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EPBD context - Digitalization

* (23) Zero-emission buildings can contribute to demand-side flexibility for instance through demand management, electrical storage, thermal storage and
distributed renewable generation to support a more reliable, sustainable and efficient energy system.

* (49)[...] Electric vehicles are expected to play a crucial role in the decarbonisation and efficiency of the electricity system, namely through the provision of
flexibility, balancing and storage services, especially through aggregation. [...]

* (50)[...] Electric vehicles constitute an important component of a clean energy transition on the basis of energy efficiency measures, alternative fuels,
renewable energy and innovative solutions for the management of energy flexibility. [...]

* (54) [...] The digitalization of the energy system is quickly changing the energy landscape, from the integration of renewables to smart grids and smart-
ready buildings. In order to digitalize the building sector, the Union’s connectivity targets and ambitions for the deployment of high-capacity communication
networks are important for smart homes and well-connected communities. Targeted incentives should be provided to promote smart-ready systems and
digital solutions in the built environment. This would offer new opportunities for energy savings, by providing consumers with more accurate information
about their consumption patterns, and by enabling the system operator to manage the grid more effectively. y. Member States should encourage the use of
digital technologies for analysis, simulation and management of buildings, including with regard to deep renovations.

* (55) In order to facilitate a competitive and innovative market for smart building services that contributes to efficient energy use and integration of
renewable energy in buildings and support investments in renovation, Member States should ensure direct access to building systems’ data by interested
parties. To avoid excessive administrative costs for third parties, Member States shall facilitate the full interoperability of services and of the data exchange
within the Union.

DIRECTIVE (EU) 2024/1275 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 24
April 2024 on the energy performance of buildings (recast)
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EPBD context - Digitalization

* (56) The smart readiness indicator should be used to measure the capacity of buildings to use information and communication technologies and electronic
systems to adapt the operation of buildings to the needs of the occupants and the grid and to improve the energy efficiency and overall performance of
buildings. The smart readiness indicator should raise awareness among building owners and occupants of the value behind building automation and
electronic monitoring of technical building systems and should give confidence to occupants about the actual savings of those new enhanced-
functionalities. The smart readiness indicator is particularly beneficial for large buildings with high energy demand. For other buildings, the scheme for
rating the smart readiness of buildings should be optional for Member States.

 (57) A digital building twin is an interactive and dynamic simulation that reflects the real-time status and behaviour of a physical building. By
incorporating real-time data from sensors, smart meters and other sources, a digital building twin provides a holistic view of the building’s performance,
including energy consumption, temperature, humidity, occupancy levels, and more and can be used to monitor and manage the building’s energy
consumption. Where a digital building twin is available, it should be taken into account, in particular for the smart readiness indicator.

* (68) The monitoring of the building stock is facilitated by the availability of data collected by digital tools, thereby reducing administrative costs. Therefore,
national databases for energy performance of buildings should be set up, and the information contained therein should be transferred to the EU Building
Stock Observatory.

DIRECTIVE (EU) 2024/1275 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 24
April 2024 on the energy performance of buildings (recast)
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EPBD context — Digitalization

* Art. 13, par. 9: “Member States shall lay down requirements to ensure that [...] non-residential buildings are equipped with building automation and control systems,
as follows: (a) by 31 December 2024, non-residential buildings with an effective rated output for heating systems, air-conditioning systems, systems for combined space
heating and ventilation, or systems for combined air conditioning and ventilation of over 290 kW; (b) by 31 December 2029, non-residential buildings with an effective
rated output for heating systems, air-conditioning systems, systems for combined space heating and ventilation, or systems for combined air conditioning and ventilation
of over 70 kW.”;

e Art. 13, par. 10: “The building automation and control systems shall be capable of: (a) continuously monitoring, logging, analysing and allowing for adjusting energy
use; (b) benchmarking the building’s energy efficiency, detecting losses in efficiency of technical building systems, and informing the person responsible for the facilities
or technical building management about opportunities for energy efficiency improvement; (c) allowing communication with connected technical building systems and
other appliances inside the building, and being interoperable with technical building systems across different types of proprietary technologies, devices and
manufacturers”;

* Art. 13, par. 11: “Member States shall lay down requirements to ensure that [..] from 29 May 2026, new residential buildings and residential buildings undergoing
major renovations are equipped with the following: (a) the functionality of continuous electronic monitoring that measures systems’ efficiency and informs building
owners or managers in the case of a significant variation and when system servicing is necessary; (b) effective control functionalities to ensure optimum generation,
distribution, storage, use of energy and, where applicable, hydronic balance; (c) a capacity to react to external signals and adjust the energy consumption”

* Art. 15, par. 1: “The Commission shall adopt delegated acts [...] concerning an optional common Union scheme for rating the smart readiness of buildings. The rating
shall be based on an assessment of the capabilities of a building or building unit to adapt its operation to the needs of the occupant, in particular concerning indoor
environmental quality and the grid and to improve its energy efficiency and overall performance.

e Art. 15, par. 2: [...]the Commission shall, by 30 June 2027, adopt a delegated act [...] by requiring the application of the common Union scheme for rating the smart
readiness of buildings, in accordance with Annex IV, to non-residential buildings with an effective rated output for heating systems, air-conditioning systems, systems for
combined space heating and ventilation, or systems for combined air-conditioning and ventilation of over 290 kW.

DIRECTIVE (EU) 2024/1275 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 24
April 2024 on the energy performance of buildings (recast)
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Next generation of Energy Management and Information Systems in Buildings leveraging Al
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What is energy flexibility?

