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Digital Twin methodology for energy modelling and , y
management of body and assembly shop floors @ In Task 5.2.3

The Digital Twin is a reliable copy, a virtual model, of a real object on which to make analysis and trials in order to avoid potential issues and/or
mistakes that could generate relevant diseconomies in terms of costs and time wasted.

We can think of transferring this concept to a building as well, using the virtual model made available by the Building Information Modeling
methodology. For example, after the construction of a building, or even an automotive plant, we can equip it with a series of sensors of various
kinds, positioned appropriately in the different rooms and locations based on their functional characteristics:

* temperature sensors

* humidity sensors

* pressure sensors

* air quality sensor

* energy consumption control device
* electrical consumption

* control device

* brightness sensor

These sensors generate a significant amount of data, to be transferred in
real time to the virtual building. The virtual building for its part, by
analysing all these data, would be able to define the correct functioning of

the systems and all the components at any time, in order to constantly

maintain optimal behaviour, ensuring comfort and well-being.

B
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Digital Twin methodology for body and assembly shop floors modelling e in Task 5.2.3

The main element, the keystone of all these innovations, is represented by the digital model on which to perform all the analyses. We can
think of creating a virtual model of the building that contains in addition to the geometric and structural information also all the energy
related data and characteristics, such as systems, type of insulation, opaque envelope, glazed structures, energy inputs, climatic conditions,
internal inputs, aspects and features of heating, cooling and ventilation. In this case we could talk about a true energy model of the building /
plant system, which allows to exploit all the potential of Building Information Modelling methodology.

Visualizzazioni grafiche o x|
Therefore, it seems very appropriate to introduce in this TR
[Fs}
digitalization context the acronyms BEM (Building 1.00

1.00 >

Energy Management) and PEM (Process Enerqy

Management) which identify the energy model of the ' -

building, enabling, as seen, the transfer of the digital
twining approach to the field of heat engineering and
energy performance. Such a model opens the doors to

scenarios of energy management of any types, even the

most innovative, in terms of: S el
Trasparenza

* Design — 1| ® vista dolrato

* Implementation

* Control

* Management
* Maintenance
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BEM + PEM methodologies: example of an energy efficiency solution

| Description |

e Development and test of Building Energy
Management (BEM) methodology to estimate the
building consumption with integration of process
loads using Process Energy Management (PEM)
methodology.

* Energy simulations to evaluate the best efficiency
solution in order to reduce the consumptions.

| As is

* Lack of knowledge of the thermal behavior of the
industrial buildings.

* Low diffusion of a common reference methodology
for energy analysis.

* Lack of a tool to objectively analyze interventions
on the buildings of the plant.

| BEM + PEM solution |

* BEM Methodology with PEM integration for
predictive and objective energy analysis to identify
the best solutions of maintenance, revamping and
reduction of energy consumptions.

* Digital twin with deterministic mathematical
models (no machine learning) for analysis aimed
at predictive maintenance and quality control of
working areas indoor temperatures for the well
being of the workers

| Case study: Finish Area of the AGAP plant |

Problem, as is:

+  High-depressed local due to suctions

*  Cold air drafts througth external hatc

+  Drop of temperature to 10-12°C (h = 1,70 m) .

Temperatura 15,00 16,36 17,73
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Solution, design: = <

+  sealing of joints of windows on the roof
hbacks and elevator + Installing of air curtains to pre-heat the flow
Rise of temperature to 24 °C (h=1,70 m)

*  Possible reduction of CTA air supply temperatures

; D [ - T I I
19,09 2045 2182 23,18 24,55 2591 7.7

2864 30,00 (© |

in Task 5.2.3

f Note: \

Example of an  energy
efficiency solution using BEM
model to address a specific
problem of a former model
area (the Finish Area of the

\AGAP plant). )

| Solution: sealing of joints of windows on the roof + air curtains |

| Economic analysis and business case |

Heating energy and Payback
€Oz emissions saving time

Heating energy
consumption

DESIGN and ENERGY cost sources for B/C analysis

+ air curtain

ASIS AS IS - -
CASING AND Sealing of windows joints

| Energy analysis results |

consumption
reduction:
-16%

Consumption (GWh)

AS IS

Total of year
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BEM + PEM methodologies: integration workflow
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Development of a BEM partial model of the
building for the energetic analysis

BIM Model

BEM Model
Geometry and envelope

U=
I
i
1
-
! =
| District heating |, DesignBuilder|
| Basement
! Offices HVAC system

|y DesignBuilder

| Changing rooms Assembly

in Task 5.2.3

Elaboration of process data with PEM methodology

% 1. PRETREATMENT

FROM BODYSHOP

S o CATARHORESS
4. SEALING, SOUNDPROOFING AND UNDERBODY PROTECTION

C<— oo [T
[ cronon b [

46«

TO ASSEMBLY

Integration of
BEM model (Building Energy Management) @
with PEM data (Process Energy Management)

