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Executive Summary

Task 5.3 aims to define monitoring programme for the project consisting PED level monitoring. Project
level KPIs shall be in the maindedn the monitoring programme that are defined in D5.2.0Mezall
guidelines for the monitoringrpgrammes shall be basesh the main reference frameworlSCIS
monitoring guides (SCIS, 2018a, 2018b).

This deliverable communicates the general guideforabe definition of Monitoring Programmes, and

it is targeted for both lighthouse cities. The deliverable produces only guidelines to the monitoring
programme while the detailed monitoring programme shall be described in D5.7 for Oulu and in D5.8
for Graningen. Moreover, this document provides some general guidelines for data collection and KPI
calculation while theyra defined more exactly in D5.2 and DB®th quantitative and qualitative
methods are describeih this report An extra care must be plafor proper handling in the collected

data. All the GDPR related aspects of collected data shall be covered in D5.5. In addition to the links to
other deliverables in WPS5, this deliverabkes blso links to WP2 and WP3 where the ICT platforms
implementingthe monitoring programme are specified.

MAKINGCITYG.A. n°824418
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1 Introduction

1.1 Purpose and target group

¢ KA& NBLRZNI O2 yDsaDdIMdRISIaA oS ATEONI RS SA YA GA 2y 2F a2
the first 2 dzi O2YS 2134 &K$A BRENIMI t NP I MilleVihe Secdndaril AagtA (G A 2 y €
outcomes are individual monitoring programme definitions for Oulu and Groningen.

The intention of the guide is to define a common approach and standamigdwdology, which
should be applied to all three PEDs in the two lighteatises and in all the follower cities. The
guidelines provided in this document should ensure that altittasets defined in D5.5 are collected
in reliable wayThere are liree completely different types of dataset collection in the scope of this
docunent:

1) Quantitativedata that is collected automatically by ICT systems
2) Qualitative data that isollected by questionnairemterviews, etc
3) Open data; data that is freely available

Quantitative data enables to reach hard facts, such as numbers and tagesnvhereas qualitative
data enables to describe certain togitsonquantitative wayOpen data can include both quantitative
and qualitative dataMlethodologies for collecting these data sats naturally completely défent and
they are describeth independent chapters in this deliverabidoreover, it shoulde highlightedthat

this documentuantitative researcleoncentrates for collecting the data sets that are needed directly
for calculating KPIs calculation. Therefore, for exaropliecting sensordata that are usedfor
optimizing energy usagkyeabilityor energy awareness of citizen are out of scope of this deliverable.

1.2 Contribution partners

The followinglablel depicts the main contributions from participantrpeers in the development of
this deliverable.

Tablel: Contribution of partners

Partner n° and

Contribution
short name
01-CAR Contritutions todata qualityaspectsand resident interaction
04-TNO Defining the monitoring programnweith VTT, GDPR issupserreview
09-CGl Peerreview quality control
14-UQJ Contributions to quantitative monitoring and resident interaction
20:VTT General structure and content of the document

MAKINGCITYG.A. n°824418
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1.3 Relation to other activities in the project

Figurel and Table2 (and laterFigure3: Monitoring phasesdepict this deliverable relation to other
project activities. In this projectlata-oriented ICT platforra aredevelopedwithin both lighthouse
cities. The ICT platfoswontains at least following building blocks:

1. Data collection framework

2. Databases where data is stored
3. AP(s)for getting the data out from the database

This deliveralalis focused on the first one. However, the PEDs and ICT platforms of the lighthouse cities
are very different. Therefore, also the data collection framewar&yery different. This document
provides general guidelines for data collection framework @natlefined more exactly in Dband

D58 separately foboth lighthousecities.

D5.9

Oulu ICT platform eningen ICT platform
D5.10

API L— ™ API

A
(v}
it
”/'
A

D2.9 D3.9

| -—

-
Database *| Database

f f

Data collection Data collection

D5.7 / D5.2 J D5.8

Requirements
Guidelines Guidelines

N

Figurel: Deliverable relation to other activities in the project

Table2: Relation to other activities in the project

Delverable n° Relation
D5.1 D5.1describes thelefinition and calculation of the KPI for city evaluation
D5.2 D5.2 defines project level KPIs that are calculable from outputs of moni
programmes
D5.3 D5.3 describes thevaluation procedure fdPED dionsbased on KPls
D5.4 D5.4 describes the city impact evaluatmocedurebased on prioritized ani

weighted city level indicators

MAKINGCITYG.A. n°824418
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D5.7 D5.7 describes monitoring programme of Oulu PED in details

D5.8 D5.8describes monitoring programme of Groning&bB in details

MAKINGCITYG.A. n°824418
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2 Evaluation framework

2.1 Monitoring the actions

% [

Makin
City

MAKINGCITY evaluation framework has been defined to monitor and evaluate the effectivetiess of
project actions and interventions, compared to the initial situation, inibgotives andexpected
results.Robust monitoring and evaluation protocols are being developed and implemented, including a
full methodology for the monitoring and evaluation of the project actions and interventions that will

allow the introduction of future data aftéine end of the project.

The main references for developing the evaluation framework and monitoring protocols have been first
of all SCI$KPIs, monitoring guide etchut also other recent H2020 funded smart city initiatives
including CITYkeys, MatchURI dvilySmartLife projects. Ithe reference projectskKPlIs.evaluation
methodologyand/or monitoringprotocolshave been implemented in a simifashion, although there
are somedeviations mainlgue to the differences in theverall project objectives anadthosetups

The scope of theMAKINGCITYmonitoring protocol is twofold, firstly in order to measure the

performance of the actions deployed to reach a validation of PED concept and secondly to evaluate the

impact at city level. A set 80indicators hadeen definedor each of thee twolevels and they can be
iKS RStAQOSNIof Sa

T2dzyR Ay

S5p®dm

a/ Ate tSoSt

As can be seen gure2: Classification of the defined indicegavithin theMAKINGCIT Yevaluation
framework these 40 indicators have been classified in different categories, four in the case of the 20

city level indicators and fieategoriedor the 20 project level onel order to evaluate the results and

AYRAC

the impact of theproject actions at both levels, it is necessary to establish a methodology to obtain the
necessary data for calculating these indicators and carrying out the evaluation correctly.