The widespread adoption of poses

challenges in managing power systems. A potential solution involves
shifting from supply-side control to

means the capacity of active customers to react
to external signals and adjust their energy generation and
consumption, individually or through aggregation, in a
, Which may be provided by smart, decentralized energy
resources, including demand management, energy storage, and
distributed renewable generation, to support a more reliable,
sustainable and efficient energy system

Meet

Building
Occupants'
Needs
Grid
Services
Adapt to )
Ambient Flexible
Conditions Operations
3 Politecnico Source: H. Li, Z. Wang, T. Hong et al. (2021) [18]

di Torino

Alfonso Capozzoli

Demand-side management strategies are critical for
efficient energy consumption and grid optimization.

These approaches include

supply and demand by shifting consumption during peak
times enhancing grid reliability.

Demand

Demand

a) Peak Clipping

Hour of Day -
b) Valley Filling

Demand Side
Management

Demand

Hour of Day

¢) Load Shifting

Hour of Day

to balance

d) Flexible Load Shape

Demand
~
~

v Hour of Day

e) Strategic Growth

v
Demand

Hour of Day

f) Conservation

Demand

Hour of Day

Source: Qurat-ul-Ain et al. (2019) [1]
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The fingerprint of a flexibility strategy

©
& N
iy e . 53 S &
A methodology for characterizing energy flexibility is established © = B = 3
using the described flexibility function. This function explains S B — %
how a particular smart building, or a group of smart buildings Eg;_ 1 — Egr‘?;?tl;dema”d | S 3
responds to a penalty signal. Re ° 35
s - A -k
The dynamic nature of the flexibility function enables it to be §§ - - § <
useful even when the system is not in steady state. ! ! ! ! ! !
-2 0 1  Time 3 5 7
The flexibility function contains all information about the Source: Junker, R.G. et l. (2021) [13]
relationship between the penalty signal and the resulting energy Flexibility features
demand proﬁle. T (Time): The time it takes for adjustments in energy pricing to have a noticeable effect

on energy demand.

A (Power): The maximum change in demand that can occur following a change in
penalties or pricing.

Operation-phase KPls a (Time): The time it takes for the change in demand to reach its lowest level after the
adjustment begins.

[ (Time): The total duration during which energy demand remains decreased.

Baseline-required KPls Baseline-free KPIs
. A (Energy): The total amount of decreased energy demand resulting from the changes.
Source: Li H. et al. (2023) [6]
B (Energy): B signifies the total amount of increased energy demand resulting from the
Model-driven Data-driven baseline changes.
baseline generation generation
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The Smart Readiness Indicator. What is it? Key functionalities

* Lack of awareness about improvements in overall * Energy savings & operation

performance of buildings when implementing smart * Respond to users’ needs
technologies * Respond to the needs of the grid

* SRl support the smartness upgrade of buildings Impact criteria

* Energy savings

* |t encourages the adoption of energy flexibility solutions
8 P gy y * Maintenance & fault prediction

* |t promote the adoption of monitoring infrastructures for

_ e Comfort
buildings SRI « Convenience
* |t measures the potential smartness of a building and not * Health & Well-being

its actual energy performance * Information to occupants

« SRlis based on: * Energy flexibility & storage

Smart ready

U The readiness to maintain energy efficiency performance and services Domains
operation of the building through the adaptation of energy * Heating
consumption * Services per domain * Cooling
27 for method A * Domestic hot water
U The readiness to adapt its operation mode in response to the e 54 for method B e Controlled ventilation
needs of the occupant * Method C (in-use) as possible * Lighting
future development . ici
U The readiness to adapt its operation mode in response to the . P EIectrlc'lty
e Automation degree of each «  Dynamic Envelope

needs of the energy grid (energy demand flexibility) service - EV charging

* From 0 (non-smart) to 4 Monitoring & Control

(smart)

Source: Final report on the technical support to the development of a smart readiness
indicator for buildings
i %! 3 Politecnico
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SRI calculation procedure. Triage Process

* The SRl is based on a multi-criteria calculation method

* The first criterion is the classification into 9 domains of the services: heating, cooling, DHW, controlled ventilation,
lighting, dynamic building envelope, electricity, EV charging and monitoring & control

* Each domain is characterized by a set of services

* For each service, a level of functionality needs to be expressed based on what the service provides (connected to I1SO

52120)
domestic controlied et dynamic ale electric monitoring
cooling hot water | ventilation Hghang building vehicle and control Source: Final report on the technical
enveloppe charging support to the development of a
smart readiness indicator for buildings
ermal Ener
- Emission control Storage and Control of gy 1
Heat emission ) res N Storage (TES) for |
for TABS (heating  shifting of thermal distribution pumps o .
control e ener in networks building heating I
gy (excluding TABS)
|
Heat generator Heat generator Sequencing in case Report information
g g quencing sl Flexibility and grid |
control (all except  control (for heat of different heat regarding system N |
heat pumps) pumps) generators performance :
" i\i\ Politecnico I BN DN DN N BN BN DN DN N BN DN D N BN BN D DN N D DN D B B B D D D BN D D B B B D B B B S S S B e e
Yo &A% (o .
iRl ™ Alfonso Capozzoli BAEDA Lo/
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SRI calculation procedure. Triage Process

e Each level of functionality has impact on user well-
being and building performance related impact

criteria (e.g. set of scores associated)
Domain X - Service n

* Set of 7 impact criteria are defined: energy savings, _
maintenance & fault prediction, comfort . @ @ @ .