~

Analytic calculation formulas:

Tanks
Qrisc = Quot+ fe (P + Pg - Paps ):3,6
Pmane = Pn + Peva + P + Pirr + Paps
Ovens

| Dayy = Pz + Oy
Pprod = Pd + Pirr+ Pp+ Pm + Pw

Electricity and compressed air
EE =P, - finu- FC-FU-h
EE=V,-f.-FC-FU-h

Final review

Pretreatment
Work deck

Cataphoresis

J

Booths

Ovens

O)

Validation of BEM model

sag% +15.9%

-12,0%
' s

a“&“#‘ﬁﬁ&ffff,ff‘f& &

' Consumption YEARS 2018-2010 [mensured]

= Consumption YEARS 2018-2019 s

Censumption (GWh]

Cancumption (GWh)

Annual average GAPM/

W (5

Efficiency solution

)

W Model - AS IS consummion
reduction:
= Model - DESIGN (sealing + air curtains) -16%
H H
° L
B 5
3 T
g £
§ 3
Q
7.}
<
Q & D & & 5 $ & & o Total of year
g & W X § 3 ?"@ Q&s“ °¢6° 4?“& ép@
Ea ¥ <
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Phase 1: BEM partial model of Mirafiori Paintshop

Energy consumption for model
validation

Climatic file and Production data

Thermal-stratigraphic data of the
envelope

Geometric-dimensional data

STARTING POINT: Input Data collection

HVAC system data

3D Model, details and stratigraphies lr

Data exchange with gbXML file

E AUTODESK' REVIT'

Achitectural model

in Task 5.2.3

Check correct import

First output of BEM partial model

* Real energy consumption
* Simulated energy consumption
* Simulation gap

10,00

Annual average GAP: +149,7 %
9,00 +
8,00 - - N S

7.00 +

6,00 +

5,00 +

Consumi (GWh)

4,00 |

3,00
Remarks:
this big GAP will be
studied and reduced
in the second part of
the activity creating
the completed model

2,00

Annual total

;‘;‘ DesignBuilder|
BEM Model

sl fomes e o o oo iz

E AUTODESK REVIT

gbXML model

e

| Climatic file and scheduling

Climatic file trends J

| I
e aali b Uw‘\w,,v\".'}*»:,--‘«”-‘«JJ)LL i 'L bl o

N

. j.«,eymw».wwim\mhwiwﬂ

————— ' e

N

Winter heating
season

i
| ADJACENT SPACES (District heating)
i Underground

i Offices and additional space
; Changing rooms

Creazione

Set-point schedulin,

Profiliorari
glornalieri

all'interno di

DesignBuilder

Q DesignBuilder]

PAINTSHOP (HVAC system)

Production areas, service areas and warehouses
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Phase 2: BEM+PEM model workflow in Task 5.2.3

BIM Model
(Architectural model)

)
"
R auropesk revir

Data exchange:
gbXML file

(Geometry and envelope)

@ Process data
- elaboration (PEM
BEM Model ~ | e ol (PEM)

process thermal
loads (PEM)

Phase 3

S
tf"fiU_] MJL

Lk

District heating P:l"l 7
adjacent spaces — _L‘—-—'_‘J_l(é_ —_J _________
(offices and changing rooms) HVAC system Phase 2
S
Paintshop o =
@ Process thermal loads @ Process data

collection

Consortium confidential Slide 7



Phase 2: Paintshop process thermal loads identification in Task 5.2.3

. e e . . n AL

ﬁ/lodel Area: Mirafiori Paintshop process line B @ e @ e B © @ B e © e @L G- - - @ + Studies about the process loads of the painting
‘é‘} = oo ﬂ: g (e ik i R SR R line and their position within the building area.
i 7 o %%qi}‘ T e pee) i sl e e L v St « Study about the type of process loads along

L ' | — ‘ ' e i the process block chain of the production line.

i = NI el el = | Fe T el 1, pedeng [ ] T L1 Eu LTS

% ﬂ = Y ‘ Vi ’r i o] T ! e = T pE [ * Use of Process Energy Management (PEM) to

= - E . . e e WD S S S SV L S S W estimate thermal contribution of the process.

UM LOTTO o

FCIG
‘scoccH Al
PAMENTD

Analytic calculation formulas:

Tanks { Qrisc = Quor+ fr (P + Py - Pygps )36 im

ovans g o gt —p e, PRIMER REVISION |§-«
Pprod = Pd + Pirr+ P+ P + Py | .

