238. https://doi. man, E. V. (2015a). Household energy
0rg/10.1016/j.erss.2019.101238 use: applying behavioural econom-

ics to understand consumer deci-
sion-making and behaviour. Renewable
and Sustainable Energy Reviews, 41,
1385-1394. https://doi.org/10.1016/].
rser.2014.09.026.

[3] Delmas, M. A., Fischlein, M., & Asen-
sio, O. |. (2013). Information strategies
and energy conservation behavior: a
meta-analysis of experimental studies
from 1975 to 2012. Energy Policy, 61,
729-739. https://doi.org/10.1016/j.en-
pol.2013.05.109.

SOCIALPOWERPLUS: EMPOWERING HOUSEHOLDS TO ENERGY SUFFICIENCY THROUGH CO-DESIGNED APP-BASED COMMUNITY ENERGY CHALLENGES

o1



02

(6]

(7]

(8]

[9]

[10]

[11]

[12]

Karlin, B., Zinger, J. F., & Ford, R.
(2015). The effects of feedback on
energy conservation: a meta-anal-
ysis. Psychological Bulletin, 141(6),
1205-1227. https://doi.org/10.1037/
20039650.

Fischer, C. (2008). Feedback on house-
hold electricity consumption: a tool
for saving energy? Energy Efficiency,
1(1), 79—104. https://doi.org/10.1007/
$12053-008-9009-7.

Mengolini, A., Gangale, F., & Vasilje-
vska, J. (2016). Exploring communi-
ty-oriented approaches in demand
side management projects in Europe.
Sustainability, 8(12), 1266.

Wemyss, D., Castri, R., Cellina, F.,
Luca, V. De, Lobsiger-kagi, E., &
Carabias, V. (2018). Examining com-
munity-level collaborative vs. com-
petitive approaches to enhance
household electricity-saving behavior.
Energy E. https://doi.org/https://doi.
0rg/10.1007/512053-018-9691-z.

Herrmann, M. R., Brumby, D. P.,
Oreszczyn, T., & Gilbert, X. M. (2018).
Does data visualization affect users’
understanding of electricity consump-
tion? Building Research & Information,
46(3), 238-250.

Wemyss, D., Cellina, F., Lobsiger-Ka-
gi, E., de Luca, V., & Castri, R. (2019).
Does it last? Long-term impacts of an
app-based behavior change interven-
tion on household electricity savings in
Switzerland. Energy Research & Social
Science, 47, 16-27.

Pallot, M., Trousse, B., Senach, B., &
Scapin, D. (2010). Living lab research
landscape: from user centred design
and user experience towards user
cocreation. First European Summer
School’ Living Labs'.

[13] Bergvall-Kareborn, B., Howcroft,
D., Stahlbrost, A., & Wikman, A. M.
(2010). Participation in Living Lab:
Designing Systems with Users. In J.
Pries-Heje, J. Venable, D. Bunker, N.
L. Russo, & J. 1. DeGross (eds.), Human
Benefit through the Diffusion of Infor-
mation Systems Design Science Re-
search: IFIP WG 8.2/8.6 International
Working Conference, Perth, Austra-
lia, March 30-April 1, 2010. Proceed-
ings (pp. 317-326). Berlin, Heidelberg:
Springer Berlin Heidelberg. https://doi.
0rg/10.1007/978-3-642-12113-5_19.

[14] Almirall, E., Lee, M., & Wareham, J.
(2012). Mapping living labs in the land-
scape of innovation methodologies.
Technology Innovation Management
Review, 2(9).

[15] Dell’Era, C., & Landoni, P. (2014).
Living Lab: a methodology between
user-centred design and participatory
design. Creativity and Innovation Man-
agement, 23(2), 137-154.

[16] Sanders, E. B. N. (2003). From us-
er-centered to participatory design
approaches. Design and the social sci-
ences. CRC Press18-25.

[17] Schuler, D., & Namioka, A. (Eds.).
(1993). Participatory design: Principles
and practices. CRC Press.

[18] Abras, C., Maloney-Krichmar, D., &
Preece, J. (2004). User-centered de-
sign. In Encyclopedia of Human-Com-
puter Interaction (pp. 445-456). Thou-
sand Oaks: SAGE Publications.

[19] Dalén, A., & Kramer, J. (2017). Towards
a User-Centered Feedback Design
for Smart Meter Interfaces to Sup-
port Efficient Energy-Use Choices.
Business & Information Systems Engi-
neering, 59(5), 361—373. https://doi.
0rg/10.1007/512599-017-0489-X

SECTION 5. DIGITAL SOLUTIONS FOR BEHAVIOURAL CHANGE



[20] Wever, R., Kuijk, J. Van, & Boks,

[21]

C. (2008). User-centred design for
sustainable behaviour. Interna-
tional Journal for Sustainable En-
gineering, 1(1), 9—20. https://doi.
0rg/10.1080/19397030802166205.

Mourik, R., & Breukers, S. (2015). Did
you behave as we designed you to?
Monitoring and evaluating behavioural
change in demand side management:
from what to why. In ECEEE Summmer
Study (pp. 1881-1892). ECEEE.

[22] Bohm, S., & Szwec, L. (2013). Smart

SOCIALPOWERPLUS: EMPOWERING HOUSEHOLDS TO ENERGY SUFFICIENCY THROUGH CO-DESIGNED APP-BASED COMMUNITY ENERGY CHALLENGES

metering with smartphones: user-cen-
tered design of a mobile application
in the context of energy efficiency.
In International Conference of Design,
User Experience, and Usability (pp.
631—-640). Springer.

[23] Baccarne, B., Logghe, S., Veeckman,

C., & Schuurman, D. (2013). Why col-
laborate in long-term innovation re-
search? An exploration of user moti-
vations in Living Labs. In 4th ENoLL
Living Lab Summer School 2013. Euro-
pean Network of Living Labs.

[24] Shove, E., & Walker, G. (2014). What

Is Energy For? Social Practice and
Energy Demand. Theory, Culture &
Society, 31(5), 41—-58. https://doi.
0rg/10.1177/0263276414536746.

93



Optimizing Energy Feedback Messages Using
fNIRS

Wendell Grinton” and Frederick Paige’

1: Department of Civil and Environmental Engineering

Virginia Polytechnic Institute and State University
200 Patton Hall, 750 Drillfield Drive, Blacksburg, Virginia 24061
e-mail: wgrinton@vt.edu and freddyp@vt.edu

web: https://www.stileresearch.com/

KEYWORDS

energy feedback messaging, energy efficiency, energy consumption, fNIRS, functional near-

infrared spectroscopy, prefrontal cortex, brain network analysis

94

Introduction

Energy feedback devices and their messaging capabilities can lower monthly energy bills and help
consumers save money. Energy feedback messaging is an emerging socio-technical innovation
that can help consumers save 5—20% on their monthly energy bills. These messages, which are
generated by energy feedback devices, can help consumers improve the energy efficiency of their
homes. However, the effectiveness of energy feedback messages is undermined by their being
no definite structure for delivering energy feedback. An opportunity therefore exists to optimize
the impact of message design on the delivery of energy feedback messages by building on earlier
literature on such messages (Barreto et al. 2013; Delmas et al. 2013; Hargreaves et al. 2013;
Ehrhardt-Martinez et al. 2010). The motivation of this research study is to improve consumers’
energy consumption by personalizing energy feedback messages that highlight concepts people
care about (e.g. comfort, loss of income, preserving the environment). To measure cognitive
resposes to energy feedback messages, an fNIRS study was conducted of thirty participants to
measure their cognitive responses to viewing energy feedback messages. Cognitive responses
show that people are thinking about the content that is being presented to them. Also, we
introduce a novel multidisciplinary approach to improve the effectiveness of current energy
feedback message design by investigating cognitive responses.

The framework we develop for this research will build upon earlier studies of energy feedback
messages and use concepts from civil engineering, psychology and sociology. In this framework,
we combine existing message design theories (e.g. choice architecture, message types, colour,
text type and size), earlier literature on each of these messages and a fNIRS instrument to arrive
at a more accurate representation of the messages that trigger the highest number of cognitive
responses. Our framework will uniquely utilize ideas and concepts from multiple disciplines (e.g.
engineering, sociology, psychology, public works) to solve complex problems. This framework
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can help energy feedback devices excel in producing energy and financial savings. Ultimately,
it can use energy feedback messages to improve consumers’ energy behaviour and reduce their
carbon footprints.

Methods

By measuring cognitive responses with an fNIRS cap, researchers were able to measure brain
activity while participants analysed energy feedback messages. fNIRS is a neuroimaging
instrument that quantifies neurocognition (the functionality of one or more brain regions) via
changes in blood flow patterns in the brain. The instrument operates by emitting near-infrared
light into the human cortex, and the refracted light is detected by the sensors on the cap (see

Figure 1).

Figure 1.
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The brain data were used to create brain network analysis figures for each of the energy feedback
device message formats. Using this brain data, researchers were able to determine which
prefrontal cortex subregion was most recruited, as well as perform different methods of data
analysis to justify this claim. Each prefrontal cortex subregion is related to an executive function.
Through these executive functions and the results of the data analysis, researchers were able
to compare the different message formats to determined which messages contained more
cognition, which were most comprehensive and messages were most memorable.

Participants were asked to wear the fNIRS device while reading feedback messages. Our sample,
more specifically, consists of thirty Virginia Tech students because this study is the first of its kind
and can open the door to studies with larger sample populations. The study was conducted during
COVID-19, therefore, the lab contained cleaning equipment with which to sterilize the entire lab
after each participant had completed the experiment. We also performed a literature review in
order to formulate these energy feedback messages. The literature analysis collected information
on existing energy feedback devices, their messaging capabilities, and existing message design
theories to determine opportunities forimprovement. Our study draws messages from energy
feedback devices that are available on the market and provide whole home energy-consumption
data.

Figure 2 shows our use of existing message design theories such as choice architecture
(Sanguinetti et al. 2018 Wilhite et al. 1995), text colour (Buchanan et al. 2014; Alahmad et al.
2012), action items and text size (Darroch et al. 2005). These design theories were applied to
improve existing energy feedback messages. Also, our proposed feedback messages were shown
to participants while wearing the fNIRS cap.
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Results

Pilot results for this study generated network analysis figures to show the relationships between
the 22 fNIRS channels and the PFC subregions recruited out of the thirty participants who
participated in this pilot study. Our preliminary findings show that the effectiveness of existing
message design theories, such as choice architecture, text colour and action items, is based on
increases in brain activity. Increased brain activity indicates increased thinking and increased
attention being paid to energy feedback messages, which can improve consumers’ willingness to
purchase and utilize these energy feedback devices.

To find the correlations between the 22 fNIRS channels, PFC subregions and feedback messages
from the four energy feedback devices, we generated brain network analysis figures, as shown
in Figure 3 below. Researchers used pilot data to ensure that the messages being shown to the
sample population for this experiment are optimal. Figure 3 below shows that the pilot study’s
participants found messages from Sense to be the most effective because these messages

produced the most brain activity.

2= ————— Sa'y

Conclusions

Preliminary findings of the content analysis of energy feedback messages found that existing
message design theories, such as choice architecture, colour, two-way communication and
customized data visualizations, apply to energy feedback messages. Also, the findings of our pilot
study show that different message design theories apply to energy feedback messages, as well
as different types of messages based on their design. This exploratory research study provides
an opportunity to find the best avenue in which this research can thrive. Nevertheless, given a
better understanding of how energy feedback messages influence consumers’ brain behaviour,
it will be possible to capitalize on message features and characteristics drawn from theory. In
addition, these improved messages can be used to target specific types of energy consumers.
The customized energy feedback design framework used in this study can be used by energy
researchers to fill the gap between perceived and actual energy use.

OPTIMIZING ENERGY FEEDBACK MESSAGES USING FNIRS

Figure 3.

Preliminary Network

Analyses for Selected

Energy Monitors
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Introduction

Digitalised individual information feedback has emerged in the last ten years in the energy sector.
Typically embedded in existing services and enabled with ICT capacity, digital tools allow high
resolutions of energy consumption data. Previously intangible behavioural impacts by consumers
can now be quantified cheaply and ubiquitously®]. This has sparked great interest in both
research, particularly in behavioural changes in environmental psychology!?], and commerecial
practice.

In the last five years, several EUi research grants have supported smart-phone app development
for energy reductions, resulting in many research teams providing consumers with engaging
and (almost) real-time feedback. In parallel, the commercial sector has also jumped on this
opportunity, and in 2019 more than two thousand apps supporting sustainable energy behaviour
change could be found in Apple’s US Storel3].

With so much activity happening both within and outside academia, this project seeks to improve
understanding of the different design principles and theories of behaviour change used in both

i See, for example, the H2020 research and innovation programme grants that are funding
energy-savings apps: http://www.beneffice.eu/Related-Projects

settings. While environmental psychology focuses on implementing specific techniques to
address the relevant barriers and drivers for changing behaviour, such as goal setting, social
comparison or information feedbackl4], design science in commercial practice takes a more
context-embedded and problem-oriented approach to behavioural changel5!. No comparison
between these two fields has yet been carried out, but doing so could elicit relevant lessons to be
shared between disciplines.
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Background

In behavioural psychology there are many long-standing theories attempting to explain the
mechanisms of changing energy behaviour. However, information feedback is often used as an
intervention strategy to bridge the gap between behaviour and impact!®l.

Despite the history of information feedback, many challenges remain, such as biases in self-
reported behaviour, low participation rates, high attrition, energy saliency and the cost-
effectiveness of interventions!7). Herein, the digitalisation of energy consumption data allows
relevant temporal and spatial behavioural aspects to be included, compared to earlier non-digital
forms of information feedback.

