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Introduction on data-driven and process-driven models at
urban scale
Prof. Guglielmina Mutani, Politecnico di Torino

Toronto Platform 2030 and data-driven statistical models
i Prof. Umberto Berardi , Ryerson University (CA)

. Machine Learning models
! Dr. Javanroodi Kavan and Dr. Valeria Todeschi, EPFL (CH)

' The road map of ENEA on Renewable Energy Communities
Dr. Antonella Tundo, ENEA (IT)

 Oil Free Zones and Renewable Energy Communities in Italy

Prof. Angelo Tartaglia and Dr. Silvia Santantonio, Comunita
. Energetica del Pinerolese

Live streaming: shorturl.at/txBDX
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Participating cities include: 'O 0 @ 99 ©
Bologna, Milan, p w O
Naples and Rome O 0 ‘ V
Expressions of interest Q0 % Q 9 o o

will be accepted ...

v"100 climate-neutral and
smart cities by 2030

v Ensure that cities act as
experimentation and
innovation hubs by 2050

M I S S I O N S T, v/ ltalian cities: Bergamo,

100 CLIMATE-NEUTRAL AND SMART CITIES — . Bologna, Florence, Milan,
, { Padova, Parma, Prato, Rome

28 April 2022 and Turin
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Place-based Energy Models at Urban Scale

Urban scale and data/process-based energy models (bottom-up, top-down):
Annual, monthly and hourly models of energy consumption, actual production and

potential production considering the availability of RES
» Feasibility models consider all the constraints on an area:
technical, environmental, social, and regulatory/legislative Urban Energy Atlas
- —

oy ENERGY MODEL
__ Potentia AT IIPRAN
By’ A‘;gRBAN :
roduction
" by RES

 Production

Place-based,.ff’?"f/ |
models
(GIS-based)

“An Urban Energy Atlas and Engineering Model for Resilient Cities”, International Journal of Heat and Technology, Vol. 37, No. 4, pp. 936-947 (2019) DOI: 10.18280/ijht.370402
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o Input data o Models
[
>,§ Buildings features, users, Cluster of buildings
> g— heating system, climatic data (archetype)
L5 (HD, air temperature, relative Utilities (household,
w 2 humidity, solar irradiation) industrial, commercial,
I DTM, DSM, CTR, CTC, public) =
energy consumption data Energy consumption
profile :
c . Technical - BAU )
58 Production plants features, Cluster of energy Environmental - Future scenarios
5 S Production plants from production plants: Economical _ (medium and long term)
c S Renewable Energy Sources Installed power + » Legislative - Energy efficiency & low-
w o (RES - databas_e:AtIaimpianti) Hours of utilization=> carbon scenarios
o energy production data Energy production profile {energy policies)
c .
o Features of available local  Memured —CGalulted e |
kS renewable energy sources -
=) - Solar irradiation byl | wE
- L £ . 1 .
<) '8 - Biomass and waste Conversion efficiency of ; | .M(\MM&
o5 - Wind —_ technology—=> & ol [y M 3
W o - Wavy way Energy productivity Jf«,
= - profile o e r——
c * ™ bay rom 15t October 2012 to 15t Apri 2003)
QL
o
o
REF. “Energy at urban scale modelling: a tool for energy transition urban regeneration and the resue of existing and empty spaces” G. Mutani, V. Todeschi, in:
4

A&RT - Atti e Rassegna Tecnica 3/2019, Societa degli Ingegneri e degli Architetti in Torino, (2019) ISSN 0004-7287 (http://art.siat.torino.it/ultimo-fascicolo/)



gy R3C 'E
A E E:‘ %:—r International Information and {: - E?%gﬁmcu < R'“:Hm - I

Engineering Technology Association .‘&lﬁ:::"‘_ Rc s .I. Gnco ene rgy

Process-driven e data-driven models

Input data and boundary conditions

¥

/process-driven modeh / data-driven models\ / hybrid models \

(engineering) (statistics and Al) Energy variables whose physical
Energy balance equations Identification of energy relationships ~ are  known in
variables and correlations integration to complex real-world
" models  (stochastic  nature of
> % . el occupant behavior and energy
20 production with some renewable