CITY LEVEL

EVALUATION FRAMEWORK
PROJECT LEVEL

QUANTITATIVE DATA

QUALITATIVE DATA QUALITATIVE DATA

Energy and
Environment

6 indicators

5 indicators

Mobility

Governance 2 indicators

Society and

o 3 indicators
Citizens

2 indicators

2 indicators 2 indicators

LOCAL, REGIONAL
AND NATIONAL
DATA BASES

QUALITATIVE DATA MONITORING

QUANTITATIVE DATA

MONITORING OF

Energy and
Environment

Mobility

Society and
Residents

Economy

System
Flexibility

PROJECT ACTIONS

Figure2: Classification of the defined indicate within the MAKINGCIT Yevaluation framework
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Although most of the indicators defined in the evaluation framework are quantitative, it should be
mentioned that six of the proposed indicators are qualitative, so in these cases a specific methodology
to obtain this information will be applied. More details about this methodology can be found section

In the case of quantitative data, it is necessary to distinguish the methaltaining the city level

indicators from those of the project level. The city level indicators are obtained from official sources,

local, regional, national databases and city plans. The calculation of these indicators in the initial phase

of the projedd Kl a |t NBFR& 06SSy OFNNASR 2dzi I'yR KlFa 08§
SEAaAGAY3 OAlGe LXIlyaédd |1 26SASNE Ay 2NRSNI G2 OF f C
necessary to establish a protocol for monitoring the actionseimghted in the project, which is

presented in this deliverable and is detailed for each ofi#meonstration areas in botlghthous cities

in the deliverables 3.and 5.§monitoring programmes)

2.2 Ensuring data quality

IoT data can be classified intod@ling groups (Cooper & James, 2009): Radio Freqlasmyfication

(RFID), address/unique identifiers, descriptive data, positional and environmental data, sensor data,
historical data, physics models, and command data. In general, 10T data sharestifmtrpdoperties

(Ma et al., 2013): heterogeneity, inaccuracy, massivdirealdata and implicit semantics. The loT data
taxonomy (Qin et al., 2016) classifies the intrinsic characteristics of 0T data into three categories: 1)
data generation categorgonsists of velocity, scalability, dynamics and heterogeneity, 2) data
interoperation category consists of incompleteness and semantics, and 3) data quality category consists
of quality characteristics, such as uncertainty, redundancy, ambiguity andisteotys

Data quality is a measure of the condition of data based on factors such as accuracy, availability,
completeness, consistency, reliability and whether it's up to date. Measuring data quality levels can help
urban city platforms identify data emothat need to be resolved and assess whether the data is fit to
serve its intended purpose. Data quality management is a core component of the overall data
management process, and data quality improvement efforts are often closely tied to data governance
programs that aim to ensure data is formatted and used consistently during and aftéAKIBIGCITY

project.

Why data quality is importan®ad data can have significant consequences favithieINGCITYoroject.
Poorquality data is often pegged as theusce of operational snafus, inaccurate analytics and ill
conceived strategies. Examples of the damage that data quality problems can cause include added a
bad management of strategic of behavior in building or cities, fines for improper financial atorggul
compliance reporting. A good data quality can help drive operational degisiking and strategic
planning by enterprises, business managers, Energy Service Companies (ESCO) and other end users.

What is good data quality?ata accuracy is a key diite of highquality data. To avoid transaction
processing problems in operational systems and faulty results in analytics applications, the data that's
used must be correct. Inaccurate data needs to be identified, documented and fixed to ensure that
manajers, data analysts and other end users are working with good inform@ttoar. aspects, or
dimensions, that are important elements of good data quality include data completeness, with data sets
containing all of the data elements they should; data ctergiy, where there are no conflicts between

the same data values in different systems or data sets; a lack of duplicate data records in databases; and
conformity to the standard data formats created MAKINGCIT Yproject. Meetingall these factors

helps poduce data sets that are reliable and trustworthy.

How to determine data quality®s a first step toward determining their data quality leveldAKING
ClTYmustassure a surveillance system in order to make data asset inventories in which the relative
accuracy, uniqueness and validity of data are measured in baseline studies. The established baseline

MAKINGCITYG.A. n°824418
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ratings for data sets can then be compared against the data in systems on an ongoing basis to help
identify new data quality issues so they can be resolved.

The quality assessment metrics are heuristics and designed to fit a specific assessment situation (Pipino
et al., 2005). Quality assessment metrics can be classified into three categories according to the type of
information that is used as quality indiea(Bizer, 2007). Contetiased metrics use information to be
assessed itself as quality indicator, whereas coffitegéd metrics employ metaformation about the
information content and the circumstances in which information was created or used ag quali
indicator. Ratindpased metrics rely on explicit ratings about information itself, information sources, or
information providers.

In MAKINGCITYproject,datais collected through monitoringn addition, freely available data is also
utilized. Therefag, three different types of data can be identified:

1 Quantitative data data that is collected though automated monitoriggstemfrom the
buildings.

1 Qualitative datadata that is collected througfuestionnaires, surveys, interviews, @ficectly
from the people.

1 Open datadata that is freely available.
Applicable data quality metrics are described@able3.

Table3: Data quality metrics

Qu?"ty Description and rationale
attribute

The degee of correctness and precision. Ensures thatdata/information is
Accuracy error-free, and the value is in consistent form.

The degree to which data/information is not missing. Verifies that

I . . L
Completeness data/information is sufficient in breadth, depdind scope.

Implies that two or more values do not conflict with each other. Ens

O internal validity.

