Bl Ref. Ares(2021)2268220 - 01/04/2021

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

D3.3 - Data analysis Report on Mountain Living Lab

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

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

Internal Technical Auditor = Name (Beneficiary short name) Date of approval
Task leader Dimitris Damigos, NTUA 01.04.2021
Internal technical reviewer(s) | Stefan Bouzarovski, UMAN 21.03.2021

Zoltan Kmetty, Ariosz 24.03.2021
PAST reviewer Audrey Bretaud-Kelle, ARTTIC 30.03.2021

Abstract: The deliverable contains the results of the second and third rounds and the ex-post
assessment socioeconomic survey of the mountainous Living Lab in Metsovo, Greece

Due date (according to DoA): 31.03.2021
Actual submission date: 31.03.2021
Publication date: 31.03.2021

Project start date: 01.06.2018 Project duration: 34 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



D3.3 - Data analysis report on Mountain Living Lab

H2020-EE-06-2016-2017

31.03.2021 STEP-IN
Table of Contents
Table of Contents 2
Table of Figures 4
Table of Tables 8
Glossary 9
1. Executive Summary 10
2. Introduction 18
3. Living Lab Implementation 19
3.1 Overview Of LiVING Lab TiMEIINE ...ttt sssss st ssssssssssssssens 19
3.2 MethodOIOgY EMPIOYEM ...ttt seee ettt 20
3.2.T  INfOrM@LION CAMPAIGN.....uorirrrirriissrrsriisesissssisssssss s sssss st sssss st sesss s sssss s ssss st sssssnssssnsss 20
3.2.2 Organisation of the second and third ENergy Cafés...........necmeeeonseeensseeessssenes 21
3.2.3  Recruitment of LivVing Lab PArtiCIDANTS ...........coveveonereenreeerieeeenieeeesseesesssesssssssssesssssssssssssssssssssssns 22
3.2.4  MaArket SEGMENTALION .......ovvverveeerererireriseseise st ssss st ss st ss st st ss st sss st senes 22
3.2.5 HOME EN@IGY AUVISOI VISIES....oooeeerrrrerrrirerssessiissiisssesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssnsses 22
3.2.6 Installation of MONItOriNG @QUIDIMENT.............oomvenmrenreeenrrissseisnssesssssssssessssssssssssssssssssssssssssssssnsss 24
3.2.7 Operation of the INfOrmation CENIIE.........cemicerereereeeseises s ssssssssesssssssssnsns 26
3.2.8  ICT TOOUS oottt esi sttt e b 27
3.2.9  EVAIUGLION Of IMPACES ..ot ssss st st ssss st st sssss s s ssss st sssnnss 29
3.2.10 Modification of LL activities due to COVID-19 PANAEMIC ............coueevevvrmererrreereesrrrereserrisenns 30
33 Stakeholder INVOIVEMENT........cc ettt ssssessssasessiseces 31
34 Ethical @Nd GDPR ISSUES.......ovverveerieiesiesiesiss s ssss s ssss s ssss s s ssssssssssss s sasssssssanssans 31
3.5 CONCIUSIONS ...ttt ettt i sttt 33
4. Results and Lessons Learned 35
4.1 MeEthOAOIOGICAl ASPECES ...eureeeeeeee et s 35
4.2 RESUILS OF ROUNG V2 ..ottt ess st st s esse et i essesens 35
42T INIHQAL GSSESSMENLE ...ttt sttt ss bbbttt 35
4.2.2 MONILOIING GSSESSIMENL ... st 47
4.2.3  EVAIUGLION GSSESSMENT ...ttt ss sttt et s 61
43 RESUIES OFf ROUNT V3 .ottt s ess st st s ess st i essesens 67
4.3.T  INIHQAL ASSESSMENLE ...ttt sttt ettt 67
4.3.2  EVAIUGLION GSSESSMENT ...ttt sttt ettt st s 77
44 DiSSEMINATION ACHIVITIES w..covvirrircrircrieciiecieie ettt sttt 80
45 Lessons learned from the three LL rOUNdS ... ssssens 81
5. Ex-post evaluation survey 85
5.1 SAMPIE CHATACLEIISTICS oottt ettt st et
5.1.1 Demographics ...
5.1.2 Housing characteristics..................
5.1.3 Heating system characteristics.....
574 EN@IGY COSES.oeiieestsesesee sttt st
52 Attitudes towards energy efficiency and energy vulnerability
5.2.7  EN@IGY EffiCINCY ..o sissssssssssssssssssssssssssssssssssssssssnnss
5.2.2  ENergy VUIN@IADILILY ... sesssssss s
5.3 Energy vulnerability and behavioural perspectives.........ccneencrecsnessineeens
54 Analysis of energy efficiency preferences under the light of energy vulnerability ............. 98
5.4.7 MethodologiCal DACKGIOUNG..............ovwcomecemecemreeenesernsernseseiseeevseseresssesisssssssesssesesesessssesesssenens 98
Public ©STEP-IN Consortium 2



D3.3 - Data analysis report on Mountain Living Lab H2020-EE-06-2016-2017

31.03.2021 STEP-IN
Si4.2 RESULES ..ot e
5.5 The impact of STEP-IN on the local community
6. The impact of COVID-19 pandemic on energy vulnerability 107
6.1 Impact on the SOCIO-ECONOMIC STATUS ..ottt ssssssss s s ss e ssnnes 107
6.1.7 Findings from the eX-pOSt ASSESSMENE SUIVEY........cc.cueemmeeeromererrsserinseesisesesisssesissesssssssssnesess 107
6.1.2 Findings from the LL evaluation QUESEIONNGIIES............co..covvvormrvrmrvnrerersiessisssssessessssssssssnsns 108
6.2 IMPACt ON thE ENEIGY USAGE ..ottt sttt sttt st ss s sasssaessas 110
6.2.1 Findings from the X-pOSt ASSESSMENE SUIVEY.........cc.ouweemmeeeromererrseerinsessisesssisssesesssessssessssnesess 110
6.2.2 Findings from the LL evaluation QUESEIONNGITES ................cowvvormrvormernrernnsiesessssssssessssssssssnsns 111
6.2.3 Findings from the LL MONItoring @QUIPMENT ...........c.oceoeeeromeeeronsecrnseceinesesnssesinsecsessssseesens 112
7. Conclusions 125
8. Bibliography 130
9. Annexes 132

Public ©STEP-IN Consortium 3



D3.3 - Data analysis report on Mountain Living Lab H2020-EE-06-2016-2017

31.03.2021 STEP-IN
List of Figures

Figure 1: MOUNTAINOUS LL @CLIVITIES ...t sesessesessssessssessssessssessssesssssssessssessasessasessenes 10
FIGUIE 2: TREIMAI IMAGES.....oriiiiricrieeiiieerieesisee st sssse s essses st st sresssese sttt bbbt ebisens 11
Figure 3: Service Of NEATING SYSTEMS ...ttt st st ss sttt ss st 11

Figure 4: Comparison of average indoor and outdoor temperature, between November 2019 and May
2020 eeereeeee e ees e ees et R £ RE R R R£RE R8RSR 8RR R 12
Figure 5: MOUNTAINOUS LL @CLIVITIES ......oucveciecieciecriceiserieriesisesiscsiseesisesssseesssssssessssessssessssesssssisessssessasessasessanes 19
Figure 6: Posts from the Greek Facebook page of STEP-IN with mountainous LL activities.........cc....... 20

Figure 7: Screenshots from the Greek page of STEP-IN's website
Figure 8: Thermal iMaging ........ccccccecemeemneceiecsieesssessssesssinseees
Figure 9: EXNaust gas MEASUIEMENT........c..covwurrierieeeisesesesessesssssssssssssesssss st st ssssssssssssssssssessssassssssssnssssssssssssssnsssnns
Figure 10: HEAtING SYSTEIM SEIVICE ... ettt sttt st b bbbt ettt eb st sensees
Figure 11: Indoor temperature and humidity MONITOIS .......coocrrurreineeeneereereere et 25
Figure 12: Installation of electricity CONSUMPLION MELEIS.........ovrieriereeieeneeeee et 25
Figure 13: Time-series data of indoor temperature and humidity ... 26
Figure 14: Time-series data of electricity CONSUMPLION ...ttt 26
Figure 15: Dashboard LayOUt DiSPIaY ...t ssse s s s sssesssssessssssssesssessssessssessssessssssssnss 27
Figure 16: Screenshot from the electricity CONSUMPLION PP wervereeerieneeiineeireeieeieeee et sesse o 28
Figure 17: Screenshot from the energy cost calculation @PP ... sessssessssenns 28
Figure 18: SNapshot from an adViCE VIAEO ...ttt sssss st sssss s sssssssssssnns 29
Figure 19: Average (stated) indoor temperature in the LL NOMES ... 36
Figure 20: Average (stated) indoor temperature with respect to the thermostat setting ........ccccooconecenee. 37
Figure 21: Average (stated) indoor temperature with respect to the construction period..................... 37
Figure 22: Average (stated) indoor temperature with respect to external wall insulation .........c.cc..cc..... 38
Figure 23: Average (stated) indoor temperature with respect to glass Pane ......onnneneccnncnecnens 38
Figure 24: Average (stated) indoor temperature with respect to the size of the house ........cccconevuene. 39
Figure 25: Average (stated) indoor temperature with respect to the use of the heating system (in hours)
........................................................................................................ 39
Figure 26: Average (stated) indoor temperature with respect to thermal comfort........ccccoevcnnrcrnrrcnnrnene. 39
Figure 27: Average (stated) heating cost related to the construction period of the house................ 40
Figure 28: Average (stated) heating cost related to the size of the hOUSE. ..., 40
Figure 29: Average (stated) heating cost with respect to external wall insulation ..........ccccoevoveeoreeeoneceene. 41
Figure 30: Average (stated) heating cost with respect to the thermostat setting ..........ccooeovevecnerererenerenne. 41
Figure 31: Average (stated) heating cost related to the type of the heating system .........ccoovonronnreene. 42
Figure 32: Average (stated) heating cost related to the use of the heating system .......cccoevovmronererneneene. 42
Figure 33: Average (stated) annual electricity cost related to the house Size .........coooorrnrecnnrnnrenecenne. 43
Figure 34: Average (stated) annual electricity cost related to the household Size ........ccoovvrorrorerenecenne. 43
Figure 35: Average (stated) annual electricity cost with and without electric hot water boiler ............. 44

Figure 36: Average (stated) annual electricity cost with and without electric bill delays

Figure 37: Average (stated) annual electricity cost by tariff SChemMe ...

Figure 38: Percentage of energy-vulnerable hoUSENOIdS.........co..coovvrvriirnirnneisn e

Figure 39: Overall VUINErability INAEX ...ttt ssssassstsssssss st st ssssssssssssssssssssnsssnns 46

Public

©STEP-IN Consortium 4



D3.3 - Data analysis report on Mountain Living Lab H2020-EE-06-2016-2017

31.03.2021 STEP-IN

Figure 40: Annual energy costs in relation to vulnerability Class........ocrnninnnsnesesse s 46
Figure 41: Min, max and average Households tEMPErature .........cceceecreereesiecsseseseeeens 47
Figure 42: Average temperature related to NOUSE SIZE..........oceicrinecrnecieceieceineeessseesisssesisecsseessseeeens 48
Figure 43: Average temperature per type of primary heating System .........cccovoeeonernneennreennrennsesnseeneneonn. 48
Figure 44: Average indoor temperature with and without external wall insulation............cccoeconeceonecens 49
Figure 45: Average indoor temperature compared to the daily use of heating systems .........cccccoecconecees 49
Figure 46: Average daily use of heating systems per type of heating........cceooeeerernnrennrcnnrirersersenone. 50
Figure 47: Indoor temperature differences in a partially heated hOUSE ..o, 50
Figure 48: Indoor temperature differences in a house with local heating system (stove)..........cc...... 51
Figure 49: Daily average temperature during the V2 round of the LL.........cccoocorvrrioerionrirnrireniressesisesienn, 52
Figure 50: Outdoor temperature and humidity during the V2 round of LL ........cccccoervemrirmrirnrrrnrrresrrnnnene. 52
Figure 51: Comfort level of households under study during the heating period ..........ccocovenenecenecenne. 53
Figure 52: Required and actual thermal energy consumption of over- and under-consuming
NOUSENOIAS UNAEI STUAY ..ottt sttt st ss bbb sttt 53
Figure 53: Real thermal energy consumption with respect to external wall insulation ...........cccccoeconeeuene. 54
Figure 54: Real thermal energy consumption with respect to indoor temperature ..........ccecoveerecunecenne. 54
Figure 55: Average annual electricity consumption related to hOUSE SIZe ... 55
Figure 56: Average annual electricity consumption related to household Size ..........cooccovninenecinecenne. 56
Figure 57: Average annual electricity consumption by tariff SCheme ... 56
Figure 58: Average annual electricity consumption with and without electric bill delays...........cccc.......... 56
Figure 59: Average annual electricity consumption with and without electric hot water boiler............. 57
Figure 60: Real heating costs for households with respect to indoor temperature..........cccoevvernrrnnrnene. 58
Figure 61: Required heating costs for households with and without wall insulation ... 58
Figure 62: Average indoor temperatures in houses with oil-fired central heating system with and
WITROUL INSUIBTION oottt ettt ettt 59
Figure 63: Average required heating cost per heating SYSteM ...t 59
Figure 64: Average required heating COSt PEr NOUSE SIZE ...ttt sesssessneens 60

Figure 65: Connection of electricity profile and appliances usage according to the energy diaries..... 60

Figure 66: Ranking of proposed energy intervention MEASUIES..........coowrvrrrvnnrinsrinesensssnssessssssssssssssssssenns 61
Figure 67: Why participating households find STEP-IN USEfUL.........cooorrrmrrnrricnnireessesseses e 65
Figure 68: Energy decisions triggered by the monitoring equipmMEeNT..........ooereneeneinecnecrereerecrecseeis 66
Figure 69: Improvements in the qUality OF [IfE ...ttt 66
Figure 70: Average (stated) indoor temperature in the LL hOMES ... 68
Figure 71: Average (stated) indoor temperature with respect to the thermostat setting .........cccccconeeeene. 68
Figure 72: Average (stated) indoor temperature with respect to the construction period...................... 69
Figure 73: Average (stated) indoor temperature with respect to external wall insulation ..........c............ 69
Figure 74: Average (stated) indoor temperature with respect to glass pane .......conrcnnreneeeonecenne. 69
Figure 75: Average (stated) indoor temperature with respect to the size of the house ..., 70
Figure 76: Average (stated) indoor temperature with respect to the use of the heating system (in hours)

........................................................................................................................................ 70
Figure 77: Average (stated) indoor temperature with respect to thermal comfort.........ccccooevorronrronnceene. 71
Figure 78: Average (stated) heating cost related to the construction period of the house.................... 71
Figure 79: Average (stated) heating cost related to the size of the house.......ccconvomecnccnecineciionncnns 72
Figure 80: Average (stated) heating cost with respect to external wall insulation .........cccnecnnecconecens 72

Public ©STEP-IN Consortium 5



D3.3 - Data analysis report on Mountain Living Lab H2020-EE-06-2016-2017

31.03.2021 STEP-IN

Figure 81: Average (stated) heating cost with respect to the thermostat setting .......ccccoeeovevvercverrninnrennes 73
Figure 82: Average (stated) heating cost related to the type of heating system ........ccovecnnecnneccnncens 73
Figure 83: Average (stated) heating cost related to the use of the heating system ........cccconnecmneccronncens 73
Figure 84: Average (stated) annual electricity cost related to hOUSE SIZe .......ccooorrveorrrrrrernreernrirnrirerireniene. 74
Figure 85: Average (stated) annual electricity cost related to the household Size.........oouecnecnnecionncens 74
Figure 86: Average (stated) annual electricity cost with and without electric hot water boiler .............. 75

Figure 87: Average (stated) annual electricity cost with and without electric bill delays
Figure 88: Average (stated) annual electricity cost by tariff SChEME. ...,

Figure 89: Percentage of energy-vulnerable hoUSENOIdS.........o..coovvivrrirnivsniisns s
Figure 90: Overall VUINErability INAEX ... oottt ssssssssssssssssssssssssssssssssssssssssssssssnsssnes 77
Figure 91: Annual energy costs in relation to vulnerability Class........cornrineinninesnseesssse e 77
Figure 92: Ranking of proposed energy intervention MEASUIES ...........occecueeneeerneeeeeersereeeseseeseseeseseessssesonee

Figure 93: Why participating households find STEP-IN useful
Figure 94: Households by size (STEP-IN @X-POSt SUNVEY).....cowcurrurrereerireeieneeeieeisneeeseesseeesseesssessssesssessssssssssssones

Figure 95: Participants by age (STEP-IN @X-POSt SUIVEY) .....couvcrmrermrrrmrrernriinneisnsisssssssssssssssssssssssssssssssssssssssssnns 86
Figure 96: Educational Level (STEP-IN €X-POST SUIVEY).....ccc.comrurmrrermrrenrrensisnsssnssssssssssssssssssssssssssssssssssssssssssssnns 86
Figure 97: Rating of household income (STEP-IN €X-POSt SUIVEY) ......coovurmrurmrenmiennernssinssesssssssssesnssssssssnssenns 87
Figure 98: Distribution of dwellings by size in Metsovo settlement (STEP-IN baseline survey).............. 87
Figure 99: Construction year of dwellings in Metsovo settlement (STEP-IN baseline survey)................ 88
Figure 100: Heating systems used in Metsovo (STEP-IN €X-POSt SUIVEY) .....ooccceueeenecrmeceieceimecesieeens 88
Figure 101: Primary Heating systems used in Metsovo (STEP-IN eX-post SUIVEY) .....cccccouvureeermerereceenecennee 89
Figure 102: Energy-saving actions that household’s in Metsovo are planning to take..........ccccoeeoneeuene. 90
Figure 103: Reasons why households in Metsovo are not willing to apply energy efficiency interventions

........................................................................................................ 91
Figure 104: Suggested actions that could help households save energy .........ncnecnecnne. 91
Figure 105: Energy poverty qualitative indicators in Metsovo (STEP-IN baseline survey)........cccoueceeu.. 92
Figure 106: Composite energy POVErtY FSK INAEX ... sssessesssssessseessssssssssssnas 93
Figure 107: Kernel density histogram of energy expenditure to inCOmMe ratio .......cccouermeeermeeereeeeneeeenecennee 93

Figure 108: Lack of financial incentives inhibiting energy-efficient decisions

Figure 109: Investigating present bias among reSPONAENTS .........cccureveereeenreeneeeneeeeeeseeesseesseeseseesssee s ssssesenas

Figure 110: Investigating energy literacy among reSPONAENTS ........cccc.oevreeeeeeneeennecenneeerneeeseeeeseeseseessseessseeeones

Figure 111: Changes in working condition due to Covid-19 restrictive measures. .........oreerneeens 107
Figure 112: Qualitative changes in household income due t0 COVIC-19.....cnrrnrirnrineirneeeiesiesieeenne 108
Figure 113: Percentage change in household income due to COVID-19 restrictions..........cccoccoveceneeen. 108
Figure 114: Changes in working condition due to Covid-19 restrictive measures — LL participants in V2
ANA V3 FOUNDS ...ttt as st 88888588ttt 109
Figure 115: Percentage change in household income due to COVID-19 restrictions — LL participants in
V2 @NA V3 FOUNGS .ot sesesesesssessssse s esssesssssessssssesessse s s et ess et sssssessssssens 109
Figure 116: Increase in use of heating system due to Covid-19 restrictive measures ..........cocomeeeeenne. 110

Figure 117: Increase in the operation of electrical appliances due to Covid-19 restrictive measure..110

Figure 118: Increase in use of heating system due to Covid-19 restrictive measures — LL participants in
V2 @NA V3 FOUNGS oot cesasesessse s seasssesssesssssesssssse st s ssss sttt et sssssessssssens 111

Figure 119: Increase in the operation of electrical appliances due to Covid-19 restrictive measure.. 111

Figure 120: Average daily electricity CONSUMPLION ...t 112

Public ©STEP-IN Consortium 6



D3.3 - Data analysis report on Mountain Living Lab H2020-EE-06-2016-2017
31.03.2021 STEP-IN

Figure 121: Average daily electricity CONSUMPLION ...
Figure 122: Average hourly electricity consumption on weekdays

Figure 123: Average hourly electricity consumption at weekends
Figure 124: Average hourly indoor temperature and heating degree-days ........mcnecenecenn. 115
Figure 125: Daily usage of selected heating SYSTEMS ...ttt sssseeas 115
Figure 126: Average daily electricity consumption of a high-income household with 4 members ... 116
Figure 127: Average daily electricity consumption of a low-income household with 4 members.....116

Figure 128: Average daily indoor temperature of a high-income household with 4 members............ 117
Figure 129: Average daily indoor temperature of a low-income household with 4 members.............. 117
Figure 130: Hourly average electricity consumption before and after the implementation of the second
TOCKAOWN ..ottt b e e R bbb 118
Figure 131: Hourly average electricity consumption before and after the implementation of the second
[OCKAOWN = WEEKAAYS ....ov ettt ettt e 119
Figure 132: Hourly average electricity consumption before and after the implementation of the second
[OCKAOWN = WEEKENAS ..ottt ettt et 119
Figure 133: Hourly average Electrical consumption November 2019 and 2020 .........cocconeeeneeenecenecenenens 120
Figure 134: Hourly average Electrical consumption in December 2019 and 2020 .......cccceconeeonecernecernenens 120

Figure 135: Hourly average Electrical consumption in January 2020 and 2027 .......ccccoeconeenconecenecernecens
Figure 136: Hourly average indoor temperature for November 2019 and 2020
Figure 137: Hourly average indoor temperature for December 2019 and 2020

Figure 138: Hourly average indoor temperature for January 2020 and 2027 ......cc.coueeeumeeemeceeneceeneceeenne

Public ©STEP-IN Consortium 7



D3.3 - Data analysis report on Mountain Living Lab H2020-EE-06-2016-2017
31.03.2021 STEP-IN

List of Tables

Table 1: High-Level EthiCal CONCEPLS ..o sesssssss sttt ssss s sssssssssssssssssssssssssssssnsssnes 32
Table 2: Energy savings and reduction in energy costs, due to maintenance of central heating systems
in the V2 round of MetSOVO [IVING [aD ...ttt seas 62

Table 3: Energy savings and reduction in energy costs, due to replacement of analogue thermostats
by digital in the V2 round of Metsovo lIVING [@D ...ttt

Table 4: Indoor temperature statistics for thermostat replacement on January 15.......ccoccoevcrmrvrerrnnrnene.
Table 5: Indoor temperature statistics for thermostat replacement on February 12...
Table 6: Levels of the attributes for each of the three labelled alternatives .........ooneoneccnnecennereenn.
Table 7: Results of the basic, SDC and energy poverty MOdels ... riniinnenneinneisseissssssssessennns
Table 8: MWTP estimates for the Basic, SDC, CIEP and SIEP MoOdels.......coocoeneneenecenecnecernecirseeereeeneees
Table 9: Choice probabilities for each alternative per model and group ...
Table 10: Percentage change per hour of the day before and during the lockdown ..........cccconvemnruennce

Table 11: Average increase in operating hours of selected heating systems
Table 12: Percentage change of the average hourly electricity consumption and of the heating degree

days per hour of the day for November 2019 and 2020 .........ooccereeerneeineeineceneeeneeieesseeesessssessseesssesssnes 121
Table 13: Percentage change of the average hourly electricity consumption and the heating degree
days per hour of the day for December 2019 and 2020.........ccovomermrrermreermrrennrinnessnnssssssssssssssssssssssssssssssssenns 122
Table 14: Percentage change of the average hourly electricity consumption and the heating degree
days per hour of the day for December 2019 and 2020 .........coovvomrrrmrrermreermrrennriennsssnnssssssssssssssssssssssssssssssssenns 123
Table 15: Average increase in operating hours of selected heating systems between December 2019-
2020 and JANUAIY 2020-2027 .....cuereeeereceneeeseeeeeesse s esseesseesssessssesssse st st ssses s st sssssssssssesssesssssssesssnes 124

Public ©STEP-IN Consortium 8



D3.3 - Data analysis report on Mountain Living Lab H2020-EE-06-2016-2017
31.03.2021 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 9



D3.3 - Data analysis report on Mountain Living Lab H2020-EE-06-2016-2017
31.03.2021 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. Also, 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 were invited to presentations, panel discussions, round tables and
energy cafés that took place in the LL, as well as to the national conference that was organised by
NTUA and RAE and participated in the Stakeholders Community.

The V2 and V3 rounds of the mountainous LL took place in Metsovo, Greece, between November 2019
and December 2020 and included a series of activities, which are presented in Figure 1 (in order of
occurrence).

Installatio

I Recruitme Energy n of

Operation

Evaluati
ICT tools on of
impacts

Informatio of the \EILGH

of
Informatio
n Centre

Bench- Energy nt of LL Advisors monitori
n . Home 5 " segmen-
. marking café participant . home ng
campaigns Energy s tation Visits e
Advisors s

Figure 1: Mountainous LL activities

A total number of 100 houses were visited by the LL's Energy Advisors. In 30 of them, monitoring
equipment was installed to measure electricity consumption and indoor temperature and humidity.
According to the original schedule, monitoring equipment would be installed in 60 houses (i.e. 30
houses in V2 and 30 houses in V3, respectively). Nevertheless, due to the COVID-19 pandemic, the
equipment that was installed in the houses of V2 round was kept there also during the operation of
the V3 round, to gather data and information related to the impact of the pandemic-related restrictions
on households’ energy consumption. Information related to the buildings’ energy efficiency, current
energy costs, heating energy sources, heating system'’s condition, etc. was collected and in several
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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155

Figure 3: Service of heating systems

The information and data collected during the two rounds 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 and the first round. Metsovo's residents face excess energy costs which are attributed
mainly to the harsh climate 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 around 20°C (the outdoor temperature
in the same period ranged between -5°C and 22°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.
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Figure 4: Comparison of average indoor and outdoor temperature, between November 2019
and May 2020

Based on the measured temperature, the total heating energy consumption of the monitored
households for the V2 round amounts to 806,538 kWh,, which is lower than the total required thermal
energy (i.e. 879,054 kWhy,) to keep the houses at comfort levels (i.e. 20°C, as defined by KENAK and
relevant standards). In some houses (around 30%), however, there is over-spending of thermal energy.
In the cases where the temperature exceeds comfort level, the excess energy consumption is 17%
greater than required. The average annual electricity consumption is around 3,684 kWhe, about 22%
lower than Greece's average. The households that use electric hot water boilers consume, on average,
approximately 1,320 kWhe more electricity per year than households without electric boilers. Based on
the average heating consumption, it is estimated that the non-monitored households of the V2 round
consume about 620,000 kWhy, and, hence, the overall thermal energy consumption is around
1,427,000 kWhy. As far as the households that took place in the V3 round of the LL, it was estimated
that the thermal energy consumption is around 1,500,000 kWhyp.

The Energy Advisors offered household-specific advice on conservation practices and potential
efficiency investments. In total, 74% of those who participated in the V2 and V3 LL's activities said that
the project was useful to them (approximately 39% changed everyday habits, 13% maintained their
heating system, 23% were helped to gain a better understanding of electricity bills, 14% claimed that
they learn how to use their heating system more efficiently, etc.). More importantly, around 43% of
them (54% in the V2 and 32% in the V3 round, respectively) said that they noticed an improvement in
the quality of their life during the operation of the two last rounds of the LL (e.g. reduction in energy
spending, reduction in moisture/mould problems, improvement in thermal comfort, etc). Some
participants were motivated by the project and implemented, or stated that will implement in the near
future, energy interventions, such as insulation of external walls, replacement of energy-consuming
appliances, replacement of old analogue thermostats, maintenance of heating systems, installation of
air insulation adhesive foam tape etc, and changed energy behavioural patterns concerning home
ventilation, thermostat setting, etc. The heating energy savings triggered by the STEP-IN project within
these two rounds sum to 135,400 kWh per year (76,400 kWh in the V2 and 59,000 kWhy, in the V3
round). Also, the minimum electricity energy savings are estimated at 1,200 kWhe| per year (just from
two households). 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 30.7 tn
per year.
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Overall, considering the total number of households that took place in the three LL rounds, i.e. 150 or
442 people, the following benefits are estimated:

e STEP-IN helped 335 people
o Better understanding of energy bills: 75 people
Change in everyday habits: 96 people
Change/maintenance of the heating system: 56 people (19 houses)
More efficient use of the heating system: 53 people
Motivated to implement insulation measures: 28 people (10 houses)
Change of electricity provider: 9 people (3 households)
o Use of night tariff: 11 people (4 households)
e STEP-IN improved the quality of life of 170 people
o Improved thermal comfort: 74 people
o Energy cost reduction: 41 people
o Moisture/mould reduction: 46 people
o Payment of utility bills on time: 10 people
o Replaced defective appliance/insulate the house: 5 people (2 houses)
e Actual and potential heating energy savings achieved during the project (on an annual basis):
o Heating energy savings due to heating system maintenance: 19,640 kWh
o Heating energy savings due to replacement of thermostats: 52,840 kWhy,
o Heating energy savings due to insulation: 220,260 kWhyx
o Electricity energy savings due to the replacement of old appliances: 3,200 kWh|
e Potential reduction in CO, emissions: 63.6 tn per year

o O O O O

According to the results of the ex-post assessment survey, about 11% of the non-participating
households received information (e.g. the energy advice booklet) from the project. It should be noted
that the booklet should have been distributed to all local households by the Municipality of Metsovo.
Yet, this task could not be completed due to the national and local restrictions imposed to curb
coronavirus spread. Of those households who received information, 83% found this material useful. In
particular, about 70% said that they gained a better understanding of the energy bills and changed
some bad everyday habits, 35% were motivated to service their heating system and learned how to
use their heating system more efficiently and less than 10% started examining the adoption of
insulation measures. More importantly, about half of them (i.e. 48%) stated that their living conditions
improved thanks to the advice received by the project, mainly by improving the level of thermal
comfort at home (36%), by reducing energy costs (20%) and by facing less moisture/mould problems
and paying energy bills on time (8%).

Considering the total number of households in the Municipality of Metsovo (after excluding those who
participated in the LL to avoid double-counting), it is estimated that the STEP-IN information and
advice material reached more than 240 households or 670 people. Based on the ex-post assessment
survey findings, the following benefits are estimated:

e STEP-IN helped 525 people
o Better understanding of energy bills: 365 people
o Change in everyday habits: 365 people
o Change/maintenance of the heating system: 185 people (about 70 houses)
o More efficient use of the heating system: 185 people
o Motivated to implement insulation measures: 40 people (15 houses)
e STEP-IN improved the quality of life of 305 people
o Improved thermal comfort: 110 people
o Energy cost reduction: 60 people
o Moisture/mould reduction: 25 people
o Payment of utility bills on time: 25 people
e Potential heating energy savings: 85 houses
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o Heating energy savings due to heating system maintenance: 86,520 kWh, per year
(based on savings of 4% and average heating energy of 30,900 kWhy per household
for 70 households)

o Heating energy savings due to insulation: 139,050 kWhy, per year (based on savings
of 30% and average heating energy of 30,900 kWh per household for 15 households)

Potential reduction in CO, emissions: 51 tn per year

Based on the activities of the project in the area of Metsovo (i.e. social surveys and LL activities), the
main conclusions drawn are as follows:

The main problem faced by the local people in the mountainous LL is the excess cost of
heating. As a result, they usually tend to underestimate the burden of electricity costs. The LL
measurements, however, 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 needs to be paid to electricity conservation measures. In
the same direction, a solution needs to be found regarding the use of solar water heaters in
the settlement. As has been mentioned before, the use of solar panels is not allowed today.
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.