While seemingly promising, apps for changes to energy behaviour have limitations. Johnson et
al.l2I note that the positive effect differs depending on the context in which an app is used, for
example, if the focus is placed on actual behavioural change rather than on improving energy
literacy. Furthermore, Beck et al.[3] criticize behaviour change apps for underusing the potential
of verified behaviour change techniques in combination with typical gamified approaches
(gamification). Thus the variations in app-based intervention design need further investigation.

Methodology

While there are many new digital energy innovations, this study focuses on smart-phone app-
based approaches related to direct (e.g. electricity) and indirect (e.g. food) energy savings. Two
sources of data are used to compare design approaches: a literature review of research-based
apps developed since 2015, and semi-structured interviews with commercial app developers.

The literature review focuses on scientific and non-scientific (e.g. on websites) publications
reporting studies of research-based energy savings apps to determine their theoretical approach,
design elements and impact. In a systematic review of EU funding for research projects on digital
tools for energy behaviour change since 2010, 39 projects were identified, of which nineteen were
chosen for evaluation based on use of the digital tool in an intervention context, similar target
audiences and having a focus on energy reductions.

The semi-structured interviews were held with six European commercial app developers
concerning their app design, theory of change for inducing energy savings, challenges faced,
impacts measured and any academic collaborations. The developed apps focus on saving energy
by making alternative food and mobility choices to enable household electricity savings.

The approaches and design principles collected in the literature review and interviews are
contrasted with a modified version of a well-established framework of intervention techniques in
psychology which covers both antecedent and consequent approaches to behavioural change!®l.
In this paper, the framework will be developed further to account for digital relevance and relation
to gamification. The results will outline which design principles address existing intervention
challenges, potential overlap or the need for more knowledge transfer, as well as expanding on
theories of behavioural change.
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Preliminary Results and Conclusion

While the study is ongoing, some preliminary results contrasting the academic and commercial app
approaches can be highlighted here. As one advantage of digital tools is the ability to experiment
and repeatedly make changes, the commercial app designers continuously try various tools
following design science to find an optimised approach. This differs from research-driven behaviour
interventions in environmental psychology, which often test a specific theory and report on the
results much later, whereas an app may have experienced many revisions in the same time period.

Secondly, commercial app designers place less emphasis on automatic data collection, for
example, through a smart meter, as such data are complicated to obtain. This opens up the
possibility of tracking even more behaviour where there is currently no approach to digital
measurement. In contrast, academics take advantage of automatic data collection in order to
remove bias in reporting the impact of an intervention. This, however, often limits the focus to
household electricity use.

While we continue to learn about how apps can be effective for changing behaviour, there are
emerging issues around the longevity and saturation of apps, as well as data privacy. Additionally,
there is a fundamental difference in the motivations of commercial app developers, who need
to have a viable business structure, as well as a behavioural impact. On the other hand, an app
designed as part of a research project is often abandoned after the project ends, thus missing the
potential for cost-effective repetition. It appears that there is a need for more knowledge transfer
between disciplines. The differences and advantages of the two fields are relevant for policy and
funding bodies interested in impacting individual behaviour.
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Introduction

A substantial corpus of research has shown that occupancy-related factors, such as the presence
or absence and movements of occupants, significantly influence energy use and the indoor
environmental quality of buildings!*:4]. Targeting reliable occupancy information is therefore a
key to achieving efficient HVAC system operations and building management systems, as they
are designed to maintain occupants’ comfort(5].

Occupancy prediction has been recognized as one of the most inspiring aspects of energy
saving in buildings!®!. Different approaches have been used for occupancy prediction, such as
statistical models[7] or a combination of statistical and physical models®l. Another common
and state-of-the-art approach in this context is deep learning[9l. However, typical deep neural
networks, which are deterministic models, do not provide any information on the uncertainty
of predictions or can predict a value confidently. Although studies that have used deterministic
deep learning sometimes show an acceptable degree of accuracy*°2%, it can be seen that the
exact number of occupants is not predicted most of the time. Therefore, in such highly stochastic
applications, deep-learning models can be further enhanced by providing information about how
the model can predict with certainty. The objective of this paper is therefore to investigate the
use of probabilistic deep learning in the context of occupancy prediction, a topic that has been
overlooked thus far.




Methodology

The probabilistic modeling approach described in this paper is based on Monte-Carlo Dropout
presented by Gal and Ghahramani2l, In typical neural networks, the Dropout is used only in the
training phase to inactivate some nodes and prevent overfitting. However, this approach can also
be used during the testing phase to account for the uncertainty of predictions. To develop the
Monte-Carlo probabilistic model, the following considerations are made:

1. Using probabilistic loss function: negative log-likelihood is used, calculated as below:

log Go"(0) _ (v = p(0))* @
2 285" (x)

where is the true value, is the mean of predicted values, and is the variance of predictions.

—log po(x) =

Il. Activation of Monte-Carlo Dropout during test phase: In the testing phase, multiple passes
of input data are performed to obtain the predictions for input data x. In each pass, a different
dropout mask is implemented, causing variations in output. The final mean and variance are
therefore calculated as below:

1
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where N is the number of different passes, is the prediction of each pass, and is the variance of

each pass.

The dataset for this research comes from the study by Hobson et al.[**] on the occupancy
prediction of an academic office building in Ottawa, Canada, including measurements of CO,
concentration, detected motions, plug and lighting power use, total power use, and the number
of connected WiFi devices on four floors. The ground truth occupancy data for this building is
captured by installing a camera at the entrances and exits. This study will focus on floors 3 and 4
of the building. Figure 1 shows the floor plans and location of different installed sensors on each
floor.
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Two probabilistic models are developed in this study, one based on the Feed-Forward Neural
Network model and the other based on the Long-Short Term Memory (LSTM) Neural Network,
which is developed and then compared with a deterministic LSTM Neural Network model. Figure
2 shows the schematics of the developed models.

Co2(t-1) — |
Occupants
Total power (t-1) ——— o number (t)
Motion (t-1) Probabilistic model
Figure 2. Wi-Fi (t-1) ——» Uncertainty (t)
S —’
Schematics of
models
Co2(t-1) — |
d) ———
fotal power (41 Deterministic model Occupants
Motion (t-1) number (t)
Wi-Fi(t1) )
Results and Findings
The accuracy of occupancy predictions by different models is reported in Table 1. It can be seen
that the probabilistic LSTM model shows greater accuracy than the other models on both floors.
Only on floor 3 does the probabilistic Feed-Forward model show a higher mean squared error than
the deterministic LSTM model. This is because the probabilistic models try to minimize negative
log likelihood as the loss function, while the deterministic models try to minimize mean squared
error. Between the probabilistic models, the model based on LSTM cells shows better accuracy.
This is because the LSTM model has a better performance in learning long-term dependency
between the data because of its gating model.
Figure 3 also shows the predictions by probabilistic Feed-Forward, probabilistic LSTM,
deterministic LSTM and ground truth data. A visual comparison shows that the predicted mean
by probabilistic models is very close to the predicted value by the deterministic model, and both
of them rarely match the ground truth data. However, in the case of the probabilistic models,
the uncertainty of predictions outperforms the ground truth data, which can be very useful
information for decision-making purposes.
Model Mean Squared Mean Absolute Negative
Error Error Log-Likelihood
FLOOR 3
Table1.  Probabilistic LSTM 18 2.53 4.84
Accuracy of Probabilistic Feed-Forward 18.95 2.67 2.43
different models  peterministic LSTM 18.03 2.86 -
FLOOR 4
Probabilistic LSTM 8.2 1.9 34
Probabilistic Feed-Forward 9.72 2 3.29
Deterministic LSTM 10.24 217 -
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Discussion and Conclusions
The following conclusions can be drawn based on the results:

The predictions by deterministic models usually underestimate occupancy and are therefore
not reliable for decision-making purposes. However, the variance of the probabilistic models
outperforms the real occupancy number and is therefore very useful for decision-making.

The probabilistic models not only provide uncertainty as additional information but also show
greater accuracy in the case of mean squared error and mean absolute error.

In general, it can be concluded that, for highly stochastic phenomena like the occupancy of
buildings, the MC Dropout probabilistic models, which estimate the uncertainty of prediction,
are more reliable than deterministic models that predict a certain value.
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Introduction

Although there have been significant advances in the field of energy-related behavioural
research in buildings, acquiring a more comprehensive and "multi-dimensional” understanding
of the drivers behind human-building interactions is still needed in order to incorporate the user
perspective better in building operations and design practice[™l. Increasing effort is being put into
studying how the combined effect of IEQ (Indoor Environmental Quality) factors may affect user
perceptions and behaviour in occupied buildings[?]. Often, the motivations behind actions are
derived solely from physical measurements of the environment, which might not always reflect
the real triggers behind their occupants’ actions(3!. On the other hand, requesting feedback
directly from occupants might yield valuable insights into the perceived triggers for actions, as
well as increase the so-called Hawthorne effect, according to which the occupants’ knowledge
that they being studied affects their natural behaviourl4:51. This paper provides early insights
from a field study that addresses these questions precisely and that relies on a newly developed
mobile application called *OBdrive”. The aim of the study is to capture an extensive set of both
subjective and objective multi-domain variables that are likely to drive building occupants’ actions
on environmental controls!®].

TRIGGER BEHIND HUMAN-BUILDING INTERACTIONS FROM A USER PERSPECTIVE: RESULTS AND EFFECTIVENESS OF CAPTURING

MOTIVATIONS IN REAL TIME
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Figure 1.

Experimental set-up:

(a) flow of information
requested by Obdrive;
(b) installation of
phones and wireless

window state loggers

on the window.
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Methodology

OBdrive was specifically designed for the so-called e COMBINE project (“Interaction between
energy use, COMfort, Behaviour and the INdoor Environment in office buildings”).1 In this paper,
we report partial results from the e COMBINE monitoring campaign, which was conducted for
two weeks during the heating season (17-28 February 2020) in an open-space office located on
the fifth floor of a six-storey commercial building with a mix-mode ventilation system in Geneva,
Switzerland.

All the desk spaces in the office have access to a window within fewer than five metres, and both
windows and external shading were freely operable. The mechanical ventilation system does
not usually operate during the heating season. Thirty-one participants were asked to report the
motivations behind their actions each time they interacted with the windows and blinds. For
this purpose they used the OBdrive mobile application, which was installed on mobile phones
positioned close to the windows and blinds. The sorts of answers proposed by the mobile
application during the pilot campaign are shown in Figure 1a. Occupants could select multiple
answers if there were simultaneous motivations for an action. The self-reporting of actions on
the mobile interface was complemented with window state logging, that is, each window was
equipped with a mobile phone (subjective data) and a wireless window reed sensor (objective
data). The experimental set-up in the open office space is shown in Figure 1b.
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Results and Findings

The number of self-reported openings and closings of the windows and blinds is shown in Figure
2. The lower number of reported “closing” actions shows that participants used the application
more constantly during opening actions. The same figure also shows that most of the time
participants did not consult co-workers before interacting with the controls.
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Self-reported motivations behind opening and closing actions are reported in Figure 3. Opening
windows mainly elicited motivations related to the thermal and olfactory environment, such
as “too warm”, “more air movement”, and “stuffy air”. In 21% of all window-opening actions,
the options “too warm” and “air too stuffy” were selected simultaneously by the occupants,
indicating a strong relationship between these two environmental dimensions from the user’s

perspective. Other reported motivations were “productivity”, “arriving/leaving” and “in reponse
to requests from co-worker”.

The most frequently reported motivations behind closing windows took the form of thermal (“too
cold”) and time-related drivers (“leaving”), but also to acoustic, social and other drivers. Opening
blinds was mainly motivated by visual drivers (“too dim” and “view outside”). Other motivations

" ow

were “save energy”, “arriving” and “prevent overheating”. The self-reported key motivations
” o\

behind closing blinds instead took the form of visual (“too bright”, “glare”, “reflection”), thermal
(“too warm”), and time-related drivers (“arriving").

Figure 2,

Reporting of actions
and whether co-

workers were consulted

before interactions.

Figure 3.

Self-reported
motivations behind

interactions with

windows and blinds.
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Discussion and Conclusions

The foregoing shows the usefulness of the OBdrive app in investigating the motivations behind
the interactions with controls from the user’s perspective. However, an so far unanswered
question is whether the installation of visible and interactive interfaces in office spaces would
influence employees to behave differently (e.g. interacting less often with controls because they
might be worried by having to self-report on the mobile application, interacting more often
because they might be curious, being attracted by the prospect of providing input). For this
reason, the frequency of window-opening actions logged by the window sensors was compared
to periods pre- and post- campaign (Figure 4). A slight but not significant increase in window-
opening actions (which could also be triggered by a wide range of other influencing factors[?))
can be observed during the interactive monitoring phase. The peak shortly before the start of
the campaign is due to the correct functioning of the installed window sensors being tested. The
self-reported actions on the phones could be used to check the objective measured actions by
window-operation sensing solutions, and vice-versa. This allows more precise information to
be obtained about window control actions when sensors fail due to connection issues with the
gateway. Figure 5 shows that 11% (3 out of 28) of self-reported actions were not captured by
the sensors. Further, in a post-campaign survey compiled by 21 participants, nearly half of the
occupants indicated that they always reported their interactions on phones installed close to the
controls (Figure 6). In light of these outcomes, we found the OBdrive app to be a helpful tool for
investigating the perceived motivations behind human-building interactions without significantly
altering the behaviour of occupants.

