Grant Agreement: 785125
Call identifier: H2020-EE-2017-CSA-PPI

Project full title: STEP-IN - Using Living Labs to roll out Sustainable Strategies for Energy Poor
Individuals

STEP-IN

Interim Report on V1 Mountain Living Lab

Deliverable lead beneficiary: National Technical University of Athens (NTUA)

Authors: Dimitris Damigos, Nikolas Katsoulakos, Anastasios Balaskas, Lefki Papada, Dimitris
Kaliampakos

Internal Technical Auditor Name (Beneficiary short name) Date of approval
Task leader 07.11.2019
Internal technical reviewer(s) | Zoltan Kmetty, ARIOSZ 07.11.2019

Stefan Bouzarovski, UMAN
PAST reviewer Audrey Bretaud-Kelle, ARTTIC 18.11.2019

Abstract: The deliverable contains the results of the first round of the mountainous Living Lab in
Metsovo, Greece

Due date (according to DoA): 30.10.2019
Actual submission date: 19.11.2019
Publication date: 19.11.2019

Project start date: 01.06.2018 Project duration: 30 months

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under
grant agreement No. 785125. This deliverable solely reflects the STEP-IN Consortium’s views, and the European
Commission and the European Agency for Small and Medium-sized Enterprises are not responsible for any use that
may be made of the information it contains.

Dissemination Level
PU Public



D3.2 -

Interim report on V1 Mountain Living Lab H2020-EE-06-2016-2017

19.11.2019 STEP-IN
Table of Contents
Table of Contents 2
Table of Figures 3
Table of Tables 5
Glossary 6
1. Executive Summary 7
2. Introduction 10
3. Description of the Living Lab Location 12
3.1 LOCALION. ...ttt ss bbb a b st s bbb bbb s bbb bbb s bbbt b sns s bbb tns 12
3.1.1 BasSeliNe SUIVEY SUMIMAIY ........cceieeeieieieiieteeiesiess sttt sassss st sssssssssas s st ssssssssssssassansans 12
3.1.2 Market SEOMENTALION.........cc.covrieririerie ettt ss s sse st ssss st sse st s sss st ssnsens 16
3.1.3 STAKENOIEIS.... .ottt st 16
3.2 Unique Challenges [deNtified............oeiieeee bbb sensas 17
4. Living Lab Implementation 19
4.1 Overview Of LivINg Lab TIMEINE...........eeeee ettt e sassas s 19
4.2 MethodoIOgY EMPIOYEd ...t sssss s sssss s ss s s ssssss s sss st ssnsanns 19
4.2.1 INformation CamMPAIGN ..ottt e ss bbb as s bbbt s s sassassansensans 19
4.2.2 BENCIAMAIKING ..ottt sss st b sss st st s bsssss bbbt s bssss s sssssssssnssssssnssnssnns 21
4.2.3 Training of the HOMeE ENErgy AQVISOIS..........cccciieiniirinrininsensinssssesssssssssssssesssssssssssssssssssssens 21
4.2.4 Organisation of the first ENErgy Café........... et sssssssssssssssanes 21
4.2.5 Recruitment of Living Lab PartiCiPants..........cc.cccreiirininieisiisieseesssssessissssssesssssssssssssnsenes 22
4.2.6 Market SEQMENTALION...........c.cueveveieeeee ettt se bbb bbb s e sas s st 22
4.2.7 HOMeE ENErgy AQVISOF VISIES......cocoieieeiieieeerisiesieisiessis s sssss s ssssss s sssssssssssssssssssssssssssssnsanns 23
4.2.8 Installation of MONItOriNg EQUIPMENT ..ottt sae s snsans 25
4.2.9 Operation of the INfOrmation CENIIE ...t sssaes 27
4. 2. 10 ICT TOOIS...c ittt bss st b st s st bt bs s b s st b baes 27
4.2.11 Evaluation Of IMPACES.........ccoeieieeesece ettt bbbt s s s sas s st 28
4.3 Stakeholder INVOIVEMENT ...ttt sss bbb be st ses s b nssnes 29
4.4 EthiCal aNd GDPR ISSUES .......oireeeeeeeieeeeeie ittt ssse s ssses s sssss s sssss s sasasss s sasss e ssssnssssssnsanes 29
4.5 CONCIUSIONS ...ttt bbbt bbb bbb e b e bbbt b et et b snes 31
5. Results and Lessons Learned 32
51 MELNOAOIOGICAI ASPECLES ...ttt sas st ssans s sansaes 32
5.2 RESUILS ...ttt s st a bbbt s b st e e bae st b b s bbb ens 32
B.2.1 INILIAL ASSESSMIENL ..ottt st bbb bbb bbb bbbt esassassansentans 32
5.2.2 MONITONNG @SSESSMENT ...t ssa st bbbt sas st sss s sas st sesens 43
5.2.3 EVAlUALION @SSESSIMENT ...ttt sttt bt sassas s st 54
5.3 Dissemination Activities
5.4 Lessons learned
6. Conclusions 61
7. Bibliography 63
8. Annexes 64
Public ©STEP-IN Consortium 2



D3.2 — Interi
19.11.2019

Table

Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:

Public

m report on V1 Mountain Living Lab H2020-EE-06-2016-2017

STEP-IN
of Figures
MOUNEAINOUS LL GCHVITIES ..ottt ssssss st sss s s ssssssssssss st ssssssssssasens 7
TREIMIAT IMEGES ..ottt e e e e et 8
SErVICE Of NEALING SYSLEIMS ...ttt ssss st sss s ssss s sss st ssss s s st st sssssns 8
Comparison of average indoor and outdoor temperature, in April 2019 ... 9
Location of MetSOVO (SOUrce: GOOGIE MAPS).....cwreereeeeeereeeeeeseessessseessesssessessesssesssssssesssssssessneses 12
Primary heating Systems USEd iN MEISOVO ...t sssaes s saes s sae st 14
Energy vulnerability qualitative indicators in MEtSOVO...........c.ceeeiveevereenieneeees e 15
Energy VUINErability FSK INAEX ...ttt sass s sae st 16
MOUNEAINOUS LL GCHIVITIES ...ttt sasee s st 19
Posts from the Greek Facebook page of STEP-IN with mountainous LL activities.............. 20
Screenshots from the Greek page of STEP-IN’S WebsSite ... 20
TREIMAI IMAGING ..ottt bbbt bbb s s bbb st sn s s ssnans 23
EXNAUSE §AS MEASUIEIMENT ...ttt ssss s st s ssss s bsssss s sssssss s ssssse s sssens 24
HEALING SYSLEIM SEIVICE ...ttt b s st s s st sss st ss s ses s banens 24
Indoor temperature and humidity MONITOIS.........c.coovoirierireieieeie st sesssssssessens 25
Installation of electriCity CONSUMPLION MELEIS.........coirverreieierieerssisississ s sssss s ssssens 26
Time-series data of indoor temperature and NUMIAILY ..........coooeverereercnrnninrnsnisseses e 26
Time-series data of electriCity CONSUMPLION ... see s 27
ROOM LAYOUL DISPIAY ...ttt bbb bbbt a s aenassassaneas 28
Screenshot from the energy CONSUMPLION QPP ......ccoevriivriinrieeeeieeees e aesaesnsans 28
Average (stated) indoor temperature in the LL hOMES.........coieeeeeeeeeeeeeee s 33
Average (stated) indoor temperature with respect to the thermostat setting ......................... 34
Average (stated) indoor temperature with respect to construction period .........c..ccoeveveernenee. 34
Average (stated) indoor temperature with respect to external wall insulation......................... 35
Average (stated) indoor temperature with respect to glass pane .........ccervecercerireronnen. 35
Average (stated) indoor temperature with respect to size of the house............ccccoovevcerennnee. 36
Average (stated) indoor temperature with respect to thermal comfort ...........cccccooviverernrnncee. 36
Average (stated) indoor temperature with respect to usage of the heating system............. 36
Average (stated) heating cost related to the construction period of the house................... 37
Average (stated) heating cost related to size of the houSEe ..., 37
Average (stated) heating cost with respect to external wall insulation .............cccccoeeeeerrrrunneen. 38
Average (stated) heating cost with respect to thermostat Setting ...........cccceeveereerrerrrrrerrereeneen. 38
Average (stated) heating cost related to the type of heating System .......c.ccccoecevvrvrecrrirreneen. 39
Average (stated) heating cost related to the usage of the heating system..........ccccccevveuuneee. 39
Average (stated) annual electricity cost related t0 hOUSE SIiZe........c..covrerrnrierenrneeeerreien, 40
Average (stated) annual electricity cost with and without electric hot water boiler .............. 40
Average (stated) annual electricity cost with and without electric bill delays.........ccccoconeveu... 40
Average (stated) annual electricity cost related to the household size ..., 41
Average (stated) annual electricity cost by tariff SCheme.........cceieeereeee e, 41
Percentage of energy-vulnerable households ... 42
OVverall VUINEIability INAEX ..ottt s s sae s sa s sas e sanes 42
©STEP-IN Consortium 3



D3.2 — Interim report on V1 Mountain Living Lab H2020-EE-06-2016-2017

19.11.2019 STEP-IN

Figure 42: Annual energy costs in relation to vulnerability CIass.........cccveierereieeeeeee e, 43
Figure 43: Comparison of average indoor and outdoor temperature, in April 2019.........ccoveovevnecnecens 44
Figure 44: Average temperature related t0 NOUSE SIZE ...t ceseeeseetseeesesssesssesssessens 45
Figure 45: Average temperature per type of primary heating SYSteM ... 45
Figure 46: Average indoor temperature with and without external wall insulation............cccecovecovecnecennee 45
Figure 47: Average indoor temperature compared to the daily use of heating systems.........cccccecoveveneee 46
Figure 48: Average daily use of heating systems per type of heating ..., 46
Figure 49: Differences between living room and BeArOOM ... 47
Figure 50: Differences between south- and north-facing ro0MS ............cccooeeeevercieeeereneeeesee e 47
Figure 51: Distribution of households under study below, according to their indoor temperature, during
tNE NEALING PEIIOU. ..ot bbb bbb 48
Figure 52: Required and actual thermal energy consumption of over- and under-consuming
NOUSENOIAS UNUEE STUAY ...ttt bbb bbbt b s assassanbas 49
Figure 53: Real thermal energy consumption with respect to external wall insulation ............c.ccccoeeceu... 49
Figure 54: Real thermal energy consumption with respect to indoor temperature...........c.ccccoeeerrrrrrrenen. 50
Figure 55: Average annual electricity consumption related to hOUSE SiZe..........ocrcervrernrneinreniirninnen, 51
Figure 56: Average annual electricity consumption related to household Size ..........cccooceeervienrcrrirninnnn. 51
Figure 57: Average annual electricity consumption by tariff sScheme..........ccocvecernecnnneseeen, 51
Figure 58: Average annual electricity consumption with and without electric bill delays...........coec..... 52
Figure 59: Average annual electricity consumption with and without electric hot water boiler.............. 52
Figure 60: Real heating costs for households with respect to indoor temperature ...........c.cccoeeeveeerennne. 53
Figure 61: Required heating costs for households with and without wall insulation..............c.cccccoeuuna.... 53
Figure 62: Average indoor temperatures in houses with oil-fired central heating system with and
WIENOUL INSUIBLION ..ottt st et s 54
Figure 63: Ranking of proposed energy intervention MEASUIES...........cccueveeereevesveveeeeeese s esessassassensns 55
Figure 64: Replacement impact of the old refrigerator on energy consumption...........cccceeeeeeeeeverernn. 56
Figure 65: Why participating households find STEP-IN USEfUl ...........ccccoirerririerniniesesese e, 57
Figure 66: Energy decisions triggered by the monitoring eqUIPMENt ..........cc.ccoeererevnreniereesisesesessiessensens 58
Figure 67: Improvements in the qUAlItY Of ife.........cceee st 58

Public ©STEP-IN Consortium 4



D3.2 — Interim report on V1 Mountain Living Lab H2020-EE-06-2016-2017
19.11.2019 STEP-IN

Table of Tables

Table 1: Energy efficiency interventions applied or planned to be applied in Metsovo............c..ccc.e.... 13
Table 2: Evaluation of key indicators for the MouNtaiNOUS LL.........c..inineininrinsieinsssissessissssssesssssenses 17
Table 3: High LeVel EtNICAl CONCEPLS ...t sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssnses 30

Public ©STEP-IN Consortium 5



D3.2 - Interim report on V1 Mountain Living Lab H2020-EE-06-2016-2017
19.11.2019 STEP-IN

Glossary

Abbreviation / acronym Description

LL Living Lab

ELSTAT Hellenic Statistical Authority
NGO Non-governmental organisation
HDD Heating Degree Days

Public ©STEP-IN Consortium 6



D3.2 - Interim report on V1 Mountain Living Lab H2020-EE-06-2016-2017
19.11.2019 STEP-IN

1. Executive Summary

The partners directly involved in the Greek Living Lab (LL) are the National Technical University of
Athens (NTUA), the Municipality of Metsovo (MM), the Greek Regulatory Authority for Energy (RAE)
and the Luxembourg Institute of Science and Technology (LIST). The mountainous LL is operated
mainly by NTUA with the collaboration of MM which, as the local authority, has a long lasting
experience in energy poverty prevention and alleviation, RAE that provides impactful suggestions for
national policy measures for vulnerable consumers, and LIST which develops software and other tools
to assist consumers in making better energy consumption choices, and energy advisors and
practitioners in being able to more effectively monitor and help local households. In addition, STEP-
IN has identified and invited a number of local stakeholders to get involved in the project’s activities,
such as the Epirus Regional Authority, Municipalities located in the Region of Epirus and local Trade
Associations. These stakeholders will be invited to presentations, panel discussions, round tables and
energy cafés that will take place in the LL, as well as to the national conference that will be organised
by NTUA and will participate in the Stakeholders Community.