St et g N ot lcssesigains e aobil energy sources)

E - AN
by ventilation z 1 . #'.
o o %

Q,
L . Solar heat gains|
s, Q
5 A N heat
Heat losses/gains X
)
]
0 5 10 15 20 25 30
EPDHW, kWh/m3/y

¥

Comparison with measured energy consumption data validation

g

place-based energy models

heat gains | | demand

Q Q.

i

Heat losses/gains
by transmission

Q

REF. “Impact of the COVID-19 pandemic on the energy performance of residential neighborhoods and their occupancy behavior”, Todeschi, V; Javanroodi, K;
Castello, R; Mohajeri, N; Mutani, G; Scartezzini, JL. SUSTAINABLE CITIES AND SOCIETY 82:(2022), p. 103896, DOI: 10.1016/j.s¢s.2022.103896. 5
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Urban energy models: engineering approach

Urban building thermal balance for space heating consumption:

Qiina = ) Qune— Magn ) Qon=|) Quer+ ) Quve |~ Nugn-| ) Qune+ ) Qo

dT
Crs de = Qso1 + D, + Oy — (07 + Dy)

Solar heat gains Sky View Factor

QS°' Fsh,ob

Presence of Building
vegetation coverage

" : NDVI ratio
P BCR
QH ve |
; Q
Ran T}Dl}{:u l:] % » - -
Type of DHW Efficiency of space H Internal heat Buildings’ Transmission Ventilation MOS
use demand heating and dhw  demand gains thermal heat losses heat losses Main orientation
systems behaviour of streets

REF: R. Boghetti, F. Fantozzi, J. Kampf, G. Mutani, G. Salvadori and V. Todeschi, Building energy models with Morphological urban-scale parameters: a case
study in Turin, in: Proceedings of 4th Building Simulation Applications Conference - BSA 2019 6
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Input data: collection and processing

Qiina = ) Qune— Mgn ) Qn=|) Quer+ ) Quve |~ Mign () Qune+ ) Qo
N

[ Meshes (pH cata scale)
SVF values (DSM)

Sky view factor (SVF)
at ground level,
(City of Turin - DSM 5
mx 5 m)

REF. “Smart Solutions for Sustainable Cities—The Re-Coding Experience for Harnessing the Potential of Urban Rooftops”, V. Todeschi, G. Mutani, L. Baima M. Nigra, M.
Robiglio, in: Applied Sciences, Vol. 10(20), 7112 (2020) DOI: 10.3390/app10207112 7
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GlS-based approach: monthly heat balance at district scale

s Building Climate data Urban morphology data
1. Data Input refers to 3 Type of users X Air temperature X Sky View Factor ground level (SVF,) i
- . =
the buildings, climate, 3 Buildings geometry X Heating degree days (HDD) Il Building Density (D) [
= I :
and u rba n morphology = | Heated.volumefnet flo?r area X GrelEr (e e X Building Coverage Ration (BCR) I
Chara Cteristics 1 Period of construction )(l Relative humidity % Canyon effect (H/W) I
Surface to Volume ratio (S/V) X Relative Height (H/H
. - Sky temperature X elative Height (H/H,) X
2. Pre-processing phase: Level of maintenance X Albedo (Ayr) O
. % of occupied apartments X + L
the Input data were , Presence of vegetation (NDVI) [
Types of heating system X »| GIS tool
elaborated and Y ——— X Main orientation of streets (MOS)
associated to each Building scale
Block of buildi Il
mesh B Sl it
v
] - —_——————
3. Validation: S Neighborhood scale data Opaque envelope type (U, oy, €) Internal heat gains Energy
. I % of period of construction T t lope t U, gl Fe, Solar heat gains balance
the resulting energy 2 of buildings for each mesh e - hg I|
. 3 {using the quota per heated Thermal capacity (Cy) [J®| Transmission heat losses
consum ptlonS Were volume) Efficiency of heating system and/or Ventilation heat losses
compa red with the Form factor buildings-sky domestic hot water (ny and ny) Utilization factor (ny, g,)
measured data and el —