. . . ! [ ! E
convenience, health & well-being, information to

occupants, energy flexibility & storage erergy | Maintenance Health, well- |\ o Energy

; and fault Comfort Convenience being and flexibility and
savings 8 to occupants v

prediction accessibility storage

 For each functionality level is defined a set of
scores that express the impact of that automation Level O 0 0 0 0 0 0 0
level on the 7 Impact criteria

Level 1 1 0 1 1 1 o 0
* Inventory of services present in the building g : )

Level 2 1 0 2 2 ) 0 0

* Level of functionality assessment & max > 1 S RN SRR UM I A R
scorin Level 3 2 0 3 3 3 0 0

I g .I TRl il B B B N EEEEREN l..l.l..l..l..l.l..l..l..l.l..l..l..l..l.l..l..l..l_l_.l..l..l.l..l..l..l.l.l..l..l..l..._‘

! 1

: _ o :

* Sum of all the scores obtained per impact criterion = Level4 3 0 3 3 3 0 0o

AT TN NN B RS e EEEEEEEEEEEEEEEEEEE Eee Y

under each domain

Source: Final report on the technical support to the development of a smart readiness
indicator for buildings
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SRI calculation procedure. Vertical & horizontal aggregation
Vertical aggregation

* Domain scores (max & real) for each impact criterion are
multiplied by domain weighting factors Horizontal aggregation

* Domain weights express the relative importance of that
domain with respect to the others for a given impact

. - @ I == @
* 3 weight types: energy-balance, equal, fixed 7 — L X
Energy Maigt’ﬁ:‘i\tﬂcc Comfort Convenience Health & well Information Hei?l;’ﬁ){&
efficienc Y protection being to occupants storage
* Vertical summation of weighted real and max scores: 39%  18% 60%  T% _ 48%  59% 5%
overaII reaI and max scores M) Heotng 32% 18% 62% 55% 24% 74% 100%
- o 17% 0% 45% 70% 67% 83% 0%
S Coolng 65% 51% 78% 72% 61% 55% 0%
B Comioton 41% 0% 55% 60% 34% 44%
O g 85% 14% 90% 100% 83% 15%
Horizontal aggregation B e 10% 0% % 56% 2% ek
’ Electricity 10% 0% - - - 68% 0%
. . . Elz;rtri:‘vahi(lz i 8% . 82% B 84% 259%
e Overall real & Maximum scores multiplied by Impact o/ S5 o ’ - -
. e 52% 43% 62% 72% 45% 64% 14%
weights

* Horizontal summation of scores

Vertical aggregation
SRI = Total Real Score (%]
= - o
Total Maximum Score Source: Final report on the technical support to the development of a smart readiness
indicator for buildings

Y Politecnico

< %!y Polite
~’:’,"‘~~‘"‘,:é d T°”"°W Alfonso Capozzoli BAEDA Lo

www.baeda.polito.it

BUILDING AUTOMATION ENERGY DATA ANALITYCS


http://www.baeda.polito.it/

SRI weighting factors

Energy-balance weights: Horizontal weights:
*  Based on primary energy usage * Equally distributed
* Climate-dependent
* Based on building type

ONE SINGLE SCORE CLASSIQIES
THE BUILDING'S SMART READINESS

Respond to needs
of the grid

Y| *

Maintenance & Information to Health & Energy flexibility

fault prediction occupants wellbeing & storage Source: Final report on the technical support to the
: =8,3% : ; ‘ development of a smart readiness indicator for
Heating 10% buildings
DoEestic hot water 10% 11,4%
Cooling 16% 10% 20% 11,4%
Controlled ventilation 16% 10% 20% 11,4%
Lighting 16% 10% 20%
Electricity S | 10% 11,4%
Dynamic Envelope 5% s% | 16% 10% 20% 11,4%
EV Charging | 10% o 114% 5%
Monitoring & Control 20% 20% 20% 20% 20% 20%

Fixed weights:
* non-changeable
* Estimated impact

Equal weights

Image from European Commission Final Report

Alfonso Capozzoli BAE DA Lot

www.baeda.polito.it
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SRI weighting factors: fixed weights

* Weighting factors for domains should be derived from an energy balance whenever possible

* Fixed weights are derived for domains where it is not possible to establish a direct relationship with an energy balance
operation (e.g. monitoring and control or dynamic building envelope)

* Fixed weights are based on the approach of the estimated impact of a specific domain with respect to the others

* 20 % weighting is assigned to the domain "monitoring and control” for all impact criteria

* 5% weighting is assigned for the impact criteria "Energy savings", "maintenance and fault prediction" and "energy
flexibility and storage" to the domains "electric vehicle charging" and "dynamic building envelope"

* These values are not dependent on the climate zone or building type

* These values cannot be changed when using an alternative energy balance

Source: Final report on the technical support to the development of a smart readiness
indicator for buildings
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SRI weighting factors: equal weights

* Equal weightings are assigned to the impact criteria "comfort", "convenience", "health and wellbeing" and

"information to occupants”

e Obtained by dividing the remaining weight for the given impact criteria for the number of domains that are relevant

for the given impact criterion:

1 — ) Fixed weights

Jaomain impact crit number of relevant domains

* These values are not dependent on the climate zone or building type

* These values cannot be changed when using an alternative energy balance

Source: Final report on the technical support to the development of a smart readiness

’;’ %‘2 y, Politecnico
A~ '{; di Torino
I 4#
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SRI weighting factors: energy-balance weights

Pre-defined o;,,,,4:, Values (%) for residential buildings in different European zones

* Energy balance weights are assigned to impact

criteria "energy savings", "maintenance and fault Hesting et - - SllsouhEast
icti n n ihili “« DHW 124 10.2 13.3 18.6 7.7
prediction"” and "energy flexibility and storage g 24 = 23 = 27

. . . L. . Ventilation 25.0 23.8 12.3 254 14.4

e Obtained by multiplying the remaining weight of Lighting 49 20 36 08 12

Electricity 17.8 14.8 19.5 14.7 29.6

the given impact criterion by the relative
importance of the domain with respect to the