The V1 operation of the mountainous LL took place in Metsovo, Greece, between March and
September 2019 and included a series of activities, which are presented in Figure 1 (in order of
occurrence).

Operation of

Training of the Organisation . Energy Installation of
q : Recruitment of Market 3 o]
Benchmarking Home Energy of the first . . Advisors home monitoring
. " LL participants segmentation o .
Advisors energy café visits equipment

Evaluation of
impacts

Information Information ICT tools

Centre

campaigns

Figure 1: Mountainous LL activities

A total number of 50 houses were visited by the LL's Energy Advisors. In 30 of them, monitoring
equipment was install to measure electricity consumption and indoor temperature and humidity.
Information related to the buildings’ energy efficiency, current energy costs, heating energy sources,
heating system’s condition, etc. was collected and in a number of houses the "weak” points of the
building shell were spotted using an infrared camera (Figure 2), and the heating systems were serviced
for free (Figure 3).
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120°C

Figure 2: Thermal images

Figure 3: Service of heating systems

The information and data collected during the V1 operation of the LL and the calculations made to
estimate energy consumption and expenditure using models of the houses verified the findings of the
baseline survey. Metsovo's residents face excess energy costs which are attributed mainly to the harsh
climate (the heating degree-days in Metsovo Municipality range between 2275°C*days and
3194°C*days), and the old building stock that lacks energy efficiency. The portion of household
budgets which is absorbed by energy needs (especially heating) is unacceptably high also because
there was a considerable rise in fuel prices and a significant decrease in the average annual income, in
Greece, between 2009 and 2014.

The average indoor temperature in the houses monitored was below 20°C up to April 20™ (the outdoor
temperature in the same period ranged between 5°C and 10°C) (Figure 4). In certain cases, significant
differences (up to 9°C) were measured in the indoor temperature between rooms of the same house,
which were attributed to the type of the heating system (i.e. local or central) or even the orientation of
the room.

Public ©STEP-IN Consortium 8



D3.2 — Interim report on V1 Mountain Living Lab H2020-EE-06-2016-2017
19.11.2019 STEP-IN

25
20

15

di e

0
3/31/201912:00  4/5/201912:00  4/10/201912:00  4/15/201912:00  4/20/201912:00  4/25/201912:00  4/30/2019 12:00

—8—T_Mean —@—temp_out

Figure 4: Comparison of average indoor and outdoor temperature, in April 20719

Based on the measured temperature, the total heating energy consumption of the households
amounts to 951,679 kWhy, which is lower than the total required thermal energy (i.e. 988,367 kWhy)
to keep the houses at comfort levels (i.e. 20°C, as defined by KENAK and relevant standards). In some
houses (around 15%), however, there is over-spending of thermal energy. The average annual
electricity consumption is around 3,800 kWhe, about 20% lower than Greece's average. The
households that use electric hot water boilers consume, on average, approximately 1,900 kWh¢ more
electricity per year than households without electric boilers.

The Energy Advisors offered household-specific advice on conservation practices and potential
efficiency investments. In total, 80% of those who participated in the LL's activities said that the project
was useful to them (approximately 25% maintained their heating system, 22% were helped to gain a
better understanding of electricity bills, 20% claimed that they learn how to use their heating system
more efficiently, etc.). More importantly, around 35% of them said that they noticed an improvement
in the quality of their life during the V1 operation of the LL (e.g. reduction in energy spending,
reduction in moisture/mould problems, improvement in thermal comfort, etc.). Further, some of the
participants were given a nudge by the project to start planning or even implementing energy
interventions, such insulation of external walls and roofs, replacement of energy consuming
appliances, replacement of old analogue thermostats, maintenance of heating systems, etc., and
changed energy behavioural patterns with respect to home ventilation, thermostat setting, etc. The
minimum heating energy savings triggered by the STEP-IN project sum to 33,000 kWhy per year. In
addition, the minimum electricity energy savings are estimated at 2,000 kWhe per year (just from one
household). The potential reduction heating energy consumption exceeds 100,000 kWh per year. If
only the over-consuming households were to reduce their thermal consumption - without
downgrading their quality of life - over 48,000 kWh¢, could be saved. Besides improvements in the
quality of life, these actions bring also environmental benefits. For instance, it is calculated that the
potential reduction in CO, emission can be up to 27 tn per year.

Public ©STEP-IN Consortium 9
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2. Introduction

This document aims to present the methodology used and the results derived by the V1 operation of
the mountainous LL in Metsovo, Greece. To this end, the basic characteristics of the natural and man-
made environment of the LL are shortly described and the main findings of the baseline survey are
summarised (e.g. living and housing conditions, housing infrastructure, heating systems, energy
expenses, market segmentation, etc.), to provide the necessary background information that the
reader would need in order to understand the LL setting before starting to explore the findings of the
V1 operation of the LL.

In addition, the document presents in detail the methodological approach of the LL. As explained, the
mountainous LL follows the basic set-up process developed by the STEP-IN project after certain
modifications to account for the peculiarities of the mountainous LL. More explicitly, the first round of
the mountainous LL includes the following activities:

e Information campaigns;

e Benchmarking;

e Training of the Home Energy Advisors;

e Organisation of the first energy café;

e Recruitment of Living Lab Participants (for the V1 LL activities);
e Market segmentation;

e Home visits from the Energy Advisors;

e Installation of monitoring equipment ('smart meters’ and temperature and humidity monitors);
e Operation of an Information Centre;

e ICT tools

e Evaluation of impacts.

The next section presents the results of the V1 round of the LL. The LLs operated complying strictly
with EU’s Charter of Fundamental Human Rights and Data Protection Regulations and with respect to
local ethical norms and cultural sensitivities. It took into consideration and involved different local and
national stakeholders and faced certain conditions in terms of housing and population characteristics.
The analysis of the results of the V1 round of the mountainous LL is being carried out in three distinct
levels of assessment:

(@) Initial assessment, i.e. analysis of the information gathered during the first one (or two) visits
of the energy advisors, including information about the characteristics of the house and of the
heating system, the heating and electricity consumption, etc.

(b) Monitoring assessment, i.e. the calculations conducted using the results from the monitoring
equipment, as well as the models constructed to estimate the heating energy consumption of
the households.

(c) Evaluation assessment, i.e. the subjective and objective measurements of the mountainous
LL's impacts on the participating households in terms of energy reduction, improvements in
the quality of live, etc.

The analysis is based on information and data gathered from the monitoring equipment and the
meteorological station operated by the NTUA (in Metsovo), as well as questionnaires and forms filled
during the Energy Advisors’ visits. Univariate and bivariate statistical analyses were conducted to
summarise the most important results and statistical tests were run to determine potential empirical
relationship between critical variables.

The main findings included in this report, related to the mountainous LL of Metsovo are summarized
as follows:
e On average, the indoor temperature of all the houses monitored was below 20°C up to April
20™. Yet, only 14% of the households said that they suffer from thermal discomfort (practically
households with average indoor temperature 18°C or less).

Public ©STEP-IN Consortium 10
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The required energy consumption, regarding households in which metering equipment was
installed, was calculated using and the Heating Degree Days (HDD) approach in combination
with building models and the Greek Regulation for Buildings’ Energy Performance (KENAK).
The total required thermal energy consumption of the households under consideration was
estimated to be around 988,400 kWh.

The total real heating energy consumption (estimated using the same process and the average
measured temperature in each house) was calculated to 951,679 kWhy (i.e. 4% lower than the
required consumption). Most of the households (64%) spend less money than required for
covering adequately their heating energy needs. This may affect their ability to keep the indoor
temperature at comfort level (20°C). On the other hand, about 15% of the households spend
more money than required for retaining comfort levels in the heating period.

The average annual electricity consumption (estimated by projecting for a year the real-time
measurements) is around 3,800 kWhe, about 20% lower than Greece’s average. On average,
households that use electric hot water boilers consume approximately 1,900 kWhe more
electricity per year than households without electric boilers.

The minimum heating energy savings triggered by the STEP-IN project after the Energy
Advisors’ suggestions sum to 33,000 kWhy, per year. In addition, the minimum total electricity
savings triggered by the STEP-IN project are estimated at 2,000 kWhe per year (just from one
household).

Around 35% of the households said that they noticed an improvement in the quality of their
life during the V1 operation of the LL. About 35% of them said that they showed a reduction
in their energy spending, 30% said that they faced less issues with moisture/mould, 20%
claimed that they could pay the energy bills on time and 15% mentioned that the indoor
temperature in their homes was more comfort.

Besides improvements in the quality of life, STEP-IN actions bring also environmental benefits.
It is calculated that the potential reduction in CO, emission can be up to 27 tn per year.

©STEP-IN Consortium 11
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3. Description of the Living Lab Location

3.1 Location

Metsovo is a mountainous settlement of Greece, situated in the Northern Pindos mountain range, at
an altitude of 1100 m (Figure 5). The settlement is part of the Municipality of Metsovo, which consists
of three Municipal Sections (Egnatia, Metsovo, Milia), each of which consists of smaller Local
Communities (e.g. Metsovo, Anilio, Votonosi, etc.). The Municipality of Metsovo occupies an area of
363.34 km?, while the settlement of Metsovo occupies the largest part of it (102.08 km?) (ELSTAT, 2011).
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Figure 5: Location of Metsovo (Source: Google maps)

The region is characterized by low temperatures and high rainfall levels. Based on historical data, the
average annual temperature of the last 10 years ranges between 9.2°C and 10.2°C, the corresponding
average annual maximum temperature ranges between 13.5°C and 14.5°C and the average annual
minimum temperature between 5.5°C and 6.5°C.

3.1.1 Baseline Survey Summary

The baseline survey aimed to establish a benchmark for energy needs and cost and energy-related
behaviour in the area of Metsovo that would also help for assessing the impact of STEP-IN. In order to
cover a wide range of issues, e.g. living and housing conditions, housing infrastructure, heating
systems, energy expenses, income, and other socio-demographics, the baseline survey used both
secondary and primary data, namely:
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e Publicly available academic studies, reports and other documents focused on energy
vulnerability and relevant issues.

e Data collected by the Hellenic Statistical Authority (ELSTAT) from the 2011 census.

e Primary information gathered by means of a social survey to a representative sample of 300
households, conducted between December 2018 and January 2019 in the LL area, in the
context of STEP-IN project.

The settlement of Metsovo, where the Living Lab is located, has a total of 2503 residents, organised in
888 households. About one-fifth of the households are single-person households, approximately 50%
have 2 to 3 members, 30% have 4 to 5 members and the rest have more than 6 members. The share
of the elderly people in the population (i.e. over 65 years old) is 23.7% (Greece: 17.6%). About 60% of
the population is aged between 15 and 64 years old (Greece: 65%), and the rest are younger than 14
years old.

The educational level of the population in the Municipality of Metsovo is considered low, as almost
60% of the population has not entered secondary education (Greece: 12.5%), a fact that is mainly
attributed to the special economic activity of the area. More specifically, the majority of the population
works in livestock, cheese-making, winemaking, forestry, folk art, textiles and manufacture of hives and
barrels, jobs that are traditionally passed down from generation to generation, without any special
educational requirements. As regards the employment status, 30% are employed, 4% are unemployed
(Greece: 18.2%), 16.4% are full-time homemakers and 25.4% are retired. The rest declare students,
rentiers and other.

The settlement of Metsovo includes 1409 residences, of which approximately 890 are permanently
occupied. The greatest part of normal residences (63%) are detached houses, 27% are semi-detached
houses and 9.3% are apartments. About 60% of Metsovo's residences, are less than 90 m?, 30% of are
between 90-120 m?, and the rest are over 120 m?. Almost half (i.e. 45.2%) of the dwellings in Metsovo
settlement were constructed before 1970, 41% were built between 1971 and 1980 and the rest after
1980 (about 5% during the last 20 years). The first Insulation Regulation in Greece was practically
implemented in 1980. Hence, it appears that there is lack of basic insulation standards of the building
stock.

Table 1 summarises energy efficiency interventions implemented in Metsovo. The purchase of energy
efficient devices is the most popular choice, followed by the replacement of window frames and glazes.
Thermal insulation has been implemented by nearly 17% of the households. This intervention is the
most effective for reducing heating costs, but it demands higher investment costs. Nevertheless, the
percentage of households that have not applied, nor planning to apply energy efficiency interventions,
is high and this raises issues of concern.