Corroboration The same data comes from several different sources.

Coverage/ amount The extent to which the volume of tdais appropriate for the task at har

of data (appropriate volume of data available)
Obijectivity The extent to which information is unbiased, unprejudiced and impatrtial.
Relevancy The extent to which information is applicable and helpful for the talsarat.
Timeliness The freshness of the data; timestamp.

Validity The likelihood that the data in an appropriate format and the values ar:

valid.

The degree and ease with which the data/information can be checke

ELERIY correctness. The traceability and provability of data/information.

MAKINGCITYG.A. n°824418
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Evaluation for open datan order to improve data interoperability and reusability, Linked Open Data
(LOD) principles by Tim Berdare provide many useful tools and schemes to assess argpbicate

data sources by how useful they areto other digital services. The goal was to judge the quality of data
by its accessibility (open data access), by its format and structures and by its interoperability. There are
two main types of data principlesatsto support this target, the FAIBRtinciple and the Star scheme.

The first data principle has the acronym FAIR and it emphasizes that in order to data being interoperable,
it should be Findable, Accessible, Interoperable and Reusable. In FAIRX=eatéd to have a stated

license for access, thus emphasizing the license agreement in reusability. In FAIR scheme contextual
information is also required to improve the reuse of datae 5star scheme was introduced by Tim
BernersLee in 2010 to encouge epecially government data ownestong the road to good linked

data. It focuses less on the license than the FAIR principle and assumes the data is available
with open license.

E Available on the web (whatever format) but with an open licence, to be Open
E'E Available as machimeadable structured data (e.g. excel instead of image scai
table)
EEE as (2 star) pluspen,non-proprietary format (e.g. CSV instead of excel
All the above pludJniform Resource Locators (URIs) are used to identify the
EEEE usingopen standards from W3C (RDF and SPARQL), so that people can poin

stuff

EEEEE Allthe above, plushe data idinked(i 2 2 (1 K SNJ LJS 2 ldif cBrieat R

2.3 GDPR

AAAAA

{2YS 2F GKS RIGlF GKIFIG Aa 02ttt SOGSR F2NJ GKS Y2yAl
given their consent to the collection and processing of data for the purposeMPKENGCITYoroject.

In addition to the contract ith the residents, all parties involved in the processing of personal data

should sign a data processing agreement.

General Data Protection Regulation (GBRR) regulation in EU law on data protection and privacy in
the European Union (EU) and the &egan Economic Area (EEA). According to GDPR, the data collector
is obligated to provide at least the following information:

1

1
1
1

Who is handling and processing the data.
Why is the data processed.

What is the legal basis for the handling.
Who is the receiverfahe data.

The residents have the following rights to their personal data:

1
1

1
1

The data management MAKINGCITYoroject is described in me detailed irD9.5- Data management
plan

Free access to their own personalalaind the right to transfer data fronsgstem to another.
The right to correct and supplement their own personal data when they feel thakathds
incorrect, defective or inaccurate.

The right to remove the personal data (the right tddrgotten).

The right to refuse the usage of the personal data in solely automatic processing.

MAKINGCITYG.A. n°824418
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3 Monitoring quantitative data

This chapter containsnethodologiesfor real time data collection pipelineTarget in these
methodologies is tonpvide robust pipeline for celiting data sets needed in KPlatdaton that are

1 Importedexported energy for each building for each energy type (electricity, thermal, gas)
separately

Energy produed by each building for each energy type separately
EV chargigenergy consumption

Despite of the fact that data collectiorppline guideties are limited for these data sets, guidelines are
generaland they should scale for other data sets as well.

Monitoring programme concentratesimonitoring althe incoming and outgoingnergy flows for each
buildingof the districtand br the whole district separatellonitoringmusthandleall theenergy types

that flows to building/district at own pipes separately (e.g. electricity from grid or thermal energy from
district heatingpipes or gas from gas pipes

These are the maiguidelines,but it is natural thain real life there might be deviations from this
guideline.For example, it may be possible that not all the buildings can be monitored due to GDPR
regulations or some buildings or public irdtech as public ligimg missesnetering However, if there

occur any deviations from thisainguideline, all the deviations should be documented.

3.1 Monitoring phases

SCIS Technical monitoring guide defines four monitoring p{a6&s, 2003

1. Definitiors

2. Implementation

3. Monitoring

4. Volurtary longterm monitoring

Monitoring concept used IMAKINGCITYhallfollow these phasebut it reformulates the thirgphase

to coveralso simulation oénergy flows that canndie directly monitored. There are two identified

cases which preventke direct monitoring Firstly,there may be cases wheresome buildings there

are no possibility to install meters. Therefore, the performance of these buildings shall be simulated
instead of real metering. Secdpdsome energgfficientsolutionsplanned tothis projectare based on
intelligent control of energy systems that is not possible to be implemented for the whole monitoring
period.Demo specifiplans have beedescribedn D5.7 and D5.8.

Overall picture of monitoring phasesgiven inFigure3: Monitoring phasesNext subsectionshall
cover the phases with more details.