. + Calculated EPy-EPpyyy Measured EP-EPpy,
some urban variables for each mesh for each mesh
were added to BRI ' J

o Main orientation of streets 2
optimize the model (MOS) . No Comparable?
and reduce the error Relative Height (H/Ha.g)

Sky View Factor (SVF)
Energy model at
validation neighborhood scale

REF. “Building energy modeling at neighborhood scale”, G. Mutani, V. Todeschi, in: Energy Efficiency, Vol. 13, 1353-1386 (2020) DOI: 10.1007/s12053-020-
09882-4
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s: top-down approach Torino

Legend

(N o Non-residential buikdit
PR )~ e ————— Non-esitentlbulding
Residential building

Residential buil&ings XN PLTS <4 5 = . Up nRILY Residential building
PERIOD OF CONSTRUCTION ) P 4 ﬂ":;";;:\'::;m B e Epgl,nren Achivable Retrofit

I <50 b2 yest
4 . ~100 (KWhI2 year] -
% o npmnzsne
Bl - ots P
e L 150 - 200 (KWhimz2 year]
I 1919_1945

100- 150 A2 yoar]
| 200250 (KWhim2 year]

» e poees
[ 1946_1960 i o R —
[ ] 1981_1970
[ ] 1971_180
I 1981_19%0
I 1991_2000
I 2000_2005
I > 2006

- residential heated buildings

Y.
le ene

oh

river

green ares

streets

" Potential expansion [m3]

0

1-501258

- [ 501250 - 795867

[ 795868 - 990957

I 950958 - 1268435

I 1268436 - 1620288

I 1620289 - 2363999
I 2364000 - 3579794

Energy Performance: CURRENT, STANDARD,

24
23 23

g

g

District Heating network

heated buildings
- (no constraints buildings)

EPgl [kWhim2iy]

river

green ares

streets

<1918 1919-1945 1946-1960 1961-1970 1971-1980 1981-1980 1991-2005 2006 > census sections

REF. “A feasibility study on the potential expansion of the district heating network of Turin”, E. Guelpa, G. Mutani, V. Todeschi, V. Verda, Energy Procedia,
Volume 122 (2017), CISBAT 2017, 2017, Lausanne, ISSN 1876-6102, Pages 847-852, DOI 10.1016/j.egypro.2017.07.446.
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Urban statistical models: bottom-up approach Torino

Consumption data from 2,092 ﬁ"“”“’"“"yl o 10 circumscriptions of
. . . Residential

pu1[d1!1gs and 6 weather stations —. K Turin with specific

in Turin, Italy B~ e ] Torvery

energy consumption EPgl

dl-

Weather stations
@ Hena
@ Corso Unine Sovietica
Poltecrico
Reiss Romok
Unito
Via della Consolata
Giardini Reali
Vallere SMAT

b 7 -—— Schools and officies

>

= aaf7s I

:E_ z | 36|76 3sle7 37
§ 30 - 4o
-
=
&

Nurseries and Primary and ~ Grammar Technical Offices
<194, 194, 196 19; 19g 199, *200. kindergartens  secondary schools institutes
5 6. 1. 1. 2., 7., 1
6o 70 %o o 2000 schools

REF. : G. Mutani, V. Todeschi, Space heating models at urban scale for buildings in the city of Turin (Italy), Energy Procedia, 2017
https://doi.org/10.1016/j.egypro.2017.07.445 10
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Analysis of solar radiation in urban environment
Wlnter solar |rrad|athn