Energy efficiency Applied during the last Planning to apply Not applied/ not
interventions 10 years planning
Replacement of.wmdow 44.0% 13.3% 12.7%
frames and glazing

Upgrade of heating system 22.0% 9.0% 69.0%
Thermal insulation of walls 16.7% 15.7% 67.7%
and/ or roofs

Purchase c_>f energy efficient 58.0% 5 7% 36.3%
home devices

Table 1: Energy efficiency interventions applied or planned to be applied in Metsovo
Source: STEP-IN Metsovo social survey, 2019

According to 2011 Census, about 73% of all dwellings in Metsovo settlement had central heating
systems, while there was a 6.7% of non-heated homes (as regards occupied dwellings, however, the
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non-heated fraction is only 1%). Further, among occupied dwellings, two were the dominant fuels,
diesel oil and woods/pellets, at 78% and 18%, respectively. Nevertheless, the STEP-IN primary survey
proved that the situation has significantly changed since 2011. About 67% of participants said that
they have changed their primary heating system, in order to reduce their energy costs. As a result,
diesel oil is nowadays used by 46% of the households, while, in total, more than 50% of the households
are based on biomass for heating (Figure 6).

Primary heating system

Other

Pellets stove

Firewood stove

Energy fireplace

Heat accumulators
Individual electric devices
Pellets central heating
Firewood central heating

LPG central heating

Diesel oil central heating

0% 10% 20% 30% 40% 50%

Figure 6: Primary heating systems used in Metsovo
Source: STEP-IN Metsovo social survey, 2019

This fact is not surprising for an area like Metsovo, which is rich in biomass wood, considering that
between 2012 and 2014, the cost of diesel oil increased significantly. As a result, the heating cost of a
diesel fired system, with a typical efficiency ratio of 90%, rose up to 0.155 €/kWhy,, while in the same
period the cost of a wood fired heating system (efficiency ratio 70%) was 0.05 €/kWhs. Moreover,
Metsovo’s heating systems (mainly diesel oil central heating systems) are old (average age: 20.5 years),
and this is a factor that affects negatively energy efficiency and fuel use. However, the respondents
stated that they regularly maintain their heating systems. Finally, according to heating system
technicians in Metsovo, there are problems with biomass heating; (a) use of firewood with high
humidity, and (b) purchase and use of non-certified pellets.

Owing to the above-mentioned issues, heating holds the greatest part of energy costs. Heating costs
represent about 75% of the total annual energy costs, while the rest 25% corresponds to electricity
costs. More specifically, the average energy costs per household are summarized below:

» Average annual heating cost per household: 2,237.4 euros
= Average monthly electricity cost in winter: 74.6 euros
= Average monthly electricity cost in summer: 64.1 euros

Due to high taxation, diesel oil remains the most expensive fuel for heating, although oil prices are
lower nowadays compared to 2012-2013.

=  Average monthly cost of heating oil: 232.3 euros
= Average monthly cost of wood/ pellets: 152.8 euros
= Average monthly cost of LPG: 187.5 euros

Based on the findings of the social survey, about three out of ten households in Metsovo receive some
kind of social subsidy/ support/ discount, related to heating expenses (mainly heating oil subsidy). The
average annual financial support amounts to around 300 euros. Considering the high heating costs,
both the financial support and the proportion of households that receive are relatively low. To wit,
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approximately 90% of the households seem to spend more than 10% of their income to cover their
energy needs. The mean ‘energy cost-to-income’ ratio is 23% (5% trimmed mean: 21.5%; st. dev.:
12.5%) and the median 22%. This fact is also reflected in the satisfaction about the existing social
support schemes; less than 3% of the interviewees said that they are adequate and 92% claimed that
the State should do more to support those households that cannot pay for energy.

As illustrated in Figure 7, about four out of ten households claimed that they cannot keep an ideal
house temperature during winter. More explicitly, 61.8% of the households manage to keep the indoor
temperature at ideal levels, 33.7% are below the ideal level and 4.4% is far below the ideal level. Yet, it
should be noted that almost 64% of the respondents stated that the ideal temperature in the house
during winter is more than 21°C. This is a rather high value, which also reflects the importance of
adequate heating in a particularly cold area. Condensation/ damp/ mould problems are reported by
23% to 32% of the households. Leaks from the roof, arrears in energy bills and cut-offs of electricity
are not considered serious issues in the area. On the other hand, about 15% of the households have
cut back on food expenses, and between 20% and 36% reported cut back on hot water, lighting and
appliances’ use. These findings show that people in Metsovo are making important concessions to
their everyday life, in order to get along with energy expenses, especially the ones related to thermal
energy need. To the same direction, about half (47%) of the households reported that they have
reduced the hours of heating systems’ operation or heat only a part of their residences, in order to
respond to increased energy costs.

Cut back on hot water production 20% 80%
Cut back on food expenses 15% 85%
Cut back on medicines 98%

Inability to keep optimal temperature 38% 62%

Heating only part of the house

Cut down the number of hours the heating is on
Turned heating down or off, even though it is cold
Reduced window opening/ventilation

Cut back on heating (general)

Cut back on clothing expenses

Cut back on appliances' use

Cut back on lighting

20% . 8% |

| 1°%% .. 8% |

. 38% 6% |

99%
92%

Electricity cut-off due to arrears

e R
>

Arrears in energy bills  JIE]

Leaking roof [E¥A 97%
Mold on walls/ roofs PETA 77%
Damp on walls/ roofs 30% 70%
Condensation on windows/ walls 32% 68%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

HYes HNo

Figure 7: Energy vulnerability qualitative indicators in Metsovo
Source: STEP-IN Metsovo social survey, 2019

Using the above-mentioned indicators, a composite index was developed to provide an overall
estimate of energy vulnerability issues in the settlement of Metsovo. This index was similar to that of
the baseline survey and builds upon the approach proposed by Bouzarovski & Tirado Herrero (2017).
To this end, four categories of indicators were considered, namely: inability to keep optimal house
temperature; housing condition (which includes all relevant indicators regarding mould, damp, etc.);
arrears in bills; and, finally, cut back on essentials (e.g. food, lighting, etc.). The proposed index ranges
between O (i.e. none of the above-mentioned issues is present, therefore the energy vulnerability risk
is negligible) and 4 (i.e. all the problems described by the indicators are present, thus the energy
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vulnerability risk is very high). The results of the analysis are presented in Figure 8. Approximately 60%
of the households investigated face negligible of low energy vulnerability risk, 22% face medium
vulnerability risk and the rest, i.e. 19% are in excess vulnerability risk.

Energy Vulnerability Risk in Metsovo

m Negligible risk = Low risk Medium risk High risk = Very high risk

Figure 8: Energy vulnerability risk index

3.1.2 Market Segmentation

Within the mountainous LL, the segmentation is on two primary levels. The first level involves citizens
of Metsovo (consumers) who are deemed to experience energy-related problems (e.g. excess energy
costs). The second level includes particular sub-groups, for example families with young children,
elderly people, etc, who may require different interventions via the LL activities.

The market segmentation is undertaken through available census data for the Municipality of Metsovo
and primary data gathered by the social survey to a representative sample of 300 households in the
LL area, between December 2018 and January 2019. According to the results of the baseline survey,
the share of households with children less than 5 years old is 12.7%, the share of households with
members that are pensioners is 45.5% (overall, the elderly people, i.e. over 65 years old, in the
population is 23.7%) and that of households with members with disability or long-term illness is less
than 4.5%. The percentage of single-parent families is very low (around 1%). Further, 8% are either
widowed or divorced.

As mentioned in the previous section, about 40% of the households seem to be energy vulnerable.
Nevertheless, no statistically significant relationship seems to exist between vulnerability and specific
market segments. The main problem faced in the case of the mountainous LL is the excess energy cost,
the vast majority of the households (about 90%) claim to spend more than 10% of their income to
cover their energy needs, especially for heating purposes.

3.1.3 Stakeholders

The first step towards identifying the key stakeholders was to prepare a list of relevant groups,
organizations, and people from the Municipality of Metsovo and the wider area, who could have an
impact on LL's activities (e.g. people who are necessary in order to have the LL running). Further, in
order to understand stakeholders’ perspectives and relevance, different criteria such as potential
contribution to the LL, influence of the stakeholders (e.g. “who” they influence), necessity of
involvement, legitimacy and potential willingness to participate in the LL were considered.
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Based on the above remarks, three local key stakeholder groups from the civil society and the public
and private sector were identified, as follows:

«  Community members who are most affected by the mountain LL actions, namely households
living in Metsovo settlement.
» Local organisations, e.g. NGOs, business associations, etc.
e Policy and public service organizations, mainly local and regional with some formal
responsibility.
In all groups, priority was given to those with the most commitment and presence in the area. To this
end, the following local stakeholders have been mapped at the beginning of the operation of the LL:

¢ Community members: households residing in Metsovo.

« Local organisations: Pindos Perivallontiki (NGO); and Metsovo Trade Association (business
association).

e Policy and public service organizations (apart from the Municipality of Metsovo that
participates in the project as partner): Epirus Regional Authority, Directorate of industry,
energy and natural resources; Municipality of Zitsa; and Municipality of Georgios Karaiskakis.

The values assigned to these stakeholders on each of the above-discussed criteria discussed are, as
follows (Table 2):

Stakeholder Contribution Legitimacy Willingness to | Influence Necessity of
participate involvement

Local households | High High High High High

Pindos Medium Low High Medium Medium

Perivallontiki

Metsovo  Trade | Medium Medium High Medium Medium

Association

Epirus  Regional | Medium High High High High

Authority

Municipality ~ of | Low Medium High High High

Zitsa

Municipality of G. | Low Medium High High High

Karaiskakis

Table 2: Evaluation of key indicators for the mountainous LL

3.2 Unique Challenges Identified

Previous research efforts in Greece have shown that energy costs increase with respect to altitude. For
example, thermal energy demand at 1000 m was found to be 170% higher compared to sea-level
(Katsoulakos, 2013). Moreover, remoteness and terrain inclination, which characterise the mountainous
areas, create barriers to fuel transfer and electrification, increasing fuel costs by about 5-7%
(Katsoulakos and Kaliampakos 2014). Apart from geographical characteristics, incomes of
mountainous populations are usually lower than those of lowland and urban areas, due to various
reasons (i.e. low productivity land, lack of investments etc.). Finally, a common characteristic of
mountainous areas in Greece is also the old building stock, which implies lower energy performance.
The peculiarities of mountain regions create some unique challenges for the Metsovo LL.

Due to the harsh climate, the heating degree-days of the Metsovo Municipality range between
2,275°C*days and 3,194°C*days and are significantly high. It is notable that heating degree days in
Metsovo are 50% more than in the nearby city of loannina (the administrative centre of the Region of
Epirus), whose distance from Metsovo is only 50 km.
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As far as housing characteristics are concerned, more than 80% of Metsovo's residences were built
before 1979, when the first Thermal Insulation Regulation was applied in the country. The building
stock lacks energy efficiency (nearly 6 out of 10 residences in Metsovo have no kind of insulation),
reflecting the crucial issues of low energy performance and great thermal losses of the residential
sector in the area.

Finally, the low income-high cost problem is present. There was a considerable rise in fuel prices
between 2009 and 2014, while the average annual income shanked by 29.10%, at the same period.
Consequently, as already mentioned, the portion of household budget which absorbed by energy
needs (especially heating) is considerably high.
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4. Living Lab Implementation

4.1 Overview of Living Lab Timeline

The mountainous LL follows the basic set-up process described in D1.2 “Living Labs Global
Methodology and implementation guidelines”, that is it includes recruitment of citizens of Metsovo,
organisation of energy cafés, training of Energy Advisors, etc. More explicitly, the first round of the
mountainous LL includes the following activities (in order of occurrence — Figure 9):

e Information campaigns;

e Benchmarking;

e Training of the Home Energy Advisors;

e Organisation of the first energy café;

e Recruitment of Living Lab Participants (for the V1 LL activities);
e Market segmentation;

e Home visits from the Energy Advisors;

e Installation of monitoring equipment (‘smart meters’ and temperature and humidity monitors);
e Operation of an Information Centre;

e ICT tools

e Evaluation of impacts.

Energy Installation of
Advisors home monitoring
visits equipment

Operation of

Training of the Organisation
Benchmarking Home Energy of the first
Advisors energy café

Information Recruitment of Market Evaluation of

Information ICT tools
Centre

campaigns LL participants segmentation impacts

Figure 9: Mountainous LL activities

The stages of the V1 of the LL are discussed in more detail in the following sections.

4.2 Methodology Employed

4.2.1 Information Campaign

The information campaign in the case of the mountainous LL took place in Metsovo from December
2018 up to the end of the V1 LL activities. The main methods used were, as follows:
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A. Leaflets

Leaflets were circulated to citizens of Metsovo (e.g. during the energy café) and made available at
specific locations (mainly at the City Hall, the NTUA premises where the Information Centre is located,
and some cafés at the Metsovo town). The leaflet used at the V1 activities was common with that of
the other LLs, translated in the Greek language (Annex ).

B. Social media

Announcements were made via Facebook (Figure 10) and the Greek version of the project’s official
website (Figure 11).
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Figure 10: Posts from the Greek Facebook page of STEP-IN with mountainous LL activities
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TO EPIO STEP-IN.