The authors would like to stress that the results reported of in this paper are based on data
collected in one eCOMBINE campaign only, implying that this study is exploratory in nature.
The results will be completed and analysed in combination with physical measurements (e.g.
environmental data) and data from other eCOMBINE pilot studies.

Number of actions

Day 1 Day 2 Day 3 Day 4 Day 5 Day 1 Day 2 Day 3 Day 4 Day 5
Week 1 Weekend Week 2

Self-reported actions m Measured actions
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Introduction

Public engagement is critical to reducing carbon emissions and scaling smarter, more efficient
and cleaner energy systems; however, for the average citizen, razor thin lines separate the latest
energy app, gadget or green initiative from the cold bureaucracy of infrastructure or the hundred-
plus-page policy documents, such as the EU Clean Energy Package of 2019 or Spain’s 427-page
Plan Nacional Integrado de Energia y Clima (PNIEC). Furthermore, surveys suggest that although
most citizens across the EU want cleaner energy, the approval process and public acceptance
of specific renewable projects remains challenging!*:2l. Therefore, researchers, policy-makers,
clean energy producers and community energy managers must all continue to communicate,
build trust and sustain dialogue. In short, they need to practice multilevel and multimodal forms
of public engagement. To that end, this research analyses the importance of social media in
recent public engagement campaigns promoting clean energy projects in Spain. The goal is to
understand the values of social media to different stakeholders, what types of format and specific
messages seem to enhance public engagement positively, and what might be done to maintain
or even increase local support for renewable energy, especially the newly named citizen energy
communities(3].

Review of Literature

Recent research on Spain’s energy transition suggests the importance of early, robust and
continuous public engagement. Sorman et al.l4lrecently surveyed and conducted semi-
structured interviews with expert stakeholders and learned that ‘transparency’ is the foremost
concern with regard to the transition: ‘right to information results vital in terms of citizens’
rights for understanding and participating on energy related issues.’ Similarly, Pellicer-Sifres[s]
maintains that the ‘transformative’ transition in Spain must be aligned with the values of
‘equity, sustainability, participation and diversity.’ Finally, Capellan-Pérez et al.[®largues that
renewable energy cooperatives, which currently occupy a small sliver of the total production
and consumption in Spain, must ‘project a public image that transmits the social, economic
and environmental benefits of renewable energy.’ These three studies stress certain aspects of
communication and public engagement; they also relate to other empirical research on renewable
energy in the Iberian Peninsulal7:*°] and are part of an established approach to energy transitions
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and public engagement[*:2:22:241 Many researchers note the role of mass media in improving
public support for renewable energy; the increasingly important role of social media deserves
further attention.

For example, in one of their many influential publications in this field, Patrick Devine-Wright and
Susana Batel!*5] call for the better translation of generic laws and climate mandates into specific
local realities. Further analysis of local realities and how representations of renewable energy
projects circulate through social media need further analysis to enhance understanding of how
digital campaigns might be translated into support on the ground.

Methodology and Findings

Building on previous research on social media and scientific communication*6:27] | collect
empirical data from three areas: 1) published stories on specific local energy initiatives (e.g., co-
operative blog posts, industry newsletters, national news articles, etc.); 2) internal documents
provided on request by community energy stakeholders; and 3) semi-structured interviews
(six completed as of October 2020, eight planned) with fourteen individuals associated with
government agencies, ongoing H2020 research projects and renewable energy cooperatives
in Spain. These interviews put social media communication plans (Twitter, Youtube, LinkedIn,
etc.) into context and help to define ‘successful’ public engagement with local renewable energy
infrastructure further. Together, the results show 1) how the messengers crafted multimodal texts
for distribution, including posts, podcasts, longer videos and webinars; 2) specific cases in which
the timing and context enhanced or limited the messaging (e.g. COP 25 in Madrid, COVID-19
lockdown, the EU Green Deal); and 3) potential correlations between social media activities and
behavioural change. Interviews will be recorded, transcribed, translated (when conducted in
Spanish) and entered into the qualitative data-coding software NVivo, which primary factors and
subfactors, as well as comparisons across projects, to be indicated.

Discussion and Conclusions

The results of this enquiry will be used to generate indicators of public engagement, which in
turn will offer a more holistic view of how engagement works in social media and how these tools
might be leveraged to maximize Spain’s contributions to the clean energy transition. A holistic
understanding will reach beyond simple metrics—such as the number of comments, views, likes,
or shares—to show which media and which messages might have helped achieve both intended
and unintended outcomes. The indicators will be especially helpful in gauging how social media
offers targeted impacts to activists and policy-makers in Spain (often in Spanish) and how energy
research and renewable benchmarks are disseminated abroad (often in English). Such findings are
relevant, and timely, locally owned and distributed renewable energy is a central feature of the
post-COVID recovery both in Spain and across the EU.
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Introduction

The rapid adoption of renewable energy solutions (RETs) in buildings is a key factor in achieving
the European Union'’s climate and energy targets. The necessary technologies are available, but
non-technological barriers still exist[*]. It has been suggested that social acceptance of RETs
has at least three dimensions: socio-political, community and market[2]. Efforts to assess the
adoption of RETs should cover more than one dimension of acceptance.

Solar photovoltaics (PVs) are one of the most popular RETs available on the market, having been
available for decades and heavily studied. Most of the barriers to their diffusion identified in
previous studies can be related to policy support, technical performance and financel3!. Heat-
pumps (HP) have also emerged as environmentally friendly solutions to supplying the energy
demand of buildings. Nevertheless, few studies have focused on user-related aspects and public
perceptions of HPs, despite the many aspects related to public perceptions that can affect the
uptake of the technology in residential buildingsl4.

The aim of this article is to conceptualize and assess the social and market acceptance of
innovative SunHorizon technologies (PVs and HPs) in Europe, in order to identify which aspects
need more focus to ensure the replicability of these key solutions to achieve a low-carbon building
sector for a wider audience. The work presented in this article is part of the SunHorizon EU
project!sl.
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Methodology

A review of the existing scientific literature on the social and market acceptance of similar
technologies was carried out to contextualize acceptance, frame the survey questions to build on
frontline knowledge, and understand what drives acceptance and adoption. A literature review
of EU projects was carried out to gather knowledge about projects like SunHorizon and obtain
guidelines for developing the survey.

Data on social and market acceptance among different stakeholder groups was collected at the
demo sites in SunHorizon and beyond through an online survey. To reach a wide public for social
and market acceptance, the EC’s EU survey service was utilized. The partners responsible for
each demo site were tasked with identifying local stakeholders, contacting them via e-mail and
distributing digital links to them. However, some sites required survey distribution in paper form.

The survey was applied mainly to stakeholders in the countries where SunHorizon demo sites
have been introduced, namely Germany, Spain, Belgium and Latvia. Stakeholders outside the
project were also contacted via social media. The survey was administered to the following
stakeholder groups:

— Business representatives
— Private building owners
— Public building owners

— General public, residents and end-users

For social acceptance, the data collected are used to understand how to make stakeholders
more positive towards the technology and thus less likely to oppose it. As for market acceptance,
the data are used to identify the barriers and motivators for different stakeholders to adopt
the technology. The data obtained from the survey were analysed using multiple approaches,
including multivariate data analysis with principal component analysis (PCA) and a MANOVA
(multivariate ANOVA), followed by a COST (consider one separate variable at a time) analysis,
using the ANOVA test.

Results

The results of the literature review reveal three barriers to be the most common in preventing
the further adoption of renewables: the low availability of information about the technology,
finance and sociodemographic factors like income levels and educational levels. Low availability
of information about how the technology works, the proper way to operate it, the investment and
operating costs, the government incentives available and the installation process can hinder the
adoption of renewables. The financial aspects can be positive or negative for adoption: economic
incentives such as tax deductions or easy access to loans have been found to foster uptake,
whereas high investment costs and long payback periods count as barriers.

The results of the social acceptance part of the survey identify only one aspect where groups
with very high environmental indexes were more positive towards the technology than other
groups, namely when the technology has a positive effect on the landscape. The market
acceptance results provide stronger support for environmental values being positively influential
on the adoption of clean technologies. They also indicate that the technology will increase the
value of the property, the cost-savings potential is certain, new and innovative technology is an
opportunity, and the system performance is certain.
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The respondents were to a large extent interested in the technology, and curiosity has been
found to be an important driver, as in previous literature. The availability of information was also
identified as both a barrier and a driver, like the findings in the literature and EU project reviews.
The survey confirms these findings in both the social acceptance and market acceptance sections,
as groups that are involved with the SunHorizon project, and therefore have more information
about the technology, are found to be more positive towards how the media presents the
technology. The information with the highest impact on stakeholders is the increase in social
status, technical performance, the environmental aspects of the technology and the related legal
framework.

Conclusions

Market acceptance shows significant variations among both stakeholders and countries. In all
countries, the investment costs of the technologies are perceived as a barrier to adoption. In
Spain legal and organizational issues are also perceived as barriers, while Latvian and Belgian
respondents cited the economic and legal barriers. The German respondents only perceived
the investment cost as a barrier. Economic aspects are seen as the main barriers among public
building owners and the general public. It is business owners who perceive the largest number
of barriers, including the economic aspects, the lack of information, trust, business models and
legal issues, while private building owners perceive the least barriers, being concerned only with
the economic aspects. The results of this work can be used as input for policy-makers, as they
formulate strategies to foster adoption in Europe.
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Introduction

Bloomberg New Energy Finance predicts that approximately one third of Australia’s electricity
capacity will be “behind the meter” by 2035[*]. These resources, including solar, batteries and
demand management, are known as distributed energy resources (DER). As market forces drive
Australia towards a more decentralised energy system, it is important to probe more deeply the
customers that DER products and projects are seeking to serve.

To arrive at a better understanding of DER customers, the customer experience was analysed

from twenty DER projects funded by the Australian Renewable Energy Agency (ARENA, Figure

1). The core research question was: How can consumer insights from ARENA-funded projects be

unlocked and shared to support the continued growth of DER in Australia? In particular:

— What types of customers were targeted in the projects? How can future DER projects find the
right types of customers?

— What inherently motivates customers? What engagement strategies could encourage
customers to participate in future DER projects?

In the absence of any consistent framework for characterising customers and their motivations
across the twenty DER projects, the research turned to a values-based framework.




Figure 1.

QLD DER projects across
1 project :
33lchetomers almost all Australian
WA states and territories,
3 projects SA - -
~132 customers 2 projects with demonstration
eLO00IESICEE BN SIW/ACT projects involving over
2 projects
47 customers 1,300 customers [4]
VIC
4 projects
~100 customers
TAS
1 project
34 customers
Background

Values are stable psychological structures that motivate behaviour and cut across demographics.
Designing projects to appeal to particular values rather than specific demographic categories can
be effective when projects need to appeal to the mass market.

The Values Mode framework is a proprietary motivational approach developed by a company
called Cultural Dynamics Strategy and Marketing and applied by campaign strategists and market
researchers, including Chris Rose, KSBR and Futerral?l. The framework identifies three primary
“values modes”: “settlers”, “prospectors” and “pioneers”. These groups can be thought of as
living in three different worlds, with fundamentally different values and motivations. Settlers
are drawn to seek out safety, security, tradition, identity and belonging. Prospectors yearn for
success, the esteem of others and self-esteem. Pioneers have a constant drive for new ideas,

connections waiting to be made and a life based on ethics.

SETTLER

Security Conformity

Figure 2.

Tradition
Power The Values Modes
mapped on to Schwartz’

universal values [3], as
visualised in the ARENA
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Methodology

The research followed the following process:

— Initial review of selected reports to identify high-level themes, captured as nodes in qualitative
research software (Nvivo)

— Full review of a hundred reports against high-level nodes
— Granular coding of all customer insights into existing and emergent nodes
— Draft findings reviewed by twenty ARENA DER project leads

Results and Findings

The research found that future DER projects can benefit from better understanding of their
target customer base before developing and communicating the product offering.

Most projects experienced delays in customer recruitment, and many did not reach their original
participant targets. As many projects required customers to be able to afford (generally >$1,000)
and accommodate a new battery storage unit, it was challenging to recruit the target number
of customers and, in some cases, to keep them fully engaged and responsive over the life of
the trial. DER products needed to be communicated more broadly and deeply than originally
anticipated, for example, by holding community events and one-on-one (and sometimes face-to-
face) conversations with prospective customers. This was time- and budget-intensive to an extent
that is unlikely to be feasible in a commercial context.

Few (<6) projects formally segmented their customer base prior to developing the product and
engaging the target market, which may have contributed to the recruitment challenges. Most
trials were led by electricity distributors, who were focused on solving network constraints
and needed to approach the ‘mass market’ but used blanket marketing strategies. They often
required high levels of uptake (sometimes over 20% in a limited geographical area), which was not
achieved easily. In comparison, the energy retailers used Experian’s proprietary Mosaic tool!5],
and several community- and developer-led projects involved customers in the design process. The
deeper engagement approaches appeared to improve customer satisfaction.

Deeply understanding customer values can help reveal customers’ motivations. The ‘gold
standard’ in understanding customers is segmentation based on specific audience research,
but this is costly and time consuming. A values modes method may offer an effective targeting
heuristic for future projects that do not have the resources to undertake new research to
formally segment their customer base. The research found nine common motivators for project
participation, eight of which mapped neatly against the universal values and values modes (Table
1). Developing and communicating DER products to align with these motivations is likely to lead
to better customer uptake in the future.