Pre-defined a;,,,,4in, Values (%) for non-residential buildings in different European zones

WEIGHTINGS North " West [SOGERT North-East South-East
oth ers. Heating 41.8 36.4 40.3 32.0 38.3
DHW 7.2 11.0 14.3 12.5 154
. . Cooling 12.5 16.9 15.7 11.2 9.9
1—(ZF ixed we lg hts (impact C‘r'it))*adomain Ventilation 26.2 19.1 11.7 24.4 201
Lighting 104 13.8 16.0 9.7 115
Electricity 2.0 2.8 2.1 3.1 4.4
. s . ..
Energy balance weights - South Europe O;,mq4in 1S the relative importance of a domain with respect to
: — ; the others
. - nergy flexibility ~Maintenance and
Domain Energy efficiency d faul dicti . ) .
and storage ault prediction * |t represents the primary energy use of the given domain
Heating 0.32 0.38 0-33 compared to the six primary energy usage.
DHW 0.10 0.12 0.10
Cooling 0.07 0.08 0.07 * |t is computed as follows:
Ventilation 0.09 0.00 0.10
Lighting 0.03 0.00 0.00 o‘domain'Qdomain/ Qtotal
Electricity 0.15 0.17 0.15

Qtotal=Qheat+QDHW+Qcool+Qvent+Qlight+Qrenew

Example of pre-defined energy-balance weights for residential buildings.

Source: Final report on the technical support to the development of a smart readiness indicator for buildings
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SRI assessment: example

Residential building in Italy (South Europe) with only 2 domains: heating and DHW

For heating are considered three services and only one for DHW
The first two services of heating domain are present and mandatory, the third one is not present but mandatory

The service for DHW is present and mandatory

The levels of functionality are expressed in the table below and the red one are the level of functionality present in the
building

. . Is it Is it Does it affect Level of functionality
Domain Services )
Mandatory?| present? | the maximum Level 0 Level 1 Level 2 Level 3 J_ Level 4
Individual room Individual room Individual room ]
. Central automatic  |control (e.g. control with .
. Mo automatic ’ L control with |
1) Heat emission control Yes Yes Yes control (e.g. central |thermostatic valves, |communication L
control ) communication and |
thermostat) or electronic between controLLersloccu ancy detection
controller) and to BACS pancy .
i Variable speed pump
: L . . Variable speed pum
Heating 2) Control of distribution No automatic i . kontrol (pump unit P pump
. Yes Yes Yes On off control Multi-Stage control . control (external
pumps in networks control | [mtemal} demand signal)
| kstimations) 8

HW storage vessels

3) Storage and shifting of controlled based on

¥ N ¥ 0
thermal energy ES ° = external signals
(from BACS or grid)
utomatic control
1) Control of DHW storage Ion / off and
charging (with direct electric cheduled charging
DHW - . Yes Yes Yes . -
heating or integrated IenabLe and multi-
electric heat pump) ensor storage
anagement
¢ %! 3 Politecnico
.‘;AC'-»'“:: di Torino BAE DA
N e g#® Deparimentof nergy www.baeda.polito.it
“G.Ferraris UILDING AUTOMATION ENERGY DATA ANALITYCS
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SRI assessment: example

» Set of scores associated to impact criteria

* Blue framed text is the level implemented within the building
* Yellow highlighted text is the maximum level

Heating - 1) Heat Emission Control Heating - 2) Control of distribution pumps in networks
IMPACTS IMPACTS
conali Energy Health, well- | Maintenance ; Enel Health, well- | Maintenance
Functionality levels Energy ot . . Information to Functionality levels Enel &/ ’ Information to
efficiency flexibility and Comfort Convenience | being and and fault occupants Y o .rgy flexibility and Comfort A being and and fault
storage accessibility prediction sthielency storage accessibility prediction occupants
EevellD No automatic control 0 0 0 0 0 0 0 level 0 | No automatic control 0 0 0 0 0 0 0
level 1 Central automatic control 1 0 1 1 1 0 0
(e.g. central thermostat)
Individual room control level 3 control (pump unit 2 0 0 0 0 0 0
level 2 ((e.g. thermostatic valves, 2 0 2 2 2 0 0 (internal) estimations)
or electronic controller) Variable speed pump
level 4 | control (external demand 2 0 0 0 0 0 0
Individual room control signal)
level 3 with communication 2 0 2 3 2 1 0
between controllers and
to BACS
L= = - - - - - - - -
I Individual room control
level 4 | with communication and 3 0 i 3 i 1 0 DHW - 1) Control of DHW storage charging (with direct electric heating or integrated electric heat pump)
I gccupancy detection IMPACTS
o T T T T T T T . . Energy Health, well- | Maintenance
Functionality levels Ener ’ Information to
ty . 34 flexibility and Comfort Convenience being and and fault
S s efficiency e - occupants
Heating - 3) Storage and shifting of thermal energy storage accessibility prediction
IMPACTS Automatic control on /
. . Energy Health, well- | Maintenance . level 0 0 0 0 0 0 0 0
Functionality levels Energy o . ) Information to [re—g— RN 1 i S R — N ——— [re—— [re—— R — R — R —
. flexibility and Comfort Convenience being and and fault I Aut: ti trol F
efficiency . Y occupants utomatic control on / I
. N N N S S e e e - M N B N N S B e e s eC eseibhilit ey sprasliction i . = - IlE'\fEH off and scheduled 1 i 0 i 0 0 0
| tevelo None 0 0 0 0 0 0 0 charging enable |
J----mmﬂm---------I----I----I----I---I---- h—-—- L - - - - - - -
level 1 available 1 0 1 0 Automatic control on /
HW storage vessels off and scheduled
e controlled based on > 0 ) ) q q 7 level 2 |charging enable and multi 2 2 0 2 0 0 0
external signals (from sensor storage
BACS or grid) management
;ﬁ;ﬁ‘b (F;p_lli_te.cnico
v & /v di Torino .
¥ Alfonso Capozzoli
W