Thermal insulation is important in Metsovo because the area experiences a high number of
heating degree-days. Based on the stated heating expenses and the engineering model
calculations, the presence of thermal insulation leads to 30% lower heating expenses, on
average.

The LL activities revealed that many diesel-fired heating systems had a low-efficiency ratio
(even lower than 84% compared to 90% which is the proper rate). The maintenance of the oil
burner led to an average increase in the efficiency ratio of 4% (even up to 7%). Regular
maintenance of the heating system is a low-cost and effective measure for reducing heating
expenses.

In some cases, zero-cost behavioural changes, like setting the thermostat to the right
temperature, may result in a significant reduction in the heating cost. For example, it was
shown that if the indoor temperature exceeds 20°C, heating expenses can increase even by
1,000 €/year. This is another reason why replacing old analogue thermostats with digital ones
is a useful and cost-efficient measure.

As regards the general context of the LL, the following methodological remarks can be made:

Public

Even when there is a great interest in the local community on how to reduce energy
consumption and spending, or how to improve the thermal comfort in their homes, it is not
easy to engage households committed to the activities of the LL. Paying long and often visits
for collecting the energy data or assigning tasks, such as keeping a complete energy diary for
the use of heating and electrical appliances daily, 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.

Towards gaining the local community’s trust and support, it is more than useful to involve
local people in the LL activities. For instance, people who seemed reluctant to let the Energy
Adbvisors install the monitoring equipment to the electric switchboard were appeased when
local electricians were hired and paid visits together with the Energy Advisors.

Discussing the benefits of the project is simply not enough. It is more than important to
undertake promoting actions to motivate the local community. For example, in the case of the
mountainous LL servicing for free oil-fired heating systems was strongly discussed among the
members of the local community and promoted a sense of ownership of the LL actions.
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.
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e People seem to be more convinced to get involved in energy conservation and to adopt the
pieces of advice provided by the Energy Advisors when presented with actual measurements,
as discussed later on. For example, less than 30% of those who did not have monitoring
equipment installed said that they noticed an improvement in their quality of life, whereas
around 60% of those who had monitoring equipment installed said that they noticed an
improvement in their quality of life. Further, 80% of the participants who had monitoring
equipment installed said that the installation of electricity consumption meters motivated
them to check regularly their electricity consumption and almost all of the participants with
temperature and humidity monitoring equipment said that they were helped in taking energy
efficiency decisions, i.e. replacement of thermostat, purchase of a dehumidifier, etc.

e Using monitoring equipment is not only helpful towards convincing people to implement
energy-saving measures (either technological or behavioural) but also useful towards
identifying problems in the operation of malfunctioned appliances. In one case, in the
mountainous LL, a defective appliance, namely a refrigerator, was found and replaced, saving
hundreds of Euros per year. Moreover, temperature and humidity sensors revealed significant
differences within certain residences that use non-central heating systems or are unable to
heat the total house area.

e The Information Centre did not seem to work well, at least at the mountainous LL. This
suggests that it is not always easy to inform energy vulnerable households because they need
to be proactive to change their status quo. This problem is not unprecedented. As referred to
in DellaValle, (2019), in Malta, there was a scheme to support energy vulnerable households.
Every year, €500,000 vouchers were not claimed. Hence, the government changed the scheme
without changing the eligibility criteria. More specifically, households identified as vulnerable
categories were automatically enrolled in the voucher program and receive a credit to their
bill through their service provider. Also, the Italian Regulatory Authority for Energy, Networks
and Environment has advanced a proposal to automatically enrol energy vulnerable
households automatically in subsidy programs. In the same direction, during the first energy
café which was held at the premises of NTUA, the participants said that moving closer to the
Metsovo’s centre could attract more people. Thus, it was decided to move the next energy
cafés to a more familiar place, either to the Municipality Hall or a local café. Indeed, the second
energy café was held at the Municipality Hall. Unfortunately, the third energy café was
organised as an online event to respect the social distancing measures in force.

e |t seems that the remote operation of the LL cannot fully replace face-to-face LL activities. For
instance, remote advice and assistance on energy issues are feasible on a one-to-one basis.
Yet, participatory actions, such as energy cafés, at least in the mountainous LL did not work
well. Further, remote assistance and advice may not reach the most vulnerable households,
e.g. those who do not have internet access (or even telephone access in many cases). This is
also reflected in the achieved energy savings in the three rounds. More specifically, the energy
savings in the V1, V2 and V3 rounds were 9.2%, 5.4% and 3.9% of the total energy consumed
by the households.

From a policy perspective, some interesting remarks can be made based on the Choice Experiment
conducted in the ex-post assessment survey. First, it seems that the energy retrofit is the most
preferred option (the other two options were upgrading/replacement of the heating system and
replacement of old household appliances). This may be related to unobserved benefits of retrofits, e.g.
insulation may enhance occupant’'s comfort and increase future resale value. Second, it is important to
underline that the preferences of vulnerable households depend on the different aspects of energy
poverty. For instance, those who are unable to keep a level of thermal comfort at home are less willing
to invest in energy efficiency while the opposite stands for those who are faced with damp problems
or arrears in bills. This is attributed to the fact that a significant percentage of the households who
report thermal discomfort (at least in the study area) belong to the lower-income group. Third,
vulnerable households hold different willingness to pay (WTP) values for each of the proposed
interventions. These differences are not observed only across groups but also between groups. For
example, those who claim inability to keep their houses adequately warm are willing to pay around 2.8
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Euros for every Euro saved on an annual basis from the upgrading of the heating system, whereas
those who face damp problems are willing to pay around 5 Euros, respectively. Finally, the socio-
demographic characteristics of the respondents, which are known to be related to energy poverty,
such as income and age, also possess a crucial role in the energy efficiency decision-making process.
In general, elderly people, who are more prone to energy poverty, are at the same time more reluctant
to invest in energy saving. The same conclusion is drawn for low-income households. Further, the
estimated values show that households who are struggling to live on their income can afford to pay
for energy retrofits only one-third of the amount estimated for households who are living comfortably.
Allin all, these findings are worrisome because, without support to implement structural measures like
energy efficiency, elderly and low-income households could be trapped in the vicious circle of energy
poverty, as previous studies suggest.

Finally, concerning the impact of the COVID-19 pandemic (and the restrictions adopted to prevent its
spread) on households’ socioeconomic status and energy consumption, the main findings from the
survey and the LL activities are the following:

e About half of the households in the study area reported that their income decreased during
the pandemic. Among those who stated that the household’'s income was affected by the
restrictive measures, 20% claimed that the decrease was in the range of 5-25%, 40% in the
range of 25%-45%, and the rest reported a reduction in income over 50%. It should be noted
that there were households (10%) that reported a decrease in their income in the range of
80%-100%.

e Almost 3 out of 10 households that participated in the ex-post social survey stated that during
the restrictive measures due to Covid-19 their heating system worked more hours than usual.
About 10% of them reported working for an extra 1 to 2 hours and 80% reported working for
between 3 to 6 hours. Further, 55.6% of the participants reported an increase in the operation
of some electrical appliances during the restrictive measures. As far as the LL participants in
rounds V2 and V3 are concerned, also 3 out of 10 households said that they used more their
heating systems during the lockdown. In particular, 20% reported extra 1 to 2 hours, 24%
between 3 and 4 extra hours, 20% between 5 and 6 extra hours and the rest (i.e. 27% more
than 6 hours. Also, 64% of them reported an increase in the operation of some electrical
appliances during the restrictive measures.

e Based on the measurements taken by the monitoring equipment, it was found that the average
increase in electricity consumption during the first lockdown was 8.6% (or approximately 1
kWh per day). In more detail, the average increase in electricity consumption during weekdays
was 9.2% and during weekends almost doubled, i.e. it reached 16%. During the second
lockdown that started in late October, early November the hourly average electrical
consumption between October 2020 (before the lockdown) and November 2020 increased by
about 24%. In particular, the increase in the hourly average electrical energy consumption was
about 29% at the weekends (compared to October 2020) and 22% during the weekdays.
Further, the increase in the average hourly electricity consumption between November 2019
and November 2020 was 41%, between December 2019 and 2020 was 14% and between
January 2020 and January 2021 was 29%, respectively.

e Based on a limited number of households where an electricity sensor was installed on the
power line of the burner, it was found that the average increase in the operating hours of the
heating systems was 1.3 (ranging from 0.1 to 3 hours per day). On a percentage base, this
corresponds to an average increase of 39% (from 1.5% to 99.5%).

e The average increase in the house temperature was around 1%. This remark coincides with the
fact that only one-third of the households said that they operated their heating system more
hours per day. Even if the heating cost does not increase between the two periods, this finding
is worrisome because almost half of the households stated that their income reduced during
the pandemic. Hence, in the ‘best-case’ scenario, the subjective indicators of energy
vulnerability will remain stable, but the already high “energy-cost-to-income” ratio will worsen,
especially in the area of the mountain LL where heating is an “inelastic” good. It is also
important to mention that significant differences exist between the households depending on
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the housing characteristics, socio-demographic, and heating system characteristics. The
analysis of specific examples shows that low-income households are forced to spend an even

higher proportion of their income on heating and electricity cost to achieve the desired indoor
temperature.
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2. Introduction

The basic characteristics of the natural and man-made environment of the LL and the main findings of
the baseline survey (e.g. living and housing conditions, housing infrastructure, heating systems, energy
expenses, market segmentation, etc.) have been summarised in D2.2 “Interim Report on V1 Mountain
Living Lab". This document aims to present the methodology used and the results derived by the V2
and V3 rounds of the mountainous LL in Metsovo, Greece, and the results of the second socioeconomic
survey (ex-post assessment survey). Also, this document discusses the methodological modifications
that were applied due to the COVID-19 pandemic.

In general, the V2 and V3 rounds of the mountainous LL followed the basic set-up process developed
by the STEP-IN project (after certain modifications to account for the peculiarities of the mountainous
LL and the pandemic-related restrictions) and included the following activities:

e Information campaigns;

e Organisation of energy cafés;

e Recruitment of Living Lab Participants (for the V2 and V3 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 sections present the results of the V2 and V3 rounds of the LL. The LL complied strictly with
the EU’s Charter of Fundamental Human Rights and Data Protection Regulations and 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 V2 and V3 rounds 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 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 life, 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 the potential
empirical relationship between critical variables.

As far as the ex-post socioeconomic assessment survey is concerned, a representative sample of local
households (N=303) took place, including households who have been visited by a Home Energy
Advisor during the three LL rounds. The survey aimed to: (a) assess the impact of STEP-IN by gathering
data regarding people’s attitudes and behaviours towards addressing energy poverty after the
operation of the Living Lab; (b) explore certain informative, market and behavioural barriers to energy
efficiency; (c) investigate the impact of the COVID-related restriction measures on households’ energy
consumption and; (d) understand the trade-offs among various energy-saving options offered using
a discrete choice experiment. These trade-offs can inform policy design as regards the consumers’
choices related to social, environmental, and most importantly financial factors by estimating implicit
prices and willingness to pay for alternative energy-efficiency solutions.
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3. Living Lab Implementation

3.1 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”, which includes the following activities (Figure 5):

e Information campaigns;

e Benchmarking;

e Training of the Home Energy Advisors;
e Organisation of energy cafés;

e Recruitment of Living Lab Participants;
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.

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

Energy Installation of
Advisors home monitoring
visits equipment

Operation of

Market Evaluation of

impacts

Information Recruitment of

Information ICT tools
Centre

campaigns LL participants segmentation

Figure 5: Mountainous LL activities

Nevertheless, not all of the above-mentioned activities were necessary for the V2 and V3 rounds of
the mountainous LL. More explicitly, the benchmarking step was omitted. This activity was done before
setting up the mountainous LL using existing data (population census and publicly available reports
and scientific papers) and information from the ex-ante social survey conducted in Metsovo, between
December 2018 and January 2019. In the same direction, there was no need to repeat the training of
Home Energy Advisors, who have already participated in the V1 round of the mountainous LL. The rest
of the stages of the V2 and V3 rounds of the LL are discussed in more detail in the following sections.
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3.2 Methodology Employed

3.2.1 Information Campaign

The information campaign in the case of the mountainous LL in Metsovo started in December 2018
up to the end of the V3 LL activities. The main methods used were, as follows:

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 6) and the Greek version of the project’s official
website (Figure 7).
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Figure 6: Posts from the Greek Facebook page of STEP-IN with mountainous LL activities
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Figure 7: Screenshots from the Greek page of STEP-IN's website

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 in the energy café but also to increase awareness of the issues
surrounding energy consumption, energy cost, energy efficiency, etc.

3.2.2 Organisation of the second and third Energy Cafés

The second energy café of the mountainous LL was held on Saturday, January 25%, 2020, in Metsovo
City Hall. The main theme of the event was the presentation of the results of the first round of the
Mountain LL and was attended by about 40 residents of Metsovo. 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. Metsovo Trade Association).

The event had two parts. In the first part, the heating and electricity needs of the households of
Metsovo were analysed, based on the measurements collected by temperature, humidity, and
electricity consumption sensors in a selected sample of dwellings. The results confirmed earlier NTUA
surveys, which had highlighted the problem of the excess energy costs in the mountainous areas. In
the second part, the participants were presented with a bundle of recommended energy-saving
measures, with examples of real and hypothetical homes in the study area. The proposed actions
included a range of solutions - from zero-cost behavioural measures to relatively costly energy-saving
housing interventions - and were accompanied by an indicative cost-benefit analysis.

The presentations provoked a rich dialogue concerning potential energy-saving solutions, both at
household and community levels. Useful comments were made by researchers of NTUA and RAE, as
well as by a licensed heating professional, who provided valuable advice and information. The
participants, based on the feedback provided through a short questionnaire, said that the information
and advice provided during the event were useful and improved their knowledge on how to reduce
their utility bills. Further, they mentioned that they are willing to implement energy-saving measures
based on what they heard at the event.
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Similarly to the first energy café, the event invitation and the related poster were strictly focused on -
and limited to - energy consumption, thermal comfort, 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 the following sections). This was made to maximise the engagement of citizens facing
energy-related problems and avoid any issues of stigmatisation.

The third and last energy café was organised on Wednesday, December 2%, 2020, as an online event
due to the pandemic-related restriction measures. The invitation was distributed through social media
(mainly through the project’'s FB LL page). Again, to avoid stigmatisation the subject of the energy café
was centred around the impact of the lockdown and the non-essential movement ban imposed by the
Greek government on local households’ energy consumption. Further, the energy café discussed
measures for consumers to improve their quality of life based on the experience gained during the
three LL rounds. In total, 38 residents participated in the online event. The presentation was given by
the NTUA team and included information about the increased electricity consumption and usage of
heating systems during the lockdown period. Further, similar data from other European and non-
European countries were shown and discussed.

The participants asked questions and shared their experiences about the impact of lockdown on
energy usage, confirming the main findings of the LL measurements. It should be noted, however, that
participants’ involvement in the online event was not the same as in the face-to-face events.

3.2.3 Recruitment of Living Lab Participants

The recruitment of the households for the V2 and V3 rounds of the LL 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 cafés and the participants of the
V1 round who recommended their fellow citizens to participate in the LL.

In total, for the V2 and V3 rounds, 100 households were directly involved (50 households in each of
the LL's rounds). These households were selected randomly and voluntarily. Moreover, all ethical and
data protection considerations and rules were strictly followed, as detailed later in this deliverable.

3.2.4 Market Segmentation

As mentioned in Deliverable 3.2 “Interim Report on V1 Mountain Living Lab”, the market segmentation
was undertaken through available census data for the Municipality of Metsovo and primary data
gathered by the social survey.

As regards the 100 households that participated in the V2 and V3 rounds of the LL, 13% have children
less than 5 years, 41% have members aged more than 65 years old, 23% have unemployed members
and 8% have members with a disability or long-term illness. Around 26% declared moisture/mould
problems, 10% said that delay the payment of electricity bills, and 16% 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.

3.2.5 Home Energy Advisor Visits

Similar to the V1 round, the households were divided into two groups. The first group involved houses
where monitoring equipment was installed, besides the visits and advice 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
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the first visit, the Advisors installed the monitoring equipment (described hereinafter). The Energy
Advisors used questionnaires designed to collect information that was necessary 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 8), and an exhaust-gas analyser to measure the characteristics of exhaust gases from the
heating systems (Figure 9).

155

1

Figure 9: Exhaust gas measurement

Twelve oil-fired heating systems were checked and three of them, which did not comply with the
competent standards of the Greek legislation were services for free by a certified technician (Figure
10). The fact that only three systems had to be maintained is a promising sign for the impact of the
project. During the first round of the LL, almost half of the burners checked were out of specification.
This remark was discussed during the energy café and promoted through leaflets and social media
posts and seemed to resonate with many people.
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Figure 10: 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 concerning the effects and the
appropriateness of the measures and actions applied for reducing energy costs.

As described later on, the monitoring equipment that was installed in the houses of V2 round was kept
there also during the operation of the V3 round. This decision was made to gather data and
information related to the impact of the pandemic-related restrictions on households’ energy
consumption.

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 some 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.

3.2.6 Installation of monitoring equipment

As mentioned, in 30 out of 100 households, in total, 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 11);
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.
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Figure 11: Indoor temperature and humidity monitors

Towards installing the electricity monitors (Figure 12), specialised personnel (i.e. certified electricity
technicians) from the area of the LL was used not only for safety reasons but also to gain the trust of
the local people participating in the project.

Figure 12: 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 13 & Figure 14) and
helped, through appropriate processing techniques, to conclude 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 to reduce their
energy spending and/or increase their quality of life.
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Figure 13: Time-series data of indoor temperature and humidity
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Figure 14: Time-series data of electricity consumption

3.2.7 Operation of the Information Centre
An Information Centre was run by the NTUA personnel within MIRC's (Metsovion Interdisciplinary

Research Centre) premises. The office was open two days per week from 10.00-12.00 providing citizens
with information about energy-related issues through access to materials, e.g. advice leaflets, and/or
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to sign-up for assistance via STEP-IN. The attendance of the public was generally low, especially after
the coronavirus outbreak. It should be noted, however, that information about the project, as well as
advice for the households under study was not restricted in the operation of the information centre.
Local households received information through an energy advice booklet that was available in
electronic and printed format, an online app and six animated energy advice videos (see below).

3.2.8 ICT Tools

During the V2 and V3 rounds of the mountainous LL, the focus - similar to the other LLs - was on
improving the ICT tools used by the Energy Advisors 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 D5.6 “Final
ICT Tools Review". Figure 15 provides an overview of the dashboard layout for a LL participant, which
includes support for assigning housing characteristics, creating personal advice, editing
questionnaires, preparing reports, etc.

Additionally, in the mountainous LL, the energy monitors included a web app that could be accessed
by the homeowners (Figure 16). For this purpose, the households were provided with a unique
username and password to enter the platform and seek information about real-time usage of
electricity, demand of energy at different hours of the day, the total cost of electricity for specific
periods, etc. Ethical requirements and GDPR under which EU member states were strictly followed.
Further information relating to GDPR and wider ethical concerns can be found in section 3.4 Ethical
and GDPR issues of this Deliverable.
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Figure 15: Dashboard Layout Display
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Figure 16: Screenshot from the electricity consumption app

Moreover, the NTUA team developed an online app that helps users to calculate the cost required to
meet their heat and electricity energy needs (Figure 17). Also, users have the ability, by changing the
parameters (e.g. type of windows, the existence of thermal insulation, type of fuel, etc.) to see the
possibilities of reducing their energy expenses.
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Figure 17: Screenshot from the energy cost calculation app

Finally, as a mean to provide advice to local and national households, six animated videos were created
for social media. Each of these videos focused on a different subject, namely correct set-up of
thermostats, benefits of regular maintenance of heating systems, advantages of digital thermostats,
efficient use of fireplaces, advices about saving energy in the kitchen and during laundry. Figure 18
presents a snapshot from an advice video.
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Figure 18: Snapshot from an advice video

3.2.9 Evaluation of impacts

Finally, in each of the LL rounds the impacts of STEP-IN (evaluation step) were monitored, as follows:

e Energy Consumption

o Level of consumption;

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);

o Subjective measures (through self-reported levels of comfort and other related

indicators).

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 LL 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.
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 to improve the operation of the LL for the operation rounds to come.
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3.2.10 Modification of LL activities due to COVID-19 pandemic

To control the COVID-19 pandemic, Greece put in place a number of measures and restrictions on
movement and business activities, as follows:

e On March 10, the operation of educational institutions of all levels nationwide was suspended.

e On March 13, all cafes, sports leagues bars, museums, shopping centres, sports facilities and
restaurants were closed.

e On March 16, all retail shops were also closed and all services in all areas of religious worship
of any religion or dogma were suspended.

e On March 23, from 6 a.m,, all non-essential movement throughout the country were restricted
and movement outside the house was permitted for only specific reasons. On 4 April these
restrictions were extended until 27 April and on 23 April they were extended until 4 May.

e Starting from 4 May, after a 42-day lockdown, Greece began to gradually lift restrictions on
movement and to restart business activities.

Because of the outbreak of COVID-19, the activities of all three LLs were suspended from March 18
until May 1st, 2020. Nevertheless, due to the continuation of certain social distancing measures, the
face-to-face LL activities started again at the beginning of June 2020. Hence, the COVID-19 outbreak
created new scientificc methodological, and ethical challenges and additional objectives. From a
scientific perspective, the objective for the V3 round was to understand new issues arising due to
COVID-19 concerning energy poverty (e.g. changes in energy consumption and patterns, changes in
the socio-economic status of the households, potential multiplication of factors leading to energy
vulnerability etc.). From a methodological perspective, the objective was to test the effectiveness of
the remote provision of advice and assistance for vulnerable consumers (e.g. via energy café webinars,
online information campaigns, personal communication via phone, email or online chat, etc.). Finally,
from an ethical perspective, the objective is to continue helping vulnerable households while avoiding
exposing them - and those who work for STEP-IN - to unnecessary risks of infection from COVID-19.
In this direction, certain actions were taken to support those households participating in mountainous
LL activities, such as energy advices via phone or email, preparation of a booklet regarding energy-
saving tips, energy literacy issues, etc., development of online apps, etc. More particularly, the LL
actions for the V3 round were planned, as follows:

1. Webinars for focus groups: one focus group was held via an online meeting platform with
approximately 10 people from NTUA and MM for preparing the second socioeconomic survey.

2. Webinars for energy cafes: one webinar via an online meeting platform for the last energy café
was organised.

3. Webinars for round tables: one consultation round table entitled “Energy Poverty in Greece:
Quantification, Monitoring and Alleviation Policies” was organised on June 18, 2020, via an
online meeting platform. Around 20 Greek experts in the field of energy poverty from
universities, research centres, governmental authorities, and consumer unions, participated in
the round table for the preparation of the Greek National Strategy against Energy Poverty
(NSEP), as a part of the National Energy Efficiency Action Plan (NEEAP) and of the National
Energy & Climate Plan (NECP).

4. Telephone assistance: 50 households were provided with information and feedback on
energy-related issues.

5. Web assistance: Households participating in STEP-IN Round 3 actions were provided with real-
time information and feedback on energy-related issues when needed. Also, a web app was
developed to support consumers in reducing their energy expenditures. Finally, six short
videos were created with energy advice that will be communicated via social media (e.g.
Facebook).
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6. Mail assistance: a new energy advice booklet targeting mountain households was prepared.
The leaflet includes information and advice on energy efficiency and consumption,
refurbishment schemes, subsidy programmes, energy labelling schemes, etc.

7. Questionnaires: Questionnaires were collected by the households that participated in Round
3 activities (app. 50) and the second social survey (app. 300, including households who have
been visited by a Home Energy Advisor) remotely. Interviews were completed via phone
and/or web-based video conferencing.

8. Home Installed Equipment: In the V3 round, instead of installing the equipment to 30 new
households, the monitoring equipment stayed at the same households as in Round 2. There
were two arguments for this approach. First, due to the COVID-19 outbreak, it was not easy to
find households willing to open their homes in this period. Also, it was a matter of ethics and
compliance with safety measures suggested by the Greek authorities during the current
season. Second, and perhaps more importantly, leaving the equipment in the same
households as in the V2 round allowed collecting empirical data to study the impacts of
COVID-19 on energy vulnerability (i.e. to examine energy consumption prior, during and after
the confinement measures, changes in the socio-economic status and how they are related to
energy consumption and behaviour, etc.).

9. Benchmarking of the impact of COVID-19: The COVID-19 outbreak is expected to exacerbate
energy poverty issues. The energy needs of residential consumers will grow, as they tend to
spend more time in their homes, work by distance, etc.), and, at the same time, many people
will lose their jobs, either temporarily or permanently, and their income will decline. The last
round was dedicated, to a great extent, to studying the impact of COVID-19 on energy
vulnerability.

10. National conference: The conference was initially scheduled for June-July 2020 but was
postponed for a later date. Due to pandemic-related restrictions on travelling and social
distancing, it was not possible to organise a live event. Hence, the conference was co-
organised with RAE as Web Conference on November 19, 2020. With over 220 people
attending, the conference was a great success especially considering the COVID-19 situation
(approximately 100 attendees were expected).

3.3 Stakeholder Involvement

The local stakeholders were involved in LL's activities were 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 energy cafés that were held in the context of the
V2 and V3 rounds of the mountainous LL.

National stakeholders (energy poverty experts from universities, research centres, governmental
authorities, and consumer unions) were involved in the LL through the consultation round table
“Energy Poverty in Greece: Quantification, Monitoring and Alleviation Policies” and the National
Conference.

3.4 Ethical and GDPR issues

The mountainous LL operated complying strictly with the 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 of the three LLs) are
outlined in Table 1, following 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
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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 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.). During the operation of the LL only non-sensitive personal data, which are
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 the heating system and
electrical appliances, etc.), were collected and processed. Moreover, the mountainous LL operated with
respect to local ethical norms and cultural sensitivities 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, it is noted that during the V3 round of the LL the
directions provided by the Greek authorities responsible for health and civil protection were strictly
followed to ensure the protection of the health of researchers and participants from unnecessary risks
related to the COVID-19 epidemic. Also, the protection of personal data and support of GDPR from
the online platforms that were used during the last round was considered, as discussed hereinafter.

In the 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 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).

Table 1: High-Level Ethical Concepts

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 Those working on the project should be able to benefit from its
Dignity 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.

Source: STEP-IN (2019). Deliverable 1.2 - Living Labs Global Methodology and implementation guidelines.

The citizens who were involved in data collection tasks (during the baseline survey, the energy cafés
and the 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,
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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 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;

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.

3.5 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 the project’s action to reduce their energy spending and improve their quality of
life, by providing energy advice that leads to energy efficiency improvements. In addition, the
methodology wishes to create longer-term sustainable impacts at a local, regional and national level
by engaging several 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 the second and third round of the mountainous, includes the following activities:
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e Information campaigns;

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.

Because of the outbreak of COVID-19, the activities of the LL were suspended from March 18 until May
1st, 2020. Further, due to the continuation of certain social distancing measures, the face-to-face LL
activities started again at the beginning of June 2020.

The COVID-19 outbreak created new scientific, methodological, and ethical challenges and additional
objectives. From a scientific perspective, the objective for the V3 round was to understand new issues
arising due to COVID-19 concerning energy poverty. From a methodological perspective, the objective
was to test the effectiveness of the remote provision of advice and assistance for vulnerable consumers.
Finally, from an ethical perspective, the objective is to continue helping vulnerable households while
avoiding exposing them - and those who work for STEP-IN - to unnecessary risks of infection from
COVID-19. In this direction, certain actions were taken to support those households participating in
mountainous LL activities, such as energy advices via phone or email, preparation of a booklet,
development of online apps, etc. (details are given in Section 3.2.10 of this deliverable).
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4. Results and Lessons Learned

4.1 Methodological Aspects

The analysis of the results of the V2 and V3 rounds of the mountainous LL is being carried out in three
distinct levels of assessment:

(d) Aninitial 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 the heating system, the heating and electricity consumption and spending, the
thermal comfort of the household, subjective measures of comfort and vulnerability, etc.

(e) A 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 (that is the monitoring assessment has not been conducted for households
participating in the V3 round, as mentioned in Section 3).

(f) An 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 life, 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 advices
relating to heating systems or energy retrofits.

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 the potential empirical relationship between critical variables. The confidence interval of all
statistical analyses was 95%, and the significance level of 5%.

4.2 Results of Round V2

4.2.1 Initial assessment

Housing characteristics

As far as housing characteristics are concerned, the sample includes 50 houses, 4% of which are
detached houses, 10% are maisonettes and 86% are apartments. About 14% are less than 70 m?, 20%
are between 70-90 m?, 36% are between 90-110 m? and 30% are over 110 m?. Further, 60% have two
or fewer bedrooms, 32% have three bedrooms and 8% have more than three bedrooms. As far as the
age of houses is concerned, 50% were built before 1980, 44% were built between 1980 and 2000 and
just 6% after 2000.

As regards residences’ energy efficiency, 46% have insulated external walls and about 38% have
insulated roof. Moreover, 68% have double glazing windows. Finally, 54% of houses have a good air
insulation level, 32% have medium air insulation level and 14% present bad air insulation.

Heating system characteristics

About 84% of households stated that the total area of their house is heated. As regards the primary
heating system, the majority (82%) uses central heating systems. The main fuel used in central heating
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systems is diesel oil (about 60%), followed by firewood (18%) and pellet (4%). The rest of the houses
use energy fireplace (6%), firewood stoves (6%), heat accumulators (4%) and a central heat pump (2%).
Moreover, half of the households (52%) use secondary heating systems as well, with no special type
prevailing though.

As regards automation/control systems in cases of central heating systems, the majority of households
(86%) did not report any automation system, while 14% reported that they use digital thermostats.

Domestic hot water production system

About half of the households use diesel oil boiler for domestic hot water production (52%), followed
by a wood boiler (28%), electrical boiler (16%) and pellets boiler (4%). Moreover, 1 out of 3 households
uses an extra solar heater boiler for hot water production.

Electrical loads

Practically all households own electrical appliances with heavy power consumption, such as electric
cooker (typical power: 2,000W — 6,000W), washing machine (typical power 500W — 750W), refrigerator
(typical power 200W - 250W), etc. As far as lighting is concerned, less than 20% of households use old
type bulbs. The rest use Light Emitting Diode (LED) bulbs and Compact Fluorescent Lamps (CFLs).