SECTION 6. BEHAVIOURAL INTERVENTIONS FOR RENEWABLE ENERGY DEVELOPMENT



MOTIVATORS OF DER CUSTOMERS UNIVERSAL VALUES PRIMARY MODE

Table 1.
1 Financial security/benefits Security, power*, universalism* —
2 Security of supply Security, power, self-direction* Settler E’ght Ofthe nine
3 Maintaining the status quo Conformity, tradition motivators of DER
4 New technology Stimulation customers mapped
Prospector -
5  Aesthetics/ status symbol Achievement against the values
6  Energy independence Self-direction* modes [4]
7 Environmental benefit Universalism Pioneer
8 Community benefit Benevolence*
9  Trust N/A N/A

Discussions and Conclusions

By applying this approach to the ARENA projects, it was evident that:

— Financial benefit was a core motivator for all DER customers, cutting across values modes.
However, effective ways of communicating the financial benefits vary across values modes,
forinstance, by highlighting cost savings for settlers, ‘smart investment’ for pioneers and ‘fair
value for money’ for pioneers.

— Settlers are motivated by security, desiring reliability and ‘maintaining the status quo’.
Therefore, to maximise uptake by settlers, it is important that products minimise any
perception of threat to a customer’s security, including energy reliability and financial risk.

— Prospectors drive the first wave of mainstream DER adoption and are excited by ‘getting
ahead’ or ‘making a smart investment’. When targeting prospectors, it is important that the
product is attractive financially and aesthetically.

— Pioneers desire fairness and are willing to support ‘the greater good'. Ensuring social equity in
design and implementation will protect a project from customer backlash.

— Trust also cuts across the values modes and is critical to achieving a customer-centred energy
future. Current trust levels in the Australian energy market are low — only 32% of households
believe that the market is working in their interestsl®l. To build trust, projects may want to

consider models such as the “Trust Equation” (credibility, reliability, intimacy, self-orientation)
[71.
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Introduction

Australia’s energy system has undergone a rapid transformation over the last ten years, from being
predominantly centralised and carbon-intensive, to being more decentralised and lower carbon
(AEMO, 2019). A major source of this change are distributed energy resources (DERs), such as
solar photovoltaics and battery energy storage systems. One in five homes (more than two million
households) are now equipped with rooftop solar installations (Clean Energy Council, 2020).

To learn from this experience and to support the continued deployment of DERs, much can
be learned from the experiences of early customer groups. This includes the methods of
communication preferred by customers, the importance of trust, and how to create advocates
through high customer satisfaction. Utilising this knowledge can enhance value for customers and
improve innovation capacity for DER vendors (Yachin, 2018).

This study explores the experiences of over a thousand participants in twenty DER projects
funded by the Australian Renewable Energy Agency (ARENA) to ask what can be done to improve
the customer experience for DER customers who are participating in funded technology trials.
This can support the more rapid adoption of DER and thus accelerate the move towards cleaner,
more affordable energy for consumers.

Methodology

A five-stage methodology was followed to capture insights from one hundred reports from
twenty ARENA DER projects:

1. Literature review of reports from ARENA-funded DER projects

N

. Deep discovery and analysis of a hundred reports against high-level nodes
3. Granular coding of all customer insights in existing and emergent nodes

4. Draft findings reviewed by ARENA DER project leads
5

. Evaluation tool developed for gathering customer insights from future DER projects

SECTION 6. BEHAVIOURAL INTERVENTIONS FOR RENEWABLE ENERGY DEVELOPMENT



Results and Findings

The DER customer journey was broken down into four main steps, documenting approaches,
experiences, issues and key lessons. The four key steps are shown in Figure 1.

Engaggmgnt & Installation Opgra‘uon & Retention
aquisition maintenance

Many of the ARENA projects emphasised the need to provide a smooth customer experience

along the entire customer journey. As part of this, listening to and acting on customer feedback
was seen as essential for ensuring continual improvements to the customer experience across
the entire journey.

The overarching finding of the research is that funding agencies such as ARENA and the
organisations it supports can both benefit from a better understanding of their target customer
base before developing and communicating the product offering.

ARENA can maximise the impact of their funding (through increased adoption and encouraging
advocacy) by supporting best practice in this regard. This would also benefit the recipients of
funding (typically technology-focused start-up companies) prepare for recruiting customers who
seek (and are increasingly used to) sophisticated methods of customer engagement.

Discussions and Conclusions

A wealth of customer insights are contained within the reports that are generated by the ARENA-
funded DER projects. This can serve to help inform future projects, improve the capacity and
capability of DER start-up companies, and help policy-makers make more informed decisions.

Characterisation of the DER customer journey revealed six common themes that led to increased
recruitment and better customer experiences. The key findings were:
1. A deeper understanding of customers leads to increased customer acquisition and better
engagement.
2. A well-articulated customer value proposition with clear benefits can improve customer
acquisition rates and lead to more successful customer engagement.
3. Deploying commercially mature products minimises the risk of issues affecting operation and
maintenance, and the journey’s retention phases.

4. Africtionless process along the entire journey, with a key and knowledgeable point of contact
when support was needed, is key.

5. This step has a lasting impact on customers. Well trained, knowledgeable installers are needed
who understand them and the products.

6. Trust wasfound to be critical in public acceptance and advocacy.

Engagement and acquisition posed the biggest challenges to the ARENA funded projects, but the
installation phase had a lasting impact on customers. The customer journey method is valuable
because it can support agencies like ARENA, policy-makers and those in the DER supply chain
to ‘walk in the shoes’ of the customers they want to assist and understand the barriers from the
latter’s perspective.

DER CUSTOMER INSIGHTS: LESSONS FROM CUSTOMER JOURNEYS FOR NEW DER CUSTOMERS

F:gure 1.

Main steps in the

customer journey to DER
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The main limitation of the study is the potential for bias in the various ARENA project reports
that were researched and authored by ARENA-project participants. The public reports were
a condition of ARENA's funding, meaning there is a risk that they were written with an overly
optimistic outcome and did not reflect the true nature of the customers’ journeys. Standardising
customer interviews across ARENA DER project participants in future would help address this
limitation.

Ultimately improving understanding of the customer journey will help accelerate the rate at which
DER is deployed by the sector and maximise the potential benefits it can offer to customers, the
environment and the energy system.
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Introduction

Energy availability under both normal and hazardous conditions is a key element of sustainable
development[®l and resilience to natural disasters[2l. Access to off-grid renewables, such as pico-
hydropower, provides multiple benefits particularly to remote communities in low- and lower
middle-income countries, which often lack reliable energy and resources to support hazard
planning and response.

Applying a systems approach to these issues could help humanitarian and development
practitioners and community stakeholders co-develop technology-supported projects that
address local needs. Systems thinking is a holistic analytic approach that focuses on how different
elements of complex systems are interconnected and affect program processes and outcomes!3l.
Our study investigates a community systems approach to energy generation and distribution
management with reference to water-based disaster emergencies within a framework of
sustainable development. This approach is being applied to localised hydropower and flood-
warning systems, including a potential hybrid prototype.
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Background, History, Review of Literature and Methodology

The foundational work for this study involved a literature review of best-practice community
engagement in reducing disaster risks with a focus on technology-supported solutions. It
includes information from case studies of communities with installed off-grid renewable energy
generators and flood-warning systems. These highlight the critical role of ‘community-centric’
approaches that seek to reinforce community capabilities and their systems, rather than replacing
theml4:51, Such approaches are well suited to community-level developments, as they canvas a
wide range of stakeholder views and address pragmatic issues that are likely to affect the longer-
term viability of developed solutions. Within our current project, this approach supports:

1. Engagement with all relevant community stakeholders and a developed understanding of

their respective needs

2. Identification of priority needs, e.g. in off-grid energy generation and distribution, and
localized hazard response

3. Co-development of prototype systems
4. Solutions regarding long-term support and the further development of technology-supported

interventions, i.e. how these can be sustained in low-resource environments, with histories of
resource inequity and environmental injustice.

Results and Findings

Energy availability is a critical factor for sustainable development and hazard response. However,

remote communities in low- and lower middle-income countries often lack reliable energy

sources, limiting their overall capacity. While there are potential solutions, these often need to

reconcile diverse needs to form jointly agreed solutions. Our study employs a systems approach

to the local development of hydropower generation and flood-warnings. These applications can

support communities in becoming more resilient against floods and therefore more sustainable

over time. According to our research design, the approach should emphasize the following:

— Analysis of vulnerability and capability assessments, which confirm energy insufficiencies and
vulnerability to flooding in riparian communities

— Community engagement for smooth collaboration between the different stakeholder groups
involved

— Interdisciplinary collaboration for prototype development following systems engineering
processes (i.e. SIMILAR process!®]).

Discussion and Conclusions

Energy availability is essential for socio-economic sustainability and resilience to disasters. Many
vulnerable communities need support to developmental and hazard preparedness, of the kind
afforded by reducing disaster risks and related programming, to ensure safer communities and
improved livelihoods. Systems approaches can minimise factors in program failures through early
hazard detection and smoother process transitions in development and implementation phases.
This is therefore recommended as a framework for the effective co-development of prototypes.
The combination of pico-hydropower and flood warnings can serve community needs, but
developed solutions are context-specific and require effective community engagement and
resource planning to achieve enduring success.
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Introduction

Residential decision-making with respect to low-carbon technologies has been studied intensively.
Yet, in behavioural studies to date, individuals are typically assessed in isolation from their social
environments!*l. Furthermore, in existing energy-transition modelling approaches, relevant
stakeholder interactions and their effects are barely accounted for[2l. The research at hand
addresses this gap by investigating stakeholder dynamics in residential PV decision-making from
a procedural perspective. Based on a quantitative survey, we investigate the perceived influence
of various stakeholders on decision-making. Special attention is given to the relative importance
of different stakeholders in the different stages of the adoption process while also considering the
socio-economic characteristics of the participants. Individual credibility dimensions (hereinafter
referred to as (stakeholder) attributes) are found to explain the varying influence of stakeholders
along the different stages in decision-making in the PV adoption process.
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Methodology

In this project, stakeholder dynamics have been explored with the help of a computer-aided
survey. Survey participants were required to be house-owners with decision-making power
over their rooftops and awareness of PV systems. The survey consists of 1,165 completed
questionnaires. Fieldwork was completed in late 2019. The survey is divided into four main parts
(1-4), as illustrated in Figure 1, to which reference will be made in the subsequent discussion.

First, adoption decision status was determined by asking respondents whether they currently
own a PV system (current adopters, CAs) or alternatively, how strong on a five-point Likert scale
their intentions to adopt within the next three years were (potential adopters, PAs).

The decision-making process (a) was divided into four stages. The participants were first asked
to indicate their current stage in the decision-making process to adopt: i.e. the awareness stage,
interest stage (Il), planning stage (ll1), or utilization/purchase stage (V). Participants who, after
becoming aware of PV, were still in the process of developing an interest in PV or planning to
adopt it were classified as potential adopters (PA), while participants who had acquired PV were
classified as current adopters (CA). Participants were then asked to describe their relations with
stakeholders (c) during the stages they had completed (stage |; stages | and Il; or stages |,
and Ill). Specifically, participants were asked which stakeholders (c) they had communicated
with whether these stakeholders had influenced them positively or negatively toward PV and
the strength of the stakeholders’ influence. Participants were also asked to rate the credibility
attributes of each stakeholder (b). Lastly, driver and barrier statements, and socio-demographic
and lifestyle questions, were asked to differentiate segments of decision-makers ().

EXPLORING THE ROLE OF STAKEHOLDER DYNAMICS IN RESIDENTIAL PHOTOVOLTAIC ADOPTION DECISIONS: A QUALITATIVE

SURVEY IN GERMANY

Figure 1. Composition

and structure of
the computer-aided
survey (1-4 set out the

general structure, I-1V
represent the different
stages of the decision-

making process, a-d

are answer possibilities

of the participants).
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Results and Findings

The survey participants are largely distributed between the sub-groups PAs with low adoption
intention (n=486) vs. high adoption intention (n=285) and the CAs (n=394). High-intention PAs
are defined as those participants who agree or strongly agree to adopt within the next three
years. Study participants report a higher net equivalent income (2186 €/month) compared to the
national mean (1959 €/month). The mean net equivalent income of CAs and high intention PAs
does not significantly differ, whereas the mean income of low intention PAs is significantly lower
(-247€/month, p<o.001).

Both CAs and PAs who indicated a high intention to adopt show a positive relationship with
statements about the environmental, economic, autonomy and social benefits of adopting PV.
CAs are most likely to agree, followed by high-intention PAs. This confirms the expectation that
respondents who strongly believe in the benefits of adopting PV also harbour stronger intentions
to adopt PV.

Furthermore, communication with various stakeholders is important in the decision to adopt.
The descriptive analysis reveals that the reported contact rates with stakeholders vary during
the decision stages and differ among the decision-maker sub-groups (CAs, PAs Stage Ill, PAs
Stage ). Across all study participants, the stakeholders with whom participants are most likely to
have contact at all decision-making stages consist of family and relatives, friends, acquaintances
and colleagues, neighbours, manufacturers, providers and the local utility. A closer look at the
sub-groups reveals that on average CAs perceive a larger number of stakeholders as exerting a
positive (pro-PV) influence throughout all stages of the decision-making process than the PAs.
Furthermore, PAs with a high intention to adopt perceive a larger number of stakeholders as
exerting a positive influence compared to PAs with a low intention to adopt. This is supported
by[3], who rate “a high level of communication” between the solar company and the adopter as
important in reducing perceptions of complexity.l4! also state that “established social connections
[are] more important than geographical proximity”, as most active peer effects resulted from
existing relationships.