¥
N s b

Department of Energy
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SRI assessment: example

* The next step is to calculate the sum of both REAL SCORES and MAXIMUM SCORES for each domain: the real score is the
sum of the red value scores either maximum score is the sum of the yellow highlighted scores

Impact criteria Ener Energy Health, well- | Maintenance Information to
nergy flexibility and Comfort Convenience being and and fault
. efficiency Lt ors .. occupants
Domain storage accessibility prediction
Heating 5 0 2 3 2 1 0
DHW 1 1 0 1 0 0 0
Impact criteria Ener Energy Health, well- | Maintenance Information to
nergy flexibility and Comfort Convenience being and and fault
. efficiency et s1s - occupants
Domain storage accessibility prediction
Heating 7 0 3 4 2 1 0
DHW 2 2 0 2 0 0 0
¢ %! ‘{5 Politecnico
Bty ~ Alfonso Capozzoli BAEDA o4
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SRI assessment: example

e Real score and maximum score multiplied by the DOMAIN weightings to obtain a new table with weighted values

Impact criteria Ener Energy Health, well- | Maintenance Information to
efficie?'z: flexibility and Comfort Convenience being and and fault occupants
Domain y storage accessibility prediction P
Heating 5 0 2 3 2 1 0
DHW 1 1 0 1 0 0 0
_ Impact &iteria Energy Health, well- | Maintenance .
S5 X 0'32 - 1'58 efli?c?;gr’\):: flexibility and Comfort Convenience being and and fault In?crzjagﬁgsto
Real score x Domain Weightings  |Domain y storage accessibility | prediction P
= Real score - DW Heating 0,32 0,38 0,16 0,10 0,20 0,33 0,11
DHW , 0,12 0,00 0,10 0,00 0,10 0,11
Impact criteria Ener Engfby Health, well- | Maintenance Information to
efficiegx: flexiflity and Comfort Convenience being and and fault occupants
Domain y torage accessibility prediction P
Heating 1,58 0,00 0,32 0,30 0,40 0,33 0,00
DHW 0,10 0,12 0,00 0,10 0,00 0,00 0,00

Politecnico
&% di Torino
i

Alfonso Capozzoli

www.baeda.polito.it

BAEDA a4

BUILDING AUTOMATION ENERGY DATA ANALITYCS



http://www.baeda.polito.it/

SRI assessment: example

* Sum of all domain scores for a given impact criterion is performed (Vertical aggregation)

Politecnico
&% di Torino
1

Impact criteria Ener Energy Health, well- | Maintenance Information to
efficiei):: flexibility and Comfort Convenience being and and fault occupants
Domain y storage accessibility prediction P
Heating 1,58 0,00 0,32 0,30 0,40 0,33 0,00
DHW 0,10 0,12 0,00 0,10 0,00 0,00 0,00
Vertical aggregation \_ 1,68 y 0,12 0,32 0,40 0,40 0,33 0,00
1,58 + 0,10 = 1,68
Impact criteria Ener Energy Health, well- | Maintenance Information to
efficiei):: flexibility and Comfort Convenience being and and fault occupants
Domain y storage accessibility prediction P
Heating 2,22 0,00 0,48 0,40 0,40 0,33 0,00
DHW 0,20 0,24 0,00 0,20 0,00 0,00 0,00
Vertical aggregation 2,42 0,24 0,48 0,60 0,40 0,33 0,00

Alfonso Capozzoli

www.baeda.polito.it
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SRI assessment: example

* Each Vertical aggregation score is multiplied by IMPACT Weighting factors

* An example for the REAL SCORE — DW are provided below: a new line appear called Horizontal aggregation which
represent the scores after the multiplication of REAL SCORE — DW by Impact Weighting (IW)

REAL SCORE - DW
Impact criteria Ener Energy Health, well- | Maintenance Information to
nersy flexibility and Comfort Convenience being and and fault
. efficiency 1ot . occupants
Domain storage accessibility prediction
Heating 1,58 0,00 0,32 0,30 0,40 0,33 0,00
DHW 0,10 0,12 0,00 0,10 0,00 0,00 0,00
Vertical aggregation 1.68 ~ 0,12 0,32 0,40 0,40 0,33 0,00
IMPACT WEIGHTINGS
X 0’17 ) 0'28 . . SIS flexII::I;‘iTirtgyand Comfort Convenience Hle;zlitnh’:::i“- M?r?ctlira‘?.lrl‘tc ® | Information to
X Impact Weightings efficiency y g an " occupants
. . . storage accessibility prediction
= Horizontal aggregation partial score 0.17 0.33 0,08 0,08 0,08 0.17 0,08
AL SCORE - DW
y
pact criteria Ener Health, well- | Maintenance Information to
nersgy Comfort Convenience being and and fault
. efficiency e ars . occupants
Domain accessibility prediction
[[ 0,28 0,03 0,03 0,03 0,05 0,00
’;’ %‘2 y, Politecnico
va, > AY diTorino BAE DA

www.baeda.polito.it
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SRI assessment: example

* Weighted score obtained and ready for the next step: horizontal aggregation
* The horizontal is not yet performed in this tables

Impact criteria Ener Energy Health, well- | Maintenance Information to
nersgy flexibility and Comfort Convenience being and and fault
. efficiency oo .. occupants
Domain storage accessibility prediction
Heating 1,58 0,00 0,32 0,30 0,40 0,33 0,00
DHW 0,10 0,12 0,00 0,10 0,00 0,00 0,00
Vertical aggregation | ~ 1.68 0,12 0,32 0,40 0,40 0,33 0,00
Horizontal aggregation