Energy-related behavioural aspects

According to the answers provided at the beginning of the V2 operation of the LL, 6% of the
households use the heating system 2 to 4 hours every day, 10% use it 4 to 6 hours every day, 8% use
it 6 to 8 hours and the rest (i.e. 76%) more than 8 hours every day.

Among those who have thermostats (either analogue or digital, although digital thermostats are rare),
2.4% reported that they set the thermostat below 18°C, 38.1% said that the thermostat is set between
18°C and 20°C, and the rest (i.e. 59.5%) claimed that they set the thermostat to over 20°C.

As regards the stated temperature inside the home, all households stated an average temperature
over 18°C during the winter period. Specifically, around 60% of the households stated that the average
temperature is more than 20°C, while about 40% stated that it ranges between 18°C and 20°C (Figure
22).

Average indoor temperature (stated)

18-20 oC

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

Figure 19: Average (stated) indoor temperature in the LL homes.
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As expected, the average (stated) indoor temperature is correlated with the temperature set to the
thermostat. The null hypothesis for the non-parametric Kruskal-Wallis test is rejected (x*=16.476,

d.f.=2, p=0.000) (Figure 22).
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Figure 20: Average (stated) indoor temperature with respect to the thermostat setting.

By examining technical/building characteristics, it arises that the average indoor temperature is not
correlated with the construction period of the house (Kruskal-Wallis: x>=7.142, d.f.=6, p=0.308) (Figure
22), the insulation of the external walls (Mann-Whitney U=271.5, p=0.573) (Figure 22), or the use of
double glazing windows (Kruskal-Wallis: x?>=1.685, d.f.=2, p=0.431) (Figure 23). This can be associated
with the fact that heating is an “inelastic” need in Metsovo due to the cold climatic conditions, which
means that people have to keep their houses warm, regardless of the building age and
thermomechanical characteristics.

Average indoor temperature per construction period

After 2010
2001-2010
1991-2000
1980-1990
1967 -1979
1956- 1966

Before 1955

5,0 10,0 15,0 20,0 25,0
(in °C)

0

o

Figure 21: Average (stated) indoor temperature with respect to the construction period.
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Figure 22: Average (stated) indoor temperature with respect to external wall insulation.
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Figure 23: Average (stated) indoor temperature with respect to glass pane.

In the same direction, the average indoor temperature is not correlated with the size of the house
(Kruskal-Wallis: x2=1.305, d.f.=3, p=0.728) (Figure 24) and the average daily usage of the heating
system (Kruskal-Wallis: x2=3.025, d.f.=3, p=0.377) (Figure 22). However, it seems to be correlated with
the comfort level inside the house (Figure 22), i.e. significantly higher indoor (stated) temperatures are
shown for people who report feeling comfortable in the home.
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Average indoor temperature per house size
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Figure 24: Average (stated) indoor temperature with respect to the size of the house.
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Figure 25: Average (stated) indoor temperature with respect to the use of the heating system

(in hours).
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Figure 26: Average (stated) indoor temperature with respect to thermal comfort.
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Finally, concerning the natural ventilation of the houses, 4% of the households reported that they do
not open the windows at all during winter. The rest responded that they ventilate their homes mainly
early in the morning (83%), before midday (4%) or at midday (12.5%). Considering that outdoor
temperature is very low early in the morning, opening the windows at that time of the day allows the
house to cool down quickly and, thus, requires more heating energy to restore the indoor temperature.

Energy spending on heating and electricity

On average, households spend 2,200 Euros per year on heating (std. dev: 915 Euros). More explicitly,
about 6% spend less than 1,000 Euros per year, 48.5% spend between 1,000 and 2,000 Euros per year,
36% 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 building characteristics,
i.e. the age (Figure 22), the size of the house (Figure 22), and the insulation of external walls (Figure
22). Nevertheless, the difference in the means is not statistically significant.
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Figure 27: Average (stated) heating cost related to the construction period of the house.
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Figure 28: Average (stated) heating cost related to the size of the house.
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Average annual heating cost with respect to external wall
insulation
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Figure 29: Average (stated) heating cost with respect to external wall insulation.

Seemingly, the annual heating cost is affected by the thermostat setting (Figure 22), the type of the
primary heating system (Figure 22) and the daily usage of the heating system (Figure 22). However,
there is no statistically significant relationship detected between heating cost and the above-
mentioned variables.

Average annual heating cost per thermostat setting

18-20°C
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Figure 30: Average (stated) heating cost with respect to the thermostat setting.
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Average annual heating cost per heating system
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Figure 31: Average (stated) heating cost related to the type of the heating system.
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Figure 32: Average (stated) heating cost related to the use of the heating system.

The average (stated) annual electricity cost is around 930 Euros (std. dev: 421 Euros). More specifically,
30.5% of the households spend less than 600 Euros per year (i.e. 50 Euros per month), 28% spend
between 600 and 900 Euros per year (i.e. 50-75 Euros per month), 22% 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 V2 operation of the LL vary to the size of
the house (Figure 22) and the size of the household (annual costs increase as the household size
increases) (Figure 22). Yet, differences between the groups are not statistically significant (Kruskal-
Wallis: x>=1.623, d.f.=3, p=0.654 and x?=4.074, d.f.=2, p=0.130, respectively).
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Average annual electricity cost per house size
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Figure 33: Average (stated) annual electricity cost related to the house size.
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Figure 34: Average (stated) annual electricity cost related to the household size.

Similarly, the annual electricity cost varies to the presence of an electric hot water boiler (Figure 22)
and the arrears on electricity bills (Figure 22), without a statistically significant relationship detected
though (Mann-Whitney: U=57.5, p=0.461 and U=21.5, p=0.958, respectively).
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Figure 35: Average (stated) annual electricity cost with and without electric hot water boiler.
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Figure 36: Average (stated) annual electricity cost with and without electric bill delays.

As regards special electricity tariffs, 18% of the households use the Residential Night Tariff, i.e. a tariff
that includes two charging prices: the consumption within the peak period charged with the regular
price and the consumption within the off-peak period charged with a reduced price. Nevertheless, as
illustrated in Figure 22, households that enjoy lower electricity prices spend more on electricity, on an
annual basis. This finding is worrisome, as it possibly indicates that these households consume
significantly higher amounts of electricity or that their main consumption is within the peak period,
thus not taking advantage of the lower price provided within the off-peak period.
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Average annual electricity cost by tariff scheme
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Figure 37: Average (stated) annual electricity cost by tariff scheme.

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 energy bills. As also in the V1 operation of the LL, 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 22, the most important issue is the presence of
moisture/mould in the houses (30%), followed by thermal discomfort, i.e. the home is not warm
enough (18%) and arrears in energy bills (10%).

Qualitative vulnerability indicators

Arrearsin energy bills

Moisture/mould issues

Thermal discomfort

0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0

Figure 38: Percentage of energy-vulnerable households.

Using the three above 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). It is noted that this indicator was followed at the LL's households for comparability
reasons with the V1 round. In the social survey, the above-mentioned indicators were used to construct
a slightly different composite energy poverty index following Bouzarovski & Tirado Herrero (2017).
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As presented in Figure 22, about 12% of the households face two or more of the above-mentioned
problems.

Vulnerability index

4,1

m Negligible = lLow = Medium = High

Figure 39: Overall vulnerability index.

As illustrated in Figure 22, those who spend more on heating face lower vulnerability risk (mainly
because they face lower problems with moisture and mould), with no statistical differences arising
though (Kruskal-Wallis: x>=2.682, d.f.=2, p=0.262). Electricity cost does not either present statistically
significant differences between vulnerability classes (Kruskal-Wallis: x?=3.552, d.f.=3, p=0.314), i.e.
those in negligible risk and those in high risk spend similar amounts of money on electricity, an
outcome that confirms the complex nature of subjective indicators when combining them with
objective data/indicators in the energy poverty problem. Similar conclusions have been reached in the
literature (e.g. Price et al., 2007; DECC, 2009; Fahmy, 2011; Roberts et al., 2015), indicating that the
relationship between objective and subjective indicators is not strong enough.

Average annual energy costs per vulnerability class

B Heating cost estimation
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Figure 40: Annual energy costs in relation to vulnerability class.
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4.2.2 Monitoring assessment

Indoor temperature and humidity

Thermal comfort is the condition of the mind that expresses satisfaction with the thermal environment
and is assessed by subjective evaluation. Most people will feel comfortable at a room temperature of
20°C. The average indoor temperature in all the houses monitored was about 20°C for the period
between November 2019 to May 2020 while the outdoor temperature in the same period ranged
between -5°C and 22°C. More explicitly, 30% of the households had below 20°C of average
temperature in their household and the rest 70% had above 20°C temperature.

As mentioned, however, only 13.3% of the households said that they suffer from thermal discomfort
(practically households with average indoor temperature 18°C or less), as illustrated in Figure 41.
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Figure 41: Min, max and average Households temperature.

Even though there exists a positive correlation between the measured and the stated temperature
(r=0.121), the differences between them are in some cases significant. More explicitly, 46.6% of the
households reported an average indoor temperature that had an absolute difference less than 1°C
with the measured on, while 53.4% of the households reported an average indoor temperature that
was significantly lower or higher than the measured on (i.e. between 1.11°C and 5.23°C). Yet, it has to
be mentioned that people report indoor temperature during their stay at home, whereas measured
temperature refers to a 24h average.

According to the temperature measurements taken by the monitoring equipment during the V2
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 on indoor
measurement for November 2019 till May 2020, 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
(27%) was between 1°C and 2.75°C lower than the suggested temperature of 20°C, while in 43% of the
houses (almost 1 out of 2) was over 20°C (from 1°C up to 3.2°C). In the rest of the houses the
temperature was almost 20°C (ranged between 19°C to 21°C). Again, this finding should be considered
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with caution, as measured values include hours when people are not at home, at all. The average
humidity was 44.6%, ranging from 35% up to 64%.

The mean temperature does not increase proportionally with the size of the property, implying that
larger households face difficulties and spend more for heating purposes (Figure 42), the use of central
heating systems (Figure 43), and the insulation of the external walls (by almost 0.8°C) (Figure 44).
However, there is no statistically significant difference in any of these cases. Moreover, as shown in
Figure 45, the average indoor temperature is higher for households that use fewer hours their heating
system daily. This unexpected finding is related to the fact that households using central heating
operate the system fewer hours compared with households that use local heating systems, such as
electric devices, fireplaces, stoves, etc., as shown in Figure 46.

Average indoor temperature per house size
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Figure 42: Average temperature related to house size.

Average indoor temperature per primary heating system

Firewood stove
Energy fireplace

Heat accumulators
Pellets central heating

Firewood central heating

Diesel central heating

1

=]

17 18 19 20 21 22
(in °C)

Figure 43: Average temperature per type of primary heating system.
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Figure 44: Average indoor temperature with and without external wall insulation.

Average indoor temperature per daily use of heating systems

(~sh) |
(6-sn) |

(4-ch) |
(2-4n) I

18,0 18,5 19,0 19,5 20,0 20,5 21,0
(in°C)

Figure 45: Average indoor temperature compared to the daily use of heating systems.
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Figure 46: 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), to the orientation of the room or even to the fact that in some houses
only a part of the house is being heated. For instance, Figure 47 and Figure 48 show the differences in
the temperature between living rooms and bedrooms for houses that are partially heated or in which
local heating systems are used.
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Figure 47: Indoor temperature differences in a partially heated house.
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Figure 48: Indoor temperature differences in a house with local heating system (stove).

Heating energy consumption

To calculate the required energy consumption of the households with metering equipment, the
following procedure was implemented:

= 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).

= 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 879,054 kWhy.

The calculation of the real heating energy consumption had to start from an assumption that is related
to the period in which the V2 round of the LL took place. From November 2019 to May 2020, the
average daily temperature varied and ranged, on average, from 1.7°C in January 2020 to 13.1°C in May
2020 as shown in Figure 49. The coldest month during the second cycle of the LL was January 2020
(Figure 50). More explicitly, the basic assumption made is that the average indoor temperature of each
household from November 2019 to May 2020 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 the V2 round of the LL was then introduced into the energy
consumption model and the real heating energy consumption was calculated.
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Daily average temperature during the V2 round of the LL.

Figure 49
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Figure 50: Outdoor temperature and humidity during the V2 round of LL.
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temperature
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Figure 51: Comfort level of households under study during the heating period.

Following the methodology described, the total real heating energy consumption of the 30 households
under study amounts to 806,538 kWhi. The real heating energy consumption is lower than the
required one (i.e. 879,054 kWhy). The difference between them is about 8.2%. To gain a better view,
the households that over-consume and under-consume energy were examined separately. 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 the temperature exceeds
comfort level, the excess energy consumption is 17% greater than required.
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Figure 52: Required and actual thermal energy consumption of over- and under-consuming
households under study.
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Households whose residences have insulated external walls consume 6% less thermal energy (real
consumption), as shown in Figure 53. This is an illustrative indicator of the positive effects of insulation
on energy consumption.
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Figure 53: Real thermal energy consumption with respect to external wall insulation.

There is no special differentiation between households with temperature below, at or above comfort
level. More specifically households with indoor temperature bellow comfort levels present, on average,
3% higher energy consumption than households with the indoor temperature at comfort levels and
almost 2% higher energy consumption than households with an indoor temperature above comfort
level (Figure 54). Although differences are minor, it is shown that more vulnerable households (i.e.
those living in uninsulated houses) spend more money on heating without improving their comfort
level.

Real thermal energy consumption according to indoor temperature
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Figure 54: Real thermal energy consumption with respect to indoor temperature.
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Electricity energy consumption

Given the sample of 30 households of the second round, there were three households that on average
consume much more electricity than the others. In particular, two of them use heat accumulators for
covering their thermal needs and one of them uses electricity for domestic and other purposes. Thus,
the average annual electricity consumption has been calculated for the rest (twenty-seven) of the
households and is around 3,684 kWhg (std. dev: 1451Kwhey 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, 17% of the households consume
less than 2,000 kWhe| per year, 23% consume between 2,000 and 3,750 kWhe per year 27% consume
between 3,750 and 5,000 kWhe per year, 23% consume between 5,500 and 7,250 kWhe per year and
the rest 10% (i.e. the three households that were excluded from the calculation of the mean value)
consume more than 9,000 kWhe per year.

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. night tariffs), as shown in Figure 57.
This is attributed to the fact that there exist two households in the V2 round of the LL who use heat
accumulators for heating and, thus, use electricity to cover their heating needs. According to Figure
58, households in arrears consume, on average, more electricity. 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, more electricity.

Annual electricity consumption per house size
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70-90sg.m
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Figure 55: Average annual electricity consumption related to house size.
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Annual electricity consumption per household 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.
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On average, households that use electric hot water boilers consume approximately 1,320 kWh¢ more
electricity per year (Figure 59). Yet, the Mann-Whitney U test null hypothesis is not rejected (Mann-
Whitney U=86, p=0.352). It is worth noting that the current legislation does not allow the installation
of solar water heaters, to retain the vernacular architectural identity of the settlement. This results in
higher energy consumption and, consequently spending (around 350-400 Euros per year). This is an
issue that local and national policymakers and legislators should consider to reduce the energy
expenses of local households.

Average annual electricity cost with and without electric
hot water hoiler
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0 1.000 2.000 3.000 4.000 5.000 6.000
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Figure 59: Average annual electricity consumption with and without electric hot water boiler.

Energy spending on heating and electricity

For covering the required thermal energy costs, the 30 households monitored would need to spend
around 75,300 Euros per year. The average unit heating cost is 0.085 Euros per kWhy. The real thermal
energy costs are 66,300 Euros per year or 0.082 Euros per kWhih. The majority of the households (60%)
spend less money than required for covering adequately their heating energy needs. This may affect
their ability to keep the indoor temperature at the comfort level (20°C). On the other hand, 20% of the
households spend more money than required to have an acceptable thermal comfort level, i.e. the
house temperature is more than 20°C (from 0.7 °C to 2.5 °C).

Compared to the required energy, the average under-spending is about 310 Euros per year, while the
average over-spending is 485 Euros per year. The estimated required costs for an important part of
the households (27%), 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, households 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 21% less than those with the indoor temperature at comfort levels, as depicted in
Figure 60. The households with a temperature above comfort level spent only 5% more than those
with temperature below comfort level and 16% less than the households with the temperature at the
comfort level. This seemingly unexpected finding is related to the fact that households with a
temperature above comfort level live usually in houses with wall and/or roof insulation and use more
efficient heating systems. Based on the engineering models, it is found that the required heating costs
of houses without wall insulation are significantly higher (32%) than the corresponding costs of houses
with wall insulation (Figure 61).
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Real heating costs according to indoor temperature
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Figure 60: Real heating costs for households with respect to indoor temperature.
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Figure 61: Required heating costs for households with and without wall insulation.

To wit, Figure 62 presents the average indoor temperature between two houses of similar size that use
oil-fired central heating systems. The only difference is that one of the houses is insulated. The indoor
average temperature is practically the same, almost 21°C. Yet, the uninsulated house (H1) spends on
heating approximately 3,000 Euros per year, whereas the insulated house (H2) spends roughly 2,000
Euros per year.
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Average indoor and outdoor temperatures
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Figure 62: Average indoor temperatures in houses with oil-fired central heating system with
and without insulation.

The households that use heating oil as the main fuel for heating spend more than the households that
use a different fuel, especially when compared with those that use biomass (firewood and pellet). On
average they spent more than 2,500 Euros as shown in Figure 63.

Average required heating cost per heating system
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Figure 63: Average required heating cost per heating system.

As expected, the larger the house, the higher the amount of money needed for heating (Figure 64).
Nevertheless, the area of the house is not always a decisive factor. As shown in Figure 64, houses with
an area up to 70 m? show higher heating costs than those with an area between 70-90 m? because
they are of a lower energy class or use less efficient heating systems.
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Average required heating cost per house size
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Figure 64: Average required heating cost per house size.

Energy diaries

During the V2 round of the LL, 30 energy diaries were distributed to the households. The diaries
contained the basic household appliances and a timetable to record the operation of basic household
appliances for two weeks. This type of insight was able to report to the specific activities that led to
the use of power and, in particular, to the type of routines householders perform that consume energy,
as shown in Figure 65.
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Figure 65: Connection of electricity profile and appliances usage according to the energy
diaries.

Of the 30 households, less than half (i.e. 14) completed the diaries daily. For these households, it was
easier to provide more accurate and tailored-made advices concerning simple and easy ways to reduce
their energy expenses and/or improve their households comfort level. In general, however, energy
diaries didn’'t seem to work well in the mountainous LL, as people were not committed to keeping the
diaries.
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4.2.3 Evaluation assessment

Acceptability of proposed energy interventions

Based on the data gathered by the questionnaires, the monitoring and the calculations conducted
about the required and real energy consumption, each of the households in which metering equipment
was installed received a leaflet (Annex IV). This leaflet offered tailor-cut information about heating
energy and electricity consumption and “personalized” advice on how to reduce energy spending.
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 without metering equipment 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 66, the most acceptable measure is the change
of windows frames, followed by the insulation of the external walls and the roof of the house. Yet, low-
cost effective measures, such as maintenance of the heating system and installation of digital
thermostats were also highly accepted.

Also, the households were asked to mention the most important barriers towards implementing the
proposed energy efficiency investments. About half of them reported financial difficulties and the high
implementation cost of the suggested measures. This was also apparent in a series of questions asked
about the support of such investments by the State. About 86% of the participants said that they didn’t
apply in the past for the “Energy Saving at Home" — ESH programme. Yet, 60% are considering doing
so if the programme opens again for applications. Further, more than 80% would prefer to receive a
subsidy, instead of tax relief, to be able to invest in measures with high initial costs.

Ranking of energy interventions measures

Use of the Residential Night Tariff ‘
Roof insulation

Installation of digital thermostat ‘
Heating system maintenance

Walls insulation

Window frames change

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

M First priority W Second priority Third priority

Figure 66: Ranking of proposed energy intervention measures.

Reduction in energy consumption and spending

Maintenance of oil central heating systems

During the V2 round of the LL, twelve diesel oil - fired central heating systems were checked. Exhaust
gases and burner efficiency ratios were measured. Three diesel oil — fired central heating systems
underperformed and were therefore maintained according to the Legislation and the Standards,
applied in Greece. The aims of this action were the following:

* Inform household owners about the necessity and the benefits of the regular maintenance of
central heating systems, in an experiential way.
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= Contribute to energy efficiency and energy saving in the town of Metsovo, and consequently
to a reduction in gaseous emissions.
In particular, three households had efficiency ratios that were lower by more than 3% from the 90%
limit, which is considered to be the acceptable efficiency ratio for diesel oil-fired burners. In total,
almost 5,280 kWhi, and 581€ were saved as shown in Table 2.

Table 2: Energy savings and reduction in energy costs, due to maintenance of central heating
systems in the V2 round of Metsovo living lab.

Increase in Thermal Energy Energy Savings' Reduction in energy
Burner consumption (kWh/year) costs (€/year)
Efficiency (%) (kWh/year)
1 3.8 46060 2042 225
2 3.6 40000 1688 186
3 2.9 45970 1550 171

AVERAGE 1760 194

TOTAL 5280 581

Replacement of analogue thermostats with digital ones

An easy and low-cost way measure to reduce heating energy consumption in houses were heated by
central heating systems is the replacement of analogue thermostats by digital ones. According to the
relevant literature, the energy consumption may be reduced by 5% up to 8% because there are less
guesswork and higher accuracy in adjusting the temperature to the right setting.

During the V2 round of the LL in Metsovo, twelve old and in many cases malfunctioned analogue
thermostats were replaced by digital ones. Correspondingly, the estimated reduction in energy
consumption and the savings in heating cost are estimated at 20,456 kWk:» and 1,911€, respectively,
as shown in Table 3.

1 Calculated on the basis of each household's specific energy consumption, as estimated by the energy advisors.
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Table 3: Energy savings and reduction in energy costs, due to replacement of analogue
thermostats by digital in the V2 round of Metsovo living lab.

No. Thermal energy Thermal Energy cost Thermal energy saving Reduction in heating
consumption (€/year) (kWh/year) costs (€/year)
(kWh/year)

1 40040 4100 2002 205
2 27800 3100 1390 155
3 46060 3020 2303 151
4 31240 2900 1562 145
5 40000 3700 2000 185
6 32180 2500 1609 125
7 33670 3800 1684 190
8 27433 2500 1372 125
9 36320 2170 1816 109
10 45970 4975 2299 249
11 28250 3180 1413 159
12 20150 2270 1008 114
AVERAGE 1705 159
TOTAL 20456 1911

In the following tables, the average, maximum, minimum and standard deviation values of indoor
temperature have been calculated for the period before and after the replacement of the analogue
thermostats. In particular, Table 4 and Table 5 provide the results for houses in which the thermostat
was replaced on January 15 and February 12, respectively.

Table 4: Indoor temperature statistics for thermostat replacement on January 15

HH1 HH5 ‘ HH7 HH10

Before the change of the thermostat

Average 19.99 18.65 21.65 18.22
Maximum 20.28 19.44 21.95 18.56
Minimum 19.82 18.04 21.22 17.86

St. dev. 0.21 0.59 0.31 0.29

After the change of the thermostat

Average 20.59 17.22 21.68 19.08
Maximum 20.83 17.81 21.92 19.57
Minimum 20.46 16.43 21.25 17.99

St. dev. 0.15 0.50 0.26 0.63
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Table 5: Indoor temperature statistics for thermostat replacement on February 12

HH2 ‘ HH3 ‘ HH4 HH6 HH8 HH9 HH11 HH12
Before the change of the thermostat

Average 20.51 21.44 21.22 21.04 20.60 20.09 18.32 21.20
Maximum 20.62 22.48 21.38 21.12 20.70 20.41 18.63 21.60
Minimum 20.34 20.05 21.07 20.91 20.49 19.80 17.90 20.88
St. dev. 0.10 0.92 0.11 0.08 0.08 0.24 0.28 0.27
Average 20.12 23.34 21.56 20.89 21.18 20.83 17.36 20.51
Maximum 20.31 23.50 22.20 21.05 21.32 22.08 17.75 20.66
Minimum 19.99 23.02 20.74 20.75 20.95 19.71 16.94 20.40
St. dev. 0.13 0.22 0.61 0.12 0.17 0.97 0.33 0.1

As shown in these tables, the range between the minimum and maximum temperature values (and
consequently the variance) is not always reduced. However, it should be taken into consideration that
these estimates are affected by behavioural factors (e.g. operating hours of the heating system) as well
as the fact that the "after the replacement” period extends within the coronavirus outbreak and the
corresponding lockdown measures. According to the evaluation survey, households claim that after
the replacement of the thermostat, the temperature is more stable. Also, they mentioned that they
estimated a reduction in the oil-diesel consumption of about 5%-10%, which conforms to the relevant
literature.

Several households in which metering equipment was installed, stated that they are interested in
implementing energy-saving interventions soon, following the specialised advice provided by the
Energy Advisors. Specifically, five households stated that they may insulate the wall of their homes.
Considering the existing energy consumption and assuming energy savings of 30%, the total annual
energy savings are estimated at 46,760 kWh. Further, two households reported that they will replace
old electrical appliances with new efficient ones. In particular, the first household is willing to replace
an old refrigerator. This is estimated to produce annual electricity energy savings of 330 kWhe, which
correspond to about 64 Euros per year. The second household wishes to change an old electric stove.
The total electricity energy annual savings are estimated at 865 kWhejor 165 Euros.

As far as households without metering equipment are concerned, four of them mentioned that they
are going to maintain their heating system. This is estimated to produce annual heating savings of 5%
or about 3,850 kWh (in this case the current heating consumption is based on the stated heating
costs, the calorific value of the fuel and an assumed efficiency ratio). The energy costs are expected to
be reduced, on average, by 525 Euros.

All in all, the LL activities reduced the thermal energy consumption by about 77,350 kWhy, and the
electricity consumption by 1,200 kWhe. It should be also mentioned that these energy savings are
expected to continue throughout the lockdown period because they come from improvements in the
efficiency of the heating systems.

Improvement in the quality of life

In total, 70% 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 67),
approximately 28.5% changed everyday habits, 22% were helped to gain a better understanding of
electricity bills, 16.5% maintained their heating system (primarily oil-fired central heating systems),
13.5% claimed that they learned how to use their heating system more efficiently, 7.5% decided to
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implement insulation measures, 6% started using the Residential Night Tariff and 6% switched
electricity provider. It is also interesting to note that the majority of households of both categories,
either equipped with monitoring equipment or not, stated that STEP-IN was useful to them, with the
percentage being higher for the households equipped with monitoring equipment (77% vs 60%,
respectively).

Why STEP-IN was useful

Change of electricity provider

More efficient use of heating system
Change/maintenance of heating system
Implementation of insulation measures
Use of night tariff

Change in everyday habits

Better understanding of energy bills
0,0% 5,0% 10,0% 150% 20,0% 250% 30,0%

Figure 67: Why participating households find STEP-IN useful.

Focusing on the houses in which equipment was installed, approximately 67% of the owners said that
they used the app to check their electricity consumption (27% of them said that they did so several
times per week or at least once per day) and almost all the households (97%) said that they were
reading the indications of the meteorological station, i.e. the indoor temperature and humidity (about
57% of them were reading the indications several times per week or at least once per day).

About 87% of these households said that the sensors helped them in taking energy efficiency
decisions. As far as these decisions are concerned, the households mentioned maintenance of the
heating system (17%), change of analogue thermostats (15%), the examination of insulation measures,
change of light bulbs and better natural ventilation (at equal proportions, about 13.5% each), change
of time-of-use of home appliances (8%), change of habits/reduction in consumption (8%), purchase of
an energy-efficient appliance (4%), reduction of thermostat setting (4%), service of energy-consuming
appliances (4%) and purchase of a dehumidifier (2%) (Figure 68).
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Energy desicions triggered by the monitoring equipment
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Figure 68: Energy decisions triggered by the monitoring equipment.

Around 54% of the total households said that they saw an improvement in their quality of life during
the V2 operation of the LL. The majority (i.e. 58%) of those who responded affirmatively to this question
mentioned a better level of thermal comfort at home, 29% mentioned that they noticed a reduction
in their energy cost and 13% claimed that they faced less moisture/mould issues (Figure 69). It is also
interesting to note that a significantly higher percentage of households equipped with monitoring
equipment stated an improvement in their quality of life versus that of households without monitoring
equipment (70% vs 30%).

Improvement in the quality of life
Moisture/mould
reduction -

0,0% 20,0% 40,0% 60,0% 80,0%
Figure 69: Improvements in the quality of life.

Finally, as arising by the evaluation stage, about 50% of the households stated that they are planning
to apply energy efficiency actions in the near future. In more detail, 73% of households with monitoring
equipment reported plans regarding energy efficiency measures, instead of 10% of households
without equipment.

Besides improvements in the quality of life, STEP-IN actions bring also environmental benefits. Based
on the energy mix of Metsovo and the CO; 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, the potential
reduction in CO, emission can be up to 17.3 tn per year.
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4.3 Results of Round V3

4.3.1 Initial assessment

Housing characteristics

The sample of the V3 round also includes 50 houses, 22% of which are detached houses, 4% are
maisonettes and 74% are apartments. About 16% are less than 70 m?, 20% are between 70-90 m?, 36%
are between 90-110 m? and the rest are over 110 m?. Further, 64% have two or fewer bedrooms, 30%
have three bedrooms and 6% have more than three bedrooms. As far as the age of the houses is
concerned, 51% were built before 1980, 42% were built between 1980 and 2000 and just 7% were built
after 2000.

As regards residences’ energy efficiency, 44% have insulated external walls and 42% have insulated
roof. Moreover, 48% have double glazing windows. Finally, 36% of houses have a good air insulation
level, 46% have medium air insulation level and 18% present bad air insulation.

Heating system characteristics

About 82% of the V3 households stated that the total area of their house is heated. As regards the
primary heating system, 72% use central heating systems. The choices of fuel used in central heating
systems are shared between diesel oil (about 34%) and firewood (34%), with the rest of houses mainly
using firewood stoves (20%). Moreover, 38% of households use secondary heating systems as well,
with no special type prevailing though.

As regards automation/control systems in cases of central heating systems, 42% of households
reported some automation system (30% use thermostats to control heating systems and 12% use
thermostats along with installed thermostatic vanes in the radiators), while also 20% use digital
thermostats.

Domestic hot water production system

Diesel oil boiler and wood boilers are mainly used for domestic hot water production, at the same
rates (36% each), followed by electrical boilers (22%), pellets boilers (2%), LPG boilers (2%) and heat
pump boilers (2%). Moreover, 1 out of 3 households uses an extra solar heater boiler for hot water
production.

Electrical loads

Practically all households own electrical appliances with heavy power consumption, such as electric
cooker (typical power: 2,000W — 6,000W), washing machine (typical power 500W — 750W), refrigerator
(typical power 200W - 250W), etc.

As far as lighting is concerned, 50% of households use Light Emitting Diode (LED) bulbs, 12% use old
type bulbs and the rest use Compact Fluorescent Lamps (CFLs).

Energy-related behavioural aspects

According to the answers provided at the beginning of the V3 operation of the LL, 2% of the
households use the heating system 4 to 6 hours every day, 10% use it 6 to 8 hours every day and the
rest (i.e. 88%) use it more than 8 hours every day.