To STEP-IN elval éva £€pyo ouvtoviopoU kat otriipténg (coordination and support
action - CSA) mou xprnpatoSoteital and to Mpdypappa «Horizon 2020» TG
Eupwnaikng Evwong

To épyo Ba avantOfel pla kawotdpo opapikr peBodoloyia ywa tnv
QAMOTEALOPATIK QVAAUOT KAl TNV QVTLHETWITLON TG EVEPYELAKIG QTWYELAG. Oa
BonBrioeL autoug Iou £xouv avaykrn va BEATIwaouv Tty rotdtnta {wrig Toug, tnv

EVEPYELAKT) AMOSOTIKOTNTA TWV VOLKOKUPLWV KAl Ta OUVOALKG entimeda dveong.
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v Eupwnn. Méoa ané éva woxupd Alktuo EvSiagépovtog, to STEP-IN Ba
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TOV KaBOPLOPO TTOALTIKWV Yia Tr) HELWOT TG EVEPYELAKIG QTWYELAG.
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Figure 11: Screenshots from the Greek page of STEP-IN’s website
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C. Posters

Finally, posters (size A3 and A4 — Annex Il) were used for informing the local community about the
project not only to boost participation the energy café but also to increase awareness of the issues
surrounding energy consumption, energy cost, energy efficiency, etc.

4.2.2 Benchmarking

The benchmarking step aimed at gaining an understanding of the problem of energy vulnerability in
the area of interest (Metsovo). Following the global methodology (see D1.2), the benchmarking was
done prior to setting up the mountainous LL. Aspects such as energy spending, housing stock, heating
systems etc. were recorded using existing data (population census and publicly available reports and
scientific papers), as well as information from the primary social survey conducted in Metsovo, between
December 2018 and January 2019, in the context of STEP-IN project.

The benchmarking covered several objectives (the results of benchmarking are summarised in Section
3.1.1 of the present Deliverable), as follows:

e Identification of population characteristics

e |dentification of the general housing conditions and energy efficiency measures implemented
in Metsovo.

e Collection of information about heating systems and fuels used, energy needs and energy
spending for heating and electricity.

e Collection of information about related energy vulnerability issues in the locality (e.g.
qualitative indicators about households’ thermal comfort, presence of moisture and or mould
problems in the houses, cutbacks on energy usage, etc.).

In addition, the survey used questions to explore the attitudes of the citizens of Metsovo towards
energy-related issues and to understand why they might be interested in taking part in LL's activities.

The whole process was carefully designed, and care was taken to anticipate ethical and data protection
issues, which are detailed in following sections.

4.2.3 Training of the Home Energy Advisors

The mountain LL employs three Home Energy Advisors. One of them is a Dr. Mechanical Engineer and
certified Energy Auditor. He provided a short training course for the other Home Energy Advisors team
and supervises the whole process (e.g. installation of the monitoring equipment, inspection of heating
systems, etc.).

424 Organisation of the first Energy Café

The energy café of the mountainous LL was held on Wednesday March 13, 2019, in Metsovo. The
energy café took place in the facilities of the Metsovion Interdisciplinary Research Center (MIRC), the
research unit of the National Technical University of Athens (NTUA) dedicated to the sustainable
development of mountainous areas.

The energy café involved different stakeholders, i.e. Metsovo's citizens, policymakers, representatives
of the local authorities (among them the Major and members of the Municipal Council), and
representatives of the local trade stakeholders (i.e. Pindos Perivallontiki and Metsovo Trade
Association). In order to maximise the engagement of citizens facing energy-related problems and, on
the other hand, to avoid any issues of stigmatisation, the energy café invitation and the related poster
(Annex Il) were strictly focused on - and limited to - energy savings and cost reduction issues.
Moreover, during the event all legal (i.e. GDPR) and ethical requirements were fulfilled (further details
are given in following sections). The main part of the energy café was related to energy savings and
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reduction of energy expenses. Three short and simple presentations were given from researchers of
NTUA and RAE, covering the following topics:

e Understanding of electricity bills and aspects to which citizens should pay attention when
switching electricity provider;

e Easy, low-cost methods for reducing thermal energy expenses;

e Collective actions for reducing energy costs, with emphasis on energy communities/
collectives.

The discussion during the energy café was used mainly to develop ideas and processes, prior to the
experimentation phase. Nevertheless, it is envisaged that as the LL progresses and results from the
surveys and monitoring campaigns become available, they will be more active, and their role will be
more important.

The participants asked numerous questions and were strongly interested in taking part in STEP-IN's
actions, wishing that the project will produce positive impacts and provide valuable help to the local
households towards reducing their excess energy costs. The discussion confirmed that the main
energy-related problem faced by the local community is the high heating costs. Further, the
participants mentioned that low-cost measures and small-scale behaviour changes are not enough to
combat the problem and expressed their complaints regarding existing regulations that prohibit, for
example, the use of solar panels or some types of window frames. Finally, particular interest was paid
to energy communities and, more specifically, to the construction and operation of a district heating
system for residential properties that would produce heat from a plant burning biomass.

4.2.5 Recruitment of Living Lab Participants

The recruitment of Metsovo's citizens is a prerequisite for the operation of the mountainous LL. The
recruitment of these households took place through different routes, namely the leaflets of the project,
the primary social survey (i.e. at the end of the interview the interviewee was asked if her/his household
would like to participate more actively in the project, providing a short description of the role of
participation), the energy café and direct contacts with the citizens, as two out of the three Energy
Advisors live permanently in Metsovo.

In total, for the V1 operation, 50 households were directly involved in the LL's actions. These
households were selected randomly and on a voluntary basis (more specifically, they had expressed
their willingness to get involved in the project during the baseline survey, the energy café and the
direct contacts).

All ethical and data protection considerations and rules were strictly followed, as detailed later in this
deliverable.

4.2.6 Market Segmentation

As mentioned in section 3.1.2 Market Segmentation, the market segmentation was undertaken
through available census data for the Municipality of Metsovo and primary data gathered by the social
survey.

According to the results of the baseline survey, the share of households with children less than 5 years
old is 12.7%, the share of households with members that are pensioners is 45.5% (overall, the elderly
people, i.e. over 65 years old, in the population is 23.7%) and that of households with members with
disability or long-term illness is less than 4.5%. The percentage of single-parent families is very low
(around 1%). Further, 8% are either widowed or divorced. Further, about 40% of the households seem
to be energy vulnerable. The main problem faced in the case of the mountainous LL is the excess
energy cost, the vast majority of the households (about 90%) claim to spend more than 10% of their
income to cover their energy needs, especially for heating purposes.
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As regards the 50 households that participated in the LL, approximately 14% have children less than 5
years, 26% have members aged more than 65 years-old, 16% have unemployed members and 4% have
members with disability or long-term illness. Around 40% declared moisture/mould problems, 21%
said that delay the payment of electricity bills, and 14% claim that they don't feel warm enough in their
houses. Energy-related health problems are practically insignificant. The main issue is again the excess
heating cost (more than 2,200 Euros on average).

4.2.7 Home Energy Advisor Visits

The households were divided in two groups. The first group involved houses where monitoring
equipment were installed, besides the visits and advices of Energy Advisors. The second group included
households that would be visited and advised by the Energy Advisors without the installation of
monitoring equipment.

The original plan foresaw that the Energy Advisors would visit each household three times.
Nevertheless, the Advisors visited the thirty households, where equipment was installed, four times. In
the first visit the Advisors installed the monitoring equipment (described hereinafter). The Energy
Advisors used questionnaires designed to collect information that was necessary in order to calculate
the heating energy needs and consumption of the household (e.g. residences’ energy efficiency,
current energy costs, heating energy supply sources, heating system’s condition, electrical devices,
behavioural aspects, households’ demographic characteristics, etc.) and to evaluate the impacts of
STEP-IN. Given that the installation takes some time, and in order to prevent the frustration of the
households, the questionnaires were filled during a second visit. In some houses, the Advisors used an
infrared camera to spot the “weak” points and areas of the building shell (thermal bridges, badly
insulated walls, etc.) (Figure 12), and an exhaust-gas analyser to measure the characteristics of exhaust
gases from the heating systems (Figure 13).

203

120°C

Figure 12: Thermal imaging
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Figure 13: Exhaust gas measurement

Ten oil-fired heating systems were serviced for free by a certified technician (Figure 14). The latter was
not foreseen in the original plan but proved to be quite effective not only for reducing energy
spending, as detailed later in this Deliverable, but also for promoting the project’'s impact on the local
community.

Figure 14: Heating system service

During the third visit, the Energy Advisors provided advice based on the information and the
measurements that they received from the visits and the monitoring equipment, respectively. The last
visit aimed at the final assessment and the results achieved in relation to the effects and the
appropriateness of the measures and actions applied for reducing energy costs.
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It should be noted that the Home Energy Advisor visits to the households without monitoring
equipment were three and certain advices were more general, although a number of peculiar issues
for each case were considered.

The questionnaires used by the Energy Advisors as well as illustrative examples of household-specific
reports and leaflets of advices are given in Annexes Ill and IV.

4.2.8 Installation of monitoring equipment

As mentioned, in 30 out of 50 households, monitoring equipment was installed, consisting of the
following:
e Indoor temperature and humidity data-logger with external sensors, which were positioned in
three different rooms (Figure 15);
e Electricity consumption hubs, which were connected wirelessly with sensors measuring in real
time households’ electricity consumption. Electricity data were automatically captured and
saved by the system to a web platform.

Figure 15: Indoor temperature and humidity monitors

Towards installing the electricity monitors (Figure 16), specialised personnel (i.e. certified electricity
technicians) from the area of the LL was used not only for safety reasons but also in order to gain the
trust of the local people participating in the project.
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Figure 16: Installation of electricity consumption meters

The monitoring equipment allowed recording the above-mentioned parameters (i.e. temperature,
humidity and electricity consumption) in the form of time-series data (Figure 17 & Figure 18) and
helped, through appropriate processing techniques, to draw conclusions about the energy efficiency
of the houses, behavioural patterns of household members, etc., that were then used to provide
household-specific advice on energy conservation practices and potential energy efficiency
investments so as to reduce their energy spending and/or increase their quality of life.
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Figure 17: Time-series data of indoor temperature and humidity

Public ©STEP-IN Consortium 26



D3.2 — Interim report on V1 Mountain Living Lab H2020-EE-06-2016-2017
19.11.2019 STEP-IN

April hourly kWh

35

25

05

o M‘I\ HMHM‘MHH\HI\HH\I\IHMHHM\|“\|M ‘I\H\\H\IHH\I‘H\‘M‘H\H\HHHI‘\\HH‘ T T ‘\mu‘\muuw‘NHHHHI |I H“H\H ‘nn\m‘” m\HHhH \H\I\HH‘ | \“HHI\‘WH“MIH\HHH uummh\HHH | um“m\\mmmhﬂl

0000000000000 0000000000 0000000000000 0RCRR00RR0000000000C00R0R0R2020202R0DDD
£888888588882882888888238335388888838838353828888888883535882858888888858888588888888883888888

(]0
(]0
00
00
00
00
00
100
:00
:00
00
00
00
00
00
00

HEARAESANNANRF S ABASANNNF IO ARA S ANNANAF S A BASANN NN F IS ARASANNANNFASANNNRF ABARAEANFANNANNANNNAF ANNAF S HEAS
= = - A = =7 - = = == = = a7aTTA = = = =

Figure 18: Time-series data of electricity consumption

4.2.9 Operation of the Information Centre

Information centres provide a way for citizens to gain information on energy related issues through
access to materials, e.g. advice leaflets, and/or to sign-up for assistance via STEP-IN. For this purpose,
an Information Centre was run by the NTUA personnel within MIRC's (Metsovion Interdisciplinary
Research Center) premises. The office was open two days per week from 10.00-12.00. Nevertheless,
the attendance of the public has been generally low, so far. It should also be noted that information
about the project, as well as advice for the households under study was not restricted in the operation
of the information centre. Household owners of the residences under study, especially, were
communicating with the energy advisors whenever they needed advice or information. This was a
major part of the successful implementation of the first round of the LL.

4.2.10 ICT Tools

During the V1 operation of the mountainous LL, the focus — similar to the other LLs - was on providing
data collection tools for use by advisors, rather than consumers for reasons described in D.1.2 (e.g. not
all consumers have access to PCs, tablets or smartphones, there are issues with respect to provision of
4G and connectivity in certain built up areas, etc.). ICT tools provide a way to collect and monitor data
about housing conditions (e.g. insulation, energy sources, room layout, etc.) along with information
relating to bills and demographics. A full description of the STEP-IN ICT tools can be found within
STEP-IN D5.2 "Energy Poverty Assessment and Reduction Tools Version V1". Figure 19 provides an
overview of the room layout tools, which include support for assigning characteristics of each room
such as a window, heater or sensor. Additionally, in the mountainous LL the energy monitors included
a web app that could be accessed by the homeowners (Figure 20). For this purpose, the households
were provided with a unique username and password in order to enter the platform and seek for
information about real-time usage of electricity, demand of energy in different hours of the day, total
cost of electricity for specific time periods, etc.

Ethical requirements and GDPR regulations under which EU member states were strictly followed.
Further information relating to GDPR and wider ethical concerns can be found in section 4.4 Ethical
and GDPR issues of this Deliverable.
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Figure 20: Screenshot from the energy consumption app

4.2.11 Evaluation of impacts
The last LL activity involves estimating the impacts of STEP-IN (evaluation step). Several impacts were

monitored, as follows:

Energy Consumption

[ )
Level of consumption;

O
o Cost of consumption;
o Heating energy sources (e.g. gas, electricity, oil and wood);

o Arrears on bills.

e Thermal comfort:
o Objective Measures (through temperature and humidity sensors);
Subjective measures (through self-reported levels of comfort and other related

O
indicators).
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e Uptake of Energy Measures or Advice
o Repairs or replacement of inefficient systems or appliances;
o Installation of insulation;
o Energy efficiency measures.
e Evaluation of V1 impact
o Reduction in energy consumption/spending;
o Reduction in pollutants emission;
o Improvement of the quality of life of local households;
o Changes in energy behaviour;
o Understanding of energy bills, etc.