Impact criteria Ener Energy Health, well- | Maintenance Information to
nergy flexibility and Comfort Convenience being and and fault
. efficiency et s1s o occupants

Domain storage accessibility prediction

Heating 2,22 0,00 0,48 0,40 0,40 0,33 0,00

DHW 0,20 0,24 0,00 0,20 0,00 0,00 0,00

Horizontal aggregation 0,40 0,08 0,04 0,05 0,03 0,05 0,00

Politecnico
&y 4™ Alfonso Capozzoli BAEDA o4
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SRI assessment: example

* Sum of each impact criteria is performed in the column Total (horizontal aggregation step)
* Ratio between Total Real score and Total Maximum score is performed to obtain the SRI expressed as percentage

SRI =

Total Real Score

Total Maximum Score

* Moreover, a ratio between the Real score — Horizontal aggregation and Maximum score — Horizontal aggregation impacts
can be done, and this can give a percentage of SRI relative score per impact criterion

Impact criteria Ener Energy Health, well- | Maintenance Information to
nersgy flexibility and Comfort Convenience being and and fault Total SRI
efficiency ot srs " occupants
Type of score storage accessibility prediction
REAL SCORE - 0,28 + 0,04 + 0,03 + 0,03 + 0,03 + 0,05 + 0,00 = (0,47
Horizontal aggregation 71%
(+]
MAXIMUM SCORE = 0,40 0,08 0,04 0,05 0,03 0,05 0,00 0,66
Horizontal aggregation
Impacts % L 70% 50% 67% 67% 100% 100% 0% Class = o
0,28 100 = 70%
k = 0
0,40
.’;’ ?;2 ‘-\.J (F;p_lli_te.cnico
{fealy "™ Alfonso Capozzoli
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SRI assessment: example

e Based on the SRl and to the % assigned to every impact, the owner can easily understand how to improve his score

* In the example explained, the impact "Information to occupants" is 0%, so if the owner wants to improve his SRI must
install services which provide information to occupants

e If SRl is coupled to an EPC the owner can easily have an overall framework about his building.

TOTAL SRI SCORE 71% SRI CLASS C
SRI Class
(o)

IMPACT SCORES >90% A

80 - 90% B

70% 67% 7%

65 - 80% C

Energy efficiency 0% s0%
o)
Energy flexibility and storage 50% 50 - 65% D
Comfort 67% o
Convenience 67% 35 506 E
Health, well-being and accessibility 100% . 20 - 35%
Maintenance and fault prediction 100%
Information to occupants 0% Emergy ENErgy comfort Comvenience  Health, welk  maintenance Information to < 20%
efficiency  flexibility and being and and fault OCCUpants
storage accessibility  prediction

,l’ ﬁ‘l ~,  Politecnico
::A,:"_,A"'u di Torino
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Heating/Cooling services

Services Level0 | Level 1

Thermal Energy

Storage Continuous storage Time-scheduled

(TES) for operation storage operation

building heating

(excluding

TABS)

Report Central or remote

AT reporting of current

regarding None {Jerformance KPIs

HEATING system e.g. temperatures,

performance submetering energy

usage)

Flexibility and No Scheduled operation

grid interaction automatic control of heating system
\,

S

Functionality levels

Source: Final report on the technical support to the development of a smart readiness indicator for buildings

Alfonso Capozzoli
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Electricity services

Functionality levels

Services Level0 | Level 1

Optimizing self-

consumption of Scheduling electricity

locally T consumption (plug

generated loads, white goods,

electricity etc.)

Storage of

(locally On site storage of

generated) None electricity (e.g.

electricity electric battery)

S - Automated

upporto management of
% : None -
(micro)grid (building-level)
operation modes electricity
L -
)

Xy Politecn Source: Final report on the technical support to the development of a smart readiness indicator for buildings
g & ‘*‘31 olitecnico -
(Seatlz "™ Alfonso Capozzoli BAEDA L«s
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EV charging and Monitoring & Control services

Monitoring &
Control Services

Detecting faults
of technical
building
systems and
providing
support to the
diagnosis of
these faults

Smart Grid
Integration

Level O

No central
indication of
detected faults
and alarms

Functionality levels

Level1l

with central
indication of detected
faults and alarms for
at least 2 relevant TBS

None - No
harmonization
between grid and
TBS; building is
operated
independently from

EV charging
Services

EV Charging
Grid balancing

Demand side
management
possible for (some)
individual TBS, but
not coordinated
over various

Department of Energy
“G.Ferraris”

the grid load domains
A
Functionality levels
Level O ) Levell
I-way controlled
Not present ) charging (e..g.
(uncontrolied including desired
charging) departure time and
grid signals for
optimization)
A

Source: Final report on the technical support to the development of a smart readiness indicator for buildings
Alfonso Capozzoli
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SRI possible certificates

* REHVA launched an online survey to
SMART READINESS INDICATOR collect inputs for the development of
RESIDENTIAL CERTIFICATE n RESIDENTIAL CERTIFICATE an SRI certificate

Certificate ID: 009-8677-9829-3096-4423

Certificate ID: Date of issue/assessment: 13 April 2022
009-8677-9829-3096-4423 Date of expiration: 12 April 2025

Date of issue/assessment: 13 April 2022 Address: Schwarzwaldstraie 999D-79098 Freiburg
Date of expiration: 12 April 2025 imBreisgau, Germany

Address: Schwarzwaldstrae Type of assessment: Existing dwelling

999D-79098 Freiburg imBreisgau, Dwelling type: End - terrace house

Germany Total floor area: 88 m*

Year of construction: 2002
Type of assessment: Existing dwelling

SMART READINESS INDICATOR

* REHVA is The Federation of European
Heating, Ventilation and Air
Conditioning associations

DweHing type: End - terrace house W Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam
Total floor area: 88 m* nonummy nibh evismod tincidunt ut lacreet dolore magna aliquam erat
Year of construction: 2002 volutpat. Ut wisi enim ad minim veniam, quis nostrud exerci tation ullam-

corper suscipit lobortis nisl ut aliquip ex ea commodo consequat nibh eu-
ismod tincidunt ut laoreet dolore magna aliquam erat.