Among those who have thermostats (either analogue or digital), 2.6% reported that they set the
thermostat below 18°C, 23.7% said that the thermostat is set between 18°C and 20°C, and the rest (i.e.
73.7%) claimed that they set the thermostat to over 20°C.
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As regards the stated indoor temperature, about 93% of the households stated an average
temperature over 18°C during the winter period. Specifically, 41% stated an average temperature in

their home more than 20°C, 52% an average temperature between 18°C and 20°C, and the rest an
average temperature below 18°C (Figure 70).

Average indoor temperature (stated)

>200C
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Figure 70: Average (stated) indoor temperature in the LL homes.

As expected, the average (stated) indoor temperature is correlated with the temperature set to the
thermostat. The null hypothesis for the non-parametric Kruskal-Wallis test is rejected (x>=6.807, d.f.=2,
p=0.033) (Figure 71).
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Figure 71: Average (stated) indoor temperature with respect to the thermostat setting.

By examining technical/building characteristics, it arises that the average indoor temperature is not
correlated with the construction period of the house (Kruskal-Wallis: x?=4.268, d.f.=5, p=0.511) (Figure
72), the insulation of the external walls (Mann-Whitney U=229.5, p=0.800) (Figure 73), or the use of
double glazing windows (Kruskal-Wallis: x2=1.214, d.f.=3, p=0.750) (Figure 74). As mentioned before,
this is associated with the fact that heating is an “inelastic” need in Metsovo due to the cold climatic
conditions.

Public ©STEP-IN Consortium 68



D3.3 - Data analysis report on Mountain Living Lab H2020-EE-06-2016-2017
31.03.2021 STEP-IN

Average indoor temperature per construction period
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Figure 72: Average (stated) indoor temperature with respect to the construction period.
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Figure 73: Average (stated) indoor temperature with respect to external wall insulation.

Average indoor temperature per glass pane

Double window |
Double, big air vacuum |
Double, small air vacuum || NNRNREEEEEE
single [

17,5 180 185 19,0 195 20,0 20,5 21,0 215
(in °C)

Figure 74: Average (stated) indoor temperature with respect to glass pane.

In the same direction, the average indoor temperature is not correlated with the size of the house
(Kruskal-Wallis: x>=0.098, d.f.=3, p=0.992) (Figure 75) or the average daily usage of the heating system
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(Kruskal-Wallis: x>=0.508, d.f.=2, p=0.776) (Figure 76). Yet, it is mentioned that the operating hours of
the heating system are also associated with the performance of the heating system and the housing
characteristics.

Average indoor temperature per house size
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Figure 75: Average (stated) indoor temperature with respect to the size of the house.

Average indoor temperature per daily usage of the heating
system
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Figure 76: Average (stated) indoor temperature with respect to the use of the heating system
(in hours).

The average indoor temperature seems to be correlated with the comfort level inside the house (Figure
77).

Finally, concerning the natural ventilation of the houses, 8% of the households reported that they don't
open the windows at all during winter. The rest responded that they ventilate their homes mainly early
in the morning (58%), before midday (18%) or at midday (24%). Considering that outdoor temperature
is very low early in the morning, opening the windows at that time of the day allows the house to cool
down quickly and, thus, requires more heating energy to restore the indoor temperature.

Public ©STEP-IN Consortium 70



D3.3 - Data analysis report on Mountain Living Lab H2020-EE-06-2016-2017
31.03.2021 STEP-IN

Average indoor temperature per thermal comfort
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Figure 77: Average (stated) indoor temperature with respect to thermal comfort.

Energy spending on heating and electricity

On average, households spend 1,785 Euros per year on heating (std. dev: 718 Euros). More explicitly,
about 15% spend less than 1,000 Euros per year, 59% spend between 1,000 and 2,000 Euros per year,
23.5% 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 building characteristics,
i.e. the age of the house (Figure 78), the size of the house (Figure 79) and the insulation of external
walls (Figure 80). Nevertheless, the difference in the means proves to be statistically significant only
for the size of the house (Kruskal-Wallis: x?=8.375, d.f.=3, p=0.039).

Average annual heating cost per construction period
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Figure 78: Average (stated) heating cost related to the construction period of the house.
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Average annual heating cost per house size
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Figure 79: Average (stated) heating cost related to the size of the house.
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Figure 80: Average (stated) heating cost with respect to external wall insulation.

Tthe annual heating cost is affected by the thermostat setting (Figure 81), the type of the primary
heating system (Figure 82) and the daily usage of the heating system (Figure 83). However, there is no
statistically significant relationship detected between heating cost and the above variables.
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Average annual heating cost per thermostat setting
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Figure 81: Average (stated) heating cost with respect to the thermostat setting.
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Figure 82: Average (stated) heating cost related to the type of heating system.
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Figure 83: Average (stated) heating cost related to the use of the heating system.
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The average (stated) annual electricity cost is around 800 Euros (std. dev: 469 Euros). More specifically,
44% of the households spend less than 600 Euros per year (i.e. 50 Euros per month), 44% spend
between 600 and 900 Euros per year (i.e. 50-75 Euros per month) and about 12% spend higher
amounts of money on electricity (over 900 Euros per year).

The annual electricity costs stated by the participants in the V3 operation of the LL vary to the size of
the house and the size of the household, i.e. annual costs increase along with the increase in the house
size and the household size (Figure 84 Figure 85). In both cases, the non-parametric Kruskal-Wallis
test is rejected (x?=14.426, d.f.=3, p=0.002 and x?=7.589, d.f.=2, p=0.022, respectively), indicating
statistically significant differences in the electricity cost between the groups of house and household
sizes.

Average annual electricity cost per house size
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Figure 84: Average (stated) annual electricity cost related to house size.

Average annual electricity cost per household size (members)

=4

3-4

1-2

Household members

o

200 400 600 800 1000 1200 1400
Euros

Figure 85: Average (stated) annual electricity cost related to the household size.

Also, the annual electricity costs vary to the presence of an electric hot water boiler and arrears on
electricity bills (Figure 86 Figure 87). Yet, differences between the groups are not statistically significant,
according to the Mann-Whitney test (U=108,0 p=0.860 and U=40.5, p=0.294, respectively).
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Average annual electricity cost with and without electric hot
water boiler
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Figure 86: Average (stated) annual electricity cost with and without electric hot water boiler.

Average annual electricity cost with and without electric bill
delays

v I
100 200 300 400 500 600 700 800 900
Euros

o

Figure 87: Average (stated) annual electricity cost with and without electric bill delays.

As regards special electricity tariffs, 4% of the households use the Residential Night Tariff and 6% use
the Social Residential Tariff. Nevertheless, as illustrated in Figure 88, households that enjoy lower
electricity prices using the Residential Night Tariff seem to spend significantly more on electricity, on
an annual basis. Although the number of households using the night tariff is small, this finding is
worrisome because it was noticed also in the previous LL rounds. This fact possibly indicates that that
the main electricity consumption of the households is within the peak period and, thus, do not take
advantage of the lower price provided within the off-peak period.
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Average annual electricity cost by tariff scheme
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Figure 88: Average (stated) annual electricity cost by tariff scheme.

Energy vulnerability qualitative indicators

Again, the three qualitative indicators (i.e. inability to keep optimal house temperature, problems with
moisture/mould and arrears in energy bills) were considered to measure energy vulnerability. As also
in the V1 and V2 operation of the LL, 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 89, the most important issue is, once more, the presence of moisture/mould in
the houses (22%), followed by thermal discomfort, i.e. the home is not warm enough (10%) and arrears
in energy bills (10%).

Qualitative vulnerability indicators

Arrearsin energy bills

Moisture /mould issues

Thermal discomfort

0,0 5,0 10,0 15,0 20,0 25,0

Figure 89: Percentage of energy-vulnerable households.

Using the three above indicators, an overall vulnerability index was constructed ranging between O (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 90, 24% face one of the above-mentioned problems and about 8% face two or
more of them.
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Figure 90: Overall vulnerability index.

As illustrated in Figure 91, those who spend more on heating face relatively lower vulnerability risk,
mainly because they face lower problems with moisture and mould, with no statistical differences
arising though (Kruskal-Wallis: x?=2.113, d.f.=3, p=0.549). Electricity cost does not present statistically
significant differences between vulnerability classes (Kruskal-Wallis: x?=3.193, d.f.=3, p=0.363), i.e.
those in low risk and those in high risk spend similar amounts of money on electricity, an outcome
that confirms the complex nature of subjective indicators when combining them with objective
data/indicators in the energy poverty problem.

Average annual energy costs per vulnerability class
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Figure 91: Annual energy costs in relation to vulnerability class.

4.3.2 Evaluation assessment

Acceptability of proposed energy interventions

As described in the methodological approach (Section 3), the V3 operation of the LL didn't include
monitoring equipment and analysis, because the monitoring equipment stayed at the V2 round
households to measure the impact of the coronavirus-related restrictive measures. Nevertheless,
during the V3 round, the participating households were provided with a bunch of energy intervention
measures based on the information received by the initial survey. The proposed measures included,
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similarly to the two previous rounds, information on roughly estimated investment costs and annual
savings.

At the evaluation survey, the households were asked, first, to rank the proposed energy intervention
measures in terms of priority. As presented in Figure 92, the most acceptable measure is the insulation
of the external walls of the house, followed by a change of windows frames and roof insulation. Low-
cost measures, such as the installation of digital thermostats and maintenance of the heating system
were also reported at a lower degree, however. The discrepancy in the figures between the V3 round
and the two previous rounds concerning the low-cost measures may be associated with the absence
of the monitoring equipment. It is reminded that in the V2 round about 87% of the households with
equipment installed in their houses said that the sensors helped them in taking energy efficiency
decisions.

Ranking of energy interventions measures

Use of the Residential Night Tariff
Roof insulation
Installation of digital thermostat

Heating system maintenance

Walls insulation

Window frames change

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

M First priority M Second priority Third priority

Figure 92: Ranking of proposed energy intervention measures.

The households were then asked to mention the most important barriers towards implementing the
proposed energy efficiency investments. About half of them reported financial difficulties and the high
implementation cost of the suggested measures. This was also apparent in a series of questions asked
about the support of such investments by the State. About 94% of the participants said that they didn’t
apply in the past for the "Energy Saving at Home" — ESH programme. Yet, 36% are considering doing
so if the programme opens again for applications. Further, about 90% would prefer to receive a
subsidy, instead of tax relief, to be able to invest in measures with high initial costs.

Reduction in energy consumption and spending

During the V3 round of the LL, six households stated that they are interested in implementing energy-
saving interventions in the near future. Five households mentioned that they are planning to replace
old window frames and one is planning to insulate the external walls. Taking into account the
characteristics of the houses and their heating expenses, the following energy and cost savings are
estimated:

= Thermal energy savings: 26,782 kWhg
= Reduction in heating costs: 2,340 Euros per year.

Moreover, six more households declared that they maintained their oil-fired central heating system.
The annual thermal energy savings are calculated to 4,256 kWhtn (or 468 Euros). Two households stated
that they replaced their old analogue thermostats with digital ones. Correspondingly, the estimated
reduction in energy consumption and the savings in heating cost are estimated at 6,000 kWh, and
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560 Euros, respectively. Ten more households placed air insulation adhesive foam tape (aero stop) in
their old window frames. The total thermal energy saving has been calculated to 6,678 kWh and 735
Euros (assuming 2% savings).

Concerning the potential savings, nine households stated that are willing to change their old
thermostats. The total potential thermal energy saving has been calculated to 13,980 kWh,
(corresponding to 1537 Euros). Two more households are willing to place air insulation adhesive foam
tape, saving 1,352 kWhy, of thermal energy (or 148 Euros).

So far, considering the households who have already implemented energy-saving interventions and
those who are willing to do so soon, the LL activities resulted in a reduction of the thermal energy
consumption by 59,050 kWh or 6,375 Euros. It should be also mentioned that these energy savings
are expected to continue throughout the lockdown period because they come from improvements in
the efficiency of the heating systems.

Improvement in the quality of life

In total, 78% 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 93),
approximately 47% changed everyday habits, 23% were helped to gain a better understanding of
electricity bills, 19% learned how to use their heating system more efficiently and 9% maintained their
heating system (primarily oil-fired central heating systems).

Why STEP-IN was useful

Change of electricity provider [

More efficient use of heating system || NN
Change/maintenance of heating system | N
Implementation of insulation measures [
Change in everyday habits | N R
Better understanding of energy bills | N _RMEEEGEGEE
0% 10% 20% 30% 40% 50%

Figure 93: Why participating households find STEP-IN useful.

Almost half of the households (48%) reported that they have already implemented some of the
suggested advice from the Energy Advisors, while 78% stated that they are planning to do so shortly.
Regarding energy efficiency measures, about 15% of the households stated that they are planning to
apply energy efficiency actions in the near future (almost all plans concern the change of windows
frames).

Overall, as arising by the evaluation stage, around 32% of the households said that they saw an
improvement in the quality of their lives during the V3 operation of the LL. Half of these households
mentioned a better lever of thermal comfort at home and the other half claimed that they faced less
moisture/mould issues. The percentage of the households with improved quality of life coincides with
the results of the two previous rounds for those households without monitoring equipment.

Besides improvements in the quality of life, STEP-IN actions bring also environmental benefits.
Considering the energy mix of Metsovo and the CO, emission factors as defined by KENAK, it is
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calculated that 0.227 kg CO; are produced per kWh, of thermal energy consumed in the area. Hence,
for the V3 round, houses the potential reduction in CO, emission can be up to 13.4 tn per year.

4.4 Dissemination Activities

During the V2 and V3 rounds of the LL, several dissemination actions took place beyond the local scale,
as a means to create knowledge for sustaining and scaling up these benefits at both national and
European levels. More specifically:

Public

The project and its objectives and results as well as its activities appeared in a widely online
energy portal (energypress.gr) in Greece

o https://energypress.gr/news/protoporiako-ereynitiko-ergo-gia-tin-katapolemisi-tis-
energeiakis-ftoheias-apo-rae-kai-emp

o https://energypress.gr/news/step-exypnes-symvoyles-gia-tin-exoikonomisi-
energeias

o https://energypress.gr/news/stis-19-noemvrioy-1o-diadiktyako-synedrio-gia-tin-
energeiaki-ftoheia-apo-rae-kai-emp

o https://energypress.gr/news/ena-sta-tria-noikokyria-thermainetai-me-xyla-pellets-
kai-koyvertes-ti-deihnoyn-ta-apotelesmata

o https://energypress.gr/news/rae-emp-treis-vasikes-prokliseis-gia-tin-antimetopisi-
tis-energeiakis-ftoheias-stin-ellada

Three scientific papers were published in international peer-reviewed scientific journals:

o L. Papada, A. Balaskas, N. Katsoulakos D. Kaliampakos and D. Damigos (2021). Fighting
energy poverty using user-driven approaches in mountainous Greece: Lessons learnt
from a Living Lab. Energies, 14(6), 1525. https://doi.org/10.3390/en14061525

o D. Damigos, C. Kaliampakou, A. Balaskas and L. Papada (2021). Does energy poverty
affect energy efficiency investment decisions? First evidence from a stated choice
experiment. Energies, 14(6), 1698; https://doi.org/10.3390/en14061698

o A. Balaskas, L. Papada, N. Katsoulakos, D. Damigos and D. Kaliampakos (2021). Energy
poverty in the mountainous town of Metsovo, Greece. Journal of Mountain Science
(accepted after revisions — currently under second review)

One presentation was given at the Conference of the “Twinning Project for Service Quality and
Smart Metering in Georgia”:

o L. Papada (2019). Tackling energy poverty in Greece: The participation of RAE in the
research European project “STEP-IN", Twinning Project “Development of incentive-
based regulation for service quality and regulatory strategy to support roll-out of
smart metering”, Thilisi, Georgia, November 27-28, 2019.

One presentation was made in the 5" HAEE Energy Transition Symposium “GLOBAL AND
LOCAL PERSPECTIVES":

o N. Katsoulakos, L. Papada, A. Balaskas, I. Doulos, D. Kaliampakos and D. Damigos
(2020). Supporting households against energy poverty using the Living Lab approach:
First evidence from the STEP-IN project, 5" HAEE Energy Transition Symposium
"GLOBAL AND LOCAL PERSPECTIVES”, September 30 —October 2, 2020 (online event).

Seven presentations were made at the 1t National Energy Poverty Web Conference:

o A. Balaskas and M. Kofinas (2020). The energy profile of mountainous areas, 1%
National Energy Poverty Web Conference, November 19, 2020.

o D. Damigos and A. Balaskas (2020). The impact of the coronavirus-related restriction
on households’' energy consumption, 1t National Energy Poverty Web Conference,
November 19, 2020.

o D. Kaliampakos and L. Papada (2020). Energy poverty in Greece: An obscure and
erosive form of poverty, 15t National Energy Poverty Web Conference, November 19,
2020.
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o C. Kaliampakou and D. Damigos (2020). The role of ‘irrational’ behaviour in energy
poverty, 15t National Energy Poverty Web Conference, November 19, 2020.

o N.Katsouakos and D. Damigos (2020). Experiences and lessons learnt from an attempt
to address energy poverty through living labs, 15t National Energy Poverty Web
Conference, November 19, 2020.

o G. Panagiotopoulos and N. Katsoulakos (2020). The use of IT tools in tackling energy
poverty, 1t National Energy Poverty Web Conference, November 19, 2020.

o L. Papada and A. Balaskas (2020). The profile of energy poverty in mountainous areas:
The case of Metsovo, 15t National Energy Poverty Web Conference, November 19,
2020.

e Anonline app was developed that helps users to calculate the cost required to meet their heat
and electricity energy needs. Further, users have the ability, by changing the parameters (e.g.
type of windows, the existence of thermal insulation, type of fuel, etc.) to see the possibilities
of reducing their energy expenses.

e Six animated videos were created for social media to provide advice to local and national
households. Each of these videos focused on a different subject, namely correct set-up of
thermostats, benefits of regular maintenance of heating systems, advantages of digital
thermostats, efficient use of fireplaces, advices about saving energy in the kitchen and during
laundry.

e A new energy advice booklet targeting mountain households was prepared. The leaflet
includes information and advice on energy efficiency and consumption, refurbishment
schemes, subsidy programmes, energy labelling schemes, etc. The booklet was distributed by
RAE to all 13 Regional and 331 Municipal Authorities, the Ministry of Environment and Energy
and the “Center for Renewable Energy Sources and Saving — CRES". A quick Google search for
the title of the booklet returns over 700 results. Moreover, the booklet will be sent to all
Metsovo households by the Municipality of Metsovo (this was delayed due to the COVID-19
pandemic, but the booklet is available on the Municipality’s website).

e An online consultation round table entitled “Energy Poverty in Greece: Quantification,
Monitoring and Alleviation Policies” was organised on June 18, 2020, with 20 Greek experts in
the field of energy poverty from universities, research centres, governmental authorities and
consumer unions. The round table was conducted for discussing the Greek National Strategy
against Energy Poverty (NSEP), which is part of the National Energy Efficiency Action Plan
(NEEAP) and of the National Energy & Climate Plan (NECP).

e A summer school (the second STEP-IN Summer School) was from July 6 to 7, 2020, with the
support of NTUA and RAE as an online event with 32 participants. The main objective was to
provide those working in the fields of energy efficiency, building renovation, energy policy,
and land-use planning with information about the energy poverty challenges based on the
experiences of the mountainous LL.

e A national conference co-organised by the NTUA and RAE as Web Conference on November
19, 2020. The conference was a great success, especially considering the COVID-19 situation,
with over 220 participants. Also, a quick Google search returns over 10,000 results for the title
of the conference. Further, around ten interviews at radio stations and the TV about the energy
poverty conference were given.

As far as social media are concerned, the Greek Facebook page of the mountainous LL had 495 unique
users (i.e. Daily Page Engaged Users), while it attracted 2,392 unique people (i.e. "Daily Total Reach”.
Further, the number of times any content from the page entered a person's screen ("Daily Total
Impressions) was 3,471.

4.5 Lessons learned from the three LL rounds

The LL activities during the three rounds run, in general, as planned. Nevertheless, as described in
Section 3.2.10 certain modifications were made in the last round because of the COVID-19 outbreak.
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First, the coronavirus pandemic and the associated measures adopted to control the COVID-19 spread
resulted in the suspension of LL activities from March 18 until May 1st, 2020. Some face-to-face LL
activities started again at the beginning of June 2020. Yet, all the activities of the V3 round were
conducted remotely due to the continuation of social distancing measures. In this direction, certain
actions were taken to support those households participating in mountainous LL activities, such as the
following:

e The last energy café was organised as a webinar via an online meeting platform.

e The 50 households recruited in the last round were provided with information and feedback
on energy-related issues remotely, via phone and/or web-based video conferencing. Also,
initial and evaluation questionnaires were collected remotely.

e A web app was developed to support consumers in estimating their energy expenditures. In
addition, six short videos were created with energy advice that were communicated via social
media.

e An energy advice booklet was prepared, available in paper and electronic format, with
information and advice on energy efficiency and consumption, refurbishment schemes,
subsidy programmes, energy labelling schemes, etc.

e The personal interviews for the second social survey (app. 300 households) were completed
remotely via web-based video conferencing.

This unforeseeable situation, as mentioned, created new scientificc, methodological, and ethical
challenges for the LL and the project, in general. On the other hand, it offered an opportunity to study
the impact of the pandemic outbreak on energy consumption and the socio-economic status of the
households and, eventually, on energy vulnerability. Further, it allowed testing the effectiveness of the
remote provision of advice and assistance (e.g. via energy café webinars, online information
campaigns, personal communication via phone, email or online chat, etc.). The impact of the COVID-
19 pandemic on households’ energy vulnerability is discussed in Section 6. This section focuses
primarily on the methodological findings concerning the operation of the LL.

As regards the general context of the LL, the following remarks can be made:

e Even when there is a great interest in the local community on how to reduce energy
consumption and spending, or how to improve the thermal comfort in their homes, it is not
easy to engage households committed to the activities of the LL. Paying long and often visits
for collecting the energy data or assigning tasks, such as keeping a complete energy diary for
the use of heating and electrical appliances daily, 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.

e Towards gaining the local community’s trust and support, it is more than useful to involve
local people in the LL activities. For instance, people who seemed reluctant to let the Energy
Advisors install the monitoring equipment to the electric switchboard were appeased when
local electricians were hired and paid visits together with the Energy Advisors.

e Discussing the benefits of the project is simply not enough. It is more than important to
undertake promoting actions to motivate the local community. For example, in the case of the
mountainous LL servicing for free oil-fired heating systems was strongly discussed among the
members of the local community and promoted a sense of ownership of the LL actions.

e 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.

e People seem to be more convinced to get involved in energy conservation and to adopt the
advices provided by the Energy Advisors when presented with actual measurements, as
discussed later on. For example, less than 30% of those who did not have monitoring
equipment installed said that they noticed an improvement in their quality of life, whereas
around 60% of those who had monitoring equipment installed said that they noticed an
improvement in their quality of life. Further, 80% of the participants who had monitoring
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equipment installed said that the installation of electricity consumption meters motivated
them to check regularly their electricity consumption and almost all of the participants with
temperature and humidity monitoring equipment said that they were helped in taking energy
efficiency decisions, i.e. replacement of thermostat, purchase of a dehumidifier, etc.

Using monitoring equipment is not only helpful towards convincing people to implement
energy-saving measures (either technological or behavioural) but also useful towards
identifying problems in the operation of malfunctioned appliances. In one case, in the
mountainous LL, a defective appliance, namely a refrigerator, was found and replaced, saving
hundreds of Euros per year. Moreover, temperature and humidity sensors revealed significant
differences within certain residences that use non-central heating systems or are unable to
heat the total house area.

The Information Centre did not seem to work well, at least at the mountainous LL. This
suggests that it is not always easy to inform energy vulnerable households because they need
to be proactive to change their status quo. This problem is not unprecedented. As referred to
in DellaValle, (2019), in Malta, there was a scheme to support energy vulnerable households.
Every year, €500,000 vouchers were not claimed. Hence, the government changed the scheme
without changing the eligibility criteria. More specifically, households identified as vulnerable
categories were automatically enrolled in the voucher program and receive a credit to their
bill through their service provider. Also, the Italian Regulatory Authority for Energy, Networks
and Environment has advanced a proposal to automatically enrol energy vulnerable
households automatically in subsidy programs. In the same direction, during the first energy
café which was held at the premises of NTUA, the participants said that moving closer to the
Metsovo’s centre could attract more people. Thus, it was decided to move the next energy
cafés to a more familiar place, either to the Municipality Hall or a local café. Indeed, the second
energy café was held at the Municipality Hall. Unfortunately, the third energy café was
organised as an online event to respect the social distancing measures in force.

Finally, it seems that the remote operation of the LL cannot fully replace face-to-face LL
activities. For instance, remote advice and assistance on energy issues are feasible on a one-
to-one basis. Yet, participatory actions, such as energy cafés, at least in the mountainous LL
didn't work well. As mentioned in Section 3.2.2, the participants’ involvement in the online
event was not the same as in the face-to-face events. This was probably due to the fact that
the advisors are ‘faceless’ in the online event and, thus, people feel uncomfortable in asking
questions and initiating a conversation. Moreover, it is possible that some energy vulnerable
households were not unable to attend the online event due to lack of internet access. The
same remark stands for the remote assistance and advice, i.e. it may not reach the most
vulnerable citizens who may not have internet access (or even telephone access in many cases).
This is also reflected in the achieved energy savings in the three rounds. More specifically, the
energy savings in the V1, V2 and V3 rounds were 9.2%, 5.4% and 3.9% of the total energy
consumed by the households.

As far as the mountainous LL is concerned, the main conclusions drawn are the following:

Public

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. The LL
measurements, however, 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 needs to be paid to electricity conservation measures. In
the same direction, a solution needs to be found regarding the use of solar water heaters in
the settlement. As has been mentioned before, the use of solar panels is not allowed today.
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.

Thermal insulation is important in Metsovo because the area experiences a high number of
heating degree-days. Based on the stated heating expenses and the engineering model
calculations, the presence of thermal insulation leads to 30% lower heating expenses, on
average.
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e The LL activities revealed that many diesel-fired heating systems had a low-efficiency ratio
(even lower than 84% compared to 90% which is the proper rate). The maintenance of the oil
burner led to an average increase in the efficiency ratio of 4% (even up to 7%). Regular
maintenance of the heating system is a low-cost and effective measure for reducing heating
expenses.

e In some cases, zero-cost behavioural changes, like setting the thermostat to the right
temperature, may result in a significant reduction in the heating cost. For example, it was
shown that if the indoor temperature exceeds 20°C, heating expenses can increase even by
1,000 €/year. This is another reason why replacing old analogue thermostats with digital ones
is a useful and cost-efficient measure.

Considering the total number of households that took place in the three LL rounds, i.e. 150 or 442
people, the following benefits are estimated:

e STEP-IN helped 335 people

(@]
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O

Better understanding of energy bills: 75 people

Change in everyday habits: 96 people

Change/maintenance of the heating system: 56 people (19 houses)
More efficient use of the heating system: 53 people

Motivated to implement insulation measures: 28 people (10 houses)
Change of electricity provider: 9 people (3 households)

Use of night tariff: 11 people (4 households)

e STEP-IN improved the quality of life of 170 people

Improved thermal comfort: 74 people

Energy cost reduction: 41 people

Moisture/mould reduction: 46 people

Payment of utility bills on time: 10 people

Replaced defective appliance/insulate the house: 5 people (2 houses)

e Actual and potential heating energy savings achieved during the project (on an annual basis):

O
O
O
O

Heating energy savings due to heating system maintenance: 19,640 kWh,
Heating energy savings due to replacement of thermostats: 52,840 kWh
Heating energy savings due to insulation: 220,260 kWh

Electricity energy savings due to the replacement of old appliances: 3,200 kWhe

e Potential reduction in CO, emissions: 66.4 tn per year
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5. Ex-post evaluation survey

5.1 Sample characteristics

5.1.1 Demographics

The settlement of Metsovo, where the Living Lab is located, has a total of 2503 residents consisting of
888 households, according to the last census of the country that took place in 2012 (Hellenic Statistical
Authority - ELSTAT, 2012).

Towards collecting the necessary information for the survey, a stated preference approach was used
based on personal interviews. However, due to the Covid-19 pandemic-related distancing measures,
the households participated in the survey through online platform interviews.

A total number of 303 households participated in the second socioeconomic survey (ex-post
assessment survey) most of which 59.3% include three or more persons, 24.5% of them include two
persons and 12.6% of them consist of single-person households (Figure 94).

The sample consists of 65% men and 35% women. Figure 95 illustrates the distribution of the sample
by age group. The share of the elderly people (i.e. over 65 years old) is 21.6%. About 67% of the
population is aged between 30 and 64 years old and the rest are between 18 and 29 years. As regards
the marital status, the majority (62.6 %) are married or cohabitate with a partner, 23.8% are unmarried,
8.6% are widowed and the rest declare separated, divorced, or living with a friend/ relative.

Distribution of households by size

More than 6 members
5 members
4 members
3 members
2 members

1 members

0 member
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Figure 94: Households by size (STEP-IN ex-post survey).
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Distribution of sample by age group
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Figure 95: Participants by age (STEP-IN ex-post survey).

As far as the educational level is concerned (Figure 96), about half of the participants (44.9%) had
access to Tertiary Education. About 15% have not reached high school, 26% have stopped their
education at the end of senior high school, 14.5% have finished a 2-year vocational degree, 37% have
a three-, four- or five-year degree and about 10% have an MSc or a PhD degree. As regards the
employment status, 64.4% are employed (31.9% are full-time and 32.5% are part-time employees) and
32.5% are retired.

Educational Level
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Technological Educational Institute (TEI)
Secondary vocational education
Secondary school

Primary school

Incomplete primary school

0% 10% 20% 30% 40%

Figure 96: Educational Level (STEP-IN ex-post survey).

The average annual income per household is 16,560 euros (std. dev.: 8,600). As presented in Figure 97,
54.5% of the interviewees manage to make ends meet on current income, 15.5% live comfortably but
9.4% are struggling to cope with current income.
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Rating household's income

I live comfortably on current income

It's hard to make ends meet on current
income
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Figure 97: Rating of household income (STEP-IN ex-post survey).

5.1.2 Housing characteristics

The majority of residences (around 55%) are apartments, 37% are detached houses, and the rest are
maisonettes. Regarding the total floor area, about 87% of the residences, are less than 120 m?, 10.3%
of the residences are between 121-160 m?, and the rest 2.07% are over 160 m? (Figure 98). Further,
nearly 6% have two rooms or less, 13% have three rooms, 60.9% have four to five rooms, and the rest
have more than five rooms, except bathrooms and storage rooms. Finally, the vast majority of houses
(91.7%) have up to two floors and 63.3% of the participants live on the first floor.

Dwellings by size
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Figure 98: Distribution of dwellings by size in Metsovo settlement (STEP-IN baseline survey).