To measure stakeholders’ influence on decisions to adopt, PAs were also asked how likely they
were to take up PV. We find that positive (pro-PV) and high-influence contacts with family,
neighbours, energy consultants and PV providers have significant (p<o.o5) and positive
coefficients when regressed on the probability to adopt (R2=0.18).

The influence strength of the stakeholders can largely be explained by their perceived attributes
(R2 between 0.4 and o0.72 for varying stakeholders and varying phases). The most important
attribute in all phases for nearly all stakeholders is competence (p<o.1). While reliability has a
stronger impact for commercial stakeholders (p<o.1), likability is more important for social peers

(p<o0.12).
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Discussion and Conclusions

This exploratory assessment reveals that the influence of stakeholders is indeed dynamic: the

influence of different stakeholders varies depending on their perceived attributes, as well as on

the stage the decision-maker has reached in the decision-making process. The intention to adopt

PV is strongly dependent on income and on the influence of stakeholders who are perceived as

credible (e.g. competent, reliable, likeable, etc.). This is also correlated with the perceived non-

financial benefits. This suggests three policy implications that could increase residential adoption

of PV: strengthening the influence of administrative and commercial stakeholders by enhancing

their reliability and competence, clarifying the non-financial benefits, and elevating financial

benefits.
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Introduction

Buildings offer great potential for solar photovoltaics (PV), given that no land-use change
is required, the energy is used directly where it is generated, and it activates citizens within
the energy system. In contrast, households have under-invested in energy technologies for
decades, resulting in policies that force innovations into the market or that rely on economic
incentives!*l. Relevant behavioural research predominantly focuses on activities that use energy.
However, investments in energy technology have the potential to exert much greater impact
on sustainability goals2:3]. Energy technology adoptions are typically described using Rogers’
model of innovation diffusion, where information plays a prominent role in the decision-making
processl4l, The timing, source and quality of information have all been identified as critical factors
influencing consumer behaviour(5:7]. However, there is a lack of research into the methods of
improving information delivery to consumers. Likewise, there is a lack of randomized field trials
for testing energy investment behaviour at scalel®:9], which is critical for validating the impact of
insights from using laboratory or qualitative methods[*°l.

Objective

This paper describes the first phase of an applied project to improve information delivery to
Swedish consumers and nudge them towards adoption of PV. The objective of this study is to
identify relevant behavioural techniques for randomized field trials of solar PV investment. The
trials will be conducted via web-based commercial tools, their own goal being to increase lead
conversion and reduce cost. Therefore, sub-objectives include:

— identifying customers’ needs, barriers, motives and misconceptions about PV

— identifying promising methods of information delivery to serve the customer’s needs

— mapping PV market stakeholders to ensure robust and successful experimentation.
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Methodology

The project uses a Design Thinking approach, starting with mapping user journeys to understand
behavioural insights in the decision-making process. Twenty-eight semi-structured interviews
are being conducted with decision-makers in three ownership categories — villas, multi-family
cooperatives and professional property owners. Existing communication channels are reviewed
to describe the current state of information delivery in the market and improve the design process
for experimentation in light of the required commercial features. The interviews and review
combine to reveal specific decision-making contexts and behavioural techniques, which are
matched with relevant theories in the scientific literature to form the basis for field trials.

Results and Findings

The interviews reveal a wide range of barriers, motivations, triggers, activities and behaviour
that span the entire adoption process. However, the focus here is on information acquisition
and presentation during the “gaining knowledge” and “forming an opinion” stages!5. A number
of barriers commonly found in the literature are present, such as long payback times, a lack of
knowledge about the technology, uncertainties about the technical or economic performance,
and difficulties in finding trustworthy information[®:**l. Some unexpected themes also arose,
such as a desire to understand PV within the context of other energy options to make investments
with the greatest impact. There are also misunderstandings, such as the expectation that PV is
rapidly improving (motivating waiting) or that completely avoiding grid sales is a prerequisite for
a good economy. This last point made batteries a frequent point of discussion, despite their being
uneconomic, and thus leading to the conclusion that PV as a concept is also uneconomic.

PV providers and third parties are increasingly building professional-looking web-based tools that
calculate the energy-generating potential of a user’s roof, recommend a system, and provide a
quotation with some indicators of the financial savings. On the surface, this appears to be valuable
information, but many of the tools involved provide simple, limited information, overestimate
energy generation and economic gains, and generally present a best-case scenario, sometimes
pushing the boundaries of plausibility. There is also a lack of interactivity or transparency such
that using the tools to test different options with rapid feedback is difficult, thus limiting the
educational value.

The shortcomings of online tools reveal an interesting point of conflict between the motives of
customers and of providers: websites can be lures to generate leads and capture customers. The
goal is to generate personal consultations where the provider has the customer’s full attention,
builds trust and can be more personal and therefore effective in their analyses. For the customer,
this system requires consulting with multiple suppliers to cross-examine their offers and analyses,
though they still lack input from a neutral, trusted source. The state government’s energy agency
has a PV calculator aimed at educating users, but its inputs do not make it easily comparable with
commercial tools, thus reducing its effectiveness as an arbiter.
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Discussion and Conclusions

Although the Swedish PV market is small, it is growing rapidly, with a disproportionately high
number of suppliers. For individual companies trying to build a brand and capture market share,
word-of-mouth recommendations and personal connections are a valuable strategy!*2!. From the
consumers’ perspective, this can create an information barrier that prevents them from reaching
the implementation stagel4:5], Several interviewees reported that their receipt of the first
offer spelt the end of their investigation into solar PV. While it may not fit into the relationship
strategies of individual businesses, a personalized information source focused on educating
consumers can lower the barriers to information and reduce information asymmetry, which also
lowers transaction costs for the PV industry as a wholel[*3],

These insights will be valuable in devising new communication strategies and revealing
relevant behavioural techniques that may reduce the barriers to users. A fundamental need is
to consider information-overload and decision-fatigue, which promote bias towards the status
quo. The user’s understanding of performance indicators is also important*4], which quantifies
their perceived estimate of a PV system (technical, economic, environmental). The framing of
PV benefits as savings versus investment is a notable test point, on that will need to consider
time-inconsistent preferences such as present bias and hyperbolic discounting. A question of
framing also arises where the tool can act as an authority to provide a specific recommendation,
or as a dynamic educational tool that allows the user to explore options and receive feedback.
Novel probability indicators inspired by finance can also be tested to reduce loss-aversion from
economic uncertainties*5:261, These key insights provide experimentation points that can design
randomized field trials to be executed via web-based channels during the second phase of the
project.
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Introduction

To reach the global goals to reduce carbon emissions to net zero by 2050, the decarbonization
of the residential sector is of central importancel*:31. As this process largely depends on
individual decisions to adopt low-carbon energy sources, and as residential photovoltaic
(PV) systems are a central component of this transitionl4], the antecedents of the residential
adoption of PV systems have been researched widely to help accelerate diffusion(s!. The roles
of socio-demographic and general personal motivations, such as environmental concern and
innovativeness, have frequently been investigated, and theories capturing beliefs about PV or
the innovative and pro-environmental aspects of the product have been used as theoretical
backgrounds to understanding adoption decisions. However, due to the different theoretical
perspectives and explanatory variables, questions remain regarding the role of predictors in PV
adoptionl5l. Aggregating empirical evidence is further hampered by inconsistencies between
studies concerning the use and operationalization of predictors, different sampling procedures
and contexts.

To advance research from the existing body of literature body, a statistical meta-analysis is
performed that aims to reveal patterns of relationships among explanatory variables and
residential adoption of PV. Theoretical development is advanced by determining point estimates
of the relationships between an intention to adopt and socio-demographic variables, the typical
Theory of Planned Behavior (TPB) constructs, and additional variables related to environmental
attitudes and innovativeness. Furthermore, following the Meta-Analytical Structural Equation
Modelling (MASEM) approach as outlined by®l and applied by!7:8], the suitability of an (extended)
TPB model to replicate the extracted data is assessed. Finally, the implications for future studies
of enhancing the future aggregation of scientific evidence are discussed.




Methodology

In order to include only the commensurable literature, peer-reviewed scientific articles written
in English that had conducted a quantitative survey on residential PV adoption intentions and
reported bivariate correlations were selected. A literature search with a fixed set of keywords
was conducted in August 2020 using Web of Science, Scopus and PsychINFO. The search yielded
946 results, of which 653 remained after doublets were removed. The screening procedure was
conducted by two independent screeners and covered title screening (205 remain), abstract
screening (110 remain) and full-text screening. Of the 24 papers selected, only five report
correlation tables[9:231, We contacted the authors of the remaining articles via e-mail, and
gathered three more correlation matrices[*4:261,

Conceptually similar constructs among and within primary studies were grouped by two
independent researchers to ensure reliability. If there were conceptually similar constructs within
one study, the composite was computed. To compute the meta-analytically pooled correlation
table, the meta-package in Stata was used, and a random-effect model with inverse-variance
weighting deploying the REML (restricted maximum likelihood) method was applied*7!. Using
the correlation table as input, four structural equation models were computed, using a maximum
likelihood estimator.

Results

The meta-analytically pooled correlation table reveals medium to high significant correlations
between environmental concern (p = .343**), novelty seeking (p = .475%**), perceived benefits
(p = .530*%%*), subjective norm (p = .326**) and intention to adopt a residential PV system
respectively, whereas socio-demographic variables and barriers were uncorrelated with intention.
Particularly large correlations were also found between environmental concern (p = .693**),
novelty seeking (p = .636**), social norm (p = .491**) and benefits respectively, as well as novelty
seeking and social norm (p = .5o4**).The four subsequently computed structural equation
models were statistically significant and could explain around 30% of the variation in intention,
with benefits being the strongest predictor of intention. Benefits in turn can be explained by
the decision-makers’ environmental concerns, novelty seeking and perceived subjective norms,
leading to a coefficient of determination of around 70%.

Discussion and Conclusions

In this study, we attempted to make sense of the vast amount of data that is already available
on the residential adoption of PV. However, the empirical evidence is in large parts far from
being similar enough to meaningfully combine results, and a lack of reporting standards further
aggravates the problem. Therefore, only eight studies could be included in the final meta-
analysis, which limits its informative value. Only small portions of the heterogeneity among
effect-size estimates in single studies could be explained by sampling error, typically around
8%. The results of the MASEM analysis support the findings of(5:28] that socio-demographic
variables are not good predictors of adoption decisions. The most important predictor for
adoption intentions is the decision-making unit’s perception of the personal and environmental
benefits of PV systems. The results are also in line with the idea that general dispositions, such

1 Significance levels: * p<.1; ** p<.05
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as environmental concern and novelty seeking, determine how a product is perceived in the first
place, rather than determining adoption intentions directly*:29]. Consequently, we propose
to use a slightly modified version of the TPB in future studies, in which attitudes are explained
with reference to environmental concerns, novelty seeking and social norms. To enhance future
aggregations of scientific evidence, we furthermore recommend the use of consistent predictors
and measures for adoption, the systematic collection of contextual variables and compliance with
reporting standards.

Overall, our results imply that policy measures should focus on enhancing the perception
of benefits instead of the reduction of perceived barriers. Measures aimed at increasing the
financial benefits of PV installations could include options to reduce the initial costs. Promotional
strategies for these measures could focus on the environmental benefits or innovativeness of
PV systems, with the latter playing a particularly large role in regions with low diffusion stages.
As the perception and importance of the personal and environmental benefits depend on the
characteristics of the decision-maker, promotional strategies could also be tailored to consumer
segments representing groups of like-minded people rather than socio-demographic groups so
as to account for the interchangeable or complementary effects of psychographic determinants.

REFERENCES
[1] Mercure J-F, Pollitt H, Chewpreecha [5] Alipour M, Salim H, Stewart RA, Sahin
U, et al. The dynamics of technology O. Predictors, taxonomy of predictors,
diffusion and the impacts of climate and correlations of predictors with the
policy instruments in the decarboni- decision behaviour of residential so-
sation of the global electricity sec- lar photovoltaics adoption: A review.
tor. 2014; 73: 686—700. [https://doi. Renewable and Sustainable Energy Re-
org/10.1016/j.enpol.2014.06.029]. views 2020; 123: 109749 [https://doi.

[2] Geels FW, Schwanen T, Sorrell S, Jen- 0rg/10.1016/].rser.2020.109749].

kins K, Sovacool BK. Reducing energy [6] Bergh DD, Aguinis H, Heavey C, et al.
demand through low carbon inno- Using meta-analytic structural equa-
vation: A sociotechnical transitions tion modeling to advance strategic
perspective and thirteen research management research: guidelines and
debates. Energy Research & Social an empirical illustration via the strate-
Science 2018; 40: 23-35 [https://doi. gic leadership-performance relation-
0rg/10.1016/j.erss.2017.11.003]. ship. Strat. Mgmt. J. 2016; 37(3): 477—

[3] Axsen J, Kurani KS. Social Influence 97 [https://doi.org/10.1002/smj.2338].

Consumer Behavior, and Low-Carbon [71 Klockner CA. A comprehensive model
Energy Transitions. Annual Review of the psychology of environmental
of Environment and Resources 2012; behaviour: a meta-analysis. Global En-
37(1): 311—40 [https://doi.org/10.1146/ vironmental Change 2013; 23(5): 1028-
annurev-environ-062111-145049] 38 [https://doi.org/10.1016/j.gloenv-

[4] |EA.World Energy Outlook 2020. Paris cha.2013.05.014].

2020. [8] Bamberg S, Mdser G. Twenty years
after Hines, Hungerford, and Tomera:
A new meta- analysis of psycho-social
determinants of pro-environmental
behaviour. Journal of Environmental
Psychology 2007; 27(1): 14—25 [https://
doi.org/10.1016/j.jenvp.2006.12.002].