Further issues, such as exploration of financial and non-financial barriers, were also explored. For this
purpose, information and data gathered from the monitoring equipment, the questionnaires and the
meteorological station operated by the NTUA (in Metsovo) during the LL operation were analysed
using statistical and building energy efficiency software packages (the latter will be used for selected
households). The analysis provided information about the energy consumption of the households
before and after the implementation of measures suggested by the Home Energy Advisors. In addition,
the actual energy consumption and the conditions within the houses (i.e. temperature) were compared
to the theoretical energy needs and building regulations, as in some cases energy-vulnerable
households tend to consume less energy than required. Finally, during this step the lessons learned
were considered in order to improve the operation of the LL for the operation rounds to come.

4.3 Stakeholder Involvement

So far, the local stakeholders involved in LL's activities are citizens of Metsovo town, the Municipal
Authorities and representatives of the Pindos Perivallontiki and the Metsovo Trade Association. The
local stakeholders have been involved through the primary survey that was conducted in Metsovo
between December 2018-January 2019 (300 participants), the energy café (approximately 50
participants) and the V1 operation of the LL (50 households with about 150 members, in total).

4.4 Ethical and GDPR issues

The mountainous LL operated complying strictly with EU’s Charter of Fundamental Human Rights and
Data Protection Regulations. As a result, operators of EU-based LLs (receiving funding) and the STEP-
IN project should pay special attention to and comply with these regulations. The LL involves energy-
related vulnerable consumers and raises privacy and data protection issues.

The key ethical issues that were considered in the mountainous LL (as in each and every of the three
LLs) are outlined in Table 3, in accordance to the global methodology described in D1.2 “Living Labs
Global Methodology and implementation guidelines”. Particular attention was given to avoid
stigmatising the citizens involved, starting from the development of the project. To this end, the LL
operators were quite careful in using certain language in documentation through the recruitment
processes or through the publication of information by focussing on creating positive feelings towards
the LL activities and presenting the objectives and results of the in a positive light (e.g. to increase
awareness of the issues surrounding energy consumption, reduce energy costs of the households,
improve the energy efficiency of houses, etc.). Finally, it is noted that during the V1 operation of the
LL only non-sensitive personal data, which are really necessary for the project (i.e. factors influencing
energy-related behaviours and choices, information necessary to provide energy advices and training
on the efficient use of heating system and electrical appliances, etc.), were collected and processed.

Moreover, the mountainous LL operated with respect to local ethical norms and cultural sensitivities
so as to obtain consent from the overall community. In addition, the highest ethical standards were
always adopted, ensuring that the role of all those involved in LL's activities was made clear. Finally,
any potential conflicts of interest were avoided.
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In handling of personal data, the General Data Protection Regulation (Regulation No 2016/679) that
came into effect on 25 May 2018 was followed. In addition, the following regulations were considered:

e Data Protection Authority, Regulations 408, 1/99: Notification of subjects about recording personal
data;

e Law 3471/2006: Personal data protection in electronic communications;

e Law 3917/2011: Personal data protection in electronic communications through public data
networks.

Further, the mountainous LL received full approval for each required activity (e.g. primary social survey,
energy café, installation of monitoring equipment, collection of information from households
participating in LL's V1 activities, preparation of consent forms and information sheets, etc.), by Prof.
Peter Wahlgren, Internal Ethical Advisor of the project and the Research Ethics Committee of the
National Technical University of Athens (on April 18, 2019).

Concept Relevance in STEP-IN

Balance Benefits: risk and harm The LLs must primarily benefit the citizens involved. They must avoid
issues such as erosion of privacy or stigmatisation or other negative side
effects.

Consent and Voluntary All citizens taking part must be able to understand and voluntary

Participation participate in STEP-IN and be competent enough to take that decision.

Citizens can also withdraw consent at any time.

Fidelity, Transparency and Dignity | Those working in the project should be able to benefit from its results,
for example the energy advisors. However, they should not benefit
personally from taking part. All those taking part must behave in an
open, transparent and honest way.

Respect for Rights and Dignity Care should be taken to avoid bias or other problems related to aspects
such as race, gender or age.

Table 3: High Level Ethical Concepts

The citizens who were involved in data collection tasks (during the baseline survey, the energy café
and the V1 LL activities) were provided with sufficient information in their native language that allowed
them to make an informed decision as to whether or not to take part and were given a consent form,
which they signed along with the representative from the LL (see sample consent and information
sheets, which are provided in Annex V).

More explicitly, the information sheet provided information about the background, aims,
methodology, funding, participants and finality of the STEP-IN project, in particular about the specific
task in which they are invited to be involved. In addition, they were informed about the level of
anonymity in the collection and storage of their personal data, how the information would be used in
the project, where and by what means it would be stored and at what point it would be destroyed.

Participants were given time to ask questions and, after that, were asked to sign the consent form (the
signed consents are kept on file by the LL Coordinators), which, in combination with the information
sheet, included the following information:

e Participation is voluntary and refusal to participate will not result in any consequences or any loss
of benefits;

e Details of who will be conducting the study and who to contact if questions or problems arise;

e Purpose, duration and procedures of the study;

e Questions can be asked before deciding to give consent;

e Any risks, inconveniences and benefits associated with the research;

e How their data will be collected, stored and protected during the project;
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e What procedures will be employed to maintain confidentiality and anonymity (e.g. removing
personal details from data, keeping data in password-protected folders, etc.);

e How the findings from the study will be used and disseminated;

e How to withdraw themselves and their data from the project at any time.

The LL operators secured that all types of data will be anonymised, encrypted and protected during
storage and transmission (which usually takes place across third-party networks).

To this end, the names of the participants were replaced with ID codes to maintain anonymity. The
identity of all participants was fully masked in any printed materials, project reports or dissemination
materials unless specific permission was provided. Further, personal media and other content were not
used in wider dissemination activities of the research project and no one outside of the research team
has access to any of these data. Finally, files and other content were stored in password-protected
folders within NTUA and were available only to authorised members of the research team.

4.5 Conclusions

The mountainous LL methodology follows the global LLs methodology that is presented in D1.2 “Living
Labs Global Methodology and implementation guidelines”. The overall methodology aims to help the
citizens involved in project’s action to reduce their energy spending and improve their quality of life,
through providing energy advice which leads to energy efficiency improvements. In addition, the
methodology wishes to create longer-term sustainable impacts at local, regional and national level by
engaging a number of stakeholders (e.g. regulators, local governments, NGOs, etc.), since a wider
stakeholder network is a prerequisite in shaping local and national policies.

The methodology has been designed to be customisable for different locations, and therefore certain
peculiarities exist between the mountainous and the other two LLs, although the overall key steps
remain in place. For example, the number of people involved, the type of data and mostly the
approaches used to gather them, the number of energy cafés conducted, the Energy advisors trained,
and the visits accomplished, are some examples of the ‘deviations’ between the LLs. To some degree,
the customisation of the methodology is unavoidable, as the LLs do not exist in isolation from the local
community. The LLs operate with respect to local ethical norms and cultural sensitivities, take into
consideration and involve different local and national stakeholders, and face different conditions in
terms of housing and population characteristics and (pre)existing resources and programmes
dedicated to combating energy-related vulnerabilities.

Keeping in mind the above-mentioned remarks, the mountainous LL process, which was implemented
in this first (V1) round, includes the following activities:

e Information campaigns;

e Benchmarking;

e Training of the Home Energy Advisors;

e Organisation of the first energy café;

e Recruitment of Living Lab Participants (for the V1 LL activities);

e Market segmentation;

e Home visits from the Energy Advisors;

e Installation of monitoring equipment ('smart meters’ and temperature and humidity monitors);

e Operation of an Information Centre;

e ICT tools

e Evaluation of impacts.
This section provided a description of the approaches and means used to achieve STEP-IN's objectives
in the area of Metsovo. As described in section 5 Results and Lessons Learned , the overall result is
considered to be positive. Nevertheless, certain things can be improved in the way the LL is organized
and being operated so as to ensure a higher engagement with local people and the wider stakeholder
group.
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5. Results and Lessons Learned

5.1 Methodological Aspects

The analysis of the results of the V1 round of the mountainous LL is being carried out in three distinct
levels of assessment:

(d) Initial assessment — it refers to the analysis of the information gathered during the first one
(or two) visits of the energy advisors and includes information about the characteristics of the
house and of the heating system, the heating and electricity consumption and spending, the
thermal comfort of the household, subjective measures of comfort and vulnerability, etc.

(e) Monitoring assessment — it involves all the calculations conducted using the results from the
monitoring equipment, as well as the models constructed to estimate the heating energy
consumption of the households. This level involves only houses where monitoring equipment
was installed.

(f) Evaluation assessment — it includes subjective and objective measurements of the
mountainous LL's impacts on the participating households in terms of energy reduction,
improvements in the quality of live, adoption of energy efficiency measures, financial and non-
financial barriers towards investing in energy efficiency, etc. It is noted that the evaluation level
includes both actual and potential energy savings (in terms of consumption and cost), since in
some cases households implemented (or plan to implement) the advices provided by the
Energy Advisors, but the impact could not be measured. The latter stands mainly for the
heating system, since the advice was given in the summer and up to the end of the V1 round
of the LL (mid of October) the heating system was not in typical operation.

The analysis is based on information and data gathered from the monitoring equipment, the
questionnaires and the meteorological station operated by the NTUA (in Metsovo) during the LL
operation. For this purpose, univariate and bivariate statistical analyses were conducted to provide a
summary of the data collected from the survey and different statistical tests were implemented to
determine potential empirical relationship between critical variables. The confidence interval of all
statistical analyses was 95%, and the significance level 5%.

5.2 Results

5.2.1 Initial assessment

Housing characteristics

As far as housing characteristics are concerned, the sample includes 50 houses, 26% of which are
detached houses, 10% are maisonettes and the rest are apartments. About 10% are less than 70 m?,
30% of are between 70-90 m?, 30% of are between 90-110 m?, and the rest are over 110 m2. Further,
nearly 55% have two bedrooms or less, 30% have three bedrooms, and the rest have more than three
bedrooms. As far as the age of the houses is concerned, around 35% were built before 1980, 62%
between 1980 and 2000, and the rest after 2000.

As far as the energy efficiency of the properties is concerned, around 60% have insulated external walls
and about 40% have insulated roof. Moreover, 70% have double glazing windows. Finally, 45% of the
houses of the sample have good air insulation level, 30% of the houses have medium air insulation
level, and the rest of the houses have bad air insulation.
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Heating system characteristics

Practically in all houses (over 95%), more than 85% of the total area of the house is heated. Almost
85% of the households use central heating systems. The main fuel used in central heating systems is
heating oil (about 60%), followed by firewood (16%), pellet (4%) and LPG (4%). The latter use domestic
LPG storage tanks, because there is no natural gas network in Metsovo. The rest of the houses use
firewood and pellet stoves and local heat pumps. Finally, about one-fourth of the households use
secondary heating systems, as well (mainly electrical devices and stoves).

As regards automation/ control systems, these can be used in cases of central heating systems which
use diesel, LPG and pellet fired heating systems. Among these households: 37.5% do not have
automation systems (they only use the heating systems through an ON/OFF controller); 50% use
thermostats to control heating systems; 12.5% use thermostats and, additionally, have installed
thermostatic vanes in the radiators. Only 2 households reported that they use digital thermostats.

Electrical loads

Practically all households own electrical appliances with heavy power consumption, such as electric
stoves (typical power: 2,000W — 6,000W), washing machines (typical power 500W - 750W), refrigerators
(typical power 200W - 250W) etc. Only half of the households use electricity for domestic heat water.

As far as lighting is concerned, less than 20% of the households use old type bulbs. The rest use
Compact Fluorescent Lamps (CFLs) and Light Emitting Diode (LED) bulbs.

Energy-related behavioural aspects

According to the answers provided at the beginning of the LL V1 operation, 12% of the households
use the heating system between 4 and 6 hours every day, 14% between 6 and 8 hours every day and
the rest (i.e. 74%) more than 8 hours every day.

Among those who have thermostats (either analogue or digital, although digital thermostats are rare),
16% reported that they set the thermostat below 18°C, 51% said that the thermostat is set between
18°C and 20°C, and the rest claimed that they set the thermostat to over 20°C.

On average, around 20% of the households said that the average temperature in their home (during
the winter period) is more than 20°C, 63% said that it ranges between 18°C and 20°C, and the rest that
it's below 18°C (Figure 21). About 80% of the households stated an average temperature over 18°C.

Average indoor temperature (stated)

More than 200C -
Lessthan 180C .