* 2 main design options

m Lorem ipsum dolor sit amet, consec-

Comfant Comvenience

tetuer adipiscing elit, sed diam Optimise energy . .
R o 28-. o * Key information about SRl are

::LL;LP: ‘thlllJlfsvr\i;Isfr?lldme?rg rTiI :‘c‘lrt?o nul- e s ° . . . ; .

e showed on the front side of the

remed siorsaton dlemonrt s - e S N— . .
b e . 59% L certificate (e.g. SRI class and partial

sed diam nonummy nibh euismod tinci- B oot 65% 51% 78% 72% 61% 55% 0%
dunt ut lacreet dolore magna aliquam - ! . SCO res
erat volutpat. Ut wisi enim ad. @ oo 4% 0% 55% 60% 34% 44% R
Adapt tosignals @ voim 85% 14% 90% 100% 83% 15% -
from the grid Sy
SMART READINESS SCORES ALONG THE (energy flexibility) o/ e 0% 0% % 56% 22% 46%
THREE KEY FUNCTIONALITIES ° [ . 0% o% . . . 6a% o%
HIGHLIGHTED IN ANNEX |

EEa - - = - e . * Additional information can be added
52% 43% 62% T2% 45% B4% 14%
_ _ » on the reverse of the sheet or
LOREM IPSUM DOLOR SIT AMET, CONSECTETUR ADIPISCING Lorem ipsum dolor sit amet, consectetuer adipisc-
ELIT, SED DO EIUSMOD TEMPOR INCIDUNT UT LABORE. CO :ﬁ elit, sed diam nonummy nibh euismod tincidunt

NSECTETUR ADIPISCING SED DO EIUSMOD LOREM IPSUM aoreet dolore magna aliquam erat volutpat. Ut
DOLOR SIT AMET, NCIDUNT UT LABORE. CONSECTETUR AD wisi enim ad minim veniam, quis nestrud exerci a nyW e re
IPISCING SED DO EIUSMO. DOLOR SIT AMET, CONSECTETUR tation ullamcorper suscipit Icﬁaor’tis nisl ut aliquip
ADIPISCING ELIT, SED DO EIUSMOD TEMPO LABORE. CO ex ea commodo consequat quis nostrud exerci

NSECTETUR ADIPISCING SED DO. tation ullamcorper suscipit lobortis nisl ut aliquip.

& /S U mm o

Energy
efficiency

. Heaith & wel informatien
Camort Comeniance Toing Fopeal

Source: https://www.rehva.eu/news/article/smart-readiness-

LOREM IPSUM DOLOR SIT AMET, CONSECTETUR ADIPISCING Lnrerlﬂ iPsud"édcﬂﬂf sit amet, “"Sec‘e‘“e; "d‘P"f" dol d lit, sed d bh d tincid T dol
ELIT, SED DO EIUSMOD TEMPOR INCIDUNT UT LABORE. CO ing elit, sed diam nenummy nibh euismed tincidunt Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut laoreet dolore . . s .
NSECTETUR ADIPISCING SED DO EIUSMOD LOREM IPSUM utlaoreet dolore magna aliguam erat volutpat. Ut magne aliquam erat volutpat. Ut wisi enim ad minim veniam, quis nostrud exerci tation ullamcorper suscipit lobortis nisl ut |ndlcat0r—su rvey-on-ce rtlflcate-deSIgn

DOLOR SIT AMET, NCIDUNT UT LABORE. CONSECTETUR AD wisi enim ad minim veniam, quis nostrud exerci aliquip ex ea commodo consequat. Duis autem vel eum iriure dolor in hendrerit in vulputate velit esse molestie consequat,
IPISCING SED DO EIUSMO. DOLOR SIT AMET, CONSECTETUR tation ullamcorper suscipit lobortis nisl ut aliquip vel illum dolore eu feugiat nulla facilisis at vero eros et accumsan et iusto odic dignissim qui blandit praesent luptatum zzril
ADIPISCING ELIT, SED DO EIUSMOD TEMPO LABORE. CO ex ea commodo consequat quis nostrud exerci delenit augue duis dolore te feugait nulla facilisi. Lorem ipsum dolor sit amet, cons ectetuer adipiscing elit, sed diam

NSECTETUR ADIPISCING SED DO. tation ullamcorper suscipit lobortis nisl ut aliquip. nenummy euismod tincidunt ut laoreet dolore magna aliquam erat volutpat. Ut wisi enim ad minim iam, quis nos-

trud exerci tation ullamcorper suscipit lobortis nisl ut aliquip ex ea commodo consequat rit in vulputate velit esse molestie
consequat, vel illum.

Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh euismod tincidunt ut laoreet dolore
magna aliquam erat volutpat. Ut wisi enim ad minim veniam, quis nostrud exerci tation ullamcorper suscipit lobortis nisl ut
aliquip ex ea commodo consequat. Duis autem vel eum iriure dolor in hendrerit in vulputate velit esse molestie consequat.