MAKINGCITYG.A. n°824418
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. A H . " . . - . . Phase 3 b) Monitoring with

! | Phase 1 Definition | ! ! I Phase 2 Implementation | ! ! | Phase 3 Monitoring | ! ! | simulation
—-| Defining the monitoring concept | - —{ Installation of meters ‘ . . | Data collection after construction [—
| : * Trainiand valin:ﬂate
| | Digital twin ‘ :
| : Baseline definition for new | . |

: projects | : | Data in simulated conditions
| i AN | v R

. Monitoring of existing systems | | . . _| Analysis of collected data and
| | for baseline calculation | T comparison
I i I )
| Trmeneeeene- L'.':T';'.'::;._.‘;'.':'.';'.':.';'.':'.':."_. ‘_.'_"."_'.';'.';'.':'.'_"."_'."_.| """""""""""""
! 1
| Project level KPI definition (D5.2) ! L
o . Data collection and KPI -

L4 Monllurlnngr;)gl‘)rgrg)me (056, | — — — — calculation (5.10) | ‘ Monitoring output ‘

Figure3: Monitoring phases

3.2 Phase 1 - Defining the indicators and the monitoring
concept

In this step, it is fuadamental to identify the requirements that are needed to calculate KBisover,

all technicalkKPIs are based dhe baselinefigures Therefore, setting baseline and calculating the
baseline performance is essential partli§ phaseExact baselineafculations shall bpresentedin
deliverable2.2 (M36) and later in deliverab®e10. Thegenericguidelines for the baselinslculation
aregiven in Sectio.2.1

For quantiative data, the indicatordefined inthe deliverabled 5 p-® N2 2 SO0 [ SYagi LY RA
described inrfable4, Table5, Table6 and Table?,

Table4: Indicators related to energy & environment

ENERGY & ENVIRONMENT

PELCEnergy Profile

Indicator Unit Description

Annual final engy consumption divided for all uses a
forms of energy (electricity/thermal/gasjranspotation

kWh/month; and public lightingexcluded.Buildings combined to are

E1:Firal energy consumption kWh/a; level. No separate apartments reported. Monitoring on*
) kWh/(m2month); building level, bufinal KPl on PED arkesvel.Final energy
kWh/(m2a) used in buildings defined as in the BEST tables: eleci

for lighting, ventilation, spackeating and cooling, ha
water,for heat: heating, cooling and domestic hot wate

MAKINGCITYG.A. n°824418
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This indicator corresponds with the primary ene

kWh/month; consumed iride the PED boundariethat is the energy
E2: Bimaryenergy kWh/a; forms fownd in nature (e.g. coal, ogas biomass, nuclear
consumption kWh/(m2mamth); wind, solar, hydrpwhich have to be convertedffen with

kWh/(m2a) subsequent loses) to useable forms of enerdgxcluding

transportation ancpubliclighting.

kWh/15min(/day)

; KWh/month; The amount of electricity and thermal energyistrict
E3: Energy imported to PED kWh/a; heating,gas and other sourcegpported to the PED are

kWh/(m2month); from outside the PED boundaries.

kWh/(m2a)

kWh/15min(/day)

b LUty The amount of electricity and thermal energyported
E4: Energy exported from PE kWh/a; . y 9¥p
. outside the PED boundariggem the demonstration area.
kWh/(m2month);
kWh/(m2a)
i Amountof RES productlon inside PED b_oum_iaﬂad shar(?
o . (compared tofinal energy consumption in the arge
E5:RE$roduction kWh/a; % of final pjjiged into electricity (solar) and thermal ene
energy (including geothermal, waslexcess heat etc. energ
consumption produced with heat pumps).
kWh/month; The overallprimary energy balance of the PEDea
E6: PED energy balance kWh/a; (surplus + considering demandonsumption,energy flows, storage

or deficit-); % RES

. . Totalannualsaved primary energy in the PE®npared to
E7: Energy savingethe PED  kwh/(m2a); %  sjnyation without any interventions (baseline).
% of households, Percentage bhouseholds by definition (described furth
S1: Energy poverty or % share of in the Anney or energy bill as % of total househo
income disposable income.

Environmental effect

Indicator Unit Description

kgCO2q/

(m2month); The GHG emissionsofiverted inCO2eq.) generated
E8: GHG emissions kgCOzq/ (m2a) over a calendar yedny the same activities included in tt

kgCOZq/ (KWh primary energy related KPIs inside the PED boundari

a)

Reduction of CG2q. emissions in the PED asmzhieved

. . . o
28 R ORIl | OOy b by the project actions and interventians

Table5: Indicators related to mobility

MOBILITY

Mobility related technologies
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M1: Number of publiEVvV # of installed Number of EV charging station insithee PED that are
charging stations stations available for the pult use
kWh/month; Energy consumptiofenergy delivered) bihe EV charging

M2: Energy delivered for EV

. kWh/a; charging stations in PED, and if availabtae total number of
charging

time; # of charges chargespr the total charging time

Table6: Indicators related to economy

ECONOMY

Economic performance

The amount ofmoney is invested in total to PE
interventions. Subdivision of theources (EU funding
(local) government funding, private investment
companies and other private investment.

C1: Total investments EKYHT €K

C2: Payback time vears !Economic payback period ¢selected, most impactful
investments.

Total investmentombined with the output results (i
terms of energy savings or reduction in GHG emiss
(CO2eq.) ona project level, thi&PI tellsomething about
the effectiveness per saved amount of (primary) ener
reduced emissionspor contribution into new energ
generation.

€ kK al @s
C3: Economic value of savin' reduced kgCO2
eq)/a

Table7: Indicators related to flexibility

FLEXIBILITY

Performance based on fleitity

Flexibility of the whole energy system in PED by mea
smart solutions. Demand response management and s
controls for the energy systemAdditional flexibity
capacity gained for energy playensPl neasures the
progress brought by R&l activities relative to the r
clusters and functional objectives, assessing the additi
electrical power that can be modulated in the selec
framework, such as the conrtemn of new RES generatio
to enhance an interconnection, to solve congestion,
even all the transmission capacity of a TSO.

F1:System flexibility for

%; kWh; Likert
energy players
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The combinedisage of energy storage capaditythe PED
F2: RES storage usage %; kWh area.The aim is to increase energystem flexibilitywith
local energy storages for electricity ameht

The indicator is used to analyse the maximum po
demand of a system icomparison with the average powe
With the correct application of ICT systems, the peak
can be reduced on a high extent and therefore -
dimension of the supply system. E.g., Peak load is
maximum power consumption of a building or a grouy
buildings to provide certain comfort levels.