Annual electr|C|ty consumption per
¢ &% household

Elccmcal consumption
(kWh/fam/year) >
Mo23-1,121 []1,439-1,660
1,122 1,288 [ 1,661 - 1,861 [
[11,289- 1,433 1 1,862 - 2,057 il )

Eleclncal consmupuon
(kWh/fam/year)
MN923-1,121 []1,439-1,660 §
I 1,122- 1,288 [ 1,661 - 1,861
[1,289- 1,438 [N 1,862 - 2,057 |

e.g. Solar Portal for the Metropolitan City of Turin (Cities On Power)

REF. “Towards energy self-consumption and self-sufficiency in urban energy communities”, Todeschi V., Marocco P., Mutani G., Lanzini A., Santarelli M., International Journal of Heat and Technology
39:1(2021), pp. 1-11, doi: https://doi.org/10.18280/ijht.390101
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SCIl = SC/P

SSI

1
wn
Q)
~
(@]

apartment (m’/apart)

ms-12 [@17-18
Em13-14 EE19-20
[J15-16 EM21-29

Potential PV area per [

ms-12
13-4
[115-16 mWM21-29

apartment (m*/apart)
=17-18
19-20

Novemb.

Self- consumptlon ‘SCI’ and self-sufflmenc
CROCETTA I : -

Decemb.

Novemb.

Decemb.

January | February | March April May June July August | Septemb. | October

25

20
2
515
S
§1o
x5

1D91 medium Total PV —— PV - SE (-60°) ------- PV - NW—TotaI Load (Iow)—TotaI Load (high)
30
January | February | March April May June July August | Septemb. | October

25

20
4
515
a
=10
£ A

0 g VA R\ R 1

ID258 medium Total PV —— PV - SW (+30°) ------- PV - NE Total Load (low) Total Load (high)

_‘SS|’ Turin

Medium
condominium
with SE -60¢
orientation

Medium
condominium
with SW +30-
orientation

REF. “Optimization of Costs and Self-Sufficiency for Roof Integrated Photovoltaic Technologies on Residential Buildings”, G. Mutani, V. Tedeschi, Energies, Section Sustainable Energy, Special Issue

“Electrical Engineering for Sustainable and Renewable Energy”, Volume 14 (13), 4018, pp. 1-25, 2021, DOI 10.3390/en14134018



$ly R3C
M FPI“EFNCG Responsible o
di Torino Risk

—
AIGE  SAIETA s, o
ngineering Technology Association asilience
‘q""h.wu"'!' Centre energy

Energy Production from Renewable Energy Sources

Monti Dauni in Puglia

Legenda Legenda
Energia elettrica annua producibile {:RM_“ Energia elettrica annua producibile’ 8 Legenda
da biomassa forestale [MWh/anno] ek da biomassa agricola [MWh/anno] S Energia elettrica annua producibile
=00 i <50 da rifiuti [MWh/anno]
75300 50- 150 <5
I 300- 750 I 150- 350 Bl s-0
I 750 - 1400 I 350 - 750 Bl 0-2
I > 1400 Bl - 750 B >5-50
I - s0

AS

Legenda

; p Legenda Energia elettrica annua producibile Legenda
. i ibili ia elettri
Energia elettrica annua producibile da fotovoltaico [MWh/anno] ['::::;:"u;é energlaicletiion
f da eolico a 25 metri [MWh/anno] <400 ® s
| ot "'W'L Lcég 400 - 1.000 @ s70-2225
a\l’v ’ 50021000 - 1.000 - 2.000 . 2226 - 2245
W 4“ I 1.000 - 1.500 000 -2,
e .g; I 1.500 - 2.000 - 2.000 - 7.000 lunghezza tratto considerato
<, 4 . R reticolo idrografico
= /I >7.000 DTM