0% 10% 20% 30% 40% 50% 60% 70%

Figure 21: Average (stated) indoor temperature in the LL homes

As expected, the average (stated) indoor temperature is associated with the temperature set to the
thermostat (Figure 22).
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Average indoor temperature per thermostat setting
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Figure 22: Average (stated) indoor temperature with respect to the thermostat setting

The average indoor temperature does not seem to be correlated with the construction period of the
house parametric (Kruskal-Wallis: x>=4.786, d.f.=3, p=0.188) (Figure 23), the insulation of the external
walls (Mann-Whitney U=239.5, d.f.=3, p=0.984) (Figure 24) or the use of double glazing windows
(Kruskal-Wallis: x2=1.291, d.f.=3, p=0.731) (Figure 25). This can be associated with the fact that heating
is an "inelastic” need in Metsovo, because of the cold climatic conditions and so, people have to keep
their houses warm, independently from the building age and thermotechnical characteristics.

Average indoor temperature per construction period

After 2010
2001-2010

1991-2000

|
|
|
1980-1990 |
197-1979 | —
|

Before 1955
0.0 5.0 10.0 15.0 20.0 25.0

(in°C)

Figure 23: Average (stated) indoor temperature with respect to construction period
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Average indoor temperature per external wall insulation
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Figure 24: Average (stated) indoor temperature with respect to external wall insulation

Average indoor temperature per type of glass pane

Double window

Double, small air vacuum

Single
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Figure 25: Average (stated) indoor temperature with respect to glass pane

The average indoor temperature seems to be associated with the size of the house (Figure 26), the
thermal comfort (Figure 27) and the average daily usage of the heating system (Figure 28).
Nevertheless, chi-square tests of independence were used to determine if there is a significant
relationship between the average stated temperature and the above-mentioned variables. The null
hypothesis could not be rejected in any of these cases, meaning that a significant relationship could
not be established at the 95% confidence level.
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Average indoor temperature per house size
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Figure 26: Average (stated) indoor temperature with respect to size of the house

Average indoor temperature per thermal comfort
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Figure 27: Average (stated) indoor temperature with respect to thermal comfort

Average indoor temperature per daily usage of heating
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Figure 28: Average (stated) indoor temperature with respect to usage of the heating system
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Finally, with respect to the natural ventilation of the houses, less than 12% of the households said that
they don't open the windows at all during winter. The rest responded that they ventilate their homes
mainly early in the morning (84%), before midday (8%) or at midday (8%). Considering that outdoor
temperature is very low early in the morning, opening the windows at this time allows the house to
cool down quickly and, thus, requires more heating energy to restore the indoor temperature.

Energy spending for heating and electricity

On average, households spend 2,200 Euros per year for heating (std.dev: 1,050 Euros). More explicitly,
about 12% spend less than 1,000 Euros per year, 42% spend between 1,000 and 2,000 Euros per year,
30% spend between 2,000 and 3,000 Euros per year, and the rest spend more than 3,000 Euros per
year.

The (stated) average annual spending for heating seems to be affected by the age (Figure 29) and the
size of the house (Figure 30), as well as by the insulation of the external walls (Figure 31). Nevertheless,
the difference in the means is not statistically significant.

Average annual heating cost per construction period

After 2010
2001-2010
1991-2000
1980-1990

1967 -1979

Before 1955

o

500 1,000 1,500 2,000 2,500 3,000 3,500

Euros

Figure 29: Average (stated) heating cost related to the construction period of the house

Average annual heating cost per house size

over 11050,
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Figure 30: Average (stated) heating cost related to size of the house
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Average annual cost with respect to external wall insulation
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Figure 31: Average (stated) heating cost with respect to external wall insulation

Seemingly, the annual heating cost is affected by the thermostat setting (Figure 32). However, the
differences between the three groups (i.e. 18°C, between 18°C and 20°C, and over 20°C) are not
statistically significant.
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Figure 32: Average (stated) heating cost with respect to thermostat setting

The average heating cost is correlated with the type of the primary heating system (Figure 33). The
null hypothesis for the non-parametric Kruskal-Wallis test is rejected for the four main central heating
systems (x?=9.213, d.f.=3, p=0.027), showing that there are statistically significant differences between
the four groups of heating systems. The same conclusion is drawn with respect to the daily usage of
the heating system (Figure 34). The null hypothesis is rejected (x*>=10.256, d.f.=2, p=0.006).
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Average annual heating cost per heating system
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Figure 33: Average (stated) heating cost related to the type of heating system
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Figure 34: Average (stated) heating cost related to the usage of the heating system

The average (stated) annual electricity cost is around 880 Euros (std.dev: 368 Euros). More specifically,
18.5% for the households spend less than 600 Euros per year (i.e. 50 Euros per month), 37% spend
between 600 and 900 Euros per year (i.e. 50-75 Euros per month), 33% spend between 900 and 1,200
Euros per year (i.e. 75-100 Euros per month), and the rest spend more than 1,200 Euros per year.

The annual electricity costs stated by the participants in the V1 operation of the LL vary with the size
of their home (Figure 35). Yet, differences between the groups are not statistically significant. Similarly,
the annual electricity costs different between households that use electric hot water boilers, as shown
in Figure 36 (on average, those who use electric boilers spend 100 Euros more per year), but using the
Mann-Whitney U test the null hypothesis that the two samples (i.e. with and without electric boiler)
were selected from populations having the same distribution cannot be rejected. Further, those in
arrears on electricity bills spend almost 200 Euros more per year (Figure 37). Again, however, the null
hypothesis cannot be rejected.
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Average annual electricity cost per house size
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Figure 35: Average (stated) annual electricity cost related to house size
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Figure 36: Average (stated) annual electricity cost with and without electric hot water boiler
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Figure 37: Average (stated) annual electricity cost with and without electric bill delays

The average (stated) electricity cost differs in relation to the size of the household (Figure 38). In
general, the annual cost increases as the household size increases (a reduction is noticed for
households having more than 5 members). In this case, the non-parametric Kruskal-Wallis test is
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rejected (x>=10.034, d.f.=4, p=0.04), showing that there are statistically significant differences in the
electricity cost between the groups of household sizes.

Average annual electricity cost per household size

More than 5
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1 ——

0 200 400 600 800 1000 1200
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Figure 38: Average (stated) annual electricity cost related to the household size

According to the information gathered, approximately 10% of the households that participated in the
V1 round of the mountainous LL are supported the Social Residential Tariff policy and pay reduced
tariffs for purchasing electrical energy. Further, about 12% of the households use the Residential Night
Tariff i.e. a tariff that includes two charging prices. The consumption within the peak period is charged
with the regular price, while the consumption within the off-peak period is charged with a reduced
price. Nevertheless, as illustrated in Figure 39, the households that enjoy lower electricity prices spend
more, on an annual basis. This finding is worrisome in the sense that it may indicate that these
households consume significantly higher amounts of electricity or, in the case of Night Tariff, the main
consumption is within the peak period. This issue was further investigated and discussed in the next
section.

Average annual electricity cost by tariff scheme
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Figure 39: Average (stated) annual electricity cost by tariff scheme
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Energy vulnerability qualitative indicators

Three qualitative indicators were considered to measure energy vulnerability, namely: inability to keep
optimal house temperature; housing condition (which includes problems with moisture/mould); and
arrears in bills. In this case, cut back on essentials (e.g. food, lighting, etc.), was not taken into
consideration, as the results of the baseline survey showed that it's not a major issue in the area of the
LL. As shown in Figure 40, the most important issue is the presence of moisture/mould in the houses
(38%), followed by the arrears in bills (22%) and thermal discomfort (i.e. the home is not warm enough
- 14%).

Qualitative vulnerability indicators

Arrearsin hills

Moisture/mould issues

Thermal discomfort

i

0.0 100 20.0 30.0 400 500 600 700 800 900
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Figure 40: Percentage of energy-vulnerable households

Using these three indicators, an overall vulnerability index was constructed. The proposed index ranges
between 0 (i.e. none of the above-mentioned issues is present, therefore the vulnerability risk is
negligible) and 3 (i.e. all the problems described by the indicators are present, thus the vulnerability
risk is very high). As presented in Figure 41, about 16% of the households face two or more of the
above-mentioned problems.

Vulnerability index

= Negligible = Low = Medium High

Figure 41: Overall vulnerability index
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As illustrated in Figure 42, those who spend more on heating face lower vulnerability risks (mainly
because they face lower problems with moisture and mould). On the contrary, those who spend more
on electricity face higher vulnerability risk. This fact is associated with arrears in electricity bills,
provided that the fuels for heating purposes (diesel, wood, LPG) are always paid in cash, otherwise the
suppliers do not provide fuel.

Average annual energy costs per vulnerability class

M Heating cost M Electricity cost

Low F
Negligible F
0 500 1,000 1,500 2,000 2,500 3,000
Euros

Figure 42: Annual energy costs in relation to vulnerability class

5.2.2 Monitoring assessment

Indoor temperature and humidity

Thermal comfort is the condition of mind that expresses satisfaction with the thermal environment and
is assessed by subjective evaluation. Most people will feel comfortable at room temperature of 20°C.
On average, the indoor temperature in all the houses monitored was below 20°C up to April 20t (the
outdoor temperature in the same period ranged between 5°C and 10°C), as shown in Figure 43. As
mentioned, however, only 14% of the households said that they suffer from thermal discomfort
(practically households with average indoor temperature 18°C or less).
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Figure 43: Comparison of average indoor and outdoor temperature, in April 2019

Despite the fact that there exists a positive correlation between the measured and the stated
temperature (r=0.36), the differences between them are in some cases significant. More explicitly, 60%
of the households reported an average indoor temperature that had an absolute difference less than
1°C with the measured on, while 40% of the households reported and average indoor temperature
that was significantly lower or higher than the measured on (i.e. between 1.5°C and 5°C). Yet, it has to
be mentioned that people report indoor temperature during their staying at home, whereas measured
temperature refers to a 24h average.

According to the temperature measurements taken by the monitoring equipment during the V1
operation of the LL, there is, in some houses, a significant difference between the comfortable
temperature and the measured one (comparisons regarding thermal comfort are based only on indoor
measurement for April, which is the last month where systematic use of heating is made). More
explicitly, the average indoor temperature in about one-third of the houses was between 1.5°C and
4.5°C lower than the suggested temperature of 20°C, while in one-fifth of the houses was over 20°C
(from 1.5°C up to 3.5°C). Again, this finding should be considered with caution, as measured values
include hours when people are not at home, at all. The average humidity was 50%, ranging from 42%
up to 65%.

The mean temperature increases proportionally with the size of the property, implying that households
that have probably a more comfortable income level can afford to pay more for heating purposes
(Figure 44), with the use of central heating systems (Figure 45), and with the insulation of the external
walls (by almost 0.8°C) (Figure 46). However, there is no statistically significant difference in any of
these cases. Moreover, as shown in Figure 47, the average indoor temperature is higher for households
that use less hours their heating system daily. This apparently unexpected finding is related to the fact
that households using central heating operate the system less hours compared with households that
use local heating systems, such as electric devices, fireplaces, stoves, etc., as shown in Figure 48.
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Figure 44: Average temperature related to house size
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Figure 45: Average temperature per type of primary heating system
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Figure 46: Average indoor temperature with and without external wall insulation
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Figure 47: Average indoor temperature compared to the daily use of heating systems
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Figure 48: Average daily use of heating systems per type of heating

It is worth mentioning that in certain cases significant differences were measured in the indoor
temperature between rooms of the same house, which were attributed to the type of the heating
system (i.e. local or central) or even the orientation of the room. For instance, Figure 49 shows that the
measured difference in the temperature between the living room and the bedroom was as high as 8°C
in houses using local heating systems. Further, as illustrated in Figure 50, the measured difference in

temperature between south- and north-facing rooms was even higher (up to 9°C).

Public ©STEP-IN Consortium

46



D3.2 - Interim report on V1 Mountain Living Lab H2020-EE-06-2016-2017
19.11.2019 STEP-IN

30

——tl —e—12

25

20

g WANY

o
°_ 15
£
10
5
0
3/31/2019 12:00 4/5/2019 12:00 4/10/2019 12:00 4/15/2019 12:00 4/20/2019 12:00 4/25/2019 12:00 4/30/2019 12:00
Date
Figure 49: Differences between living room and bedroom
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Figure 50: Differences between south- and north-facing rooms

Heating energy consumption

The required energy consumption, regarding households in which metering equipment was installed,
was calculated following the procedure summarized below:

» Creation of floor plans of the households, following measurements from Energy Advisors’ visits

= Calculation of houses’ heat transfer coefficient based on the floor plans and the data collected
by questionnaires, as well as the heat permeability factors described in the Greek Regulation
for Buildings’ Energy Performance (KENAK)

» Calculation of thermal energy demand by combining the findings of the previous step and the
Heating Degree Days (HDD) in Metsovo (base temperature for HDD 18°C, which practically
corresponds to 20°C internal temperature).
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= Estimation of thermal energy consumption, considering energy demand and the efficiency
rations of the hating systems, as defined by KENAK

Based on the modelling procedure, the total required thermal energy consumption of the households
under consideration amounts to 988,367 kWh.

The calculation of the real heating energy consumption had to start from an assumption that is related
to the time period in which the first cycle of the LL took place. The cold month during the first cycle of
the LL was April, whose average temperature was 7.8°C and so, the use of heating systems was
necessary. More explicitly, the basic assumption made is that the average indoor temperature of each
household during April reflects the average indoor temperature throughout the heating period. In
Figure 51, the shares of households whose temperature is near, below and above the comfort levels
(i.e. 20°C, as defined by KENAK and relevant standards) are presented. The measured average indoor
temperature of April was introduced into the energy consumption model and, in this way, a new
thermal energy consumption was estimated, which reflects the actual thermal energy consumed by
each household.