140 SECTION 6. BEHAVIOURAL INTERVENTIONS FOR RENEWABLE ENERGY DEVELOPMENT



[9]

[10]

[11]

[12]

[13]

Sun P-C, Wang H-M, Huang H-L, Ho
C-W. Consumer attitude and purchase
intention toward rooftop photovol-
taic installation: the roles of personal
trait, psychological benefit, and gov-
ernment incentives. Energy & Environ-
ment 2020; 31(1): 21-39 [https://doi.
0rg/10.1177/0958305X17754278].

Aziz, N. S. N. A., Wahid NA, Sallam
MA, Ariffin SK. Factors Influencing
Malaysian Consumers’ Intention to
Purchase Green Energy: The Case of
Solar Panel. Global Business and Man-
agement Research: An International
Journal 2017; 9(4s): 328-46.

Wolske KS, Stern PC, Dietz T. Explain-
ing interest in adopting residential so-
lar photovoltaic systems in the United
States: toward an integration of be-
havioral theories. Energy Research &
Social Science 2017; 25: 134—51 [https://
doi.org/10.1016/j.erss.2016.12.023].

Chen KK. Assessing the effects of
customer innovativeness, environ-
mental value and ecological lifestyles
on residential solar power systems in-
stall intention. Energy Policy 2014; 67:
95161 [https://doi.org/10.1016/].en-
pol.2013.12.005].

Claudy MC, Peterson M, O'Driscoll
A. Understanding the Attitude-Be-
havior Gap for Renewable Energy
Systems Using Behavioral Reason-
ing Theory. Journal of Macromarket-
ing 2013; 33(4): 273—-87[https://doi.
org/10.1177/0276146713481605].

[14] Arroyo P, Carrete L. Motivational driv-

[15]

ers for the adoption of green energy.
MRR 2019; 42(5): 542—67 [https://doi.
org/10.1108/MRR-02-2018-0070].

Parkins JR, Rollins C, Anders S, Co-
meau L. Predicting intention to adopt
solar technology in Canada: the role
of knowledge, public engagement,
and visibility. Energy Policy 2018; 114:
114-22 [https://doi.org/10.1016/j.en-
pol.2017.11.050].

[16] Rai V, Beck AL. Public perceptions and

[27]

information gaps in solar energy in
Texas. Environ. Res. Lett. 2015; 10(7):
74011 [https://doi.org/10.1088/1748-
9326/10/7/074011].

StataCorp LLC. Stata Meta-Analysis
Reference Manual: Release 16. Texas:
Stata Press 2019.

[18] Arts JW, Frambach RT, Bijmolt TH.

Generalizations on consumer inno-
vation adoption: A meta-analysis
on drivers of intention and behav-
ior. International Journal of Research
in Marketing 2011; 28(2): 134—44
[https://doi.org/10.1016/].ijres-
mar.2010.11.002].

[19] Ajzen |I. The Theory of Planned Be-

havior. Organizational Behavior and
Human Decision Processes 1991; 5o0:
179—211.

DETERMINANTS OF RESIDENTIAL INTENTIONS TO ADOPT PV: A META-ANALYSIS

141



SECTION 7

ENERGY
COMMUNITIES



SECTION 7. ENERGY COMMUNITIES

Understanding Preferences for Characteristics of

Renewable Energy Communities

Darja Mihailova’, lljana Schubert’, Adam X. Hearn’, Annika Sohre’

1: Sustainability Research Group

o e-mail*: darja.mihailova@unibas.ch email: adam.hearn@unibas.ch
University of Basel o ) ) ) )
e-mail: iljana.schubert@unibas.ch email: annika.sohre@unibas.ch
Petersgraben 52 - Basel 4051
KEYWORDS

Renewable energy community, choice-based conjoint experiment, renewable energy

ownership, positive energy districts

Introduction and Background

Building energy self-sufficiency, reducing energy costs, and meeting lower emissions targets
through renewable energy technology (RET) has become a central focus of many community and
private sector energy projects. The spread of renewable energy technology has been facilitated
by lower installation costs, increased reliability of the technology, and supporting policy and
investment[®l. Additionally, the expansion of RET has opened the discussion around how energy
systems of the future will be configured. As the decentralization of energy production and
management becomes a real possibility, with citizens taking on greater responsibility within the
system, rethinking future communities becomes more important. New opportunities and shifting
responsibilities will create new roles for involved stakeholders, including the private sector and
citizens.

While ample literature focuses on the acceptance of single RET in specific sites, it is important
to recognize that RET operates within a system of multiple processes and actors that interact
at numerous levels?l. This embeddedness makes it essential to understand configurations of
renewable energy projects that would appeal to citizens beyond acceptance of single RET on
single sites. Examples of community renewable energy projects, such as the Hunziker Areal in
Zurich, Switzerland and Vauban in Freiburg, Germany, have shown that the appeal of living in
such communities goes beyond reliance on RET and includes benefits such as green mobility
options and shared community spaces. The aforementioned projects fit into the EU’s plans to
develop 100 Positive Energy Districts (PEDs) — places that couple “built environment, sustainable
production and consumption, and mobility to reduce energy use and greenhouse gas emission
and to create added value and incentives for the consumer” — by 2025[31. Despite numerous such
projects in development across the EU, no academic attention has been given to exploring the
appeal of the multiplicity of benefits offered by PEDs or PED-like projects.

This research aims to address this gap by understanding the appeal of different configurations of
PEDs. Creating suitable renewable energy community configurations for individuals can increase
their likelihood of engaging in their community and becoming energy citizens. Greater citizen
engagement within renewable energy communities is important because it can mean more
rewarding, emissions-cutting outcomes from the use of RET and related technologies (e.g. smart
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meters). In this study, configurations of PEDs and PED-like communities are studied because of
their salience to the EU’s energy transition agenda and their ability to offer a variety of valuable
services that result from community-private sector partnerships.

This research explores the appeal of three attributes that characterize renewable energy
communities: RET ownership and engagement from the citizen, availability of mobility options,
and availability of communal spaces. These attributes align with characteristics seen in PEDs,
as well as established drivers of RET acceptance found in the literature. Ownership of RET has
been found to be important in a community’s acceptance of a renewable energy project4], and
may predict a citizen’s involvement with RET. Citizen engagement and acceptance of renewable
energy structures has been found to be higher when the project is citizen-driven and locally-
owned![5:71, An analysis of several case studies in Germany found that community ownership
of wind turbines led to wider acceptance of their installation compared to wind farms owned
by a commercial company(®l. Renewable energy cooperatives have also been found to attract
individuals that are favourable towards renewable energiesl4l and motivated to participate in local
energy policy decisions, though once having joined, individuals often prefer delegating issues of
cooperative development to an executivel®l.

Ownership and technology has also been studied in the context of access-based car sharing[s!.
The research showed that lack of ownership was a driver behind lack of engagement for the brand
and care for the cars. In this context, the preferred type of ownership structure may predict an
individual's intended engagement within the PED.

Further, understanding the configuration of mobility aspects within a PED is important as
mobility is often a central focus in renewable energy communities. Mobility options describing
restrictions around private cars and allowance of electric vehicles are explored. Finally, the
availability of communal spaces, such as community gyms and workspaces, is tested in order to
explore the appeal of including human-centric aspects to potential residents.

Methodology

We ran a choice-based conjoint experiment, a common method used in market research(*¢:22],
to test preferences for PEDs. The experiment was integrated into the Swiss Household Energy
Demand Survey (SHEDS), which collects data from a sample representative of the Swiss
population (excluding Ticino). The experiment sample consisted of a random SHEDS subsample
of 1500 respondents.

During the experiment, respondents were shown six choice sets consisting of two PED options
each. Different levels of the aforementioned attributes describe each PED option: ownership and
citizen engagement (e.g. you own the PV and are an active trader; a cooperative owns the PV),
mobility (e.g. public transportation replaces private cars; only a shared fleet of electric vehicles
exists), communal spaces (e.g. a PED might include a shared gym, workspace, or guest rooms for
a small monthly fee).

The latent class analysis will be applied to the data to segment respondents into groups that
share similar preferences in their choices. Additionally, Hierarchical Bayes (HB) estimation may
be used to understand the importance of each attribute level. This analysis can indicate which
characteristics of renewable energy communities are important in an individual’s choice and what
segments of consumers could exist. Such information around consumer desires can be critical to
the acceptance of RET projects.
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Research Aims

The results of the research will indicate the importance of various attributes in renewable energy

communities, highlighting which benefits hold the most potential for citizen engagement.

Ultimately, the intention is to provide policy-makers and entrepreneurs involved in the

development of renewable energy communities with more information on segments of potential

residents and their preferences. Creating configurations of renewable energy communities that

entice citizens to interact with RET and others in their community puts them closer on the path

of becoming human-centric, energy-positive communities.
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Introduction and BackgrounD

Technologies for distributed energy generation have reached a level of maturity that will favour
the creation and diffusion of local energy systems. Nevertheless, technology is only part of the
energy debate. The progressive involvement of local communities in the ownership, decision-
making and organization of energy production plants is leading to the birth of a new socio-energy
system based on distributed generation from renewables. In this context, energy communities
will play a crucial role in reviving discussion of the entire infrastructural system and the energy
market. In this paper, we describe our study, through a comparative analysis, of the socio-
economic, cultural and historical factors that characterize energy communities in the two macro-
areas of northern and southern Italy and that determine their level of diffusion.

Within Europe, the evolution of energy legislation is increasingly aimed at promoting new ways
of developing and using renewables efficiently. For this reason, particular attention is directed
at increasing local production and consumption initiatives. On the one hand, the European
Commission, within its Clean Energy Package, has set out the guidelines and requirements in
respect of the amount of renewable energy to be achieved by each state by 2030. On the other
hand, it has introduced, through two directives — EU 2018 / 2001 (Renewable Energy Directive
II, or REDII) and UE 2019/944 (the Internal Electricity Market Directive, or IEMD) — two new
figures: the Renewable Energy Community or REC), and the Citizen Energy Community or CEC.
In both cases, the goal is to allow the open, voluntary and autonomous participation of individual
citizens, businesses and local authorities in energy generation, distribution, supply, storage and
consumption initiatives. With this package, therefore, the European Commission aims to offer
consumers not only tools that guarantee them more information on energy services and products
or more freedom when they want to change energy suppliers, but also opportunities to aggregate
their energy demand or offer or to become prosumers, single or associated. Nationally, EU
countries are enacting legislation to adopt these directives. In Italy, for example, on 28 February
2020 Parliament approved Law no. 8, which entered into force on the first of March. This law,
pending the complete adjustments to Directive (EU) 2018/2001, allows the activation of collective
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self-consumption from renewable sources or the creation of renewable energy communities.
From a social and territorial point of view, energy communities can create development and
consolidation, especially locally, as well as playing an important role as diffusers of structured
practices in the shared management of energy resources. The introduction of new and different
forms of organization in the energy sector simultaneously entails a complex of social, cultural
and technological innovations, which require a complex set of conditions to develop fully. Indeed,
these processes are not implemented in the same way and with the same degree of difficulty,
despite the unique national legislation. Italy reveals a clear internal difference between north and
south, although an initial analysis of the initiatives planned and/or already launched shows how
widespread these are throughout Italy’s national territory.

Methodology

We will analyse the differences between north and south Italia by carrying out a comparative
analysis. We have selected these two large areas of the country because they traditionally present
an internal gap with respect to the socio-economic conditions of their inhabitants and the levels
of industrial development and productivity.

North Italy is the most economically developed area of the entire country. The south
(Mezzogiorno), by contrast, is still a depressed area from the point of view of employment levels
and the internal economic structure, being characterized by a weak industrial and productive
fabric, by predominantly public employment and a resumption of emigration. Based on these
structural differences, energy communities are also expected to assume different characteristics,
which will be tested using a series of indicators: number of initiatives and projects in each area,
dimensions, typologies of the actors involved and typologies of energy communities.

Results and Findings

The difference between the two main areas of the country is significant both quantitatively and
qualitatively. On a strictly numerical level, a greater concentration of energy communities in the
regions of northern Italy is evident, where these initiatives have features that partly differ from
those emerging in the southern regions of the country. In fact, in the former, the funding is mixed
between public and private, while in the south the investments of the larger energy communities
in planning come from public sources. In both areas of the country, energy community projects
take the form of place-based initiatives and are the result of an action promoted by intermediaries
(local administrations and/or energy companies) who act as the aggregators of the citizens of a
specific territory. Moreover, in most cases sophisticated technological innovations can be seen
being deployed to obtain maximum efficiency and safety.

ENERGY COMMUNITIES IN ITALY: ANALYSIS OF THE INTERNAL GAP BETWEEN NORTH AND SOUTH
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Discussions and Conclusions

The differences, and even the gap, between north and south Italy in the diffusion and

characteristics of their respective energy communities can be understood by presenting some

hypotheses concerning the socio-economic, cultural and historical factors involved.

1.

The different economic structures of the two areas is one of these basic factors. It is also the
product of economic policies that have been perpetuated over decades. On the one hand,
therefore, the income structure and the presence of a more solid entrepreneurial fabric in
the north areas can be hypothesized as an enabler for a wider diffusion of community-type
energy experiences. On the other hand, the economy of the south is more dependent on
public transfers and is distinguished by a more fragile and fragmented productive fabric. All
this appears as a barrier.

. Another difference relates to cooperative and collaborative practices, which could affect the

cultural and trust dimension on which community dynamics are based. This dimension seems
to have established itself more extensively over time in northern society, as the feeling of trust
in community institutions and practices appears less strong in the south, at least in the lower
and middle social strata.