%; # of peaks
(congestion),
duration of peaks
and size of peaks;
MHDx maximum
hourly deficit

F3:Peak load reduction

Baseline comparison mechanism depends on two separate issuest Bepends onwhether the
building isa renovation building ola new one. Secondf depends whether system can be fully
monitored, partiallymonitored or not monitored at allf the system can be partially monitored, partial
monitoring data is collected to foremsimulation model (digital twin) of the system. Then this digital
twin is used to simulate the whole monitoring data.

The baselinecomparisonconcepts for each of these cases are showirigure4: Performance
validation when all the measures can be monitored. Green lines are present for retrofitting
buildings and red ones for new ones.Figures: Performance validation when the system can only
be partially monitored. Green lines are present for retrofitting buildings and red ones for new
ones.and Figure6: Performance validation if the system cannot be monitored due to missing
meters, and simulations / reference cases are used instead. Green lines are present for
retrofitting buildings and red ones for new ones..

Retrofitting
- Monitoring Calculation Actual energy
System
- = performance
Construction
Monitoring
Existing system = Baseline Comparisior

Data calculation from T
Design of the System technical guides

Figure4: Performance validtion when all the measures can be monitore@reen lines are present
for retrofitting buildings and red ones for new ones.
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Refurbishment
' = Pdlnial monitoring Calculation Actual energy
——
Construction . System ' performance
H i
1 i
' i

........................... <
Monitoring \
Existing system 7= Comparision
- Baseline -
Monitoring N\
Comparision \
\ Y
Design of the System ——
EEEE ATIE Simulation Digital twin of the
performance with

controls system

Figure5: Performance validation wherthe system can only be partially monitored. Green lines are
presert for retrofitting buildings and red ones for new ones.

Refurbishment

System

Construction

.
Existing system =
Baseline
>
—Meatsnng—

Comparision

Design of the System
Simulation

Expected energy

performance with
controls

Simulation

Figure6: Performancevalidation if the system cannot be mnitored due to missing metersand
simulations / reference cases are used inste&reen lines are present faetrofitting buildings
and red ones for new ones.

3.2.1 Baseline

Baseline assessment refers to the procedure to assess the actual situation before the intervention takes
place and which will be used to compare the effect of the interveniibis section focuseon
guidelines for specific interventions within the energy scope, which are intended to achieve energy
savings or to increase the share of renewable energy once the boundary for the analysis is clearly
defined.

Baseline calculations diffwhether we arelealing with new developments or renovatadldings. For
example, when the hmdary of the analysis is at an existinglding a baseline refers to the actual
situation before the refurbishment, when the intertiem relates to improving the energy eféincy or
service level of the building. For nbuilding developmentghe baseline refer® the business as usual
practice, which can be derivedy. from building regulations duy utilizing measured data frosame
type ofbuildings.

In these cases, nieodologies such as IPMVP (EVO, 2012) can be directly appliedhi® is a best
practice methodology commonly used for measuring, computing and reporting savings achieved by
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energy efficiency projects at end user facilities. This protocol establishes perform the evaluation
of energy savings by comparing measured consumption before and after implementation of energy
actions making suitable adjustment for changes in conditiims.comparison of baseline period and
reporting period is carried oudy following the general M&V equation:

Savings = Baseline period enerdReporting period energy -tAdjustments

The adjusnent term shown in thequation should be computed from identifiable physical facts and in
this case, proceed to perform an adjustedtaf baseline energy.

New buildings

For new buildinglevelopmens, there are no existing data wehich against theomparisons made
Baseline shall be determined tine energy perfomance of similar buildings withoimplementingthe
interventiors menticed inthe project plan

Renovated buildings

For refurbishedbuildings, it is essential to meter all the needed energy performance metrics before any
renovation actions are mad this casgbaseline shall beure metrics calculated from one year before
renovation actions without weather corrections.

3.3 Phase 2- Implementing data collection pipeline

A different approach during phase 2 is applied to new construction and to retrofitting projects:

1. Projects based on existing systems: The monitanugt start before the implementation of
measuressince real data from the existing system has to be collected for further comparisons
for at least one year. Once this data has been collected and the construction and renovation
measurestart, the next steps are similéo new construction projectst may also be possible
that the requested data to calculageKPI is available without new data collection pipeline.

2. New construction projects: From the monitoring concepts and requirements previously
defined, a plan fothe sensor installations has to be prepared, based on the concept definition
of phase 1.

There are three building blocks in monitoring architecture that needs an attention to get robkistgvo
monitoring implementation

1. Energy meters
2. Process reading thenergy meterand sending theneasuremergto aserver and
3. Aserver containing the database whdhe energy measuremendse saved.

The ral implementation may bdifferent and morecomplex,but they most probablgontainthese
building blockén any case Data collection pipelindoes not workf any of these components fail.

3.3.1 Energy meters

Energy meters are the first part of data collection pipelw.selecting the propaemergymeters to
be installed, an attention should be paftht the energy méers meettime andenergyresolution
specified in D5.5.

3.3.2 Reading process

Reading process reads the metarsl sensors andgends them to an external server. In this process,
again attention needs to be paid ttee meter and sensor reading frequensych thattime resolution
requirements are fulfilledt is strongly recommended that the reading process would contain some
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cache for energy meters such that connection breaks would not cause breaks to thdatataver,
there may be different reading processesdifferent energy meters. The reading of the energy meters
should be time synchronized well so that the timestamps from different energy meters would be time
synchronized as well. The timestamps are recommended to follow UTC time or some otf@nane
where daylight time causes no breaks.

The network protocol between server containing the energy database and reading process should be
selected such that it would be fault tolerant.