Value
oy Hin: 1128
| [N

REF: “A Clean Energy Atlas for Energy Communities in Piedmont Region (ltaly)’, International Journal of Design & Nature and Ecodynamics, Vol. 15, No. 3, 2020, pp. 343-353,

DOI 10.18280/ijdne.150308 http:/Mmww.iieta.org/journals/ijdne/paper/10.18280/ijdne.150308 13
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Current scenario Actual and potential energy production Monti Dauni in Puglia
\ UL UG VUL TVl LTI d s’ 'Jl /1 g
Ao 460" o
- ) Legenda
/\ Lo cp “‘7 Legenda Y o Legenda /=B N
‘ °M L 9 F E ia olettri ‘f Energia elettrica annua prodotta
g 4 . {7 nergia elettrica annua s
; o B o Consumo energia - ésv 9 dev | G Totale senza eolico [MWh/anno]
i/ totale settori [MWh] { Totale [MWh/anno] { N = W <500
e - <4000 » <20.000 m\ g:n v v W
\\'§ w il e 4.000 - 8.000 ‘ M 20.000 - 50.000 ® v 0T
“o. i elooo 1;000 I 50.000 - 100.000 g I 500 - 3.500
\‘,‘*E AL,. = 15000 30,000 I | 100.000 - 300.000 G I 3500 - 40.000
/-5 BoEReS 300.000 - 415.000 y- I 0000 - 125.000
I 30.000 - 138.000
RV
\:\‘—\ L . p Tl‘ -
N Mix energetico ‘
O o Mix energetico
( ],Str; uz!one Biomassa agricola
1n Tunzione
del numero { Biogas Biomassa agricola
di abitanti) _ Biogas h!
Solare

Solare

Legenda Legenda

Potenziale producibile reale
(PPt-P) [MWh/anno]
<9.000
[ 9.000- 15.000
I 15000 - 25.000
I 25000 - 55.000
Il 55000 78000

Potenziale producibile reale
(PPt-P) [MWh/anno]
<9.000
[ 9.000 - 15.000
I 15.000 - 25.000
I 25.000 - 55.000
I 55.000

- Biomassa forestale

Solare \ Biomassa agricola

B coica | Solare
L .
- Idroelettrico | Idroelettrico

REF:“Pianificare per la resilienza dei territori. L'esperienza delle comunita energetiche”, ARCHIVIO DI STUDI URBANI E REGIONALI - ASUR special issue Energia 2021 Fascicolo: suppl. 131, pp. 44-
70, DOI: 10.3280/ASUR2021-131-S1003 (https:/mww.francoangeli.it/tiviste/Sommario.aspx?IDRivista=3).
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Tools to support spatial energy planning

- ENERGY ASSESSMENT

| Input data Energy model Qutput data
Data Time Time Data Spatial
Energy profile Source accuracy scale scale aggregation scale
N ) ~ max h ------------------- > T max . .
Consumption | By type 4 y A Territorial
| of user d e 5 m
_ Database| |  Od™77777777777% T Municipal ,
Production 5 - -Bill S h — P _Compa_rmg
LBYWYpe | Measures| |  m----- >e----- >0 ---> i scenarios
B of RES m d Single REC
Productivity
: - oY e >0----->e---> -h % Singleuser

DIGITAL
PLATFORM

GIS
Spatialization
& integration

Performance Index Formula Unitmeasure Timescale Treshold Reference

ESCELJ
S -] Hourly - -

| 2. Territorial i=1
3.Environmental n
ISCi_,

m -] Hourly  70% LR12/2018
| 4. Economic | XPZ,

| 5.Social |

Round table on “Buildings’ energy models and applications” at urban scale”. 7" AIGE/IIETA International Conference and 16" AIGE 2022 Conference on "Energy Conversion, Management,

Recovery, Saving, Storage and Renewable Systems" www.aige2022.unipr.it, Parma (Italy), June 8th-9th, 2022.
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