As shown in Figure 99, above half (i.e. 58.7%) of the dwellings were constructed before 1980, 21.8%
were built between 1980 and 1990 and the rest after 1990 (about 5.9% during the last 20 years). Taking
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into account that the first Insulation Regulation in Greece was practically implemented in 1980, it
appears that the lack of basic insulation standards of the building stock is a basic problem in the
Municipality of Metsovo (almost 60% of the dwellings were built before 1980).

Construction year of dwellings

After 2010
2000-2010
1990-2000
1980-1990
1960-1980
1940-1960

1920-1940

Before 1920

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

Figure 99: Construction year of dwellings in Metsovo settlement (STEP-IN baseline survey).

5.1.3 Heating system characteristics

Among the households that took part in the survey, two are the dominant fuels used for heating, diesel
oil and woods/pellets, at 42% and 35%, respectively (Figure 100). In detail, 42% of the households use
oil-fired central heating systems, 35% use firewood and pellets central heating systems, 18% use wood
or pellet-fired stoves, and the rest of the households use other systems (e.g. air-conditioning units,
heat accumulators and fireplaces) (Figure 101).

Heating System

Other

Electric Heater
Storage Heaters

Air Conditioning

Gas Heater

LPG Gas Heater
Wood burning stove/ Pellets
Energy Fireplace
Fireplace

Wood- Fired/ Pellets
LPG central heating

Diesel oil central heating
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Figure 100: Heating systems used in Metsovo (STEP-IN ex-post survey).
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Figure 101: Primary Heating systems used in Metsovo (STEP-IN ex-post survey).

Another issue of concern regarding Metsovo's heating systems is that energy systems (mainly diesel
oil central heating systems) are old. The average age is 20.5 years. This factor affects negatively energy
efficiency and fuel use. However, the respondents stated that they regularly maintain their heating
systems. To wit, 76.5% of them stated that they maintain their heating systems on an annual basis or,
if needed, more often. However, about 30% of interviewees stated that their house does not feel warm
and comfortable during winter and about 35% reported the appearance of moisture or mould in their
houses, on walls ceilings or floors. These important problems affect negatively energy efficiency and
energy costs and were thoroughly investigated during the LL operation in the area.

5.1.4 Energy costs

The second social survey provided additional findings regarding energy expenditure in the settlement
of Metsovo. Heating holds the greatest part of energy costs because of the harsh climatic conditions.
Heating costs represent about 69.5% of the total annual energy costs, while the rest 30.5% corresponds
to electricity costs. More specifically, the average energy costs per household are summarized below:

= Average annual energy cost for heating per household: around €2,000
= Average annual energy cost for electricity per household: around €890

In total, the average annual energy cost for heating and electricity is approximately €2,860 per
household.

More explicitly, 51% spend between €1,000 and €2,000 per year, 29% spend between €2,000 and
€3,000, and smaller portions spend less (< €1,000 per year) or more (> €3,000 per year) on heating,
9% and 11%, respectively.

Another useful finding has to do with the energy expenses categorised concerning the kind of fuel
used for heating. Due to high taxation, diesel oil remains the most expensive fuel for heating, although
oil prices are lower nowadays compared to 2012-2013.

= Average annual expenses for oil- fired central heating system: €3,300

» Average annual expenses for wood-fired central heating system/pellets: €2,700
= Average annual expenses for LPG central heating system: €2,500

= Average annual expenses for wood-burning stove/pellets: €2,100

= Average annual expenses for electric heater: €4,800

= Average annual expenses for accumulators: €6,500
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» Average annual expenses for fireplace: €900
= Average annual expenses for energy fireplace: €2,650

5.2 Attitudes towards energy efficiency and energy
vulnerability

5.2.1 Energy efficiency

Considering energy efficiency interventions, about 25% of the interviewees stated that are planning to
apply some energy-saving interventions in the near future. About 31.8% of the households are
planning to proceed to thermal insulation of walls and/ or roofs, 33% are planning to invest in the
replacement of window frames and glazing, 14.5% are thinking of proceeding to the installation of
thermal solar panels for water heating, and 15.9%, in total, are planning to upgrade their heating
system (Figure 102). Thermal insulation is the most effective intervention for reducing heating costs.
However, it demands higher investment costs and, thus, it is difficult for households to proceed to
such energy upgrades. Nevertheless, negative responses, meaning that the households are not
planning to apply energy efficiency interventions, are high (75%) and this raises issues of concern.

It should be noted that the current legislation does not allow the installation of solar panels, to retain
the vernacular architectural identity of the settlement. However, the high-energy consumption of
households has driven people to overcome this legislative prohibition, to reduce energy expenses.

Energy efficiency interventions: actions planning to take

Other

Upgrade of heating system
Installation of thermal solar panels
Heat pump

Replacement of window frames and glazing

Thermal insulation of walls and/ or roofs
0% 5% 10% 15% 20% 25% 30% 35% 40%

Figure 102: Energy-saving actions that household’s in Metsovo are planning to take.

As previously mentioned, the majority of Metsovo's households (75%) claimed that are not willing to
take energy efficiency actions shortly. Excluding those who have already improved the energy
efficiency of their homes, the main reason for the negative answers is undoubtedly financial barriers,
as about 73.2% of the households stated so (Figure 103). Also, 16.7% stated that there is no necessity
for home improvement.
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Reasons for not consider taking energy - saving actions
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Figure 103: Reasons why households in Metsovo are not willing to apply energy efficiency
interventions.

When asked which are the main actions that could help households apply energy efficiency
interventions, the vast majority (81%) suggested subsidy for such interventions and about 10%
recommended deduction from income tax for saving expenses (Figure 104). The data seem to suggest
that households believe that the State should do more to support those that cannot pay for energy.

Actions that could help households save energy

Other .

Deduction from income tax for savings expenses .

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 104: Suggested actions that could help households save energy.

5.2.2 Energy vulnerability

Towards exploring the energy vulnerability in Metsovo, apart from the ‘Ten-Percent-Rule’, which is
commonly used in Greece by researchers working in the field, some basic qualitative indicators
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suggested in the relevant literature were examined. More specifically, three qualitative indicators were
used to measure energy vulnerability:

(@) Thermal discomfort or inability to keep home adequately warm,
(b) Housing condition, including moisture/mould problems and
(c) Arrears in energy bills (electricity and heating bills) over the last 24 months.

The answers provided by the households participated in the baseline survey are illustrated in Figure
105, approximately 30% of the households claimed that they cannot keep their house adequately warm
in winter, exceeding by far the Greek average at country level (17.9%) according to EU-SILC survey
latest data (Eurostat, 2020). It is useful to note that in the previous STEP IN survey, 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.
Following the findings of the survey, 70% of the households manage to keep their house warm and
comfortable during the winter. Moisture/ mould problems are reported by 34% of the households,
which again exceed by far the Greek average at the country level (12.5%) (Eurostat, 2020). The
percentage of households who reported arrears in energy bills is rather low (10%). However, it should
be taken into account that the fuels for heating purposes (diesel, wood, LPG) are always paid in cash,
otherwise the suppliers do not provide fuel.

Qualitative indicators of energy poverty

. 1 N 89,9%
Arrears in the payment of energy bills
B 101%

" DN 708%
Inability to keep house warm
R 29,2%

Moisture / mold appears on walls / ceilings _ 65,8%
 foors R 5 2%

0,0% 20,0 40,0%» 60,0% 80,0% 100,0%
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Figure 105: Energy poverty qualitative indicators in Metsovo (STEP-IN baseline survey).

Using the above-mentioned indicators, a composite energy poverty index was calculated as follows
(Bouzarovski & Tirado Herrero, 2017):

Energy poverty index = (0.5 x Inability + 0.25 x Arrears + 0.25 x Housing faults) x 100

The proposed index ranges between 0 (i.e. none of the above-mentioned issues is present, therefore
the energy poverty risk is negligible) and 100 (i.e. all the problems described by the indicators are
present, thus the energy poverty risk is very high). The results of the analysis are presented in Figure
106. Approximately 50% of the households are at zero risk of energy poverty (EP composite index=0%),
18.6% are at low risk (EP composite index=25%), 15.5% are at medium risk (EP composite index =50%),
13.9% are at high risk (EP=75%) and the rest, i.e. around 3% are in excess energy poverty risk (EP
composite index=100%).

Finally, using the ‘Ten-Percent-Rule’ approximately 83.5% of the households (based on 236 valid
observations) are characterised as energy poor. The mean ‘energy cost-to-income’ ratio is 21.3% (5%
trimmed mean: 20.7%; std. dev.: 12.3%) and the median 18.9%. Figure 107 presents the Kernel density
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estimate of the ‘energy cost-to-income’ ratio. Compared to the baseline survey, the mean ‘energy cost-
to-income’ ratio is slightly lower (i.e. by 2%).

Energy Poverty Index of Tirado Herrero and Bouzarovsk
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Figure 106: Composite energy poverty risk index.
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Figure 107: Kernel density histogram of energy expenditure to income ratio.
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5.3 Energy vulnerability and behavioural perspectives

A phenomenon that dominates economic literature is consumers’ inability to fill the gap between
optimal and actual investment decisions concerning energy usage (DellaValle, 2019). The paradox of
gradual diffusion of apparently cost-effective and energy-efficiency technologies concerns
policymakers who are attempting to bring energy conservation into the spotlight. The traditional
economic literature, based on Expected Utility Theory (EUT), presumes consumers’ failure in making
optimal decisions to be a result of information deficiencies and market failure. However, it has been
systematically observed that people exhibit predictable patterns of decision-making that deviate from
EUT's assumptions (Abrardi, 2018).

The results of three decades of research have established that the energy paradox is related to market
failures (e.g. imperfect information, split incentives, distortion in fuel prices and lack of capital), time
and risk preferences, behavioural aspects (e.g. rational inattention, bounded rationality, biased beliefs
and heuristic decision-making) and socio-demographic characteristics (e.g. Abrardi, 2019; Allcott,
2011, 2016; Allcott & Greenstone, 2013; Brent & Ward, 2018; DellaValle et al.,, 2018; Gerarden et al.,
2017; Gillingham & Palmery, 2014; Newell & Siikamaki, 2014; Newell & Siikamki, 2015; Shen, 2012;
Poortinga et al,, 2003). The behavioural barriers are known as cognitive biases and as mentioned
before tending to lead to bounded rationality (Kahneman 2011, Huijsmans et al., 2019, Mani et al,
2020).

As far as individual decision-making is concerned, in the literature of Behavioural Science, the approach
that prevails is the one of the dual system: System 1 and System 2 (Kahneman, 2011). The automatic
and intuitive operations of System 1 and the controlled, more reflective operations of System 2
respectively produce fast and slow thinking. However, limited cognitive capacity often leads to the
prevalence of System 1 over System 2, which in turn tends to lead to decisions likely to display errors
(i.e. cognitive biases) in the framework of rational choice theory, a fallacy deriving from cognitive
shortcuts (Kahneman 2011).

A factor that fundamentally affects individuals’ cognitive capacity is scarcity conditions. Studies
(DellaValle, 2019) have shown that individuals fail to make optimal decisions when they feel that it is
unfeasible to bridge the gap between their needs and the resources available to fulfil them. They
highlight that both individuals living in normal conditions and individuals living in scarcity conditions
or poverty are equally capable of making optimal decisions. What evokes a weakened cognitive
capacity is the context of scarcity changes which how they allocate attention. Given the limited financial
resources combined with the lack of other basic services and the chronic stress that follows, individuals
resort to financial trade-offs more often (e.g. DellaValle, 2019; Shafir 2015; Huijsmans et al., 2019; Mani
et al., 2020). Therefore, the above-mentioned issues acquire even greater importance in the case of
vulnerable consumers.

Aiming to explore particular informative, market and behavioural barriers to energy efficiency
investigate whether these issues are related to energy vulnerability, the questionnaire of the ex-post
social survey included a series of statements, as follows:

e | keep a systematic file and carefully check the electricity and heating fuel bills;

e [ systematically monitor the temperature of my house with a thermometer;

e Lack of financial incentives (tax exemption, interest-free instalments, subsidies, etc.) prevents me
from taking energy-saving measures;

e [ am aware of my home appliances’ electricity consumption;

e | am informed about the prices of electricity and heating fuel;

e Among different providers’ offers, it is really difficult for me to distinguish the most advantageous
one;

e Every year - or more often if needed- | take care of the heating system's maintenance;

e [ am more likely to take energy-saving actions if my friends, neighbours or colleagues do the
same;

e Saving energy reduces the environmental impact caused by my household;
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e | do not have the financial means to take energy-saving actions.

The overall responses are presented in Figure 108.

Market and non-market barriers
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Figure 108: Lack of financial incentives inhibiting energy-efficient decisions.

As regards financial barriers, the answers of the participants come in line with the previous findings of
the survey regarding energy efficiency (Section 5.2.1). More than 80% of the households’ state that do
not have the means to proceed to energy efficiency interventions and the vast majority (more than
90%) claim that the State should do more to help financially vulnerable households take energy-saving
actions, reporting the lack of financial incentives.

It is argued that consumers tend towards procrastination if an action requires time, effort, or both. The
more steps involved in the decision or action, the more likely someone is to procrastinate (Abrardi,
2018). This tendency can be often observed in the way households keep track of their energy bills and
in their lack of commitment to taking energy-saving actions. However, when asked, in total, 82% of
the households claim to keep a systematic file and carefully check the energy bills. In addition, about
87% claim to systematically monitor the temperature of their house by using a thermometer, and a
rather high number, that of 93%, claim to take care of the heating systems’ maintenance once a year,
or —if needed- more often. Chi-square tests were performed to determine whether there is a
statistically significant relationship between commitment in actions that would help save energy and
age, gender, educational level and composite energy poverty index. Regarding the systematic check
of an energy bills file, the null hypothesis is rejected for the parameter of age (x>=349.6 df=276,
p=0.002), while regarding the systematic monitoring of temperature, the null hypothesis is rejected
for the parameters of age (x°=259.3 df=207, p=0.008), educational level (x?=45.97 df=21, p=0.001)
and composite energy poverty index (x>=22.12 df=12, p=0.036) showing that there is a statistically
significant difference between them.

Another aspect that affects the energy-efficient decision is pro-environmental beliefs (Abrardi, 2018).
The more environmentally conscious the consumer is, the more likely she/he is willing to take energy-
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saving actions. In the LL area, about 90% of the respondents agree that by saving energy they
contribute to the reduction of the environmental impact. Chi-square tests were performed to
determine whether there is a statistically significant relationship between pro-environmental beliefs
and age, gender, educational level, and composite energy poverty index. According to the test's results,
the null hypothesis is rejected for the parameters of age (x°=345.9, df=276, p=0.003), gender
(x2=12.07, df=4, p=0.017), educational level (x>=72.9, df=28, p=0.000) and composite energy poverty
index (x?=27.13, df=16, p=0.04) showing that there is a statistically significant difference between
them.

Also, social norms form a very powerful cognitive shortcut. Extensive evidence shows that given the
limited cognitive capacity, decisions are affected by what others do. Obtaining this kind of information
provides a reference point against which people can compare options when they are unsure about
what to do (Kahneman, 2011, DellaValle, 2019). In total, above half (about 55%) of the interviewees
state that are more likely to proceed to an energy-saving investment if their friends, neighbours, or
colleagues do the same, while around 30% claim not to be affected by what others do. Again, chi-
square tests were performed to determine whether there is a statistically significant relationship
between social norms effect and age, gender, educational level and composite energy poverty index.
According to the chi-square test's results, the null hypothesis is rejected for the parameters of age
(x>=349.17, df=276, p=0.002), gender (x?°=15.18, df=4, p=0.004) and educational level (x?=54.93,
df=28, p=0.001) showing that there is a statistically significant difference between them.

A factor that should also be taken into consideration when studying bounded rationality, is rational
inattention, i.e. a systematic bias that leads to some information effectively being ignored. In the
context of energy efficiency, the limited attention of consumers may lead them to systematically
underestimate the future savings from a more energy-efficient product (Kahneman, 2011, Gillingham
& Palmery, 2014). In the case of financially vulnerable households, chronic stress in combination with
limited free time may allocate attention to other matters of a seemingly higher priority and may inhibit
from obtaining information and gaining knowledge for energy-related matters. Nevertheless, among
the households that participated in the survey, about 80% declare aware of their home appliances'’
electricity consumption, and in total, about 90% declare informed about the price of electricity and
heating fuel. According to the chi-square test's results, the null hypothesis that there is no statistically
significant relationship is rejected for the parameters of gender (x*=14.79, df=4, p=0.005) and
educational level (x?=69.14, df=28, p=0.000).

Finally, about 60% state that it is really difficult for them to distinguish among different providers'’
offers, the most advantageous one. The null hypothesis is rejected for the parameters of age (x2=318.4,
df=276, p=0.04), gender (x>=28.86, df=4, p=0.008) and educational level (x>=50.83, df=28, p=0.005)
showing that there is a statistically significant difference between them.

Further, one of most the common behavioural barrier is the present bias. People who are present
biased are systematically biased in favour of immediate benefits that they value much more than other
available options, even if those options provide higher benéefits in the future. Equivalently, they tend
to dislike immediate costs much more than they dislike future costs (Shafir and Mullainathan, 2012).
Last but not least, energy literacy plays a major role in making energy-efficient decisions. Energy
literacy refers to the awareness of the individual energy consumption, the understanding of the
process that involves the formation of the final energy price, the willingness to adopt energy-saving
behaviours, and the need for information and willingness to access information related to energy
(Martins et al.,, 2020). The survey included two questions aiming to measure the participants’ present
bias and energy-related financial literacy. In particular, the first question was formulated, as follows:
“Suppose an electricity provider offers two options for a 24-month (2 years) contract. Option A

offers the first two months free while option B offers a 10% discount for the next 2 years. Which of
the two offers would you choose?”

The first option offers an 8.3% discount in advance and the second one 10% for the next 2 years.
Therefore, it will be selected by respondents who tend to opt for immediate rewards than higher ones
in the future.
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The second question was based on (Brounen et al., 2013). More specifically, respondents are presented
with two choices (in this case refrigerators) that differ in the purchase cost and the annual electricity
consumption. The question examines whether the respondents can identify the appliance that has the
lowest total purchase and operating cost during its lifetime and is framed, as follows:

“Suppose you need to replace your refrigerator. As a replacement, you can choose between two
alternatives that are identical in terms of design, capacity, and cooling system efficiency.
Refrigerator A sells for € 400 and consumes 300 kWh per year, while Refrigerator B sells for € 500
and consumes 260 kWh per year. Assuming that the electricity cost is 0.2 €/kWh and that both
refrigerators have a lifespan of 10 years, which of the two refrigerators has the lowest total
purchase and operating cost during its lifetime, in your opinion?

e Refrigerator A

e Refrigerator B

e The two refrigerators have the same total upfront and operating cost

e [ don't know/ | cannot estimate the total cost”
In this case, the correct answer is Refrigerator A.
As illustrated in Figure 109, a rather small number of the respondents (18%) tend to systematically
overvalue the present compared to the future, by choosing option A that offers immediate financial
benefit, instead of option B that provides higher benefits in the future. Chi-square tests were
performed to determine whether there is a statistically significant relationship between present bias
and age, gender, educational level and composite energy poverty index. According to the chi-square
test's results, the null hypothesis is rejected for the parameter of the composite energy poverty index
(x>=21.74, df=4, p=0.000) showing that there is a statistically significant difference between them.

Present bias investiation

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 109: Investigating present bias among respondents.

Finally, a rather high number chose refrigerator B, probably because of the lower operational cost
(Figure 110). However, the total purchase and operating cost for refrigerator A is lower than that of
refrigerator B, providing evidence of energy illiteracy. Chi-square tests were performed to determine
whether there is a statistically significant relationship between energy literacy and age, gender,
educational level and composite energy poverty index. Regarding the choice of the energy-efficient
refrigerator, the null hypothesis is rejected for the parameters of age (x?=243.4, df=297, p=0.042),
gender (x?=13.32, df=3, p=0.004), educational level (x>=38.04, df=21, p=0.013) and composite energy
poverty index (x2=24.58, df=12, p=0.017) showing that there is a statistically significant difference
between them.
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Enery literacy investigation

The two refrigerators have the same total cost

Refrigerator B

Refrigerator A

Don't Know/ | can not do the calculation

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

Figure 110: Investigating energy literacy among respondents.

Based on the above-mentioned results, it seems that there is a connection between energy
vulnerability and certain market and behavioural biases. Focusing only on statistically significant
findings, it was found that households facing higher energy vulnerability risk:

e keep a less systematic record of their energy bills;

e do not monitor regularly the temperature of their houses;

e face higher financial barriers;

e are not that convinced that energy-saving reduces the environmental impact caused by the
residential sector;

e are less aware of their household appliances’ energy consumption;

e are more prone to present bias.

These findings are worrisome because, without tailor-made support, the energy vulnerable households
may face greater difficulties in making the right decisions towards improving their quality of life.

Finally, those who face the highest energy vulnerability risk seem to be more capable of calculating
the total (i.e. purchase and operating) cost of household appliances. Yet, the number of observations
is low (about 2.7% of total observations) and, thus, this conclusion should be seen with caution.

5.4 Analysis of energy efficiency preferences under the light of
energy vulnerability

5.4.1 Methodological background

The ex-post assessment survey investigated also the interrelationships between energy vulnerability
and energy efficiency investment decisions using a labelled choice-based experiment, which involves
a hypothetical selection between three different alternative energy interventions. In particular, the
respondents were presented with a number of choices sets and asked to choose which alternative they
prefer. Each choice set included three alternatives, i.e. house retrofit, upgrading of heating system and
upgrading of household electrical appliances, and an “opt-out” option (i.e. status quo). The
respondents were asked to consider a hypothetical situation according to which their energy
consumption would be improved by adopting one of the three alternative interventions. Each
alternative, besides its label, was described using two parameters, i.e. the cost of the alternative and
the annual energy savings in monetary terms. To provide the respondents with realistic attribute levels,
each of the two attributes included three different levels that differed in each of the three alternatives.
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The attributes and the related levels for each of the three alternatives are listed in Table 6. It is assumed
that the respondents assess the trade-off between the annual savings and the cost of each
intervention. Further, they also consider additional co-benefits (or costs) associated with each
alternative, such as improved thermal comfort, reduced condensation, mould or damp problems and
increased environmental benefits due to reduction in primary energy.

Table 6: Levels of the attributes for each of the three labelled alternatives

House retrofit Upgrading of heating Upgrading of electrical
system EToJo]IETalel=1S
Cost of measure 3000 600 300
(€) 6000 1200 600
9000 1800 900
Annual  savings 500 100 50
(€) 1000 200 100
1500 300 150

The full enumeration of possible choice sets is equal to LMA, where L is the number of levels, M is the
number of alternatives and A the number of attributes (Hesner et al., 2005). Hence, in our case, the
total possible choice sets are 332=729. The experimental design followed Street and Burgess's cyclical
design (Street et al., 2008) using an orthogonal main-effects plan (OMEP) 326 6~ 1. After dropping the
unnecessary attributes, the design resulted in 18 treatment combinations. These 18 choice sets, which
included an "opt-out” option, were split into three blocks of six choice cards to avoid respondent
fatigue. Respondents were allocated randomly to a treatment block; making sure, however, that each
of the three blocks was presented to an equal number of respondents.

The utility of the good is considered to depend on observed components (the attributes of the good
and the characteristics of the respondent) and unobserved or undefined component, as follows
(Hesner et al., 2005):

U[]' =Vij+£ij =18Xl] +]/Zl+ fij (7)

where Uj is the utility function representing the satisfaction that consumer i receives from alternative
Ji Vi is the non-stochastic component including the alternative-specific attributes X; and the
respondent’s characteristics Zj; 8 and y are the vectors of models’ parameters associated with X and
Z;; and g; is the unobserved (stochastic) component of consumer i which follows a predetermined
distribution.

The analysis was conducted using CL models assuming a linear relationship between utility and
attributes, identically and independently distributed (//D) error terms with standard Type | extreme
value distribution and choice sets that comply with the ‘Independence from Irrelevant Alternatives’
(IlA) property (Hesner et al., 2005). The basic model included three attributes (i.e. alternative specific
constant, annual savings and cost of measure), which were specific to each alternative (that is nine
variables in total). It is noted that the cost and annual savings were modelled as continuous variables.
More specifically, the utility functions of the basic model were, as follows:

Uinsutation = Bo1-ASC + B11. Cost of measure + f,1. Annual savings + ¢;;

Uheating = Boz-ASC + B15. Cost of measure + f,,. Annual savings + &;

Uappiiances = Boz-ASC + Bi3. Cost of measure + B,3. Annual savings + &;;

Also, a fourth utility function that represented the status quo situation was used as the base case
scenario. The parameters of the base case utility function were normalized to zero (i.e. Up=0).

Further, to investigate the role of respondents’ sociodemographic characteristics (SDCs) in investing
in energy efficiency, several SDC variables were included in the basic model (‘'SDC' model). In these
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models the SDC parameters were generic (i.e. the coefficients were not alternative-specific). Also, two
different models were considered to dissect the role of energy poverty. The first model involved the
introduction of the composite energy poverty index in the basic model as a non-alternative-specific
covariate ('CIEP' model). In the second model, the composite energy poverty index was replaced by
the three subjective energy poverty indicators, again as generic covariates (‘'SIEP” model).

The CL model offers the ability to estimate the marginal willingness-to-pay (MWTP) for 1 Euro of

additional annual savings. The MWTP is simply the energy savings coefficient divided by the cost
coefficient:

MWTP,,, = — b “)

ﬁCOSf

In the case of an interaction term with the annual savings attribute, the MWTP is calculated, as follows
(Holmes et al., 2017):

MWTPsav_interact - _ ﬁsav+ﬁsavximeract.2avingsxlnteracted term (5)
cost
The confidence intervals were estimated using the Krinsky-Robb approach with 1,000 draws (Krinsky
& Robb, 1986).
Finally, a respondent’'s WTP for a change from the base case (status quo, Uo) to a new state (energy
intervention, Uq) is estimated through the compensating variation (CV) associated with this change
(Holmes et al., 2017):

— V1 —Vo} ®)

V=-7

cost

5.4.2 Results

The results of the models are presented in Table 7. The coefficients are statistically significant, and the
signs are as expected. The ASC of 'heating’ alternatives is statistically significant at p=10% in the 'basic’
model and insignificant in the 'SDC’ model. Also, the ASC of ‘appliances’ alternatives is statistically
insignificant in all model specifications. The ‘SDC’ model presents the best fit and, further, all variables
but the ASC of 'heating’ and ‘appliances’ alternatives are statistically significant at p=1% and have the
expected sign. Focusing on the SDC parameters, the signs of the coefficients indicate that households
with more members, younger householders and higher income are more likely to invest in energy
efficiency. The composite energy poverty indicator ('CIEP' model) is statistically significant at p=5%.
The negative sign implies that willingness to invest in energy efficiency decreases with energy
vulnerability. According to the results of the ‘SIEP' model, this is attributed to the inability of
households to keep their houses adequately warm. The weight of thermal discomfort is twice as high
as that of arrears in utility bills and problems with condensation, mould or damp. Further, the thermal
discomfort coefficient is statistically significant at p=1%, whereas the coefficients of the other two
subjective indicators are significant at p=10%.
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Table 7: Results of the basic, SDC and energy poverty models

Variable Basic model SDC model CIEP model SIEP model
Coeff. Coeff. Coeff. Coeff.

ASCinsulation 1.4599™ 0.9639™ 1.6096™" 15727

(0.1801) (0.3747) (0.1901) (0.1906)

Costinsulation -0.0003" -0.0003™ -0.0003™ -0.0003™

(0.0000) (0.0000) (0.0000) (0.0000)

SavingSinsulation 0.0011™ 0.0011™ 0.0011™ 0.0011™

(0.0001) (0.0001) (0.0001) (0.0001)

ASCheating 04118 -0.0910 0.4975™ 0.4568"

(0.2327) (0.4042) (0.2416) (0.2421)

CostHeating -0.0013"™ -0.0013™ -0.0013™ -0.0013"™

(0.0001) (0.0001) (0.0001) (0.0001)

SavingSHeating 0.0045™ 0.0046™" 0.0044™ 0.0044™

(0.0008) (0.0008) (0.0008) (0.0008)

ASChappliances -0.0372 -0.5483 0.0306 -0.0103

(0.2341) (0.4036) (0.2447) (0.2452)

Costappliances -0.0027" -0.0027 -0.0027" -0.0027™

(0.0003) (0.0003) (0.0003) (0.0003)

Savingsappliances 0.0115™ 0.0115™ 0.0115™ 0.0115™

(0.0017) (0.0018) (0.00178) (0.0018)

HH members -- 0.1491™ -- --
(0.0487)

Age class -- -0.4174™ -- --
(0.0632)

Coping on income -- 0.7532™ -- --
(0.0997)

EP index -- -- -0.1059" --

(0.048)

Damp/mould -- -- -- 0.2258"

(0.1319)

Thermal disc. -- -- -- -0.5734™

(0.1298)

Arrears -- -- -- 0.3630"

(0.2136)

-LL -2099.06 -1977.50 -2043.45 -2034.87

Pseudo R? 11.3% 16.4% 13.7% 14.0%

n 1818 1788 1776 1776

Note: St. error in parentheses; *,”,"": significance at 10%, 5% and 1% level

The average MWTP values are presented in Table 8. Households are on average willing to pay around
3.4, 3.5 and 4.3 Euros for saving 1 Euro by investing in insulation, upgrading of heating systems and
upgrading of household appliances, respectively. Yet, the differences in the mean WTP values are not
statistically significant.
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As far as the role of SDC is concerned, WTP for energy retrofit, upgrading of heating system and
upgrading of household appliances increases by about 459, 11 and 55 Euros per household member,
respectively. An increase in the age class results in a decrease of 1285 Euros in WTP for energy retrofit,
311 Euros for upgraded heating systems and 155 Euros for more energy-efficient appliances. Finally,
WTP for energy retrofit, upgraded heating systems and more energy-efficient appliances increases by
2320, 562 and 280 Euros, respectively, with an increase in income class. The differences in the WTP
values for the three energy interventions are statistically significant in all SDC parameters (the null
hypothesis of equal means is rejected at p<1% in all cases). Based on the 'SIEP" model, it is found that
households who face condensation, mould and damp problems are willing to pay 708.3 Euros more
for energy retrofit and 178.4 Euros for upgraded heating systems compared to those who do not face
similar issues. Also, those who are struggling to pay their energy bills are willing to pay around 1140
Euros more for energy retrofit and 140 Euros more for energy-efficient appliances. The differences in
WTP values are statistically significant in all these cases (the null hypothesis of equal means is rejected
at p<1%). Finally, households who are not able to keep their homes warm are not willing to pay for
energy interventions and the same finding is observed in the 'CIEP' model regarding the composite
energy poverty indicator. This seemingly inconsistent behaviour is explained by the association of
thermal discomfort with household income. The percentage of low-income households among those
who are faced with thermal discomfort is around 40%. The respective percentage for those faced with
mould and damp and arrears in energy bills is less than 25% (it is also noted that energy-bill arrears
concern only 10% of the households). Household income seems to have a more significant effect on
energy efficiency investments than the energy poverty indicators. To explore this hypothesis, an
additional model was tested (the results are omitted for conciseness reasons), adding energy poverty
indicators in the 'SDC’ model. Indeed, the energy poverty coefficients were statistically insignificant
while household income was statistically significant at p=1%.
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Table 8: MWTP estimates for the Basic, SDC, CIEP and SIEP models

Annual savings - Insulation
Annual savings - Heating
Annual savings - Appliances
HH members - Insulation
HH members - Heating

HH members - Appliances
Age class - Insulation

Age class - Heating

Age class - Appliances
Income class - Insulation
Income class - Heating
Income class - Appliances
EP indicator - Insulation

EP indicator - Heating

EP indicator - Appliances
Damp/mould - Insulation
Damp/mould - Heating
Damp/mould - Appliances
Thermal comfort - Insulation
Thermal comfort - Heating
Thermal comfort - Appliances
Arrears in bills - Insulation
Arrears in bills - Heating

Arrears in bills - Appliances

Basic SDC CIEP SIEP
343 343 3.38 3.38
343 342 347 3.48
427 4.26 434 434

-- 458.94 -- --

-- 111.20 -- --

-- 55.33 -- --

-- -1285.11 -- --

-- -311.37 -- --

-- -154.94 -- --

-- 2319.28 -- --

-- 561.94 -- --

-- 279.63 -- --

-- -- -333.12 --

-- -- -83.75 --

-- - -39.94 --

-- -- -- 708.25

-- -- -- 178.42

-- -- -- -1798.53

-- -- -- -453.07

-- -- -- -216.02

-- -- -- 113843

-- -- -- 136.74

Note: ***: not statistically significant at p=5%

To further investigate the impact of income and subjective energy poverty indicators on households’
willingness to invest in energy efficiency, four additional models with split samples were run. In each
model, ASCs, cost and annual savings attributes were estimated separately for each income and energy
poverty class. For conciseness reasons, the detailed model results are omitted and instead only the
estimated choice probabilities for each alternative, per model and group, are presented in Table 9.
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Table 9: Choice probabilities for each alternative per model and group

Income model Mould/damp Thermal discomfort Arrears in bills

Alternative model model model
Group |

House insulation 36.1% 40.5% 43.9% 45.0%
Heating system 19.3% 21.8% 20.8% 19.0%
Household appliances 10.9% 15.6% 16.6% 14.0%
No option 33.7% 22.1% 18.7% 22.0%
House insulation 44.0% 48.9% 41.1% 30.0%
Heating system 19.6% 14.9% 16.7% 24.0%
Household appliances 17.6% 15.5% 13.8% 28.3%
No option 18.8% 20.7% 28.4% 17.7%
House insulation 52.8%

Heating system 20.2%

Household appliances 18.5%

No option 8.5%

Note: Income — Group I: Difficult to live on current income, Group II: Coping on current income, Group IlI: Living
comfortably on current income; Damp/mould problems — Group |: No condensation, mould and damp issues,
Group II: Condensation, mould and damp issues; Inability to keep house warm — Group |: Ability to keep house

adequately warm, Group lI: Inability to keep house adequately warm; Arrears in energy bills — Group I: No arrears

in energy bills, Group II: Arrears in energy bills.