. Finally, according to what has been argued, it is possible to detect not so much a different

sensitivity towards energy saving and environmental issues in the south than in the North,
but rather less willingness to build shared paths for the achievement of objectives related to
the energy transition.

These results suggest that further research should focus on analysing the success and duration of

these initiatives in relation to each area and the different conditions it presents. Furthermore, it

should be established which actors are able to involve citizens in a more participatory and active

way, and in accordance with which social, cultural and economic mechanisms.
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Introduction

This paper aims to investigate the effect of a newly created social identity on energy conservation
by studying individuals who become members of a clean energy community. Clean energy
communities are characterised by their promotion of renewable energy and energy efficiency
(Gui and MacGill, 2018; Mlinaric et al., 2019). Energy communities are social networks and in
many cases involve interaction between community members, which may be conducive to
creating a new social identity for them. Multiple authors (e.g. Bomberg and McEwen, 2012;
Rogers et al., 2008; Seyfang, Park, & Smith, 2013) have stressed the importance of a shared
identity for achieving progress and success in the field of renewable energy projects. Initial
qualitative evidence suggests that involvement in energy communities may indeed encourage
sustainable energy behaviour (Biddau, Armenti, & Cottone, 2016; Middlemiss, 2011). Sloot et
al. (2018) observe, based on survey data, that being part of an energy community potentially
enhances community members’ motivation to engage in energy conservation. However, none of
these studies accounted for the self-selection of individuals as members of energy communities.

Furthermore, an extensive literature has considered the effect of behavioural interventions on
stimulating electricity conservation (e.g. Alcott, 2011; Brandon et al., 2019; Tiefenbeck et al.,
2019; Andor and Fels, 2018; Buckley, 2020). While these interventions usually focus on the regular
customers of energy suppliers, to the best of our knowledge they have not yet been applied in
the context of clean energy communities. However, energy communities have distinct features
that make the application of behavioural interventions to stimulate conservation behaviour very
promising. Energy communities allow combinations of new technologies with interventions that
harness the new social network’s potential to be tested. An example of such a technology is a
smart shower meter that provides real-time feedback during showering; this is used in the current
study.
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This paper aims to investigate to what extent membership in an energy community induces
electricity conservation and enhances the effect of real-time feedback on water and electricity
consumption. This is the first study to explore this relationship in a field experiment, in which a
random assignment of participants to treatment groups allows the causal effects to be estimated.
The results are important for the effective design and support of energy communities and
behavioural interventions to induce household electricity conservation.

Methodology

Three hundred households are participating in the field experiment, which is being implemented
in collaboration with GEN-I, an energy utility in Slovenia. At the start of the study, a virtual energy
community is established. Approximately 150 households are randomly assigned as members of
this community. Over a period of five months, the community receives monthly newsletters with
energy-saving tips, testimonials and comparison reports of electricity use within and outside the
community, and members have access to an interactive virtual portal. Half the members and half
the non-members also receive real-time feedback on resource consumption while showering. This
allows us to disentangle the effects of real-time feedback on electricity and water conservation
by community and non-community members alike.

We have access to daily smart-meter and showerhead data from all households for their daily
electricity use, as well as their water consumption and shower behaviour. The experimental
data is complemented by pre- and post-intervention survey data, including information on the
sociodemographic characteristics of the participants (e.g. age, gender, education, household
income, employment status), as well as information on household size, household characteristics,
house characteristics, energy sources used, number and type of electric appliances used, age
of electric appliances used, energy literacy and personal attitudes. In the post-treatment
questionnaire, data are collected on energy literacy, personal attitudes and sense of social and
environmental identity.

Hypotheses and expected results

This paper aims to investigate whether, by establishing a new social identity that is associated
with greater awareness of resource use and a stronger motivation to engage in energy
conservation behaviour, membership of an energy community can significantly decrease the
household electricity consumption of members.

Further, previous research e.g. by Tiefenbeck et al. (2018; 2019) has shown that real-time
feedback while showering reduces resource consumption by 22%. Providing such feedback
has the potential to significantly reduce the electricity needed to heat the water for showering.
While the above hypothesis has been evaluated in previous research, this study aims to evaluate
the extent to which membership in an energy community can enhance the effect of real-time
feedback on energy consumption from showering.

In addition, we aim to test whether the households in energy communities experience a sense of
social identity through their community membership, and whether they become more aware of
their electricity consumption than the households in the control group.

Finally, real-time shower feedback might trigger a moral licensing effect. Tiefenbeck et al. (2013)
show that residents who received weekly feedback on their water consumption lowered their
water use, but at the same time increased their electricity consumption compared with the
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control group. While there is a precedent for this moral licensing effect in the literature, it is also

reasonable to expect that there is no moral licensing effect on electricity consumption in our

study. This is because the participants can view a visualisation of their electricity consumption

over time on the virtual portal. This draws attention to electricity consumption and leaves less

room for subconscious behavioural adjustments, especially as the participants can directly detect

when their electricity consumption patterns are increasing.

The results of this project will provide information about the potential of clean energy

communities to stimulate energy conservation behaviour.
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Introduction

Indoor air quality in schools has always been receiving particular attention.[*] This is not only
due to the health emergency ongoing all over the world. In fact, the last EU directive on energy
performance of buildings(?! has recognized the relevance of the matter. In 2009 the World Health
Organization guidelines highlighted that better performing buildings should provide higher
comfort levels and wellbeing for their occupants in addition to improve health. However, also
the behaviour of buildings’ occupants is crucial. From this perspective, ENEA, [talian National
Agency for new Technologies, Energy and Economic Sustainable Development, has been carried
out a series of actions in order to promote both energy savings and the need and usefulness of
achieving ever higher levels of air quality in shared environments. The experimental awareness
campaign we present was carried on in several schools. It focused on an active involvement of
students, especially in terms of direct and collective processing and interpreting the results (data)
recorded through the aid of an ad hoc instrumentation provided, thus allowing the participants
to visualize the outputs of their behaviour. Starting from the idea of a practical sharing of these
actions[3], hopefully new habits and robust pro-environmental knowledge will be acquired,
replicated and disseminated over time even outside school; thus establishing a sort of virality, a
beneficial *wildfire” contagion of the project experience towards other contexts and subjects.[4]
The possibility by the students to become a sort of “multiplier subjects”, is therefore, in this case
as in other Behaviour Change projects, one of the aims of the implemented initiative.

ACTIONS TO BOOST ENERGY EFFICIENCY AND INDOOR AIR QUALITY: CASE STUDIES IN ITALIAN SCHOOLS
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Background, History, Review-of Literature, or Methodology

In the framework of EFFEDIL project!5], ENEA decided to evaluate a monitoring strategy of the
indoor air quality in a low secondary school in the South of Italy, where an energy retrofitting
programme was undertaken. The indoor air pollution in schools is a combined effect due to
both indoor and outdoor physical, chemical and biological factors, and it also depends on
environmental ventilation level. By monitoring public infrastructures, the so-called “sick building
syndrome” has been shown to be responsible for diseases, such as allergies and headaches!®:7:81.
ENEA set up a methodology for continuous and real time monitoring in order to evaluate comfort
and indoor air quality, in collaboration with the ISS - Istituto Superiore di Sanita, which developed
the guidelines concerning the passive air quality[9l. Then, an experimental campaign in situ
was conducted, by means of a sensor network specifically designed for the measurement of
temperature, humidity, CO,, NOx, CO, VOCs. The basic idea aimed at involving students, after a
training period and an awareness campaign on energy efficiency aspects.

Results and Findings

Micro-climatic parameters were monitored, together with temperature, humidity and CO,, which
are often in the cause of decreasing attention and learning in classroom. Through the training
path on specific topics and by compiling daily tracking records, the reported information were
used to synchronize all the data recorded through the sensor network. The initial evaluations
show, for instance, how the CO, values are strongly linked to some specific activities in the
classroom and dependent on correct or wrong air exchanges. The study has shown that an
aware management of the ventilation, during all the seasons, can maintain the CO, values below
1000ppm, and thanks to other microclimatic factors, such as temperature and humidity, an
adequate comfort level can be guaranteed. Other indicators of the indoor air quality were also
monitored, such as CO, NOx and VOCs

Discussions and Conclusions

From a perspective focused on the achievement of a behavioural change by the subjects involved
in the project (students), a goal that seems to have been essentially reached thanks to the
estimates of the air quality made over time (pre-post intervention measurement), the feedback
played by these estimates proved crucial. In literature, the feedback tool (in its various and
different application forms) is recognized as one of the most effective strategic levers (drivers)
for achieving and consolidating new behavioural habits experienced during the project phase. It
is also desirable, as a phase to be planned in subsequent moments, the opportunity to implement
a feedback system for a more or less long post-intervention period. Moreover, this time frame
would allow to build more rigorous measurements from a scientific point of view to test the
validity of the strategy used, organizing comparisons between experimental and control groups
through randomized control trials (RCT)[21

SECTION 7. ENERGY COMMUNITIES



REFERENCES

[1]

[2]
[3]

[4]

[5]

(6]

[7]

Parma Declaration on Environment and
Health, (2010) EUR/55934/5.2 Rev 2

Directive (EU) 2018/844

P. Bourdieu “Esquisse d'une théorie de
la pratique” (1972)

Inghilleri P., M Boffi., L Pola., N Rain-
isio. "l comportamenti energetici in
ambito domestico”, ENEA (2020)

PON EFFEDIL (EFFicient Energy builD-
ing Innovative solLutions, contract nr.
PONo2_00323_2938699

M.J., Mendel “Indoor residential chem-
ical emissions as risk factors for respi-
ratory and allergic effects in children: a
review”; (2007)

S. Holgate, et al “"The Inside story
RCPCH" .(2020)

(8]

[9]

[10]

I.Vassura, E.Ventrini, E., Bernardi.,
Passarini F., Settimo G. "Assessment
of indoor pollution in a school trough
both passive and continuos sampling”
(2015)

P. Aversa, G. Settimo, M. Gorgoglione,
E. Bucci, G. Padula, and A. De Marco
(2019) “A case study of indoor air quali-
ty in a classroom by comparing passive
and continuous monitoring”, Environ-
mental Engineering and Management
Journal

E.R Frederiks., K Stennder., E.V Hob-
man., M. Fischle (2016) Evaluating
energy behavior change programs us-
ing randomized controlled trials: Best
practice guidelines for policymakers,
in “Energy research & Social Science”,

p. 147

ACTIONS TO BOOST ENERGY EFFICIENCY AND INDOOR AIR QUALITY: CASE STUDIES IN ITALIAN SCHOOLS

155



Understanding Preferences for Characteristics of
Renewable Energy Communities

Darja Mihailova’, lljana Schubert’, Adam X. Hearn’, Annika Sohre’

1: Sustainability Research Group e-mail*: darja.mihailova@unibas.ch

University of Basel e-mail: iljana.schubert@unibas.ch

Petersgraben 52
Basel 4051

email: adam.hearn@unibas.ch

email: annika.sohre@unibas.ch

KEYWORDS

Renewable energy community, choice-based conjoint experiment, renewable energy

ownership, positive energy districts

156

Introduction and Background

Building energy self-sufficiency, reducing energy costs, and meeting lower emissions targets
through renewable energy technology (RET) has become a central focus of many community and
private sector energy projects. The spread of renewable energy technology has been facilitated
by lower installation costs, increased reliability of the technology, and supporting policy and
investment[®]. Additionally, the expansion of RET has opened the discussion around how energy
systems of the future will be configured. As the decentralization of energy production and
management becomes a real possibility, with citizens taking on greater responsibility within the
system, rethinking future communities becomes more important. New opportunities and shifting
responsibilities will create new roles for involved stakeholders, including the private sector and
citizens.

While ample literature focuses on the acceptance of single RET in specific sites, it is important
to recognize that RET operates within a system of multiple processes and actors that interact
at numerous levels2l. This embeddedness makes it essential to understand configurations of
renewable energy projects that would appeal to citizens beyond acceptance of single RET on
single sites. Examples of community renewable energy projects, such as the Hunziker Areal in
Zurich, Switzerland and Vauban in Freiburg, Germany, have shown that the appeal of living in
such communities goes beyond reliance on RET and includes benefits such as green mobility
options and shared community spaces. The aforementioned projects fit into the EU’s plans to
develop 100 Positive Energy Districts (PEDs) — places that couple “built environment, sustainable
production and consumption, and mobility to reduce energy use and greenhouse gas emission
and to create added value and incentives for the consumer” — by 202531, Despite numerous such
projects in development across the EU, no academic attention has been given to exploring the
appeal of the multiplicity of benefits offered by PEDs or PED-like projects.

This research aims to address this gap by understanding the appeal of different configurations of
PEDs. Creating suitable renewable energy community configurations for individuals can increase
their likelihood of engaging in their community and becoming energy citizens. Greater citizen
engagement within renewable energy communities is important because it can mean more
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rewarding, emissions-cutting outcomes from the use of RET and related technologies (e.g. smart
meters). In this study, configurations of PEDs and PED-like communities are studied because of
their salience to the EU’s energy transition agenda and their ability to offer a variety of valuable
services that result from community-private sector partnerships.