3.3.3 Server and Database

Finally, the collected data is saved to databassme serveeither in cloud or in own premiseBhe
data collection pipeline should be monitored in the server such that data breaks would bevitbted
minimal delay and the reason identified and corrected as quickly as possible

E| Server

>

< Energy 1  Meter |- Read and send

Figure7: Monitoring building blocks

3.4 Phase 3- Metrics monitoring of the demos

The objective oPhase 3 is to measure real energy performaoiceach individual buildinigp the PED
area,and the wholedemonstrationdistrict. For KPlaind evaluationthe energy performiace will be
monitored for at leastwo consecutive years. However, there are two cases identifieddngprevent
extensivadirect monitoring:

1. Within some buildings apartment level monitoring with separately install@edetering
equipmert is not possiblewithout written permissionfrom the residents living in the
apartments, due to GDPR etc. regulations.

2. Some advanced energy optimization techniquesrequire dynamic control of energy
managemensystem whichis possible to belone only fowvery limitedtime period

These cases must be handled with indirect monitori@gidelines for monitoring theéndirect
monitoringcases are provideid SectiongError! No se encuentra el origen de la refereraial0. The
next subsection covers some basic principles on monitoring the moni8odirig
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3.4.1 Monitoring the monitoring  process

As already stated in Secti@3.3 the whole monitoring process should be monitored to ggsbd
quality of data. It is good practice to toggle automatic alarms to database such that if data flow stops to
database engineers would get immediate feedbackolve the issue.

3.4.2 Phase 3. B - Monitoring with simulation

The core idea with the simulations is that in practice it is difficult and impractical to execute the DR
scenarios for peak load reduction for long time periods as there is no strong enoundivéisct® make

it economically feasible. To this end, we will execute limited number of DR events for peak reduction in
order to first validate the machine learning and hybrids models, presented in D2.5, with real
measurement data (presented in sectidrror! No se encuentra el origen de la refereicfance the

models have been validated we can use them to simulate also long periods for demand response and
peak load reduction. To make the monitoring with simaitatis realistic as possible we will sample
errors from the empirical residual distributions obtained during the validation. In thitwaeak load
reduction optimization will utilize models that have similar accuracy as in the real world. Thist makes i
possible to realistically extrapolate and analyzedtitarelated to KPI F3.

Simulating the energy behaviour with digital twin

Target energy behaviotan be monitored only partiyunder the right circumstancesThere can be
various reasons for the partiaonitoring. One reason is that intelligent contralded,and the control

is made possible only for limited time instead of the whole two years monitoring period. In case of
partial monitoringhe final monitoring outcome idraulated using digital twiof the target building or

the target district. In this casthe real monitoring time shall be used for trainingdavalidating the

digital twin.When the digital twin igsed.,it is crucial the digital twin behaves same way as its physical
counterpart.Therefore,an extrahigh care must be paid to the validationtloé¢ digital twin Following
guidelines must be followed when working with digital twin:

1. Validation method must be documented properly
2. Problems in validation and implementation of digital twmmst be identified
3. Digital twin must operate only in conditions where its operation is somewhat reliable

These guidelines must be documented with details in Monitoring Programme deliverables D5.7 and
D5.8.

3.5 Phase 4- Long term monitoring
It is recommendedhiat monitoring would be continued also after the project phakmyvever, dudgo

various reasons it may not be possilfi¢ghe monitoring is not continued after the project, the reasons
shall be explained in deliverables D5.7 and DbBdhitoring programms).
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4 Monitoring gqualitative data

Qualitative data is monitored in two levels; city level and project (PED area) level. Both levels consist of
two iterations

Monitoring of qualitative data consists of the following phases (as depidteglire3: Phases and steps
of qualitative monitoring:

1. Context definition
2. Selecting the techniques, approaches, and tools
3. Collecting the data
4. Analyzing the data

Monitoring phases

Phase 1: Context || /| Phase 2 Selecting |} | Phase 3- Ve Phase 4:
definition i i | techniques, methods | Collecting data | Analyzing data
[ and tools ;
- Designing the data E Implementing the
dentifying the collection method for | 1 data collection for ; Analyzing data
goals for_data each stakeholder H each stakeholder 1T
colef.lon group 1 / group i
- Implementing the data
|dentificat d f !
CT:S‘S;:I;?;”EQF collect\_on method_ with ' ! Evaluation
data source groups [ appropriate techniques
Ittt e R T and tools
3
Project level KPI Monitoring Data collection and Manitoring output
definition {D5.2) programme (D5.6) KPI calculation
(D5.10)

Figure8: Phases and steps of qualitativeonitoring

4.1 Phase 10 Context definition

4.1.1 ldentifying the goals for data collection

For qualitative datathe city levelindicators(definedin deliverabled 5 p-dm i & [ S@Sfare LY RA O
described inTable8 and Table9, and the project level indicators (defined in deliverable p- Preject
[ S@St L)y deSoritied TaAIELO.

Table8: City level hdicators related to governance

GOVERNANCE

Initiatives and Strategies of the Public Administration

Inclusion and level of detail of smart cities strategies in
Likert scale urban strategic plans of the city. Likert scale:
Notatallg1¢2¢3¢4¢5¢ Very detailed

Public ICT / Data

Smart city factor in a city
development strategy
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The extent to which the quality of the open data produ
Quality of open data Likert scale by the city was ineasedLikert scale:
Not at allc1¢2¢3¢4¢5cExcellent

Table9: City level indicators related to society and citizens

SOCIETY AND CITIZENS

Citizen Engagement and Empowerment

Citizen Appreciation of the benefits of city actions; Ene
engagemat/empowermentto [ ikert scale SPOWerment at home, satisfaction, happiness of peo
climate conscious actions Likert scale:

Not at allg 1 ¢ 2 ¢ 3¢ 4 ¢5 ¢ High engagement

] _ The exent to which policy efforts areindertaken to
Encouraging a healthyelityle | ikert scale encourage a healthy lifestyleikert scale:
Not at allc1¢2¢3¢4¢5cExcellent

Tablel10: PED level indicators related to social and residents

SOCIAAND RESIDENTS

Social and resident related indicators

% of

Percentage of households by definition (described furthe

S1: Energy households,  yhe Annex), or energy bill as % of total houseftigposable
poverty or % share of jncome
income

Increased consciousness of residents of the area on the
defined issues (project interventions, energy, environment
climae, personal/communal consumption, carbon footprint
and handprint, etc.).