Distribution of households according to indoor temperature

m temperature at comfort level
= temperature below comfort level
= temperature above comfort level

Figure 51: Distribution of households under study below, according to their indoor
temperature, during the heating period

Following the methodology described, the total real heating energy consumption of the households
under study amounts to 951,679 kWhy. The real heating energy consumption is lower than the
required one. However, the difference between them is rather slight, about 4%. A better view could be
gained if the households that over-consume and under-consume energy were examined separately,
according to the estimations made. Figure 52 contains the total required thermal energy consumption,
as well as the actual thermal energy consumption of over- and under-consuming households.
Households whose temperature is below comfort levels consume 25% less energy than required. In
the cases where temperature exceeds comfort level the excess energy consumption is 17% greater
than the required.
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Figure 52: Required and actual thermal energy consumption of over- and under-consuming
households under study

Households whose residences have insulated external walls consume 30% less thermal energy (real
consumption), as shown in Figure 53. This is an illustrative indicator of the positive effects of insulation
on energy consumption.

Real thermal energy consumption with and without wall
insulation
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Figure 53: Real thermal energy consumption with respect to external wall insulation
Households with indoor temperature above comfort levels present, on average, 82% higher energy
consumption than households with indoor temperature below comfort levels; an important

differentiation. Compared to households with indoor temperature near the comfort level, the
difference is 40% (Figure 54).
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Figure 54: Real thermal energy consumption with respect to indoor temperature

Electricity energy consumption

The average annual electricity consumption (estimated by projecting for a year the real-time
measurements) is around 3,800 kWhe (std.dev: 2,200 kWhe). Based on Eurostat’s data the final
electricity consumption of all Greek households, in 2017, was about 19,628 GWhe, which corresponds
to approximately 4,700 kWhe per household per year. More specifically, 18.5% for the households
consume less than 1,750 kWhe per year, 33% consume between 1,750 and 3,000 kWhe per year, 22%
consume between 3,000 and 4,800 kWhe| per year, and the rest 26% consume more than 4,800 kWhe
per year (i.e. more than Greece's average).

The annual electricity consumption varies by the size of the property (Figure 55), although not
proportionally. The differences between the property size groups are not statistically significant. In
general, the annual electricity consumption increases proportionally to the household size (Figure 56).
Yet, there is no statistically significant difference between the groups. Interestingly, the average annual
consumption is higher for households that use special tariffs (e.g. social or night tariffs), as shown in
Figure 57. This finding does not necessarily imply that lower electricity prices result in energy wastage,
as these households have more than 3 members. In addition, the difference between the three schemes
(i.e. regular, social and night) is not statistically significant. According to Figure 58, household in arrears
consume, on average, less electricity. Again, the null hypothesis that the difference is not significant
cannot be rejected. Nevertheless, it seems that those who are more vulnerable to arrears consume, in
general, less electricity, in this case around 27% less than Metsovo’'s average and 35% less than
country’s average.
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Figure 55: Average annual electricity consumption related to house size
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Figure 56: Average annual electricity consumption related to household size
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Figure 57: Average annual electricity consumption by tariff scheme
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Figure 58: Average annual electricity consumption with and without electric bill delays

On average, those households that use electric hot water boilers consume approximately 1,900 kWhe
more electricity per year than households without one (Figure 59). In this case, the Mann-Whitney U
test rejects the null hypothesis of no differences between the two groups (Mann-Whitney U=49.5,
p=0.043). The current legislation does not allow the installation of solar water heaters, in order to retain
the vernacular architectural identity of the settlement. However, this results in higher energy
consumption and, consequently spending (around 350-400 Euros per year). This is certainly an issue
that local and national policymakers and legislators should reconsider in order to reduce energy
expenses of local households.
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Figure 59: Average annual electricity consumption with and without electric hot water boiler

Energy spending for heating and electricity

For covering the required thermal energy costs, households would need to spend 70,340 Euros per
year. The average unit heating cost is 0.071 Euros per kWhi. The real thermal energy costs are 68,726
Euros per year or 0.072 Euros per kWhi. The majority of the households (64%) spend less money than
required for covering adequately their heating energy needs. This may affect their ability to keep the
indoor temperature at comfort level (20°C). On the other hand, 14% of the households spend more
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money than required for retaining comfort levels in the heating period. Compared to the required
energy, the average under-spending ranges in about 390 Euros per year, while the average over-
spending in 280 Euro per year. The estimated required costs for an important part of the households
(22%), present small differentiations with the real costs. So, this part of the households is considered
to cover adequately their energy needs, without consuming more energy than required. In general,
people in Metsovo seem to provide good estimations for their thermal energy costs. As regards the
actual annual expenditure for heating, households with indoor temperature below comfort level spend
41% less than those with indoor temperature above comfort levels, as depicted in Figure 60.

Real heating costs according to indoor temperature
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Figure 60: Real heating costs for households with respect to indoor temperature
The required heating costs of houses without wall insulation are significantly higher (43%) than the

corresponding costs of houses with wall insulation. This experimental finding confirms the relevant
theoretical estimations (Figure 61).
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Figure 61: Required heating costs for households with and without wall insulation
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To wit, Figure 62 presents the average indoor temperature between two houses of similar size that use
oil-fired central heating systems, but only in one of the houses the external walls are insulated. The
indoor average temperature is practically the same. Yet, the uninsulated house spends for heating
approximately 4,800 Euros per year, whereas the insulated house spends roughly 2,600 Euros per year,
respectively.
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Figure 62: Average indoor temperatures in houses with oil-fired central heating system with
and without insulation

Regarding electricity costs, 12% of the households provided accurate estimations, close to the ones
retrieved by the data from electrical energy meters. The estimations of most of the households
presented significant differentiations with the measured data. More than half of the households (i.e.
54%) under-estimated their electricity costs (by 18% up to 200%) and 30% of the households over-
estimated their electricity costs (by 35% up to 65%).

5.2.3 Evaluation assessment

Acceptability of proposed energy interventions

Based on the data gathered by the questionnaires, the monitoring data and the calculations
conducting regarding the required and real energy consumption, each household in which metering
equipment was installed received a leaflet (Annex IV) that offered tailor-cut information about the
heating energy and electricity consumption and “personalized” advice on how to reduce energy
spending in their home. Each proposed intervention had a short description, including an estimation
of the investment cost and the annual savings. The rest of the households (i.e. those in which metering
equipment was installed) were also provided with a bunch of energy intervention measures, common
in all households, including Information on roughly estimated investment costs and annual savings.

During the evaluation phase, households were asked to rank the proposed energy intervention
measures in terms of priority. As presented in Figure 63, the most acceptable measure is the change
of windows frames, followed by the insulation of the roof and of the external walls of the house. Low-
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cost, yet effective measures, such as installation of digital thermostats and maintenance of the heating
system were also highly accepted.

Ranking of energy intervention measures

Replacement of hearing system
Aerostop

Dehumidifier

Installation of digital thermostat
Heating system maintenance

Use of the Residential Night Tariff
Window frames change

Walls insulation

Roof insulation
0% 10% 20% 30% 40% 50% 60% 70%

M First priority Second priority Third priority

Figure 63: Ranking of proposed energy intervention measures

In addition, the households were asked to mention the most important financial and non-financial
barriers they face towards implementing the proposed energy efficiency investments. About two-
thirds reported financial difficulties, 20% mentioned legislative barriers (i.e. prohibition to install solar
panels) and the rest pointed to other reasons (e.g. inability to estimate energy savings). This was also
apparent in a series of questions asked about the support of such investments by the State. About
80% of the participants said that they didn't apply in the past for the “Energy Saving at Home" — ESH
programme. But, 80% are considering to do so if the programme will open for applications again.
Further, more than 80% would prefer to receive a subsidy, instead of a tax relief, to be able to invest
in measures with high initial costs.

Reduction in energy consumption and spending

During the first cycle of the LL, after the visits of the energy advisors and the installation of the
equipment, the owners of a house were given a nudge to implement thermal insulation at the walls
and the roof of their house. This resulted in actual heating energy savings of 9,691 kWh, which is
interpreted in about 750 Euros per year. Moreover, another owner replaced an old faulty refrigerator
(the refrigerator used to work more than 18 hours per day) with a new energy-efficient one. The energy
savings in electricity, on an annual basis, are estimated to around 2,000 kWhe| (or about 400 Euros per
year, assuming an average electricity price of 0.19 Euros per kWhe), provided that the base electricity
consumption reduced by 40% (Figure 64). Further, the STEP-IN serviced 10 oil-fired central heating
systems. The average increase in the efficiency of the burner was 4% (it reached 7% for some burners).
In total, more than 6,250 kWhy, were saved (around 650 Euros).

Regarding energy saving potential, an important “source” of energy saving are households that over-
consume thermal energy. In these cases, a better temperature control or slight behavioural change
could provide important energy savings. More specifically, according to the estimations presented in
Section 5.2.2, these households could avoid consuming 48,414 kWhy, of thermal energy without
downgrading their quality of life. This corresponds to 5% of the total energy consumption of the
households in which metering equipment was installed.
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Figure 64: Replacement impact of the old refrigerator on energy consumption

Most of the households in which metering equipment was installed, stated that they are interested in
implementing energy saving interventions in the near future, following the specialized advice provided
by the Energy Advisors, through the leaflets prepared by the Advisors. Considering their responses,
the following figures (potential savings) are estimated:

= Reduction in energy consumption due to increase in energy efficiency: 97,913 kWhu. This
corresponds to a 9.9% reduction in the total required thermal energy consumption of the
households under study.

» Reduction in heating costs: 6,782 Euros. This corresponds to a 9.6% reduction in the required
energy costs.

As far as households without metering equipment are concerned, one of them applied during the V1
round of the LL thermal insulation to the roof. This is estimated to produce annual heat savings of
8,500 kWhi. The energy costs will be reduced by 875 Euros. This household claimed that it is also
planning to insulate the external walls. This will further reduce the annual energy costs by 1,700 Euros,
while the energy savings will reach 17,000 kWh, per year. Taking into account that the total energy
consumption of the households without meters is estimated to be, according to their statements,
about 480,000 kWh, the savings achieved only by this household amount to 5% of the total
consumption.

Six more households among those without metering equipment installed stated that are willing/ are
planning to implement energy saving interventions in the near future. Five of them are planning to
replace their old windows and one of them is planning to implement insulation to the external walls.
Taking into account the characteristics of these households, the following energy and cost savings are
estimated:

» Energy savings: 22,545 kWh:, annual thermal energy savings, which correspond to 5% of the
total thermal energy consumption of the households without metering equipment.

= Reduction in heating costs: 2,365 Euros per year. This corresponds to about 6% lower heating
costs than the ones stated by the households without metering equipment.
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So far, considering the households that have implemented energy saving interventions (thermal
insulation of roofs and walls, replacement of old refrigerator, etc.), the estimated investment cost
amounts to 12,650 Euros. Following the stated preferences of households, with metering equipment,
regarding planned energy efficiency interventions, the potential investment costs are about 38,500
Euros. An indicator of these investments’ performance is the cost per kWh of annual energy savings,
which is 0.176 Euros per kWhy. Regarding households without installed equipment, the potential
investments that are being planned (based on their responses) are about 18,800 Euros. Their indicative
performance is 0.83 Euros per kWhg. It is reasonable that the performance is lower than the one of the
households with installed equipment, because five out of six households are interested in window
replacement, which is the most expensive energy saving intervention. In total, the energy saving
investment potential exceeds 57,300 Euros.

Improvement in the quality of life

In total, 80% of those who participated in the LL's activities said that the project was useful to them.
More specifically, according to the responses given to the evaluation questionnaire (Figure 65),
approximately 25% of the households maintained their heating system (primarily oil-fired central
heating systems), 22% were helped to gain a better understanding of electricity bills, 20% claimed that
they learn how to use their heating system more efficiently, 16% decided to implement insulation
measures in the near future (and actually one household did it), 12% changed bad habits related to
energy use, and a small percentage started using the Residential Night Tariff or switched electricity
provider. It is also interesting to note that all households who were equipped with monitoring
equipment stated that STEP-IN was useful to them, whereas the 55% of those households that were
visited by the energy advisors but were not equipped with monitoring equipment said that they found
the project useful.

Why STEP-IN was useful

More efficient use of heating system

Implementation of insulation measures

Change/maintenance of heating system _

Use of night tariff

Change of electricity provider l

Change in everyday habits _
Better understanding of energy bills _

0.0% 5.0% 10.0% 150% 20.0% 250% 30.0%

Figure 65: Why participating households find STEP-IN useful

Focusing on the houses were equipment was installed, approximately 80% of the owners said that they
used the app to check their electricity consumption (30% of them said that they did so, several times
per week or at least once per day) and more than 90% were reading the indications of the
meteorological station, i.e. the indoor temperature and humidity (about 70% of them were reading the
indications several times per week or at least once per day). About 85% of these households said that
the sensors helped them in taking energy efficiency decisions. As far as the energy decisions are
concerned, the households mentioned the maintenance of the heating system (18%), the change of
analogue thermostats (15%), and the purchase of dehumidifier. Moreover, about 16% said that they
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decided to insulate their home in the near future (as mentioned, one household insulated the home
during the LL operation), 14% decided to replace energy-consuming electrical appliances with more
energy-efficient ones (one of them actually did it), and 8% changed bulbs. Further, the monitoring
equipment triggered behavioural measures, such as better ventilation of the house, reduction of
thermostat setting, change of time-of-use of electrical appliances and of the heating system, etc.
(Figure 66).