As far as the ‘income’ model is concerned, the influence of income is reflected on households’ choices.
The ‘opt-out’ alternative is selected by the 34% of Group | ('Difficult to live on current income’)
participants, 19% of Group Il (‘Coping on current income’) participants and only 8.5% of Group llI
(‘Living comfortably on current income’) participants. Moreover, households with higher income tend
to select more expensive choices (i.e. energy retrofits). Households facing condensation, mould and
damp problems are willing to invest in energy retrofit. Another interesting point is that the ‘opt-out’
alternative is preferable than the ‘appliances’ alternative for those facing these problems and coincides
with the negative sign in the ASC of the ‘appliances’ alternative (it is reminded however that the
coefficient was not statistically significant at p=10%). Households who report that they are unable to
stay comfortably warm also prefer to invest in energy retrofit or not to invest at all (the ‘opt-out’ option
is preferable to the ‘appliances’ option). It is also worth noting that the probability of choosing the
‘opt-out’ alternative increases by 10% in the ‘discomfort’ group (i.e. Group Il), while the probability of
choosing any of the energy-efficiency investment alternatives decreases. As explained earlier, this
finding is related to the lower-income class of those who are faced with thermal discomfort and is
supported also by the findings of the ‘income’ model.

The preference probabilities for those who report arrears in energy payments show a similar pattern
with that of the other two subjective indicators models, i.e. the ‘insulation’ alternative is the most
preferred choice and the ‘opt-out’ alternative is more preferable than the "appliances’ choice. It is
interesting, however, that those who report arrears in bills tend to have higher preferences for the
‘heating’ and ‘appliances’ alternatives compared to those who are unable to stay comfortably warm or
face damp problems.
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From a policy perspective, several interesting remarks can be made. First, it seems that energy retrofit
is the most preferred option, regardless of other factors. This may be related to unobserved benefits
of retrofits, e.g. insulation may enhance occupant’'s comfort and increase future resale value (Hyland
etal, 2013). Second, it is important to underline that the preferences of vulnerable households depend
on the different aspects of energy poverty. For instance, those who are unable to keep a level of
thermal comfort at home are less willing to invest in energy efficiency while the opposite stands for
those who are faced with damp problems or arrears in bills. This is attributed to the fact that a
significant percentage of the households who report thermal discomfort (at least in the study area)
belong to the lower-income group. Third, vulnerable households hold different WTP values for each
of the proposed interventions. These differences are not observed only across groups but also between
groups. For example, those who claim inability to keep their houses adequately warm are willing to
pay around 2.8 Euros for every Euro saved on an annual basis from the upgrading of the heating
system, whereas those who face damp problems are willing to pay around 5 Euros, respectively. Finally,
the SDC of the respondents, which are known to be related to energy poverty, such as income and
age, also possess a crucial role in the energy efficiency decision-making process. In general, elderly
people, who are more prone to energy poverty, are at the same time more reluctant to invest in energy
saving. The same conclusion is drawn for low-income households. Further, the estimated values show
that households who are struggling to live on their income can afford to pay for energy retrofits only
one-third of the amount estimated for households who are living comfortably.

Allin all, these findings are worrisome because without support to implement structural measures like
energy efficiency, elderly and low-income households could be trapped in the vicious circle of energy
poverty, as previous studies suggest (e.g. Gonzalez-Eguino, 2015; Terés-Zubiaga et al., 2013).

5.5 The impact of STEP-IN on the local community

The ex-post assessment survey aimed also to evaluate the impact of the LL activities on the households
of Metsovo. Among the households that participated in the survey, about one-fourth were directly
involved in the LL activities of the project. Provided that the impact of the LL activities on those who
participated in the project is described in detail in Section 4, the present section focuses mainly on
non-participating households. However, a comparative analysis is conducted between these two
groups to conclude the methodology developed by the STEP-IN project.

In total, about 11% of the non-participating households received information (e.g. the energy advice
booklet) by the project. It should be noted that the booklet should have been distributed to all local
households by the Municipality of Metsovo. Nevertheless, this task could not be completed due to the
national and local restrictions imposed to curb coronavirus spread. Of those households who received
information, 83% found this material useful. In particular, about 70% said that they gained a better
understanding of the energy bills and changed some bad everyday habits, 35% were motivated to
service their heating system and learned how to use their heating system more efficiently and less than
10% started examining the adoption of insulation measures. More importantly, about half of them (i.e.
48%) stated that their living conditions improved thanks to the advice received by the project, mainly
by improving the level of thermal comfort at home (36%), by reducing energy costs (20%) and by
facing less moisture/mould problems and paying energy bills on time (8%).

The above findings coincide with the results of the LL participants. Considering all three rounds of the
LL, 76% of those who participated in the LL's activities said that the project was useful to them
(approximately 29% changed everyday habits, 22% gained a better understanding of electricity bills,
17% maintained their heating system, 16% learned how to use their heating system more efficiently
and 8% implemented insulation measures). Further, around 40% of them said that they saw an
improvement in the quality of their lives, mainly by improving the level of thermal comfort at home
(42%), by facing less moisture/mould problems (26%), by reducing energy costs (23%) and paying
energy bills on time (6%).
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Considering the total number of households in the Municipality of Metsovo (after excluding those who
participated in the LL to avoid double-counting), it is estimated that the STEP-IN information and
advice material reached more than 240 households or 670 people. Based on the ex-post assessment
survey findings, the following benefits are estimated:

Public

STEP-IN helped 525 people
o Better understanding of energy bills: 365 people
o Change in everyday habits: 365 people
o Change/maintenance of the heating system: 185 people (about 70 houses)
o More efficient use of the heating system: 185 people
o Motivated to implement insulation measures: 40 people (15 houses)
STEP-IN improved the quality of life of 305 people
o Improved thermal comfort: 110 people
o Energy cost reduction: 60 people
o Moisture/mould reduction: 25 people
o Payment of utility bills on time: 25 people
Potential heating energy savings: 85 houses
o Heating energy savings due to heating system maintenance: 86,520 kWh, per year
(based on savings of 4% and average heating energy of 30,900 kWh per household
for 70 households)
o Heating energy savings due to insulation: 139,050 kWhy, per year (based on savings
of 30% and average heating energy of 30,900 kWh, per household for 15 households)
Potential reduction in CO; emissions: 51 tn per year
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6. The impact of COVID-19 pandemic on energy
vulnerability

To investigate the new living conditions established due to the coronavirus pandemic-related
restrictions, two different approaches were adopted. First, as discussed in Section 3, the monitoring
equipment stayed at the same V2 round households to collect ‘hard’ data regarding the impact of the
lockdown on households’ energy usage. Second, several related questions were added to the LL
evaluation questionnaire as well as to the questionnaire of the ex-post assessment survey to examine
changes in the socio-economic status (e.g. employment status and income) and in energy-related
behaviour (e.g. usage of heating system and electrical appliances).

6.1 Impact on the socio-economic status

6.1.1 Findings from the ex-post assessment survey
About 41.5% of the interviewees reported changes in their working conditions due to the COVID-19

coronavirus, i.e. work suspension (37%), part-time work (22%), operation closure (20%), job loss
(13.7%), working from home (4%) and rotational shift work (3.2%) as shown in Figure 111.

Changes in working condition

Job loss

Rotational Shiftwork
Working part- time
Store Closure

Work suspension

Working from home
0% 5% 10% 15% 20% 25% 30% 35% 40%

Figure 111: Changes in working condition due to Covid-19 restrictive measures.

About half (49%) of the households that participated in the survey stated their income was not affected
during this period. However, the number of households that reported a decrease in their income is
rather high and should be taken into consideration for further analysis (Figure 112). Among those who
stated that the household's income was affected by the restrictive measures, 20% claimed the decrease
to be in the range of 5-25%, 40% in the range of 25%-45%, and the rest over reported a reduction in
income 50%. It should be noted that there were households (10%) that reported a decrease in their
income in the range of 80-100% (Figure 113).
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Was the household income affected by the pandemic restrictive
measures?

Yes - Income increased

Yes - Income decreased

| prefer not to answer

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

Figure 112: Qualitative changes in household income due to COVID-19.

Changes in income due to COVID-19 restrictions
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Figure 113: Percentage change in household income due to COVID-19 restrictions.

6.1.2 Findings from the LL evaluation questionnaires
In total 40% of the LL participants reported changes in their working conditions due to the COVID-19

coronavirus, namely, work suspension (47.5%), part-time work/ rotational shift work (12.5%), operation
closure/job loss (30%) and working from home (10%) as shown in Figure 114.
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Changes in working condition
Working from home

Part time work

Work suspension

00% 10% 20% 30% 40% 50%

Figure 114: Changes in working condition due to COVID-19 restrictive measures - LL
participants in V2 and V3 rounds.

About 45% of the households that participated in the V2 and V3 rounds of the LL stated their income
decreased during the lockdown. More specifically, among those who stated that the household'’s
income was decreased, 7.5% claimed that the decrease was less than 10%, 12.5% said that the decrease
was around 20%, 32.5% that the decrease was about 30%, 15% declared a decrease between 40% and
50% and 32.5% that the decrease in income was higher than 50% (Figure 113).

Changes in income due to COVID-19 restrictions

More than 50%
50%
40%
30%
20%

10%

Less than 10%

00% 05% 10% 15% 20% 25% 30% 35%

Figure 115: Percentage change in household income due to COVID-19 restrictions — LL
participants in V2 and V3 rounds.
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6.2 Impact on energy usage

6.2.1 Findings from the ex-post assessment survey

Regarding the use of the heating system, 28.5% of the interviewees stated that during the restrictive
measures due to Covid-19 their heating system worked more hours than usual. About 10% of them
reported working for an extra 1 to 2 hours. The vast majority (82.6%) reported working for between 3
to 6 hours and the rest, for 7 to 8 hours more than usual (Figure 116). Further, 55.6% of the participants
reported an increase in the operation of some electrical appliances during the restrictive measures. As
Figure 117 illustrates, about 28% reported using the television more than usual, 24% mentioned an
increase in the operation of the computer, about 22% stated using more than usual small household
appliances and 20% reported using more the electric cooker. Among the households that participated
in the survey, 33.4% stated that there were e-learning students in their home during the COVID-19
restrictions period, which also partially explains the increased use of computers.

Heating system working extra hours

7-8 hours

3-4 hours

1-2 hours

]

s- nours |
T
]

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

Figure 116: Increase in use of heating system due to COVID-19 restrictive measures.

Appliances that were used more than normal during restrictive
measures

Small Household Appliances
Television

Computer

Water Heater

Electric Heating Appliances

Electric Cooker
0% 5% 10% 15% 20% 25% 30%

Figure 117: Increase in the operation of electrical appliances due to COVID-19 restrictive
measures.
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6.2.2 Findings from the LL evaluation questionnaires

As far as the LL participants in rounds V2 and V3 are concerned, 30% said that they used more their
heating systems during the lockdown. In particular, 20% reported extra 1 to 2 hours, 24% between 3
and 4 extra hours, 20% between 5 and 6 extra hours and the rest (i.e. 27% more than 6 hours (Figure
118). Also, 64% of them reported an increase in the operation of some electrical appliances during the
restrictive measures. About 32% reported using the television more than usual, 22% mentioned an
increase in the operation of the computer, about 16% stated using more than usual small household
appliances and 20% reported using more the electric cooker. Among the households that participated
in the survey, 27% stated that there were e-learning students in their home during the lockdown
period, which explains, at least partially, the increased use of computers.

Heating system working extra hours

More than 6 hours
6 hours
5 hours
4 hours

3 hours

Up to 2 hours

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

Figure 118: Increase in use of heating system due to COVID-19 restrictive measures — LL
participants in V2 and V3 rounds.

Appliances that were used more than normal during restrictive
measures

Electric cooker

Washine machines/Dryers
Water heater

Computer

Television

Small households appliances

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

Figure 119: Increase in the operation of electrical appliances due to COVID-19 restrictive
measures.
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6.2.3 Findings from the LL monitoring equipment

Impacts of the first lockdown on electricity and heating usage

As described in Section 3.2.10, Greece put in place a number of measures and restrictions on
movement and business activities to control the COVID-19 spread. The restrictions started on March
10, 2020, suspending the operation of educational institutions of all levels. On March 13, 2020, all
cafes, sports leagues bars, museums, shopping centres, sports facilities and restaurants were closed
and from March 23 until May 4, 2020, all non-essential movements throughout the country were
restricted.

To measure the impact of this first lockdown on electricity and heating usage, the electricity
consumption and the temperature data of the V2 households (with installed equipment) were analysed
for three distinct periods, as follows:

e March 1 to March 10 (the period immediately before any kind of restrictions were put in place)
e March 23 to May 3 (period of the strict lockdown)
e May 4 to May 10 (immediate period after the strict lockdown)

The measurement of the pandemic-related restrictions on electricity consumption was straightforward
based on the records of the electricity meters. The impact on the heating consumption, however, was
evaluated qualitatively by examining the differences in the indoor temperature. For a limited number
of houses, however, it was also possible to record the operating hours of the heating system (oil-fired
burners in all cases).

Average daily electicity consumption
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Figure 120: Average daily electricity consumption.

As shown in Figure 120, the average increase in electricity consumption during the lockdown was 9.2%
(or approximately 1 kWh per day). In more detail, the average increase in electricity consumption
during weekdays was 8.6% and during weekends almost doubled, i.e. it reached 16%. The impact of
the strict lockdown on electricity consumption becomes evident when comparing post-lockdown
electricity consumption. The average decrease in electricity consumption after the lockdown is 9.5%
and practically corresponds to pre-lockdown consumption.
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The change in electricity consumption differs in the daily energy profile. According to Figure 121 and
Table 10, electricity consumption increases mainly in the morning and till noon (i.e. 9:00-13:00) and in
the afternoon (i.e. 18:00-21:00).

Average hourly electricity consumption

0,90 18,0
0,80 P T 16,0
P4 - -
Ve -

0,70 4 ~ 14,0
it - e
0,60 / S 12,0 ©
— ” 3
3 0,50 ’ 100 §
5 ! 3
= 0,40 / 80 ©
Z - ’ =
0,30 Ss e 60 £
! ~~‘~I - ' g
0,20 / L 40 ™

0,10 ' s 2,0

0,00 0,0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

s 01-10 March s 23 March - 3 May 4 -10 May
= e = (01-10 March = e= 23 March-3 May === 4-10 May

Figure 121: Average daily electricity consumption.

Table 10: Percentage change per hour of the day before and during the lockdown

Hour % change before and Hour % change before and
during lockdown during lockdown

0 -10.9% 12 19.3%
1 -6.9% 13 15.7%
2 -3.3% 14 -8.2%
3 -2.0% 15 12.4%
4 4.9% 16 19.1%
5 5.2% 17 12.1%
6 2.1% 18 15.9%
7 16.3% 19 19.9%
8 12.1% 20 14.7%
9 20.9% 21 14.2%
10 25.2% 22 0.7%

11 18.8% 23 -12.1%

The pattern of electricity consumption varies between weekdays and weekends (Figure 122 Figure
123). On weekdays, electricity consumption increases by 10.5% between working hours (i.e. 9:00-
17:00), by 15.9% during the morning and till noon (i.e. 9:00-13:00) and by 14.5% in the afternoon (i.e.
18:00-20:00). During weekends, electricity consumption increases by almost 34% between 14:00-17:00
and by more than 20% between 18:00-23:00 (especially in the night hours).
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Average hourly electricity consumption - Weekdays
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Figure 122: Average hourly electricity consumption on weekdays.
Average hourly electricity consumption - Weekends
0,90
0,80 /
A\
0,60 \
3 0,50
<
ey
S 040 sl
4

0,30 /

0,20 -
0,10

0,00
6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23

=@=01-10 March  ==@==23 March - 3 May 4 -10 May

Figure 123: Average hourly electricity consumption at weekend:s.

The indoor temperature, on average, increases by 1.3% (Figure 124) during the lockdown period. It is
mentioned, however, that in the same period the average external temperature increased by 2°C,
resulting in a slight reduction in heating degree-days. Further, it is mentioned also that 11 out of the
30 monitored households stated that they operated their heating systems more hours per day during
the first lockdown.

A clearer picture is gained by those households where an electricity sensor was installed on the power
line of the burner (Figure 125 and Table 11). The average increase in the operating hours of the heating
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systems was 1.3 (ranging from 0.1 to 3 hours per day). Nevertheless, significant differences exist among
households.
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Figure 124: Average hourly indoor temperature and heating degree-days.
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Figure 125: Daily usage of selected heating systems.

Table 11: Average increase in operating hours of selected heating systems

Operating Increase in HH Insulation House Net Income
hours heating hours members ETCEN (D) monthly affected by
Before/During income (€) COVID-19
HH1 3.9/5.0 26.1% 4 Yes 130 1500-2000 Yes
HH2 3.9/4.8 23.6% 4 Yes 120 600-900 Yes
HH3 24/2.5 1.4% 3 Yes 150 900-1200 Yes
HH4 3.1/6.1 99.5% 3 No 95 900-1200 Yes
HH5 2.8/4.1 47.9% 4 Yes 75 1500-2000 No
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To illustrate this case, two households of different income class with 4 members (two adults and two
children) are compared in the following Figure 126 Figure 131. The high-income class household
presented an average increase in electricity consumption of around 7 kWh per day (or 118%) and
indoor temperature of 2°C (or 10%) during the lockdown. On the contrary, the low-income household
had a decrease in electricity consumption around 0.8 kWh per day (or 8%) on average and a negligible
increase in indoor temperature 0.1°C (0.6%).

Average daily electricity consumption
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Figure 126: Average daily electricity consumption of a high-income household with 4
members.
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Figure 127: Average daily electricity consumption of a low-income household with 4 members.
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Average indoor temperature
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Figure 128: Average daily indoor temperature of a high-income household with 4 members.
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Figure 129: Average daily indoor temperature of a low-income household with 4 members.

Impacts of the second lockdown measures on the electricity and heating usage

From 7 November, the Greek government instituted new measures and restrictions on movement and
business activity and a traffic ban during night hours. These measures were taken almost a week or so
earlier in the area of loannina, including Metsovo. During this second national lockdown, shops (using
the “click away” method), hairdressers and other facilities were allowed to open (from December 14,
2020) and kindergartens and primary schools initially remained open (till November 18, 2020), unlike
the first lockdown. On January 3, 2021, all the measures relaxed on 14 December were reinstated until
18 January, and on January 11, 2021, primary schools reopened but then closed again.

The second lockdown included once more movement and business operation restrictions, but it is
common ground that the enforcement of these measures was not as strict as in the first lockdown. In
any case, however, the coronavirus restriction measures change people’s routines and cause
"anomalies” in the typical electricity consumption profile. In this direction, this section analyses the
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electricity consumption of the 30 households in which the measurement equipment was installed at
the beginning of the V2 round, between October and November 2020 (heating is not examined in this
period because October was relatively warm, and the operation of heating systems was limited).
Moreover, this section attempts to evaluate the potential long-term impacts of the COVID-19
pandemic, by comparing the electricity consumption and indoor temperature values for the above-
mentioned households between two different periods, namely November 2019, December 2019 and
January 2020 and November 2020, December 2020, and January 2021.

As shown in Figure 130, the hourly average electrical consumption between October 2020 and
November 2020 increased by about 24%.

Hourly average Electrical consumption
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Figure 130: Hourly average electricity consumption before and after the implementation of the
second lockdown.

With most shops, schools and offices closed or under certain operating restrictions, it is expected that
the electricity demand of a normal working day will match that of a weekend or bank holiday. Further,
it is expected to record a different profile at weekends, provided that taverns, café and bars are closed,
and movement restrictions are in place. Hence, a distinction was made between weekdays and
weekends. According to the analysis, during the second lockdown, there was an increase in the hourly
average electrical energy consumption of about 29.3% at the weekends (compared to October 2020)
and of about 22.3% during the weekdays, as shown in Figure 131 and Figure 132.
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Hourly average Electrical consumption Workdays
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Figure 131: Hourly average electricity consumption before and after the implementation of the
second lockdown — Weekdays.

Hourly average Electrical consumption Weekends
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Figure 132: Hourly average electricity consumption before and after the implementation of the
second lockdown — Weekends.

Towards studying the impact of the pandemic-related measures on households’ electricity
consumption, a comparison was made, as mentioned between November and December 2019 and
January 2020 and November and December 2020 and January 2021. As shown in Figure 133, Figure
134 and Figure 135, there is an important increase in all three months. More specifically, the increase
in the average hourly electricity consumption between November 2019 and November 2020 is 41%,
between December 2019 and 2020 is 14% and between January 2020 and January 2021 is 29%,
respectively.
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Figure 133: Hourly average Electrical consumption November 2019 and 2020.
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Figure 134: Hourly average Electrical consumption in December 2019 and 2020.
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Figure 135: Hourly average Electrical consumption in January 2020 and 2021.
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Further, the indoor temperature of the monitored houses was examined for the same periods taking
into consideration the heating degree-days for each month. The results are presented in Figure 136,
Figure 137 and Figure 138 and Table 12, Table 13 and Table 14. On average, the indoor temperature
differences between the pre-COVID and the COVID period are low (around 1% to 2%) and follow the
pattern of the heating degree-days. For example, in November 2019 and January 2020, the external
temperature was higher than that in November 2020 and January 2021 and the indoor temperature
values in the monitored houses are lower during the COVID period. On the contrary, the external
temperature was lower in December 2019 compared to December 2020, and the indoor temperature
values are higher (always on average) in the COVID period. This is an indication that the heating
systems worked, on average, the same hours and the slight differences are attributed to the external
temperature (and consequently the heating degree-days).

Hourly average indoor temperature
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Figure 136: Hourly average indoor temperature for November 2019 and 2020.

Table 12: Percentage change of the average hourly electricity consumption and of the heating
degree days per hour of the day for November 2019 and 2020

Hour 00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00
% change T -1.1% -1.1% -1,0% -0,9% -0,9% -0,7% -0,4% -1,3%
% change HDD 20,8% 20,4% 19,3% 18,8% 17,9% 18,2% 18,8% 17,6%

Hour 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00
% change T -1,8% -1,1% -0,2% -0,1% 0,0% 0,2% 0,0% -0,6%
% change HDD 12,3% 6,1% 7,6% 9,1% 8,4% 7,0% 53% 6,9%

Hour 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
% change T -1,0% -0,8% -0,6% -0,1% 0,0% -0,3% -0,8% -0,8%
% change HDD 13,8% 16,7% 16,3% 15,5% 15,3% 15,3% 16,4% 18,0%
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Hourly average indoor temperature
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Figure 137: Hourly average indoor temperature for December 2019 and 2020.

Table 13: Percentage change of the average hourly electricity consumption and the heating
degree days per hour of the day for December 2019 and 2020

Hour 00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00
% change T 0,9% 0,7% 0,7% 0,7% 0,6% 0,8% 1.1% 0,4%
% change HDD -6,7% -6,7% -6,9% -7,5% -7,9% -7,3% -11% -7,5%

Hour 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00
% change T -0,3% 0,3% 1,0% 1,5% 1,5% 1,7% 1,7% 1,4%
% change HDD -7,8% -7,0% -8,2% -1,7% -6,7% -6,6% -74% -6,6%

Hour 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
% change T 0,9% 0,7% 0,7% 1,0% 0,9% 1.2% 1.3% 1.3%
% change HDD -8,5% -7.8% -8,8% -7,9% -8,5% -8,9% -82% -7.3%
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Hourly average indoor temperature
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Figure 138: Hourly average indoor temperature for January 2020 and 2021.

Table 14: Percentage change of the average hourly electricity consumption and the heating
degree days per hour of the day for December 2019 and 2020

Hour 00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00
% change T -1,9% -1,6% -1,5% -1.7% -1,8% -1,9% -1,9% -2,3%
% change HDD -4,5% -5,4% -5,5% -5,5% -5,3% -5,5% -4,2% -2,5%

Hour 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00
% change T -2,8% -2,1% -1.1% -0,6% -0,3% -0,2% -0,7% -1,2%
% change HDD -1,0% 10,0% 13,4% 13,7% 14,8% 15,6% 15,5% 14,4%

Hour 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
% change T -1.1% -1.3% -1.2% -0,9% -1.2% -1,5% -1,.8% -1,9%
% change HDD 7,2% 1,7% -1,4% -3,3% -3,6% -3,3% -4,2% -4,1%

The above-mentioned remark coincides with the fact that only one-third of the households said that
they operated their heating system more hours per day. Even if the heating cost does not increase
between the two periods, this finding is worrisome because almost half of the households stated that
their income reduced during the pandemic. Hence, in the' best-case’ scenario, the subjective indicators
of energy vulnerability will remain stable, but the already high “energy-cost-to-income” ratio will
worsen, especially in the area of the mountain LL where heating is an “inelastic” good.

Further, it should be underlined that there exist certain differences between the households, as was
also illustrated in the case of the first lockdown. For example, Table 15 compares the average increase
in the operating hours of the heating system between December 2019-2020 and January 2020-2021
for two different households. The first household (HH1) consists of 3 persons, lives in a house of 95 m?
without insulation, has a net monthly income between 900 and 1200 Euros, which has been affected
by the pandemic. The second household (HH2) consists of 4 persons, lives in a smaller and insulated
house of 75 m?, has a higher net monthly income between 1500 and 2000 Euros, which has not been
affected by the pandemic. In December 2020, during the pandemic, HH1 increased the usage of the
heating system by 1 hour per day on average (around 15%), while HH2 had practically the same usage
as in December 2019. In January 2021, HH1 and HH2 increased the usage of their heating systems by
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4 hours and 1 hour per day, on average (around 60% and 25%, respectively) compared to January
2020, and by 2 hours and 1 hour per day, on average, compared to December 2020. The indoor average
temperature was practically stable for both households, in all four months, verifying the argument that
thermal energy is practically an “inelastic” good for the area of interest. To achieve the desired indoor
temperature, however, households need to spend an important portion of their income on heating
bills. More importantly, HH1, which has a lower income that was affected by the COVID-19 pandemic,
needs to spend even more money because it lives in an uninsulated house. As mentioned before, the
thermal comfort is not altered but the heating cost as a proportion of total household expenditure
increases significantly.

Table 15: Average increase in operating hours of selected heating systems between December
2019-2020 and January 2020-2021

Average indoor  Average external Net Income
Operating Increase temperature temperature House affected
. . HH Insula- monthly
ot h°7|;5 ~in :‘-‘at'"g Dec-19/Dec-20  Dec-19/Dec-20  members  tion ?fezﬁ)‘ income COI:IyID
efore/Durin ours m -
D Jan-20/1an-21  Jan-20/Jan-21 (€) 1o
HH1 Dec 7.3/8.3 14.7% 20.2°C /20.3°C 3.2°C/4.3°C
3 No 95 900-1200 Yes
HH1 Jan 6.6/10.5 58.7% 19.9°C /20.2°C 1.7°C/1.6°C
HH2 Dec 3.8/3.9 1.8% 21.3°C/21.3°C 3.2°C/4.3°C 1500-
4 Yes 75 No
HH2 Jan 4.1/5.2 25.2% 21.1°C/21.6°C 1.7°C/1.6°C 2000
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7. Conclusions

The operation of the mountainous LL activities in Metsovo, Greece, included the following steps:

Information campaigns;

Benchmarking;

Training of the Home Energy Advisors;

Organisation of the first energy café;

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

Home visits from the Energy Advisors;

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

ICT tools;

Evaluation of impacts.

Different kind of data was 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.). Further, a second social
survey (i.e. ex-post assessment survey) was conducted to study the impact of the project, the impact
of the COVID-19 pandemic on the local community as well as to conduct a Choice Experiment to study
households’ preferences regarding the role of energy vulnerability in energy-saving interventions.

Based on the activities of the project in the area of Metsovo (i.e. social surveys and LL activities), the
main conclusions drawn are as follows:

The main problem faced by the local people in the mountainous LL is the excess cost of
heating. As a result, they usually tend to underestimate the burden of electricity costs. The LL
measurements, however, 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 needs to be paid to electricity conservation measures. In
the same direction, a solution needs to be found regarding the use of solar water heaters in
the settlement. As has been mentioned before, the use of solar panels is not allowed today.
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.