Likert scale: Communal consciousness and social coherence are the

S2: Consciousness of
foundations of a healthy and democratic society (ITU). Civ

residents = = X PR -
No . O2yaOAz2dzaySaa Aa UKS LIS2LI
consciousnes: . . . . :
clc2c3ca and esponsibilities, their role in the community and their
¢ 5¢ High involvement in its holistic development, thereby increasing

e social capital (Ng, 2015). This includes:

1. Personal identity and citizenship: awareness, pride,
obedience to the law, equality

2. Natioal identity: respect for the national authorities,
belief in the current political system, development of the
country
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3. Moral consciousness: being a good citizen in public ant
private, trusting that others are too

4. Ecological consciousness: awassnef the finite nature of
resources, thinking about environmental consequences of
actions

5. Social citizenship: family values and virtues, actively
concerned with others at home and abroad

Appreciation of the benefits of project actions; Ene
empowerment at home, satisfaction, happiness of people.

The indicator provides a qualitative measure and is rated
five-point Likert scale:

Noincreaseg 11 21 31 41 51 High increase

1. No increase: The project has not increased civic/resi
engagement.

Likert scale: 2. Small increase: The project has increased civic/res
engagement with regards to one of the five factors mentibr

S3: Resident engagement/ NO
empowerment to climate engagemeng
conscious a@ns 1¢2¢3¢c4c
5 ¢ High 4. Significantincrease: The project has increased civic/res
engagement engagement with regards to three of the factors mentionec

3. Some increase: The project increased civic/resii
engagement with regards to two of the factors mentioned.

5. High increaseThe project has increased civic/reside
engagement with regards to four or more of the fact
mentioned.

Note: during the testing phase it will be seen whether i
possible to measure actual impact of projects on civic/resit
engagement, or that wenay need to rephrase the indicator
just include actions taken by the project to incres
civic/resident engagement.

4.1.2 Selecting the sources of data

The relevantdata sources, i.e. thetakeholders for theualitativedata collectionmust be identified
The stakeholders can be, for example, the residents of the buildings, larger property @itpers,
policymakers, etc. The classification of the stakeholders mudbie and therequired numberof
stakeholders must beefined for each stakeholder class.

In the city levelthe data sources will be residentdtod cityandthe relevant city policymakers and city
decision makers, which are familiar with the project and its goals for each PED areas, and are aware of
the development of the whole city

In the PEDevel the data sourcewill be the residents of the monitored ldings.The data collected
from these residents is based on thaivn habits, awareness argteryday life observationalso, larger
property owners can provide this kind of data imider perspective.

4.2 Phase?2 - Selecting the techniques, methods and tools

There are different ways to collect qualitative détaconversational and collaborative techniques, data
A4 SEGNI OGSR FNRY LIS2LX SQ& 06 SKI rgatichalindthgdprovidésS A NJ @S
a means of verbal communication between two or more pedjle.selection of methods depends on
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a) the stakeholder clagsee Phase 2)) the amount of responses required, c) the ability to ask
predetermined questions.

Surveys eable standardized data collection, ensuring that the same data is collected from each
respondent. Surveys can be roughly divided into two categories: questionnaires and interviews.

1 Questionnaires: Questionnaires provide an efficient way to collect infiomfaom multiple
stakeholders quickly. They can force users to select from choices, rate something or have open
ended questions allowing frderm responses.

1 Interviews: There are three types of interviewsstructured, structured, and sefsiructured.

In structured interviews, the analyst uses a predetermined set of questions. The success
depends on knowing the right questions, when they should be asked, and who should answer
them. In unstructured interview there is no agenda or list of questions.-S$emiured
interview is a combination of the structured and unstructured.

Different kind of survey must be prepared for each stakeholder ttage case of the residents, the
guestionnaire format is most likely to be chosen because a high numbepohses is desired.he
guestionnaire can include both closethd operended questions. Closathded questions have a
limited set of possible answers, whereas epaded questions enable respondents to describe their
thoughts and opinions more freely.

Thequestionnaire can be in different formats:

1 Questionnaire in PDF format
1 Online form
1 Online platform

Different kind of questionnaire must be preparied other stakeholder class, such astfar residents
of the cityand city decisiomakers. If there are dynfew stakeholders involdeinterviews may be the
more appropriatechoice

4.3 Phase3 - Collecting the data

4.3.1 City level data collection

Thecity level data collectiononsists of two phaseBb the first phasgthe purpose is to examine the

NEB & A R S yatlstatds, e@dizidityBonsumption behaviour, motives for changes in their consumption
behaviour, and the effect of an increased amount of available data on consumption behaviour. In
addition, the purpose is to examine how the residents feel that thgiiscgncouraging them towards
heathy lifestyle and providindata to increase consciousness to climate actibhs.questions for the

data collection will be defined in more detailed in D5.20 for Oulu and D5.21 for Groningen. However,
the questions willeflect the achievement of the project qualitative indicators;

Smart city factor in a city development stratelggiusion and level of detail of smart cities strategies in
the urban strategic plans of the city.

Quality of open dataThe extent to whichhte quality of the open data produced by the city was
increased.

Energy povertyPercentage share of energy bill as % of total household disposable income

Citizen engagement/empowerment to climate conscious actidppreciation of the benefits of city
actions; Energy empowerment at home, satisfaction, happiness of people.
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Consciousness of residentscreased consciousness of residents of the area on the defined issues
(project interventions, energy, environment, climate, personal/communal consumptiobonca
footprint and handprint, etc.).

Encouraging a healthy lifestyléie extent to which policy efforts are undertaken to encourage a healthy
lifestyle.