Lorem ipsum dolor sit amet, consectetuer adipiscing elit. sed diam nonummy nibh euismod tincidunt ut lacreet dolore
magna aliquam erat volutpat. Ut wisi enim ad minim veniam, quis nostrud exerci tation ullamcorper suscipitlobortis nisl ut
aliquip ex ea commodo consequat. Duis autem vel eum iriure dolor in hendrerit in vulputate velit esse molestie consequat,
velillum dolore eu feugiat nulla fa at vero eros et accumsan et iusto odic dignissim qui blandit praesent luptatum.
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SRI & possible connection with schemes

* SRl information should be integrated into an EPC  Level(s) and SRI may have some overlap for what concerns
the assessment of building energy performance and

* Data from EPC to calculate energy-related weighting factors
comfort/well-being

* To limit effort and cost for assessment procedure (e.g. joint

assessment)  Limited effort and cost for assessment procedure (e.g. joint

_ o assessment)
* Potential to share formed assessors and communication _
platforms * Potential to share formed assessors
* Common KPIs assessment for a future Method C in the SRI

methodology

* SRl information could be integrated into Digital Logbook

procedure
* SRl and Building Renovation Passports could share the same

* Information from Digital Logbook can be useful for SRI documentation process

assessment
* SRl assessment could be integrated within this process and

* The use of BIM can help in collect information about the potentially add value to BRP

building and its TBS/BEMS (e.g. triage)

* SAREF ontology can help in the triage process (e.g.

intero pera b|||ty) Source: Final report on the technical support to the development of a smart readiness
indicator for buildings

NI . .
9;__ ‘Z.s ? ‘F”olltecmco B ED
i 1 A A
\\‘\ H“ of Energy

www.baeda.polito.it

* Source of information for SRl assessment
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SRI gaps & Challenges - Subjective component

Funetionality Levels
Domain Smart Ready Services Step1 Step 2

» Test the SRI methodology (subjective component of the Fxpert Group A Expert Group B Jnt Fualuation

Reporting information regarding

Electricity: energy generation

Triage); e [ Opn o Coampaon oy <~ =TT mm e -
1 generated energy

Electric vehicle L__T\_l:-;‘%aﬁ%gdmﬁ%?;r _______ f J________:] ________ ; _JI

* 2 assessment groups: A composed by 2 researchers + energy @) cargng IV chaging normaion. 0 :
manager, B composed by 2 researchers + provider of the :r%fif:ff?iﬁf‘:".“EEEETE?E??E"":' """" S i
- L ot o the s T
building management and control system; | Ocupony doncin: : 0 o |
Monitoring and = /31 % ot of ekl Bullimg. — 3 e =
: - T B T T P S T S ——— e o o o o o o o -

. . o . Smart Grid integration
* Triage group A: 3 hours, information given by the energy | Reprngfrnstion g
| Owverride of Demand Side

1

manager and his knowledge of the test building; o o MO U e :

IMPACT SCORES
* Triage group B: 5 hours, information from technical = 8% 8% 8%
documentation; “ml .
. 53% 54% e 9%
» Differences in the results, more evident for Information to 4 21 a1 5°
occupants, energy flexibiliy, Maintenance & fault prediction " I
FIH
Source: Vigna ., Analysis of the Building Smart Readiness Indicator Energy savings Flexibility for Comfort Convenience Wellbeing and Maintenance & Information to
Calculation: A Comparative Case-Study with Two Panels of Experts, on site the grid and health fault prediction  occupants

Energies, 13, 2796, (2020). https://doi.org/10.3390/en13112796 storage

W Expertgroup A @ ExpertgroupB [ Step 2 - Joint evaluation

BAEDA L2,
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Source: P. A. Fokaides et al., How Are the Smart Readiness Indicators

S RI ga ps & Cha I I e nges Expected to affect the Energy Performance of Buildings: First Evidence and

Perspectives, Sustainability(2020). doi: https://doi.org/10.3390/su12229496

* Test the SRI methodology for different building types

* SRI methodology and proposed levels of functionalities need to be improved based on SRl results obtained from a
significant sample of buildings

* Case of small buildings with no BMS that result worse compared to large buildings that have the ability to install BMS

* The SRl ignores a large category of buildings in which there are practical difficulties and general limitations (e.g. historical
buildings)

e Around 25% of the building stock in Europe was constructed before 1950 and is difficult to adapt some smart solutions in
them

* Need to develop a methodology for assessing the intelligence of historic buildings and able to recognize practical
difficulties in installing some smart solution in historic buildings

* Development of sectoral SRIs to recognize the variance in the building systems for different building use

* Requirements for the control and monitoring of building systems differ significantly based on the activity of the user of
the building

www.baeda.polito.it
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Opportunities & future outlooks

* Most SRI services come from ISO 52120-1

* This standard presents a methodology to * Digital tools support decision-making, * Method Cis a development path for

evaluate the impact of BACS and TBM
functions with respect to the energy
performance of the buildings

Standardized and exhaustive descriptions
of functionality levels can improve the SRI

evaluation methodology

Better description of functionality levels to

avoid approximations and subjective
decision during the Triage process

Define what set of variables and
technologies enables specific functionality
levels

2 ‘3_.4 Politecnico

increase efficiency and identify
optimal solutions for managing
buildings during operation

Ontologies are digital tools that
describe elements that characterize
the building and the relationships
between them

Ontologies, digital twins and BIM can
help to collect information about the
building and its TBS

Digital tools can speed up the
calculation procedure of the SR

Digital tools can limit the entire effort
in collect information for the
assessment process

www.baeda.polito.it

the SRI evaluation methodology

It should enable real-time SRI
assessment based on actual building
performance

Quantitative method instead of
gualitative (methods A, B)

KPIs to assess real indoor conditions,
energy efficiency and energy flexibility

New methodology can rely on
ontologies to collect monitoring
variables for KPls computation

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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