Energy decisions triggered by the monitoring equipment

Change of time-of-use of heating system
Change of analog thermostats

Purchase of dehumidifier

Better natural ventilation

Reduction of thermostat setting
Maintenance/change of heating system
Property EE measures (insulation, etc.)
Change of habits/reduction in consumption
Change of time-of-use of home appliances

Change of light bulbs

Purchace of EE appliances

0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20%

Figure 66: Energy decisions triggered by the monitoring equipment

Around 35% of the households said that they showed an improvement in the quality of their life during
the V1 operation of the LL. About 35% of those who responded affirmatively to this question said that
they noticed a reduction in their energy spending, 30% said that they faced less issues with
moisture/mould, 20% claimed that they could pay the energy bills on time and 15% mentioned that
indoor temperature in their home was more comfort (Figure 67).

Improvement in the quality of life

Payment of utility bills on time

Moisture/mould reduction

Cost reduction

Thermal comfort

0% 5% 10% 15% 20% 25% 30% 35% 40%

Figure 67: Improvements in the quality of life

Besides improvements in the quality of life, STEP-IN actions bring also environmental benefits.
Considering the energy mix of Metsovo, as it was recorded by the baseline survey, and the CO;
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emission factors as defined by KENAK, it is calculated that 0.227 kg CO; are produced per kWhy, of
thermal energy consumed in the area. Hence, for the houses with installed metering equipment, the
potential reduction in CO, emission can be up to 22.2 tn per year, whereas for the houses without
installed equipment, the corresponding reduction is up to 5.1 tn CO; per year.

5.3 Dissemination Activities

During the V1 of the LL operation a number of dissemination actions took place beyond local scale, as
a means to create knowledge for sustaining and scaling up these benefits at both national and
European levels.

More specifically, the project and its objectives as well as some preliminary results were appeared in a
widely online energy portal in Greece (https://energypress.gr/news/step-seminario-gia-tin-
energeiaki-ftoheia-geniki-syneleysi). Moreover, one article was published in an international scientific
journal’ and a presentation was made in a scientific conference?, which was held in Metsovo and
helped further towards the acquaintance of the local society with the project. In addition, the project
was also presented at the 2019 Thessaloniki International Exhibition3. As far as the social media are
concerned, the Greek Facebook page of the mountainous LL over the span of one month (i.e. 28 Days
Page Engaged Users) had 452 unique users, while the “28 Days total reach” attracted 760 unique
people. Further, the number of times any content from the page entered a person's screen (28 Days
Total Impressions) was 3,261.

5.4 Lessons learned

In general, the LL activities during the V1 operation run as planned, with minor issues (e.g. the
installation of the equipment was delayed because the supplier did not deliver the sensors on time,
and the monitoring period was extended for a month to tackle this problem). In addition, the
monitoring equipment presented only some minor issues (measurement interruptions), which do not
affect the quality and accuracy of the monitoring campaign (e.g. there are few missing values within
time series of several thousand observations). All in all, the V1 operation of the LL was a success. Yet,
certain conclusions were drawn, described hereinafter, that will be thoroughly taken into consideration
in the next rounds.

It seems that it's not that easy to engage households totally committed to the activities of the LL. There
is great interest in the local community on how to reduce the energy consumption and spending, or
how to improve the thermal comfort in their homes and, thus, they wish to get involved in the project.
Nevertheless, paying long and often visits for collecting the necessary information or assigning tasks,
such as keeping a complete energy diary for the use of heating and electrical appliances on a daily
basis, is not possible without causing annoyance (or even withdrawal). Thus, a “compromise” between
what is planned and what is acceptable from the local community needs to be found.

Involving in the LL team people from the local community is a very good means of gaining local

community’s trust and support. For instance, people who seemed reluctant to let the Energy Advisors
install the monitoring equipment to the electric switchboard were appeased when local electricians

1 Papada, L., Katsoulakos, N., Doulos, I., Kaliampakos, D., & Damigos, D. (2019). Analyzing energy poverty with
Fuzzy Cognitive Maps: A step-forward towards a more holistic approach. Energy Sources, Part B: Economics,
Planning and Policy. https://doi.org/10.1080/15567249.2019.1634162

2 Katsoulakos, N., Papada, L., Damigos, D., & Kaliampakos, D., Tackling energy poverty in mountainous areas:
The contribution of the STEP-IN research project. 9" Conference of the National Technical University of
Athens and the Metsovion Interdisciplinary Research Center, 26-28/9/2019, Metsovo, Greece.

3 https://energypress.gr/news/protoporiako-ereynitiko-ergo-gia-tin-katapolemisi-tis-energeiakis-ftoheias-
apo-rae-kai-emp
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were hired and paid visits together with the Energy Advisors. More importantly, apart from discussing
the benefits of the project, promoting actions should be undertaken. In the case of the mountainous
LL servicing for free ten oil-fired heating systems was strongly discussed among the members of the
local community and promoted a sense of ownership of the LL actions.

To the same direction, during the first energy café that was held at the premises of NTUA, the
participants said that moving closer to the Metsovo's centre could attract more people. Thus, the next
energy cafés will move to a more familiar place, either to the Municipality Hall or a local café.

Relying on questionnaires for collecting information about the estimated heating and electricity
consumption and spending is inevitable. Yet, in some cases the estimated and measured figures do
not fully coincide. This stands particularly for the electricity costs, as the electricity bills in Greece
include charges for local taxes and public TV licence.

People seem to be more convinced and motivated to get involved in energy conservation and to adopt
the advices provided by the Energy Advisors, when presented with actual measurements. For the next
rounds of the LL, the second visit to the households with installed equipment will be sooner to further
explore this issue.

The main problem faced by the local people in the mountainous LL is the excess cost of heating. Thus,
they usually tend to underestimate the burden of electricity costs to their budget. However, the LL
measurements showed that important reductions in energy bills may be gained from reducing
electricity consumption (e.g. when replacing old, energy-consuming, appliances). Thus, further
attention will be paid to practical recommendations concerning electricity conservation measures. To
the same direction, the LL partners (i.e. NTUA, MM and RAE) will seek for a solution regarding the use
of solar water heaters in the settlement. As mentioned, the use of solar panels is not allowed now. Yet,
the estimates showed that households using electric water heaters spend on electricity around 350-
400 Euros per year more than those without electric boilers.
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6. Conclusions

This V1 operation of the mountainous LL in Metsovo, Greece, includes the following activities:

e Information campaigns;

e Benchmarking;

e Training of the Home Energy Advisors;

e Organisation of the first energy café;

e Recruitment of Living Lab Participants (for the V1 LL activities);
e Market segmentation;

e Home visits from the Energy Advisors;

e Installation of monitoring equipment ('smart meters’ and temperature and humidity monitors);
e Operation of an Information Centre;

e ICT tools;

e Evaluation of impacts.

Different kind of data were data gathered (e.g. measurements of electricity consumption and indoor
temperature and humidity from real-time sensors, ambient meteorological conditions from a
meteorological station operated by the NTUA, qualitative and quantitative information from
questionnaires during the Energy Advisors' visits and the energy café, etc.).

The discussion held during the energy café confirmed that the main concern for the citizens of Metsovo
is the high cost required to cover their heating needs. Following participants’ claims, small-scale energy
efficiency measures or behavioural changes cannot sufficiently address the problem. Furthermore, it
was apparent that significant policy changes should be considered and, probably, large-scale
interventions are needed to significantly improve the situation for the local population.

From the initial assessment and the measurements of the equipment, the following results were
obtained:

e On average, the indoor temperature in all the houses monitored was below 20°C up to April
20" 2019. Yet, only 14% of the households said that they suffer from thermal discomfort
(practically households with average indoor temperature 18°C or less).

e The required energy consumption, regarding households in which metering equipment was
installed, was calculated using and the Heating Degree Days (HDD) approach in combination
with building models and the Greek Regulation for Buildings’ Energy Performance (KENAK).
The total required thermal energy consumption of the households under consideration was
estimated to be around 988,400 kWhy.

e The total real heating energy consumption (estimated using the same process and the average
measured temperature in each house) was calculated to 951,679 kWh, (i.e. 4% lower than the
required consumption). Most of the households (64%) spend less money than required for
covering adequately their heating energy needs. This may affect their ability to keep the indoor
temperature at comfort level (20°C). On the other hand, around 15% of the households spend
more money than required for retaining comfort levels in the heating period.

e The average annual electricity consumption (estimated by projecting for a year the real-time
measurements) is around 3,800 kWhe|, about 20% lower than Greece's average. On average,
households that use electric hot water boilers consume approximately 1,900 kWhe more
electricity per year than households without electric boilers.

After the analysis of these results, the Energy Advisors offered household-specific advice on
conservation practices and potential efficiency investments. Based on the response of the households
to those proposals, it seems that the most acceptable measure is the change of windows frames,
followed by the insulation of the roof and of the external walls of the house. Low-cost, yet effective
measures, such as installation of digital thermostats and maintenance of the heating system were also
highly accepted. As far as the main barriers are concerned, lack of necessary resources to invest in the
most expensive interventions is the dominant reason.
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Around 35% of the households said that they noticed an improvement in the quality of their life during
the V1 operation of the LL. About 35% of them said that they showed a reduction in their energy
spending, 30% said that they faced less issues with moisture/mould, 20% claimed that they could pay
the energy bills on time and 15% mentioned that the indoor temperature in their homes was more
comfort. The owners of two houses were given a nudge to implement insulation measures and another
owner replaced an old energy-consuming refrigerator with an energy-efficient one. In addition, several
other participants said that they are willing to invest in energy efficiency in the near future and some
of them implemented low-cost measures (e.g. replacement of old analogue thermostats) or declared
behavioural changes. The minimum heating energy savings triggered by the STEP-IN project sum to
33,000 kWh, per year. In addition, the minimum electricity energy savings are estimated at 2,000 kWh|
per year (just from one household). The potential reduction heating energy consumption exceeds
100,000 kWhy per year. If only the over-consuming households were to reduce their thermal
consumption without downgrading their quality of life over 48,000 kWh, could be saved. Besides
improvements in the quality of life, these actions bring also environmental benefits. For instance, it is
calculated that the potential reduction in CO, emission can be up to 27 tn per year.
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Xpron Buwpatikwv Epyaotnpiwy yia BeAtiwon tng
EVEPYEIAKING OTIOS00NG KOl TWV EMTMESWV AVEGNG

To EUpWMOiKO  TPOYPOMMO
STEP-IN Bon0a toug KoatavoAw-
TEG OTH XPNON TNG EVEPYELNG

To Epyo ouvepyddetal PE KATAVOAWTEG yld va OUPBAAEL
otn BeAtlwon tng mowdtnrac wnG TNG  EVEPYELAKNG
amodoang Kal Twy ETUTESWY AVEONC TOU VOLKOKUPLOU.
Ertlonc mapéyxel cUPPBOUAEC BEATLOTWY TIPAKTIKWY O (POPELG
TIOU ouVEPYAoVTAl PE KATAVOAWTEG KAl OUPBAMEL OTnv
QVATTTUEN VEWV KATELOUVTAPIWY YPAUPWY KAl TIOALTIKWV.
To STEP-IN otnplletal o€ TPONYOULEVEC €PEUVEC KAl O
OX€SLA0POC TOU ETITPETIEL OLUYKPLOELC PE TIPOTEPA EVPNPATA.

To STEP-IN ouvepyddetal pe TOAlTeG o Tpla Blwpatika
Epyaotrpla otnv Eupwrn, éva ek Twv orolwv elval oto
MétooBo. Ot Tomkol KATavaAWTEG €xouv TNV KAAUTEPN
YVWON yld EVEPYELOKA (NTAMATA TNG TEPLOXNG TOUG OTIWG
N EVEPYELAKN KATAVAAWQN, N EVEPYELOK amodoan, Ta
EVEPYELAKG KOOTN, TA KAUGLUA KATT,

Ta 0éAN oog amo To STEP-IN

|
@

TaBuwpatikd Epyaotriptatou STEP-IN elval CUPPETOY KA KAl ETILKEVTPWYOVTAL GTOV KATAVAAWTH,
yLa Va (PEPOLV TIPAYHUATIKA UAKPOTIPOBEOUA OPEAN OTLG KOWWOTNTEC, TA VOLKOKUPLA Kal TOUG
KatavoAwTteg. OL uTtnpealec TTou TTpoopepovTaL amo Ta Buwpatika Epyaoctnpla elvat Swpeav.

Evepyelakd Kawé

Mropelte va ouvavinBeite pe €ldkolg otnv €EOKOVOLNGON
EVEPYELAG Kal va AGBETE OUPBOUAEG, O€ Eva Xahapo TepLBAAov
LIE TIOTO Kal (paynto. Ta evepyelaka kage dtvouv tn Suvarotnta
O€ TOTILKA VO