In the second phase, more coagt research is implemented tdetect the concrete changes, the
satisfation of the people and the success of the goals of the project.

4.3.2 PED level data collection

Thedata collectionn PED level also consists of two phases. In the first phase, the qualitative data is
collected from the residents of the monitored buildings.

Enegy poverty
1 9ySNHe LRGSNIe Ay NBAARSYyGaQ KlIoAda | yR
1 Share of energy bill as % of total household disposable income

O
N
<
QX

Consciousness of residents
1 wSaARSy(iaQ OdaNNByid adGlriddzay SySNHe& O2yadzyLIiaAz,)
1 Activity of the residnts: how aware the residents are about the development and actions in
energy markets

Resident engagement/empowerment to climate conscious actions

1 Motives of the residents: what are the motives for the resident to participate in energy
actions/issues
T ConstY SNEQ (K2daAKGaz FddAdddzRSa FyR SELISOGI A2y a4

In the second phasehe feedback collection is implemented in the later phase of the project, collecting
detected and actual results; what are the concrete changes, how satfigoleased the people are
and how succeeded the goals of the project were.

Energy poverty
1 / KIy3aSa Ay NBAARSYGaQ KFEoAGa FyR O2yadzYLIiA2y:
Consciousness of residents

1 Detected changes: do the residents detect any results/changes
9 Satisfaction: do the residemnachieve any benefits or detect positive effects

Resident engagement/empowerment to climate conscious actions

9 Increase in activity; are the residents more active/aware about energy actions/issues

1 / KFy3aSa Ay 0SKI @A 2dz2N)Y | NBnsuinptiGhNEhavioyf and Aakits y 3 S a )
4.4 Phase4 - Analysing the data

Qualitative data quality attributes can be used to evaluate the collected data. The apprattribtites
(defined in Table 3) include accuracy, compleness, consistency, corroboration, coverage and
relevancy.
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Quantitative methods can be used to analyse the responses to the-elnded questions (e..es/NO

or numbers from 1 to 5), described as percentagieas numbers (kert scale). Tase form thedirect
value for the qualitativendicators.

All the indicators cannot be measured from the results of the interviews, but they may be based on

SOl tdzZ GA2y 2F aAy3tS LISNE2ya® C2MNISHEA WA SZKEIKSH K
may bebased on the estimation of cipolicymakerdased on the results of the project

The answers obtained from the opended questions can be analysed using qualitatate analysis

methods, such as the constant comparative method, open coding;@texarple, content analysis

method (Bengtsson, 2016}nables toparse andpresent data in words and themeand finallyto

identify the common characteristics among the responses
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5 Resident engagement and interaction

The role of interaction with the resideritsthe MAKINGCITYoroject is mainly to influence the attitudes

of residents and other people about the benefits of energy efficiency and to get them to accept the
solutions made in the area’s buildings. The main focus of interaction and social inthisEMAKING
CITYproject area is to

1 provide information to residents and other people

1 give everyone the opportunity to express themselves

1 give residents and other people the opportunity to choose where they participate

1 give everyone the opportunity tofluence the development of their own living environment as
well as their own solutions, for example to increase energy efficiency, reduce adverse effects
and reduce consumption, as tMAKINGCITYproject aims to do

This point is very close to the useceptance and the evaluatiorocial research before the beginning

2F O0dZAfRAY3I 2Nl a FAYAa FANRGE® (G2 NrAaasS adl|SKz
implement clean technology and measures as well as to provide detailed informatioriVBkIKING

CITYProject. Different actions, tailored for different involved stakeholders, have to be performed for
achieving this goal.

Informations
meetings

Actions with
residents/users
Participation

Visits to similar
Questionnaries retrofiting
actuations

Figure9: Different actions with residents/users participation

Figure9 describes the different kinds of actions with which the residents can participate in pldhning.

is particularly important, during this stage, to give the affected users the possibility to participate in the
planning process in order toeate a strong identification with the measures that will be implemented
and the retrofitting process. At this purpose, meetings with the final users should be organized with the
aim of informing them about the project and the innovations brought abothidproject itself.

Moreover, questionnaires should be distributed, during the informative meetings or afterwards, to get
users/occupants feedback regarding their current living and working conditions, with particular
reference to energy consumption, comtfgoerception and dwelling condition as well as their
expectations towards th&AKINGCITYmeasures. The collected responses are then used to select
retrofitting solutions that, at the same energy savings, guarantee greater endorsement by end users.

It would be reasonable to prepare a questionnaire in order to investigate the following aspects:
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User profile

Dwelling typology

Energy Consumption

Comfort Perception

Conditions of dwelling preservation
Dwelling and district evaluation
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Conclusions

Thepurposeof this documenis to provide generajuidelines and the methodology for defining the
required steps for the monitoring prograifhe guidelines are targeted for both lighthouse cifléds
report provides gneral guidelines for monitoring both quantite&t and qualitative datancluding the
overallcollectionprinciplesandquality assurancef the data setsProject level KR shall be in the main
focus of the monitoring programmehile city level indicatorbave also beenonsideredwhichhave
defined inD5.1 andD5.2. The data sets requitéor calculating these KPIs have bdefinedin more
detailedin D5.5.

The guidelines for monitoring programme shall be basethemain reference frameworks, namely

SCIS monitoring guides (SCIS, 2018a, 201@k)deliverable produces orggneralguidelines to the
monitoring programme while the detailed monitoring programme shall be described in D5.7 for Oulu
and in D5.8 for Groningen. Moreover, this document provides some general guidelines for data
collecton and KPI calculation while they are defined more exadilg.th and D5.2 and later 5.10.

An extra care must be paid for proper handling in the collected data. All the GDPR related aspects of
collected data shall be covered in D5.5. In addition &lihks to other deliverables in WP5, this
deliverable s alsolinkedto WP2 and WP3 where the ICT platforms implementing the monitoring
programme are specified.
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