This research explores the appeal of three attributes that characterize renewable energy
communities: RET ownership and engagement from the citizen, availability of mobility options,
and availability of communal spaces. These attributes align with characteristics seen in PEDs,
as well as established drivers of RET acceptance found in the literature. Ownership of RET has
been found to be important in a community’s acceptance of a renewable energy project(4], and
may predict a citizen’s involvement with RET. Citizen engagement and acceptance of renewable
energy structures has been found to be higher when the project is citizen-driven and locally-
owned[5:71, An analysis of several case studies in Germany found that community ownership
of wind turbines led to wider acceptance of their installation compared to wind farms owned
by a commercial company!®l. Renewable energy cooperatives have also been found to attract
individuals that are favourable towards renewable energies(4l and motivated to participate in local
energy policy decisions, though once having joined, individuals often prefer delegating issues of
cooperative development to an executivel®l.

Ownership and technology has also been studied in the context of access-based car sharing(9l.
The research showed that lack of ownership was a driver behind lack of engagement for the brand
and care for the cars. In this context, the preferred type of ownership structure may predict an
individual’s intended engagement within the PED.

Further, understanding the configuration of mobility aspects within a PED is important as
mobility is often a central focus in renewable energy communities. Mobility options describing
restrictions around private cars and allowance of electric vehicles are explored. Finally, the
availability of communal spaces, such as community gyms and workspaces, is tested in order to
explore the appeal of including human-centric aspects to potential residents.

Methodology

We ran a choice-based conjoint experiment, a common method used in market research[*0:22],
to test preferences for PEDs. The experiment was integrated into the Swiss Household Energy
Demand Survey (SHEDS), which collects data from a sample representative of the Swiss
population (excluding Ticino). The experiment sample consisted of a random SHEDS subsample
of 1500 respondents.

During the experiment, respondents were shown six choice sets consisting of two PED options
each. Different levels of the aforementioned attributes describe each PED option: ownership and
citizen engagement (e.g. you own the PV and are an active trader; a cooperative owns the PV),
mobility (e.g. public transportation replaces private cars; only a shared fleet of electric vehicles
exists), communal spaces (e.g. a PED might include a shared gym, workspace, or guest rooms for
a small monthly fee).

The latent class analysis will be applied to the data to segment respondents into groups that
share similar preferences in their choices. Additionally, Hierarchical Bayes (HB) estimation may
be used to understand the importance of each attribute level. This analysis can indicate which
characteristics of renewable energy communities are importantin an individual’s choice and what
segments of consumers could exist. Such information around consumer desires can be critical to
the acceptance of RET projects.

UNDERSTANDING PREFERENCES FOR CHARACTERISTICS OF RENEWABLE ENERGY COMMUNITIES
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Research Aims

The results of the research will indicate the importance of various attributes in renewable energy

communities, highlighting which benefits hold the most potential for citizen engagement.

Ultimately, the intention is to provide policy-makers and entrepreneurs involved in the

development of renewable energy communities with more information on segments of potential

residents and their preferences. Creating configurations of renewable energy communities that

entice citizens to interact with RET and others in their community puts them closer on the path

of becoming human-centric, energy-positive communities.
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Introduction

Collecting information is an important stage in end-users’ purchasing decisions. Depending on the
type of purchase requirement, the search for information could be either internal or externall.
Internal searches involve using one’s memory to find a solution for one’s requirements, whereas
in an external search one will look for outside sources of information, such as market-based
information, expert opinions and personal contacts. Typically, purchasing decisions involving
large investments entail external searches. Energy renovations in buildings are high-involvement
purchasing decisions, and homeowners may engage in extended information collecting. The
difficulties in finding reliable information are recognized as a major barrier to homeowners’
decisions to invest in improving the energy performance of their houses(?l. From the policy-
makers’ perspective, effectively communicating information to homeowners to increase their
awareness of the advantages of energy-efficiency measures could be one strategy to facilitate
their adoption.

Mass-media communications like advertisements on televisions or in the newspaper are more
likely to influence innovators and early adopters!3l. Interpersonal sources such as neighbours,
friends, relatives and colleagues are often important sources of influence in the adoption
decision[3l. In respect of investment-oriented measures, externals actors close to the end-users’
supply chain, such as installers and sellers, may have significant influence in adoption decisions!4l.
In the last two decades, the internet has become an integral part of peoples’ lives. It is widely used
for searching for

information and is considered an important source of information in making purchasing decisions.
In this study the role and expectation of online information as perceived by homeowners in the
Baltic Sea region of Finland and Sweden is presented and discussed.




Methodology

This study is based on a questionnaire survey sent to three thousand single-family house-
owners randomly selected from seven municipalities in Vasterbotten and Norrbotten counties
in Sweden and twelve municipalities in Ostrobothnia in Finland during spring and summer 2017.
The questionnaire was divided into four sections: demographic background, house attributes,
knowledge and attitudes towards energy renovation, and relevance of online information sources
for energy renovation. The response rate for the survey after one reminder was approximately
30% in Sweden and 26% in Finland.

Results

Craftsmen were reported as an important source of information by the majority of the
respondents in both Sweden (72%) and Finland (81%). Personal networks were considered
important by 63% and 58% of respondents in Sweden and Finland respectively. In Sweden, a
significant percentage of respondents (55%) considered online sources (for example, websites)
are important for information on house renovation, but in Finland relatively fewer respondents
(38%) thought that online information was important. Television, newspapers and direct
advertisements were thought to be important by the least number of respondents in both the
countries.

The “ownership” of online sources may influence individuals’ attitudes towards using information
from such sources. In Sweden and Finland, a large number of respondents prefer online sources
of information to be managed by a research institute and/or a government organization. An
online information source managed by the product sellers is least preferred in both countries.
One reason for this may be the possibility that such information sources would promote specific
products and not necessarily address homeowners’ concerns regarding renovation. Homeowners
do not like commercial advertisements on a website on renovation.

Most homeowners in Sweden (58%) and Finland (46%) would like online sources to have an easy-
to-use calculation tool to investigate the cost-effectiveness of renovation measures (Figure 4).
Also, more than 50% of respondents in both countries would like to have the contact information
of relevant companies in any

online source of information on renovation.

Conclusions

Effectively communicating information about the benefits of energy-efficiency measures
may facilitate the adoption of such measures through increased awareness and knowledge.
Homeowners who are end-users may be influenced by various sources, depending on the
specific purchasing decision. For renovation, craftsmen were considered an important source
of information by most homeowners in northern Sweden and Finland. Online information was
considered important by a large number of homeowners. Younger (18-45 years) people with
higher (i.e. university) education were more likely to use online information. Currently, the
perceived expertise and trustworthiness of online information sources on renovation are low as
compared to other available sources. Hence, if an online source of information on renovation is
going to make an impact, then it should present an image of expertise and trustworthiness to its
potential users. In an online information source, potential users would also like to have an easy-to-
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use tool to help them calculate the cost-effectiveness of measures, as well as contact information

for suitable companies. Homeowners would be more interested in using an online source if it were

updated regularly. Also, they would like an online source which is easy to navigate to obtain the

information they are searching for.
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Introduction

Reducing building energy demand is key to achieving the UK'’s net zero emissions target. Buildings
like homes, schools, offices, shops, etc. currently account for 29% of carbon emissions. This is one
of the most challenging sectors, as it drives peak energy demand in the UK and is an area in which
the government is planning to invest billions of pounds to reduce its emissions. One of the key
building blocks in the plan to reach ‘net zero’ emissions is to have a good understanding of where
and how we use energy, the main source of carbon emissions.

COVID-19 is impacting, and will continue to impact, on building energy demand in both the
short and long terms. In the short term, lockdown restrictions around the world are causing huge
changes in daily routines, such as the near 24/7 occupancy of homes and the closure of schools
and businesses. This has resulted in very significant changes in energy usel*], changes that have
come at the cost of massive social and economic impact and that are unsustainable in the long
term. Post-COVID-1g, a ‘new normal’ in energy use will result. Carbon reduction plans will need to
be rapidly changed to take account of this ‘new normal’ following the initial outbreak of this global
disease. This paper aims to understand the changes in domestic energy consumption patternsin
GB during the first few months of the lockdown. In doing so we consider how these changes may
persist beyond the end of COVID-19 lockdown restrictions.

The research presented here uses half-hourly electricity and gas data for around 1700 households
in England and Wales from before, during and after the core lockdown period in GB. These are
used in combination with survey data from September 2019 for each household and dwelling,
a survey from May 2020 about changes to the household and its activities during the lockdown
period, and contextual data such as local weather data and energy performance certificates
(EPCs) where available!2l.
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Background and Methodology

The Smart Energy Research Lab (SERL)[3! was established to provide university researchers
with access to residential half-hourly gas and electricity smart-meter data from randomly
selected consenting households in Great Britain (GB). The first wave of approximately 1700
participants was recruited in September 2019. All participants provided consent for SERL to
access their smart-meter data for research in the public interest, and most completed a survey of
approximately forty questions about their households and dwellings. SERL has permission to link
these data with contextual data on, for example, local weather data and EPCs. In May 2020 these
participants were invited to complete a second survey specifically on the impact of the COVID-19
lockdown restrictions on their household’s circumstances and behaviours.

The combination of the longitudinal smart-meter data and the contextual data provided by
the surveys, weather reports and EPCs allows us to analyse how energy consumption patterns
changed for the ~1700 households in the study and to attempt to explain these changes. We are
able to determine how the lockdown affected different types of household and offer potential
explanations. For example, households with children, elderly couples and those living in flats or
detached houses may have different energy needs. Many households gained or lost members
during the lockdown period. Many people started working from home, while many key workers
continued to work outside the home. By capturing this type of information, we gain unique
insights into how changes or a lack of change in respondents’ circumstances translate into
changes or a lack of change in energy use.

Results and Findings

1711 households signed up for smart-meter data-collection in September 2019, of whom 1673
completed or partially completed the survey at the time, and 1084 completed our survey in May
2020 on the impacts of COVID-19. Our analysis compares energy consumption during the first
lockdown (23rd March to 10th May 2020) with a period of similar degree days (8th September to
27th October 2019). Preliminary results indicate that consumption of gas increased significantly
(p < 0.05) by 38% during the lockdown compared to the corresponding earlier period (N = 993
households). Electricity consumption was 12% higher during the lockdown, increasing on average
from 8.3 kWh/day to 9.3 kWh/day (N = 1107 households, statistically significant for p < 0.05).
These results are preliminary and analysis is ongoing; more detailed, rigorously checked results
building on these initial findings will be presented at the conference.

Discussion and Conclusions

Other studies have shown significant changes in energy use in the UK during the lockdown period,
but lack the contextual data to explain their drivers or how different groups of the population
are affected. With longitudinal data from before, during and after the core lockdown period in
GB, we have the potential to understand how energy use may continue to change going forward
beyond the peak of COVID-19. Preliminary results show that energy use rose significantly during
the first national lockdown in the UK. Further analysis will build on these results for presentation
at the conference.
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Introduction

The international literature on energy consumption and sustainability covers a vast array
of approaches, from technological issues favouring virtuous behaviour (e.g. tools, design,
infrastructures, policies and laws) to the human factors that can actualize that behaviour (e.g.
culture, values and norms, civic and political aspects)*:31. Although such approaches also exist
in Italy, top-down approaches developed in engineering or economics have been privileged,
often partly integrated with contributions from behavioural sciences focusing mainly on
the individual levell4l. The purpose of this paper is to establish the basis for taking a cultural
approach to sustainable energy consumption in Italy. The first step is a review of the current
Italian psycho-social scenario in the literature, to be conceived as a data baseline to enable
future innovative policies on energy sustainability through communication, education and social
commitment(5]. The second step is an exploratory study of the connection between attitudes
towards sustainability and domestic energy consumption in Italy, aimed at producing context-
sensible policy suggestions.

This paper is the result of the collaboration between ENEA (/talian National Agency for New
Technologies, Energy and Sustainable Economic Development, Energy Efficiency Department) and
the Universita degli Studi di Milano (Department of Cultural Heritage and Environment — Social
Psychology Research Group). It is the starting point of a path aimed at stimulating the energy
transition by studying the psycho-social factors that are capable of triggering virtuous individual
behaviour on a domestic micro-scale. The collaboration was launched under the framework
of “Italy in Class A", a national campaign for energy efficiency promoted by the Ministry for
Economic Development.
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Literature Review and methodology

2.1 Attitudes and behaviour regarding sustainability in
contemporary ltaly

According to the psycho-social literature, Italy presents a contradictory picturel®l. The main,
general factor is the dissonance between on the one hand high awareness of sustainability and
energy issues, including consistent demands by citizens on the political-legislative system (e.g.
to establish more restrictive laws) and on the other hand the will of citizens to change their daily
behaviour. Italian citizens indeed appear to be aligned with the other Europeans regarding the
degree of importance they attribute to sustainability and climate change, but at the same time
they evince in this regard low perceptions of individual responsibility and moderate perceptions
of self-efficacy and proactivity[7l. Moreover, the spread of sustainable behaviour in Italy, including
energy saving, is lower than the EU average, despite the greater awareness of the impact of
environmental problems!8l. Within this general framework, two additional issues characterize
the Italian scenario. Firstly, social representation of sustainability issues revolves around two
main elements: economic savings and preservation of health. Secondly, energy usage is strongly
heterogeneous, due to climatic, residential, socio-economic and gender variables.

2.2 The exploratory study: aims and methodology

In line with the analysis described above, an exploratory project on the situation in Italy was
developed. Its goals are to deepen the social representation of sustainability and energy saving,
and to improve understanding of the relationship between sustainable and energy-saving
attitudes and behaviour on the domestic micro-scale. The micro-scale allows us to investigate
the existing differences between various socio-economic and housing groups. The study involved
155 participants (59 families) living in the Lombardy region. The procedure involved the design
and administration of two surveys, respectively addressed to individuals and families, through
which domestic attitudes and behaviour were detected.

Results and Findings

The 