Thermal insulation is important in Metsovo because the area experiences a high number of
heating degree-days. Based on the stated heating expenses and the engineering model
calculations, the presence of thermal insulation leads to 30% lower heating expenses, on
average.

The LL activities revealed that many diesel-fired heating systems had a low-efficiency ratio
(even lower than 84% compared to 90% which is the proper rate). The maintenance of the oil
burner led to an average increase in the efficiency ratio of 4% (even up to 7%). Regular
maintenance of the heating system is a low-cost and effective measure for reducing heating
expenses.

In some cases, zero-cost behavioural changes, like setting the thermostat to the right
temperature, may result in a significant reduction in the heating cost. For example, it was
shown that if the indoor temperature exceeds 20°C, heating expenses can increase even by
1,000 €/year. This is another reason why replacing old analogue thermostats with digital ones
is a useful and cost-efficient measure.

Overall, considering the total number of households that took place in the three LL rounds, i.e. 150 or
442 people, the following benefits are estimated:

Public

STEP-IN helped 335 people
o Better understanding of energy bills: 75 people
o Change in everyday habits: 96 people
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Change/maintenance of the heating system: 56 people (19 houses)
More efficient use of the heating system: 53 people
Motivated to implement insulation measures: 28 people (10 houses)
Change of electricity provider: 9 people (3 households)
o Use of night tariff: 11 people (4 households)
e STEP-IN improved the quality of life of 170 people
o Improved thermal comfort: 74 people
o Energy cost reduction: 41 people
o Moisture/mould reduction: 46 people
o Payment of utility bills on time: 10 people
o Replaced defective appliance/insulate the house: 5 people (2 houses)
e Actual and potential heating energy savings achieved during the project (on an annual basis):
o Heating energy savings due to heating system maintenance: 19,640 kWh
o Heating energy savings due to replacement of thermostats: 52,840 kWh,
o Heating energy savings due to insulation: 220,260 kWhy,
o Electricity energy savings due to the replacement of old appliances: 3,200 kWhe
e Potential reduction in CO, emissions: 66.4 tn per year

O O O O

Further, taking into account the results of the ex-post assessment survey and the total number of
households in the Municipality of Metsovo (after excluding those who participated in the LL to avoid
double-counting), it is estimated that the STEP-IN information and advice material reached more than
240 households or 670 people. In particular, the following benefits are estimated:

e STEP-IN helped 525 people
o Better understanding of energy bills: 365 people
o Change in everyday habits: 365 people
o Change/maintenance of the heating system: 185 people (about 70 houses)
o More efficient use of the heating system: 185 people
o Motivated to implement insulation measures: 40 people (15 houses)
e STEP-IN improved the quality of life of 305 people
o Improved thermal comfort: 110 people
o Energy cost reduction: 60 people
o Moisture/mould reduction: 25 people
o Payment of utility bills on time: 25 people
e Potential heating energy savings: 85 houses
o Heating energy savings due to heating system maintenance: 86,520 kWh per year
(based on savings of 4% and average heating energy of 30,900 kWh per household
for 70 households)
o Heating energy savings due to insulation: 139,050 kWh, per year (based on savings
of 30% and average heating energy of 30,900 kWh, per household for 15 households)
e Potential reduction in CO, emissions: 51 tn per year

As regards the general context of the LL, the following methodological remarks can be made:

e Even when there is a great interest in the local community on how to reduce energy
consumption and spending, or how to improve the thermal comfort in their homes, it is not
easy to engage households committed to the activities of the LL. Paying long and often visits
for collecting the energy data or assigning tasks, such as keeping a complete energy diary for
the use of heating and electrical appliances daily, 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.

e Towards gaining the local community’s trust and support, it is more than useful to involve
local people in the LL activities. For instance, people who seemed reluctant to let the Energy
Advisors install the monitoring equipment to the electric switchboard were appeased when
local electricians were hired and paid visits together with the Energy Advisors.
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e Discussing the benefits of the project is simply not enough. It is more than important to
undertake promoting actions to motivate the local community. For example, in the case of the
mountainous LL servicing for free oil-fired heating systems was strongly discussed among the
members of the local community and promoted a sense of ownership of the LL actions.

e 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.

e People seem to be more convinced to get involved in energy conservation and to adopt the
advices provided by the Energy Advisors when presented with actual measurements, as
discussed later on. For example, less than 30% of those who didn't have monitoring equipment
installed said that they noticed an improvement in their quality of life, whereas around 60% of
those who had monitoring equipment installed said that they noticed an improvement in their
quality of life. Further, 80% of the participants who had monitoring equipment installed said
that the installation of electricity consumption meters motivated them to check regularly their
electricity consumption and almost all of the participants with temperature and humidity
monitoring equipment said that they were helped in taking energy efficiency decisions, i.e.
replacement of thermostat, purchase of a dehumidifier, etc.

e Using monitoring equipment is not only helpful towards convincing people to implement
energy-saving measures (either technological or behavioural) but also useful towards
identifying problems in the operation of malfunctioned appliances. In one case, in the
mountainous LL, a defective appliance, namely a refrigerator, was found and replaced, saving
hundreds of Euros per year. Moreover, temperature and humidity sensors revealed significant
differences within certain residences that use non-central heating systems or are unable to
heat the total house area.

e The Information Centre did not seem to work well, at least at the mountainous LL. This
suggests that it is not always easy to inform energy vulnerable households because they need
to be proactive to change their status quo. This problem is not unprecedented. As referred to
in DellaValle, (2019), in Malta, there was a scheme to support energy vulnerable households.
Every year, €500,000 vouchers were not claimed. Hence, the government changed the scheme
without changing the eligibility criteria. More specifically, households identified as vulnerable
categories were automatically enrolled in the voucher program and receive a credit to their
bill through their service provider. Also, the Italian Regulatory Authority for Energy, Networks
and Environment has advanced a proposal to automatically enrol energy vulnerable
households automatically in subsidy programs. In the same direction, during the first energy
café which was held at the premises of NTUA, the participants said that moving closer to the
Metsovo’s centre could attract more people. Thus, it was decided to move the next energy
cafés to a more familiar place, either to the Municipality Hall or a local café. Indeed, the second
energy café was held at the Municipality Hall. Unfortunately, the third energy café was
organised as an online event to respect the social distancing measures in force.

e |t seems that the remote operation of the LL cannot fully replace face-to-face LL activities. For
instance, remote advice and assistance on energy issues are feasible on a one-to-one basis.
Yet, participatory actions, such as energy cafés, at least in the mountainous LL didn’t work well.
Further, remote assistance and advice may not reach the most vulnerable households, e.g.
those who do not have internet access (or even telephone access in many cases). This is also
reflected in the achieved energy savings in the three rounds. More specifically, the energy
savings in the V1, V2 and V3 rounds were 9.2%, 5.4% and 3.9% of the total energy consumed
by the households.

From a policy perspective, many interesting remarks can be made based on the Choice Experiment
conducted in the ex-post assessment survey. First, it seems that the energy retrofit is the most
preferred option (the other two options were upgrading/replacement of the heating system and
replacement of old household appliances). This may be related to unobserved benefits of retrofits, e.g.
insulation may enhance occupant’'s comfort and increase future resale value. Second, it is important to
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underline that the preferences of vulnerable households depend on the different aspects of energy
poverty. For instance, those who are unable to keep a level of thermal comfort at home are less willing
to invest in energy efficiency while the opposite stands for those who are faced with damp problems
or arrears in bills. This is attributed to the fact that a significant percentage of the households who
report thermal discomfort (at least in the study area) belong to the lower-income group. Third,
vulnerable households hold different willingness to pay (WTP) values for each of the proposed
interventions. These differences are not observed only across groups but also between groups. For
example, those who claim inability to keep their houses adequately warm are willing to pay around 2.8
Euros for every Euro saved on an annual basis from the upgrading of the heating system, whereas
those who face damp problems are willing to pay around 5 Euros, respectively. Finally, the socio-
demographic characteristics of the respondents, which are known to be related to energy poverty,
such as income and age, also possess a crucial role in the energy efficiency decision-making process.
In general, elderly people, who are more prone to energy poverty, are at the same time more reluctant
to invest in energy saving. The same conclusion is drawn for low-income households. Further, the
estimated values show that households who are struggling to live on their income can afford to pay
for energy retrofits only one-third of the amount estimated for households who are living comfortably.
Allin all, these findings are worrisome because, without support to implement structural measures like
energy efficiency, elderly and low-income households could be trapped in the vicious circle of energy
poverty, as previous studies suggest.

Finally, concerning the impact of the COVID-19 pandemic (and the restrictions adopted to prevent its
spread) on households’ socioeconomic status and energy consumption, the main findings from the
survey and the LL activities are the following:

e About half of the households in the study area reported that their income decreased during
the pandemic. Among those who stated that the household’'s income was affected by the
restrictive measures, 20% claimed the decrease to be in the range of 5-25%, 40% in the range
of 25%-45%, and the rest reported a reduction in income over 50%. It should be noted that
there were households (10%) that reported a decrease in their income in the range of 80-
100%.

e Almost 3 out of 10 households that participated in the ex-post social survey stated that during
the restrictive measures due to Covid-19 their heating system worked more hours than usual.
About 10% of them reported working for an extra 1 to 2 hours and 80% reported working for
between 3 to 6 hours. Further, 55.6% of the participants reported an increase in the operation
of some electrical appliances during the restrictive measures. As far as the LL participants in
rounds V2 and V3 are concerned, also 3 out of 10 households said that they used more their
heating systems during the lockdown. In particular, 20% reported extra 1 to 2 hours, 24%
between 3 and 4 extra hours, 20% between 5 and 6 extra hours and the rest (i.e. 27% more
than 6 hours. Also, 64% of them reported an increase in the operation of some electrical
appliances during the restrictive measures.

e Based on the measurements taken by the monitoring equipment, it was found that the average
increase in electricity consumption during the first lockdown was 8.6% (or approximately 1
kWh per day). In more detail, the average increase in electricity consumption during weekdays
was 9.2% and during weekends almost doubled, i.e. it reached 16%. During the second
lockdown that started in late October, early November the hourly average electrical
consumption between October 2020 (before the lockdown) and November 2020 increased by
about 24%. In particular, the increase in the hourly average electrical energy consumption was
about 29% at the weekends (compared to October 2020) and 22% during the weekdays.
Further, the increase in the average hourly electricity consumption between November 2019
and November 2020 was 41%, between December 2019 and 2020 was 14% and between
January 2020 and January 2021 was 29%, respectively.

e Based on a limited number of households where an electricity sensor was installed on the
power line of the burner, it was found that the average increase in the operating hours of the
heating systems was 1.3 (ranging from 0.1 to 3 hours per day). On a percentage base, this
corresponds to an average increase of 39% (from 1.5% to 99.5%)).
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The average increase in the house temperature was around 1%. This remark coincides with the
fact that only one-third of the households said that they operated their heating system more
hours per day. Even if the heating cost does not increase between the two periods, this finding
is worrisome because almost half of the households stated that their income reduced during
the pandemic. Hence, in the' best-case’ scenario, the subjective indicators of energy
vulnerability will remain stable, but the already high “energy-cost-to-income” ratio will worsen,
especially in the area of the mountain LL where heating is an "inelastic” good. It is important
to mention, also, that significant differences exist between the households depending on the
housing characteristics, socio-demographic, and heating system characteristics. The analysis
of specific examples shows that low-income households are forced to spend an even higher
proportion of their income on heating and electricity cost to achieve the desired indoor
temperature.
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9. Annexes

Annex I: STEP-IN’s main leaflet (in Greek)
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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 VOLKOKUPLA VA KAVOULV EPWTNAOCELC KAl va oL{NTAO0oLY
L€ evepyeLakoUg eLSLKOUG.

OLKLOKOL evepyELaKoL cUMPBOUAOL

OL evepyelakol oUPBOUAOL ETLOKETTOVTAL TO OTHTL 0a¢ Kat
TIOPEXOUV  AETTTOHEPELG Kal €EELSIKEUPEVEG OUUBOUAEC  Kal
ekTtaléeuon og BEpaTa PElwanG TNG EVEPYELAKNAG OTIATAANG OTIWE

ATIOSOTIKI Xpr)on TOU cuoTrpatog Bépuavong

EColkovopnan evépyelag péow  povwong,  avakatviong,
QATTOSOTIKWY CUOKEUWV, AT WY LED KATT.

AMaQyr| Tou TIpopNBEUTH eVEPYELAC

Xprion epyaAieiwv TNE

EpyaAela TME ypnouomolouvtal yla va arekovioouv
EVEPYELOKEC TTANPOPOPLEG TOU aTTLTIo Kat va BonBrjcouv
€0GC KAl TOV EVEPYELAKO OUPBOUAO VA KATAVOrOETE
KOAUTEPA TNV  EVEPYELAKN 0AC  KATAVAAWON, TOUG
AOYQpLACHOUG KATL

P

SETTINGS  SCHEDULE

Current Temperature

20°

EVNPEPWTLKEG KAPTIAVLEG

DUMAESLA, aploeg, evnuepWTIKA SeATia Kal EKTTALOEUTIKEG
S5paoTNPELOTNTEG TIAPEXOLY TIPOOBETN UMoaTAPLEN Yyla
BLWOLLN XPron TNE EVEPYELAG KAL EVEPYELAKA ATTOSOTIKEC
ETAOYEC 0TV KaBnuepwvn Lwn.
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Annex Il: STEP-IN’s second energy café poster used in Metsovo (in Greek)
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Annex IlI: Questionnaires used by the Energy Advisors at the initial and the evaluation phase
(in Greek)
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EPQTHMATOAOINO ENEPTEIAKQN 2YMBOYAQN TA TizZ KATOIKIEZ

A. KYPIA XAPAKTHPIZTIKA

1. HUEPOUNVIO KOTOOKEUIG cuvveerreeeureeetreeereeeeeteeeeiseeeeasseeeasssessesessseesssesesasesesssssesssssesssessssesssnsesesssenans

2. TuUmog katolkiag

Movokartotkia/évoc dpodoc
MeloveTa
Alapéplopa

ETILDAVELD (IM2) ettt ettt ettt ee et s et s e ses et e steses es s etesessebess et sessasersasesassasarsseessssnssesatesessnssasaseseen
OEPUALVOUEVN ETILDAVELDL (IM2) .vrviiereeiierieee s etereste st et astete st et assstessssssssese st sssassasesassassesessssssessssessssnnsns

ADLOOGC LEAWY VOLKOKUPLOU ...vereeeerieereisieseseesesessesessesesassesassasessssesassasessssessssesesassesassssessssessssasesesessssasassns

o v oA~ W

ADLOOC UTIVOSWLOTLUIV 1vvvreeerieeresenietestete st esasssse st sesessssesssssssssasesasssssssasestesessssssssnsessssssssensssesssssssnsssesaseses

B1.

XAPAKTHPIZTIKA KTIPIAKOY KEAYOOYZ

1. E&wtepwol Toixol

Movwon NAI/ OXI
2. O¢povta otolyeia

KPEUAGN SOKOAPLOU (CIM) ettt sttt teee et e e etes e s nasen et v ananens

Movwon NAI/ OXI
3. Opodn oe enadn pe e€wtepko aépa NAI/ OXI

Movwon NAI/ OXI

o LT To V2=l Lo B (1 4 OO
4. Aamebo os emadn pe s€wteptkd agpa NAI/ OXI

Movwon NAI/ OXI

ETELDAVELDL (MN2) oottt ettt ettt st st et et ettt s st et e ettt e bt sbmsas ses e b et st st et bt ses s srnees
5. Admnedo ot emadn pe puoiko édadoc NAI/ OXI

Movwon NAI/ OXI

ETUPBVELOL (MN2) 1ottt ettt ettt s et st era et esasae s s et e ses s stssasaeserssan st ens st tessesstesassnsernsanans
6. Admnedo ot emadn pe un Ogppoavopevo xwpo NAI/ OXI

Movwon NAI/ OXI

o LT To V2= Lo B (1 1 OO




1. Ymapyouv matlolpila/ pohd NAI/ OXI

2. YAo mAatoiou koudwuaTwy

Aloupivio
Z0Ao
PVC

3. Timog vaAootaaciou

Movog

AUTAOGG, ULKPO SLAKEVO
AUTAOGG, peydho SLakevo
AuTtAG mapdBupo

4. Eminedo agpooteyavotnTag

KaAo
Métplo
Kako

1. Notog elval o TUMOG Tou KUPLOU CUCTAUOTOG BEppavong (2 MEPLMTTWOELC CUCTNUATWY KEVTPLKAG

B€puoavonc, xpnoomolol e Kal To EpwtnuatoAdyLo 2. ZnToUue, Qv UTIAPXEL, TIPOodATO EVTUTIO

eAéyxou KauoTpa,/ CUCTAUATOC KEVTPLKNG Bépuavanc)

Kevtpikn Béppavon, metpéAalo
Kevtpikn Béppavan, lpg

Kevtpikn Béppavon, kauooEulo
TOTIUKEG LOVASEC, OOUTIEG TTETPEAOLIOU
TOTKEG LOVASEC, COUTIEC UYPAEPiOU
TOTIKEG LOVASES, COUTIEC KAUCOEUAWY
AVOLKTO T{aKL

KAeLoTO, evepyelako TLAKL

Tomkeg avtAieg BepuotnTag

Kevtpikn avtiia Bgpupodtnrog
O€ePLUOCUCOWPEUTEG




2. XOpPOKTNPLOTIKA KUPLOU OUCTHHOTOC O€puavong, €KTOC TwV KEVIPLKWV (CUPMARpwon oTo

Epwtnuatoloylo 2)

3. Juotiuoata avtopatiopol (oUpdwva pe KENAK)

> 7w >

Wnolakog Bepuootdtng NAI/ OXI
4. Ynapyel Seutepelov cuoThua BEpuavong oto oty
TP OGO LOPIOTE ...cueiteteecteeetet ettt et et et et se et et s st eseasebesabessasebensesebeas et nsabesasssaensasessnsebensasessrsetensates

5. Eadv elvat Suvatov, va {ntnBouv tipoldyla Samavwv 6cov adopd otny evépyela yla B€puovaon

e TETOlN CUCTAUATA, TPAKTIKA, &€ Xpnolpomnolovvtal oto MEtoofo. Map’ 6Aa auTd, GV UTIAPXEL
ovotnua Yuéng, va onuewdoulv: (a) o aplBudg Twv cuoksuwv, (B) n woxvg toug, (v) N

anoppodOpeVN NAEKTPLKN LOXUG Ao TO TAUTEAAKL TNG CUCKEUNG.

1. TUmog cuoTHUATOG

Boiler, metpéAato

Boiler, Ipg

Boiler, E0Ao

HAektplkOg Oeppavtrpag

2. Ymapyxet nAlakog Bepuooidwvag; NAl/ OXI
TUMOG/ UEYEDOG boiler (KOUT EKTUUNGT) wiveveerireereriie et et et e sse e st et s b seasre e et sse s s sas s sbesessassesses st snsens

ETLOAVELA (KAT' EKTULNGN) (M2) 1oreerieiieiiereiestie st sstasessstss et et ses s st setesesessss et sesssessssesesssesesesesssessans



1. TOmog NAEKTPOAOYLKNG EYKOTAOTACNG

10
30

2. XpnoluoToleital oTo VOLKOKUPLO KAToLa ELOLKN XpEWoN);

Nuxtepwvo TipoAdylo
Kowwvikd Owkiako TipoAdylo
OxXiI

3. HAeKTPLKEG CUOKEUEG e Peyaha dopTia

HAektpLkn kouliva
MAuvtipla

HAekTplkOC Oepuooidwvag
AN\o

4. Qwtopdg
TUTIOG KUPLWG XPNOLLOTIOLOU LEVWV ACUTTTIIPUIV «..veevieereeteeseeesestsaeseessssssessesesssssssssssassssensssssassssessassens
EKTULNG QAPLOOU AQUUTITPUIV weveveeeeveerereretecteeeeeeeeeeeaeseessesesesensstessesessesasesensssesasessssssssssasssessssssnsesssssseses

5. Av eival Suvatodv, {ntol e To Aoyaploopd NAEKTPLKAG EVEPYELOC YL €Va £TOG

6. Edv &g xpnolpomoleltal NAEKTPLK EVEPYELX ylo. payeipepa, va kataypadel to £idog twv
OUOKEUWV Tou XpnoLlpomnolouvtal yla ™ xpnon ouTn

1. Xemola Beppokpacio puBuilete To BepooTdtn; (0 MEPUTTWOELS KEVTPLKNG Bépuavaonc)

<18°C
18-20°C
>20°C




2. Mola gival, Katd péco 6po, n Bepuokpacia Tou OmLTOU 0aG TO XELLWVQ,

3. Ta mooeg WPEG, KATA LECO OPO, AELTOUpYEITE TO cUOTNUO BEpUavong TO XELLWVA, AVA NUEPQ;

< 2h
2-4h
4-6h
6-8h
>8 h

4. Avolyete ta mapdBupa yo agplopo tou ometiov; NAI/ OXI

5. MNola mepiodo TG nUéEPacC avoiyete Ta mapabupa;

Nwpig to mpwi
MpLv To peonuépt
To peonuépt

To amoysupa

To Bpadu

6. AwcBdaveote dveta oto ortitt to xelpuwva; NAI/ OXI

7. AwBaveote Gveta oto omitt to kalokaipt; NAI/ OXI

8. 'Exete mpoPAnuata vypaociag/ pouxhag/ cupmikvwong udpatuwy oto omnity; NAI/ OXI

9. 'Exete evromioel mpoPAnpaTa Lyelog o HEAN TOU VOLKOKUPLOU 0ag AOYw avemapkouc Bépuavong;

NAI/ OXI

10. Exete kaOuoteproelg otnv amonminpwpr Aoyaplacpwy evépyetag; NAI/ OXI



EPQTHMATOAOINO ENEPTEIAKQN 2YMBOYAQN A 2Y2THMATA KENTPIKHZ
OEPMANZHZ

A. BAZIKA XAPAKTHPIZTIKA

1. Kavowo

MetpéAato
LPG
Kavaodéula
Pellets
IMAPKOL TUTIOG .venieiereeeeteeetereee ettt eteeteasases s et sesaessas et ssabessas st ssssesaseebessasessasetesesssssessbnsssesasssenssasasasestenssnrsenees

N @\ VTo T Lo To {1 Ga T Lo (U L AN=1C T o AT T TP
3. Kukhodopntng

4. Ymapyxel boiler yio mopaokeur {eotol vepol xpriong NAI/OXI
OVKOGC DOMEE ([IT) 1euverie ettt ettt ettt e ettt et es e ettt et eassansasessae st nsasesensebensassssnserenees
5. INUELWOTE TO OXOALA 0O YLaL TN YEVIKA KOTAOTAGON TOU GUGTHHOTOC KEVTIPLKNC Béppavong Hetd

artd TOV OMTIKO EAEYXO TNG EYKATACTACNG

6. Ymdpyel Eexwplotdg mivakag AsBntootaciou NAI/OXI

B. METPHZIMEZ NAPAMETPOI

OEPUOKPAOLA KAUGOEPLIV (PC) unriuerieeresieietireeiestsesaetetesetesassetesesesessebeses eress et sesbesessetesessasassasessnsessssasessans

MTLECN KAUGOEPLIIV (IMDAI) oottt ettt ettt et sttt ee et sebebeasste e beseeebesenteseee et sensetens et sensesens ooe

AW oN R
(@)
o
=)
S
3




o Eowtepkog Babudg anddoong AéBnta - kavotnpa: Baosl Nopoypadpnudatwy 1 kat 2.

e Juykévipwon ofuydvou ota Kauoaépla: Baosl Nopoypadpnudtwy 1 kat 2.
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Nomograph 1. For diesel oil
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Nomograph 2. For LPG




EPQTHMATOAOTIO ENEPTEIAKHZ ENIGEQPHZHZ KATA TH AH=H TOY 1°* KYKAOY
TOY LIVING LAB TOY MET2ZOBOY

A. MAPAKOAOYOHzZH METPHTQN — 2YMBOAH TOY STEP-IN 2THN EZOIKONOMHZH ENEPTEIAZ
KAI TH BEATIQZH ZYNOHKQN ZQHZ 2TA NOIKOKYPIA

1. NapakolouBoUoate Tov HETPNTA NAEKTPLKAC KATAVOAWONG HEOW TNC £PapUOYNC OTO Kvntd/

UTtOAOYLOTH);
Nat I:l OxL I:l

2. Avval, TOCO TOKTLKA;

MoAAég Dopég/ nuépa

1 ®opa/ nuépa

MoAAég Dopec/ eBSopada
2 Qopég/ eBdopada

1 dopa/ upva

3. MapakolouBolooarte Tov petpntr Bepuokpaaciac/vypaciog;
] o]

4. Avval, O00 TOKTIKA;

MoA\ég Dopég/ nuépa

1 ®opd/ nuépa

MoA\ég Dopég/ epdopdda
2 ®opég/ eBdopada

1 dopd/ uiva

5. Av dgv mapakoAouBouoate CUCTNHUATIKA TIG ETPHOELG KATOVAAWONG peVaTOC 1 Bepuokpaciag

Kall uypaociog, yla oloug AOyoug SV TO KAVETE;

6. 2ag Bondnoav oL LETPNTEC VO TTAPETE KATIOLX OB OON OXETLKA LE TNV EVEPYELOKN £E0LKOVOUNON

otnv olkia oo

Nat OxL




6A. Av val, LE TIOLO TPOTIO;

Ayopa véag evepyelakd amodoTIKAG/wv cUOKEUAG/ WV
AVTIKOTAOTOON AQUIMTAPWY

Emd1opBwon evepyoPOpoc GUCKEUNG

Avampooapuoyn wpwv Astoupylag NAEKTPLKWY CUCKEU WV

AMayn ocuvnBelwyv/ pelwon KatavaAlwong;

EmepBAceLc 0TO KTLPLAKO KEAUGDOC KAL OVTLKATAOTAGCH KOUDWUATWY

AVTIKOTAOTOON — ZUVTHPNON CUCTAMOTOC AEBNTa Kavothpa
MpocBnkn BepUooTATn A AVTKATACTAON TOU avaloylkou pe PndLoko
Avarnpocappoyr wpwv Aeltoupyiag cuotnuatog B€puavong

Meilwon Bepuokpaciog Oeppootdtn

KaAUtepoc agplopog

Ayopd cuokeung aduypavong

6B. Av oyL, ylati;

7. Xxebldlete va TPAYLOTOMOLAOETE TO E€MOUEVO SlAoTnUo KAToleG SpAOELS

EVEPYELAG OTNV KATOLKIAG 0Q;

Nouw

Oxt

8. Avval, TL OKEPTEDTE VO KAVETE;

g€olkovounong

9. 'Exete umoPadlel aitnon oto mapeABov f tnv tpéxouca mepiodo oto mMpoypappa «EEolkovounon

Kot olkov»;

Nouw

Oyt




10. Eav umadpéel véo mpoypappa anod tnv MoAteia yla tnv emdotnon eneufacswv €okovounong

eVEPYELOG, Oa BENATE VO CULETAOYETE;

Nat

Oxt

11. Tumotelete OtL unopel va fonBnoeL MeEPLOCOTEPO TA VOLKOKUPLA YLAL TNV €E0LKOVOUNON EVEPYELOC

Erudotnon enepPacewv e€0LKOVONGNG EVEPYELAG

‘EKITWwon amno to ¢opo L60dAUATOG TG Samdvng yla enepBAcEeL e€0LKOVOUNGONG

AM\o

12. Me Bdon to otolXela Kal TLG HETPHOELS TTou AdBoape, Ba BEAape va oog MPoTeivoupe Kamola
TOava PETpA yla T Helwon Tou evepyelakol oag KOoToud. MNola amnod ta PEtpa autd Ba noaotav

SlateBelpévn/og va payOTOTIOLOETE KO LE TIOLOL OELPA TIPOTEPALOTNTAG:

13. Av 8ev OKEPTEOTE VO TIPAYLATOTIOLOETE KATIOLA )} OAEG QO TLG TTAPATIAVW TIPOTACELC, TIOLOL €ivall

oL onuavtikdtepol Adyol Tng anodaong oag;




14. Yag PBondnoe n ocuppetoxn oto €pyo STEP-IN (Energy Café, emiokéPell TwvV EVEPYELOKWV
oupBoUAWY, KATL.);

Nat

Oyt

15. Av val, [e Tolo tpomno;

KaAUtepn Katavonon Aoyaplaoiwy NAEKTPLKIG EVEPYELAG

AM\ayn ocuvnBeLwv KaBnuepLVOTNTAG

AM\ayn TIapOxXou NAEKTPLKNG EVEPYELAG

Xprion vuxtepLvouU TLLOAOYIOU NAEKTPLKNG EVEPYELAG

EmepuBaoelc oTo KTIpLako KEAUGDOC KAl OVTLKATAOTAON KOUDWHATWY

AVTIKOTAOTOON — ZUVTNPNON CUCTAMOTOC AEBNTa KavaoTrpa

ATo80TIKOTEPN XPHON CUCTAUATOG BEpUavong
AM\o

16. Av OxL, yloTi;

17. Tevik@, oL ouvBnkeg SlaBiwong otnv katowia oag, €xouv PeAtwBel katd tn SldpKeld TOU
televtaiou e€opnvou;

Nau
Oxt

18. Av vay, e oo TPOTo;

KaAUtepeg ouvOnkeg Bepuokpacioc/vypaaciag oto omitt

Meilwon evepyeloKOU KOOTOUC

Meiwon vypaocioc/ polxAog

‘Eykatpn MANPWH EVEPYELAKWY AOYAPLACUWV

AMo

AV HELWONKE TO EVEPYELAKO 0AG KOOTOG, TOCO Tepimou eival n peiwon avth (mocd n
TTOC00TO)




B. AHMOTIPA®IKA

MpoTIUW va unv
D1. Amnod néoa Atopa amoteAE(TaL TO VOLKOKUPLO 0OC; anavtiow

MpoTlUw va unv
D2. MNoéoa amod autd sival matdld KAtw Twy 5 eTwy; anavtiow

MpoTluw va pnv
D3. Moéoa amod autd sival cuvtaglouyol; anavtiow

MpoTluw va pnv

D4. Moéoa and autd sival avepyol; anavtiow
D5. Méoa and autd eivat dtopa pe avamnpio f kamola MPOTLU® VaL UNV
HaKpoxpovia acBévela; anoavtiow

D6. MMolo ival To avwTepo £Tinedo ekmaldeV o OMOLOUSHTIOTE LEAOUG TOU VOLKOKUPLOU 0agG;

Aev €xel oAokANPwOeL To dSnNUOTLKO TEI

AnpoTIKO oxoAeio AE|

Ffupvaolo/ AUKkeLo Metaruyiako
AeutepoBabuLa emayyeApOTIKA Abaktopiko
MPOTIUW VA NV amaviiow

D7. [Moto gival To cUVOAO TwV €G6WV TOU VOLKOKUPLOU 0aG KABE prva yla OAEC TOU TIG AVAYKEC;

NoPAKOAW TIPDOOOLOPLOTE €..oovvveeeeveerreeeeeeenns

D8. Moto ntav to kabapd pnviaio eloddnua o0AGKANPOU TOU VOLKOKUPLOU c0¢ (CupmepAapBovopEvwy
ETUSOUATWY, ELOOSNUATWY ATO EVOIKLA KATL.);

<300 EUR 1201-1500 EUR
301-600 EUR 1501 —2000 EUR
601-900 EUR 2001 - 2500 EUR
901-1200 EUR > 2500 EUR
MPOTLIW VA KNV OITavTRow

NopaKOAW TIPOOOLOPLOTE €..ovvvvvvvrrrrrerreeeeen.
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Annex IV: lllustrative examples of household-specific reports and energy advice leaflets (in
Greek)
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MetpnTiké AeSOpEVA LL-0T-XXXXXXX oﬁa
STEP-IN PROJECT R

MetafAntn Méan Tyun EAayiotn Tiwun Méyiomn Twn

Oepuokpaaia (t) 20.88 14.27 34.1
2XETIKN vypaaia (rhy) 50.32 20.75 74.75
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2xETIKN vypaaia (rhy) 59.19 28.25 80.25

Oepuokpaaia (t2) 21.66 11.5 27.15
2xETIKN vypaaia (rhz) 49.7 32 73

EONIKO METZOBIO NMOAYTEXNEIO
METZOBIO KENTPO AIEMZTHMONIKHX EPEYNAX

&
S
o
&+
e
-l
&




MeTpnTiKG Acdopéva

STEP-IN PROJECT

8 - 14 AnpiAiou 2019

6
58
56
5,4
5,2

i

o

+

i

5
4,8
4,6
4,4
4,2

It

y

{

4
3,8
3,6
3,4
3,2

3
2,8
2,6
2,4
2,2

2
1,8
1,6
1,4
1,2

1
0,8
0,6
0,4
0,2

4

LA

4

0

00:0 6T/¥/S
TT6T 6T/1/
vTvT 6T/v/
9€:6 6T/¥/¥
8v:v 6T/v/v
00:0 6T1/%/¥
TT6T 6T/1/
YTl 6T/v/
9€:6 6T/¥/€
8v'v 6T/v/€
00:0 6T/¥/€
TT:6T 6T/1/
vTvT 6T/v/
9€:6 6T/¥/¢
8v'v 6T/v/¢C
00:0 6T/¥/¢
TT:6T 6T/%/
YTy 6T/v/
9€:6 6T/¥/T
8v'v 6T/v/T
00:0 6T/¥/T
TT6T 6T/v/
vTyT 6T/v/
9€:6 61/%/0
8v:v 61/%/0
00:0 6T/%/0
TT6T 6T/v/
vTyT 6T/v/
9€:6 61/7/6
8v'v 6T/v/6
00:0 61/¥/6
TT6T 6T/1/
vTyT 6T/v/
9€:6 61/1/8
8v'v 6T/v/8
00:0 6T/¥/8

EONIKO METZOBIO NMOAYTEXNEIO

W
<
=
>~
(W8]
o
[FH)
N
I
X
=z
o
=
I
—
o
—
=
<
o
[a
-
Z
Ll
~
Q
o
(@)
N
[
[TH)
=




S
‘W
=
o
10
w
S|
Xe]
=
=
o
Q
=
W
=

STEP-IN PROJECT

17 - 24 louviou 2019
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MevikéG CUMPBOUAEG

=  TouAdyioTov pia @opd avd duo Xpovia va
KAveTE ouvVTAPNON Tou KauoTApa. ‘ETol
atro@elyovTal BAEPREG Kl PEIWVETAI TO
K6aTOG Bépuavaong.

EvnuepwBeite atrd Tov TTAPOX0 NAEKTPIKNAG
EVEPYEIQG YIA TO VUXTEPIVO TIMOAGYIO 1 GAAC
€1I0IKA TIHOAOGYIQ, UTTOPEITE VO ATTOPUYETE
OnNUAVTIKA KOOTN

Na pnv &exvaTe va agpiCeTe To OTTITI 0OG
eTTapkws. Ooo PTTOPEITE, TO XEIMWVA, VA
avoiyeTe Ta TTapdbupa TIG EGNUEPIAVES
WPEGS, EIBIKA OTaV £XEI NAIGAOUCTO KaIPO.

_

MNMpotdocig yia Tn BeATiwon
TWV CUVONKWYV Kal Tn
MEIWON TOU KOOTOUG
EVEPYEIONG OTO OTIITI OAG

OTO TTAQiCIO TOU £pyou
STEP-IN (LL-01-11)

STEP-IN PROJECT
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Y@QIOTAMEVN KATACTOOT)
KaTolKiag/ Oépuavon

Me Bdon Toug UTTOAOYIOUOUG Kal TIG HETPATEIS TTOU £yIvav
atrd TNV EpeuvNTIKY oudda Tou EMIM kai tou MEKAE, €18ikd
yla TNV KOToIKia 00, TTIPoEKUWav Ta akoAouba:

ZYNOHKEX ©OEPMOKPAZIAY / YTPAZIAZ

= Kovrd oTIg ouvbAkeg dAveong yia Tnv TTEPiodo
Bépuavong n  Bepuokpaaia. TMaparnprRdnkav
KATTOIEG 1010iTEPA UWNAEG  TIMEG  (EVOEXOMEVWG
Tautoxpovn XpAon AéBnTa Kalr  evepyelakou
TCoKkIoU). To KoAokaipl, n emmAéov pévwon
oupBaAel otn diatpnon Tng Beppokpaaiag KovTd
OTIG oUVONKeG Aveong

= Kovtd o1a QuaIoAoyIKG eTTiTTed0, KaTd HECo 6po, N
uypaoia aANd  pe  onuavTikEG  OIOKUPAVOEIG.
MapaTtnendnkav TTOAU XaunA£G TINEG OTO XWPO TTOU
Aeiroupyei o TCAKI KAl KATTOIEG  TTEPITITWOEIG
UWNAWYV TIHWV OTOUG AAAOUG XWPOUG, TNV OpXh
TOU KaAokaipiou.

KATANAAQSH ENEPTEIAZ TIA OEPMANIH KA
ZESTO NEPO: 34.822 KWh/ £70¢ A 409,7 kWh/m?/£To¢

ZYNOAIKO KOZTOX ©OEPMANZHZ: 2.500 €

S

Y@QIOTAMEVN KATACTAON
KOTOIKIOG/ NAEKTPIOHOG

H exkmipwpevn  €tAoia KATavaAwon NAEKTPIKAG
EVEPYEIOG OTNV KOTOIKIO 0ag KPIvETal UWNA, TTOAU
MeYyaAUTEPN OTTO TO ECO OPO TNG XWPAG. AVEPXETa,
ouykekpipéva oe Trepitrou 10.380 kWh/Etog kai 10
EKTINWMEVO KOOTOG TNG gival 2.600 €/€10G.

H nAektpikfy katavaAwon emBapuveTal amod Tn
XPAOoN NAEKTPIKOU BEPUOTipwva yia TNV TTAPaywyr
CeoToU vEPOU KaI OTEYVWTNPIOU.

MeyaAUtepn eival n  katav@Awaon  NAEKTPIKNG
EVEPYEIOG KATA TIG OTTOYEUMATIVEG WPES, TUVHOWG.

H géoikovounon evépyeiag kai n
«EEUTTVN» XPHON EVEPYEIQC WPEAEI
TOV TTPOUTTOAOYIOUO TWV
VOIKOKUPIWYV KaI UEIWVEI TH
purravan Tou mepIarAovrog

METPA EZEOIKONOMHZHZ ENEPTEIAZ TIA
OEPMANZH

NOyw TG emTTAéov Bepopdvwang TTou €xel TOTTOBETNOET
KQI TOU TTPOYPOMMATIONOU YIa BEpUouOvwan 0popng, dev
TrpoteivovTal yeifova péTpa TrapépBaong, ekTog amd Tnv
TOTTOBETNON WNPIOKOU BEpUOaTATN.
TOMNOB®ETHEZH WHOIAKOY ©GEPMOZXTATH

= Opehog: 80 €/€106

= EkTignon kéaToug epapuoyng: 120 €

METPA I' A HAEKTPIZMO

Kpivetal onuavTikr n PEiwon Twv NAEKTPIKWY POPTiLV.
Etreidr) uttdpyel onuavTiki karavadAwon yia (eoTo vepo Kal
1dn xpnoigoTtroieital AéBnTag TeTpeAaiou, Ba ATav KOAS va
ToTroBetnBei  boiler yia Tapaywyr] Bgpuol vepol OTO
AeBnroaTtdaio.

TOMNOGETHXH BOILER TIA TIAPAIQrH ZEXTOY
NEPOY

= Ogehog: 200 €/€T10G

= ExTignon k60TOUG £pappoyng: 400 €
Me TIpoypauUaTIONd TNG XPNONG Twv  evepyoROpwv
OUOKEUWV TIG KATAAANAES WOPEG, EKTIMATAI OTI TO VUXTEPIVO
TIMOAGYIO UTTOPEl va GUUBAAEI 0T pEiwon Tou KOOTOUG
PEUNATOG.

XPHZH NYXTEPINOY TIMOAOTIOY

= Ogehog (kaT exTipnon): €éwg kai 700 €/é1og

METPA TIA TH TENIKOTEPH BEATIQZH
TQN ZYNOHKQN ZTHN KATOIKIA

ETreidn epgaviovTai eviote UPNAEG TIMEG UypaC
OKOTTIMO VO TTPOMNBEUTEITE €vav o
TouAdyiotov 200 W), o oTioi

OUVONKEG OTO OTTITLA

TIPETTEI VOO
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Annex V: Samples of information sheet and consent forms used in the mountainous LL (in
Greek)

Public ©STEP-IN Consortium 161



®UALo MAnpodopLwV ZUPHETEXOVTA OTLG SPACTNPLOTNTEG TOU BlwpatikoL
Epyaotnpiov tou Metoofou

EmuokéPelg Evepyeiakol ZupBoUAou kat eykatactaon Kataypoadilkol e§onAlopnol

1. Tithog Epguvntikol Mpoypappatog
Using Living Labs to Improve Energy Efficiency and Comfort Levels - STEP-IN
2. MNpookAnon

‘Exete MPOOKANOEl va CUUUETACKETE OE OUTO TO EPEUVNTIKO TIPOYPOAUMO ETELON
SnAwoate eBeloviika to evdladépov cag yla Tov okomo auto. Mpwv anodaocioste
OXETIKA [LE TN CUMUETOXN OQG, ELVOL ONUOVTLKO VA KATAAGPBETE yLATL TPOYHATOTOLETAL N
€peuva Kkal T 6a nmephapPavel. Mapakalovpe adlepwote Alyo xpovo va dapdacete
TIPOOEKTIKA TI TOPAKATW TANnpodopieg kot va TG oulntrioete Ue AAAOUG, €AV TO
€MOUUE(TE. Z0G TPOTPEMOUE VA HAC PWTNOETE yla otdnmote dev eival cadpEg kabwg
KOLL YLOL TIEPLOCOTEPEG MANPODOPLEC. XpNOLLOTOLELOTE OG0 XPOVO KPLVETE amapaitnTo yla
va anodacioste edv OEAETE 1] OXL VO CUUUETACYETE. Z0G EUXAPLOTOUE Ttou Slapdacate
TO OUYKEKPLUEVO GUAAO TIANpOdOPLWV.

3. Nowog €ivall 0 OKOTIOG TOU EPEVVNTLKOU TIPOYPALLLOTOG;

To epeuvnTkO TPOYPANMQ, TO omoio xpnuatodoteital and tnv Eupwnaikn Evwon,
otoxeVeL otn BeATiwon TNG moloTnTag WG, TNEG EVEPYELOKNE AtOS00NC TWV VOLKOKUPLWV
KOl TwWV €MUMESWV AVEONC TWV EVAAWTWY KOTOVOAWTWY, KABWC KoL oTtnv Topoxn
OUUBOUAWY OXETIKA HE TIC PEATIOTEC TIPAKTIKEG OE  OPYAVIOUOUG  TOU
Spaotnplomololvtol OTOV TOMEQ TNG EVEPYELOKAG Teviag. To €pyo Paoiletal ota
OTTOTEAEOUOTO TIAAALOTEPWY EPEUVWY, OL OTIOLEC TPaAyHOTOTMOLONKav TOC0 amo TNV
UPLOTAPEVN EPEVVNTLKA OpAda 600 KoL o TPIToUG, KoL £XEL OXESLOOTEL e TETOLO TPOTIO
WOTE VA ETUTPETOVTAL CUYKPLOELG E TA TIPONYOUEVA EVPHLATAL.

4. Nati eTAEXOnKa;

ErmtidexOnkate, 610tL eBelovtika SnAwoarte tn S1aBeon 0ag va CUUUETACXETE OTO TAPOV
TPOYpaApp Kot SLOTL WG KATOLKOG TOU OLKLOMOU Tou MeTooBou Anpolte Ta anapaitnta
KpLtripla tou Biwpatikov Epyaotnpiou.

5. H ouppeToxn 1OV €ival UMOXPEWTLKN;

Mapolo mou &nAwoate e€BeAoviikAd OTL €MIOUUEITE VO CUUUETACXETE OTO TOPOV
npoypappa, e€aptartal and 0dc va anodacioete av TEAKA Oa CUUUETACXETE 1 OxL. H
CUMMETOXN oag eival evteAwg €Bslovtikri. Edv amodaociocete va AaBete pépog, Ba
Slatnproete éva avtiypado tou cuykekpLuévou mAnpodoplakol dUAAoU Kal Ba TpEmel
va SnAwoete tn ouykatdBeon oag otn dpopua cuykatdBeong. Mnopeite va anmocupBeite



oo TNV €V AOYyW €Peuva ava Ao oTyUn Xwpelg va amatteital SIKoloAoOYNOoETE TNV
anodaon oag. EmutAéov, €xete To dikalwpa:

e TpocoPaocng ota dedopéva TOU CUYKEVIPWVEL 0 Evepyelakog Z0pBoulog LEow
TOU epwTnuatoAoyiou kot adopolVv OTO VOLKOKUPLO 0O,

o Slaypadng Twv dedopévwy TOU CUYKEVTPWVEL 0 Evepyelakog ZUUBoUAOG péow
TOU gpwTtnuatoAoyiou Kal adopouv OTO VOLKOKUPLO oag. Ta v Aoyw Sdedopéva
Suvartal va dtaypadouv onotednmote, xwpig va anapvnBeite to Sikalwua Tng
Pevdoavwvuponoinong,

e va aviltiBeote onotednmote otnv enefepyacio mpoowrnikwv dedopévwy r/ Kat
va teplopilete tnv enefepyacio Sedouévwy,

e va OlopBwoete avakplPry MPoowrika OeSopéva TOU TOPEXOVIAL OTOUG
EvepyelakoU¢ ZupPolAoug xwpic adikatoAoyntn kabuotépnon, Kabwg Kol va
OUUMANPWOETE  ateAry Tpoowriikd  &edopéva HEOw  TNG  TOPOXNG
CUMIMANPWHATIKAG SnAwaong,

o petadopag dedopévwy. Mmnopeite va {ntrioete Katl va AaBete 6Aa ta dedopéva
TIOU OXETL(OVTOL LE TO VOLKOKUPLO 0aG O SLAAELTOUPYLKN) Hopdr, XwPLlg va
HELWOETE TNV A0PAAELO TOU TIEPLEXOUEVOU TwV SeSOUEVWV.

6. TL GUVETTAYETOL | CUMLETOXI KOV OTNV EPEUVQL;

Kata tn Slapkela tTng CURHUETOXAG oaG otnVv €peuva Ba oag emokedtel Tpelg dopég o
Evepyelako¢ ZupBoulog. 2Zto mAaiolo autwv twv emrokéPewv Ba cag I{ntnbel va
OUUMANPWOETE €va CUVIOUO EPWTNUATOAOYLO OXETIKA HUE TA XOPOAKINPLOTIKA TOU
OTITIOU 00C, TA XOPOKTNPLOTIKA TOU OUCTAMATOC O€épuavong, Ta OTOoLXElD TwV
Aoyoplacpwyv NAEKTPLKAG evépyelag KA. Auta ta dedopéva Ba umoPAnBouv oe
enefepyaoia €Tol wote va oag napacxeBouv e€atoulkeUUEVEG CUMBOUAEG, oL oTtoieg Ba
oaG BonBrioouv va e€0LKOVOUNOETE EVEPYELO KOL XPAMOTO OTO TAQLOLO TWV KOBNUEPLVWV
oag 6paoTNPLOTATWV.

7. Noleg lval OL UTIOXPEWOELG HOU;
Oa cag INTNBel Ldvo va amavinoEeTE 0TI EPWTACELS TOU EPWTNUATOAOYLOU.
8. Mowa eivon Ta MBaVA LELOVEKTIOTA KAl OL Kivduvol e§aLtiog TG GUMLLETOXNG HLOU;

H ouppetoxn oog otnv €psuva dev POKeLTal va emidpEPeL Kavevog idoug kivbuvo 1
evoxAnon. H mBavr duodopia Ba sivat idla pe pla kabnuepvi eumetpla.

9. Mowa eivon Ta Bava op£AN Ano Tt CUUHETOXN LOU;

EAntiloupe OTL auth n €peuva Ba €XEL EVEPYETLKN EMIOPAON OTO EVEPYELOKO KOOTOG TOU

VOLKOKUPLOU oaG. EMUTA£0V, EKTIUATAL OTL N AVAAUOH TWV CUAAEYOUEVWVY SeSopévwy Ba



purmopouoe va oag Pondnosl va BeAtiwoete tnv Kabnuepwvy oag {wh, HEWWVOVTOG
TOUTOXPOVA TO EVEPYELAKO 0AC KOOTOG.

10. TL Oa cupPel o€ MepiMTWON TTOU TO EPEUVNTIKO TIPOYPOLLHO OTOLLATHOEL VwpLtepa

OLTO TO AVOLLEVOEVO;

To €pyo €xeL dlapkela 30 pnvwv. KaBe kUkAog Biwpatikou Epyaotnplou £xel Slapkela 6
UNVwv. EAv n €peuva OTOUATACEL VWPITEPA aAMO OTL €lXE TPOYPAUUATIOTEL Ko
ETINPEOOTELTE LE OTIOLOVONTIOTE TPOTIO, B 0AC EVNEPWOOULE Kal Ba o MopEXOU UE TLG
anapaitnteg e€nynoeLc.

11. Kow av kATt maeL otpafa;

Av £xete omolodnmote mapanovo r/kat katayyeAia oxetka pe tn Stadikacio mou
okoAouBnBnke, uTMoOpeite va EMIKOWWVHAOETE Pe TOV Evepyelokd ZupBoudo 0
omolodnmnote AAAO HEAOC TNG EPEVVNTLKAG opadag. Av vouilete OTL N KatayyeAio oog Sev
OVTLLETWIIIETAL LKOVOTIONTIKA, UITOPELTE VA EMIKOWVWVINOETE e Tov Koountopa tng
IxoAng Mnxavikwv MetaAeiwv MetaAAoupywv Tou EBvikov MetadBlou MoAuteyveiou
yla va UTtoBAAETe epaltépw TNV KatayyeAio oag (BA. mapakdtw).

12. H cuppEeTOXN MOV OTNV tapouoa E€peuva Ba sival EUNMLOTEVUTLKN;

OAeg oL mAnpodopieg mMou CUAAEYOUE OXETIKA UE E0AG KATA TN SLAPKELA TNG EPELVOCG
Ba StatnpnBolV auoTNPA EUTILOTEUTIKEG. Agv Ba UIMOPELTE VOl AVOYVWPLOTELTE O€ Kapia
€kBeon 1n Onuooieuon. Omnoiwadnmote O&edopéva ocUAAEyovTol ylad €04AC OTO
£pWTNUATOAOYL0 Ba amobnkevovtal NAEKTPOVIKA O HopPdr) TTOU MPOOTATEVETAL OO
KwLKoUG mpooPacng kot AAAEC OXETIKEG SLadikaoieg kal Texvoloyieg aocdaleLlac.

Ta 6edopéva mou cUAAEYOVTOL UIMOPOUV VA HOLPAOTOUV HUE avwvupn popdn yla va
ETUTPEYPOUV TNV EMAVAXPNOLUOTOLNGH TOUC LOVO Ao Ta LEAN TNC EPEVVNTLKAC Opadac.
Auta ta avwvupa dedopéva dev emtpEmouy tnv e€akpiBwaon f avayvwplon atopwy N
VOLKOKUPLWV.

13. Oa kataypadel n OUMHETOXH HoOU Kot mw¢ Oa xpnoitomownBolv Ta

KOTayEypappéEVa SSopéva;

OL ouvavtnoelg pe tov Evepyelako IupBoulo dev kataypddovtal pe Kovévav AAAo
TPoTMoO (m.X. nxoypadnon f Bwteookonnon), xwpig Eexwploty adela anod 0dg, MEpav

TWV QIAVTAOEWY TTOU ONUELWVOVTAL OTO EPWTNUATOAOYLO.

14. Ti eidoug mAnpodopicc Ba InTNOoULV anod epéva Kat ylati n GUAAOYN QUTWV TWV
nAnpodoplwv oxeTileTal HE TNV EMTUXIK TWV OKOMWV TOU EPEUVNTIKOU
TPOYPALLUOTOG;

To epwtnuatoAoylo Ba cag BEoEL EPWTAOEL OXETIKA PE TLG ATIOYELSG KOL TLG TPEXOUOEC
TIPAKTIKEG 00C avadOpPLKA LE TA XOAPOKTNPLOTIKA KOL TIG EYKATAOTACELS TNG KATOLKLOG

00G, CUUTTEPIAAUBAVOUEVWV EVEPYELAKWY AVAYKWY, XPHONG, KATAVAAWGCNC, KOOTOUC Kall



TIPAKTIKWY, TIPOBANUATWY LYELAC I GAAWV, TTOU OXETI{OVTAL LE TAL EVEPYELOKA CUOTH AT
KOl TLG EYKOTOOTAOELG oag. OL anmoPelg Kal n eumelpla oag ival akplBwg auvtd mou 1o
npoypappa evdladépetal va efepeuvioel. OL mAnpodopieg mou culAéyovtal Ba
XpnotuomnotnBouyv yla tnv mapoxn e€atoukeUHEVWY ouUBouAwv ou Ba cag Bonbricouv
vl EEOLKOVONOETE EVEPYELA KAL XPIMATO OTIG KOONUEPLVES OaG SPAOTNPLOTNTES KAl VAl
BeAtlwoete TNV KaBnuepvn oag Lwr. Autog ival akplBwg o otoxog Tou STEP-IN.

15. Nwg Ba xpnoponotndouv Ta AMOTEAEGHOTO TOU EPEUVNTLIKOU MPOYPAUHATOC;

Ta anoteAéopata ¢ €peuvac Ba dnuooteuBouv. Asv Ba avayvwploteite oe Kauia
avadopa r dnuoocievon e€oeic N to volkokupld cag. Eav embupeite va ocag So0el
avtiypado twv eKBECEWV TTOU TIPOKUTITOUV OO TNV €PEUVA, TIUPAKAAOUME VO MOG
{NTNOETE va 0aG BAAOULE OTOV EVNUEPWTLKO LAG KATAAOYO.

16. MoLoG opyavWVEL Ka XpNATOSOTEL TNV £pEuva;

H €épeuva xpnuatodoteital anod 1o Eupwnaiko Mpoypappa Horizon 2020 kat ekteAeital
and pa kowormpatioo pe emkedaAng to Luxembourg Institute of Science and
TECHNOLOGY - LIST (Aou€epuBoupyo), to University of Manchester - UMAN (Hvwuévo
BaoiAelo), To EBviko MetooBio MoAutexveio, tnv VAASAETT LTD (OwAavdia), tnv ARTTIC
(TaAAla), Tnv Ariosz Szolgaltato Informatikai Estanacsado Korlatolt Felelossegu Tarsasag
- ARIOSZ (Ouyyapia), tnv Greater Manchester Combined Authority - GMCA (Hvwuévo
BaoiAelo), tTn Magyar Maltai Szeretetszolgalat Egyesulet - MALTAI (Ouyyapia), t™n
PuBuiotiky Apxn Evépyelag - PAE, to Anuo MetooBou, tnv E.ON Eszak-Dunantuli
Aramhalozati Zartkoruen Mukodo RT - E.ON (Ouyyapia), tTnv Associazione Italiana Difesa
Consumatori Ed Ambiente Adiconsum (ItaAia), kat to University of Surrey - SURREY
(Hvwpévo Baoilelo).

17. . Notog emAappavetal Twv NOKWV INTNUATWV TOU £pYOU;

To €pyo eAéyxetal wg mpog TNV Nk tou amod tov Kabnyntr) Peter Wahlgren tou
Stockholm University, mou €xelL pokpd eumelpia pe ta ntuata nbwkng. H Emtponn
HBwn ¢ kat AsovtoAoyiag tou EAKE tou EMIM, pe tn ocvotaoh tng Ba mapakoAouBel tnv
epappoyn Kal lkavomoinon autwv Twv {NTnuAatwv enionc. Ta €yypada mou TuxXOV
QUTOLTOUVTOL OO TG TOTUKECG QPXEC TPOOTACLOG TwV SeSOUEVWVY KAl TOUG KOVOVEG
ouppopdwong He to levikd Kavoviopd yla tnv Mpootacia Asdopévwv (GDPR) Ba
oupmAnpwOolv ano to EMM.

18. EnadEg yia neploocotepeC mMAnpodopieg

KaBnyntic AnunAtpng Aapiyog, ZxoAnn Mnx. MetaMeiwv - Metaloupywv, EMIM,
EAAGSa. TnA: +30 2107722214, email: ddamigos@central.ntua.gr

Dr. Rod McCall, Zuvtoviotig STEP-IN, Ivotitouto EmiotAung kat Texvoloyiag tou
Nou&epBoupyou, AouepPoupyo. TnA: +352 275 888, email: roderick.mccall@list.lu



mailto:ddamigos@central.ntua.gr
mailto:roderick.mccall@list.lu

O Koountopag tng XxoAng Mnxavikwv MetalAeiwv-MetaAoupywv Ttou EBvikoU
MetooBlou MoAutexveiou eival o KaBnyntrig Anuntpng KoAlapmakog. Mmnopeite va
€pBete oe enmadn pall tou otnv akdAouBn &ievBuvon: Kabnynting  AnuAteng
KaAtopmakog, ZxoAry Mnx. MetaAleiwv — MetaAloupywv, EMM, Hpwwv MoAutexveiou
9, 15780, Zwypadou, TnA.: +30 2107722211, email: dkal@central.ntua.gr.

EuxaploTole TTOU GUUUETEXETE TNV EPEVVAL..
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Epguvntiko kévtpo: EONIKO METZOBIO NMOAYTEXNEIO — EPI. METAAAEYTIKHZ TEXNOAOTIAZ &
MEPIBAAAONTIKHZ METAAAEYTIKHZ

Biwpatiko Epyaotript Aiepevnong: Métoofo

ENHMEPQMENH OOPMA 2YITKATAGEZIHZ

Tithog Mpoypdppatog: STEP-IN
‘Ovopa Epeuvnrn:
MNapakalw emAéETe OAA TO KOUTLA

1. EmpeBaiwvw otL éxw SloPAceL Kal £Xw KATAVONCEL TTANPWG TO EVNUEPWTLKO SeATiO pe
NUEPOUNVIOL et yla to mpoypappa STEP-IN. Elxa tnv eukatpia va
e€etdow TI¢ MAnpodopieg, va BEow epWTACELG Kal Vot AABW LKAVOTIOLNTLKES ATIOVTH OELG.
Exw evnuepwOel oxetikd pe TIc Sadlkaoie¢ mMPooTaclog TWV TPOCWTILKWY LOoU
Sedopévwy oludwva pe to Meviko Kavoviopo yua tnv NMpootacio Asdopévwv (GDPR).

2. Katavow ta opéAn nou Ba pnmopouoe va pou mpoodEpeL To Blwpatiko Epyaotrplo Tou
STEP-IN. Zupdwvw VoL CURPETACKW OLKELOBEAWG O AUTH TNV £PEUVA KaL KOTAVOW OTL
Mmopw va anocupbw amd tnv €peuva Tou Buwpatikou Epyactnpiou omoiadnmote
OTLYUA, XWPLG va xpeldletal va Swow Karmolo Adyo.

3. Katavow OTL oL Oomavifoel pou Kot Ta Sedouéva TOU GUANEYOVTOL HECW TWV
gpwtnuatoloyiwv Ba SlatnpnBolv auoTnpd EUMLOTEUTIKA. Katavow OTL To OVoud Lou
Sev Ba ouvdebel pe to gpeuvnTkO UAKO Kal dev Ba avayvwplotel, oute Oa eival
avayvwplolo otnv avadopd 1 ot avadopES ToU TPOKUTITOUV amo Thv £peuva. Exw
evnuepwOel OtL n Slaxelplon Twv SeSOUEVWY TTPOCTATEVETAL OO TOUG OVTLOTOLXOUG
£0vVIKOUG VOUOUG yLa TNV tpootacia Twv Se50UEVwY.

4. Koatavow OtL ta SeSopéva moU GUAAEYOVTOL KATA Th SLAPKELA TNG EPEUVAG UMOPEL va
efeToOTOUV QMO TOUG EPEUVNTEG TOU Tpoypdppatog STEP-IN. Koatavow OtL ol
TAnpodopleg Tou cuAAEyovTaL Ao TNV €peuva Ba xpnotponolnBouv Hovo ylo avaiucn
KOL OTL TUNUatika Sebopéva, amd ta omola S6ev Ba pmopoloa va AvVOyVWPLOTW
TIPOCWTILKA, UIMOopoUV va Xpnotuomnotnfolv o omoladnmote nmapouciaon cuvedpiou,
€kBeon n apBpo MePLOSIKOY, TTOU TIPOKUTITEL WG AMOTEAECHA TNG £PEUVAC. Katavow OtL
Kapia aAn xpron twv dedopévwy Sev Ba yivel xwplg tn ypamt pou adsia kot OtTL
KaVElG, €KTOG TNG €PeUVNTIKAG opadag tou STEP-IN, 6ev Ba éxel mpooPacn otnv
TIPWTOYEVH €PEUVA.

5. ZUpdWVW VoL CULUUETACYKW OTNV TAPATIAVW UEAETH.

Alvw tnv adsla va xpnolponolnBouv ta avwvupa Sedopéva pou yla PLEAAOVTIKOUG €PEUVNTLKOUG
OKOTIOUG, OMWG SNUOCLEVCELG OXETIKEG E AUTN 1 LEAAOVTLKE €peuva yla 10 xpovia PeTd tn Anén tou
npoypappotog STEP-IN. Metd and 10 xpovia, ta Sedopéva Ba dtaypadouv.

‘Ovopa JUHHETEXOVTA Huepounvia Yroypadn

‘Ovopa mpoowrou mou AapPBavel Huepounvia Yrnoypadn
TN ouykatdBeon