Elettricity and compressed air { EE =P, -finy FC-FU-h

EE=V, - f.- FC-FU-h T e o e e e e e e

OUTPUT: average monthly consumption

a ﬂ FINAL REVIEW
TO

ASSEMBLY

k | (FINISH AND AUXILIARIES I Mirafiori Paintshop block chain /

— /-‘
‘._ 0y
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Phase 2: Paintshop process thermal loads identification G in Task 5.2.3

Process thermal Contributions that affect the heating Consumption Of the bu”ding ..................................................................................................................
(T : :  Expected output of the studies:

ON:4,68 OFF=1 [1/h]

Outdoor air exchange calculated with

. AERAULIC BALANCE (without utilities volumes) EuEEEEE T
‘ _ " i the balance between depression and
- Reduction of cold air infiltrations from the outside | . overpressure of the indoor volume = [1/h] -

. THERMAL CONTRIBUTION OF PROCESS AIR FLOWS

- Qverpressure hot air from the booths and ovens to the building

Expected output of the studies:

Thermal power transferred from process
to the building per floor area = [W/m?]

. THERMAL CONTRIBUTIONS OF THE TANKS ~ A

S

Expected output of the studies:

Thermal power transferred from process

- Convective, conductive, radiative heat exchanges, etc. to the building per floor area = [W/m?]

. THERMAL CONTRIBUTIONS OF THE OVENS Expected output of the studies:

- Convective, conductive, radiative heat exchanges, etc.

Thermal power transferred from process
to the building per floor area = [W/m?]

Expected output of the studies:

. THERMAL CONTRIBUTIONS OF THE BOQTHS

- Convective heat exchanges through the dispersing surfaces

Thermal power transferred from process
to the building per floor area 2 [W/m?]

"h
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Phase 2: Paintshop process thermal loads 1 and 2

in Task 5.2.3

@ | AERAULIC BALANCE (without utilities volumes)

Total overpressure:

452k m3/h

-'l\ ;L\ Pt ,1\
—(e2~ o~ ~—(g~ 78— |

e

L re————

A

gz

Ir 5K m3/h =8k m¥h "f

_oof =deosk mjh ke

i A

T

Prack seoeied |

[
=

wﬂm
mam] 00K m3/h

Excel analytical
calculation based on:

e Overpressure and
underpression air flow
rate caused by process
for each thermal zone.

e Overpressure and
underpression air flow
rate caused by HVAC
system for each
thermal zone.

¢ Air volume of each
thermal zone.

Aeraulic balance for paintshop area

2113

ON:4;55 OFF:0,86 [1/h]

ON:0;31 OFF:0,92 [1/h]

OFF:0,79 [1/h]

Al 2 3km3n

==20,5k m¥/h=——]

@ | THERMAL CONTRIBUTION OF PROCESS AIR FLOWS

Total process hot air flow rate: 860k m3/h

1 A A A A
@)= =2~ o~ =G B

IR T

EE3E

g

Sy i

i A

T

Prack seoeied |

Excel analytical
calculation based on:

* Overpressure hot air
flow rate from process
for each thermal zone.

* DT of temperature
between overpressure
process air and indoor
air of building.

Outdoor air exchange rate with process ON or OFF:

|:| Thermal zones in depression

D Thermal zones in overpressure

3

L - - -
bt i
i e ot |

] R THERMAL ZONE e,
v ¥ N £
PROCESSA": b Buiking i X Primer | Primerand | Primerand | Quality |Storage place | Storage place Calaphmtlesws Pretratment ) k
H P/Sl-lp[W/m ] :A\IERAGE :lmlsharea Warehouse revision e e 1 3 and sealing and . saalmgwens.
H r e avens [
January 2019 [06-22] | 53,5510 e B5976 0,0000 2,6201 345,7983 391,8067 94641 0,0000 0,0000 74,1366 5,5809 89,1990 o
i February 2019 [08-16] | 48,3170 j» 5708 0,0000 26174 300,7455 372,5878 9,3554 0,0000 0,0000 64,1341 4,269 834183
3 March 2019 [08-16] : 43,3234 W 54008 0,0000 3,114 2455937 3483733 113745 0,0000 0,0000 52,0697 42268 81,3520 1%
April 2019 [08-16] : 45,0006 @ 63671 0,0000 40124 250,2767 351,3037 14 4965 0,0000 0,0000 53,2967 48138 85,9910 1
October 2018 [06-22] : 18,5508 [ 27361 0,0000 0,7641 32,5778 2485389 14049 0,0000 0,0000 6,5667 0,6668 58,7483
Hovember 2018 [06-22] £ 31,1209 [* 44238 | 00000 | 22800 | 1395812 | 297993 | z7om | 00000 | 00000 | 28993¢ | 2238 | 69,085 1
December 2018 [06-22] | 43,7933 [£ 67276 0,0000 21,6173 257,2534 351,7941 9,3223 0,0000 0,0000 54,2630 3,8639 784036 o
MAXs 535510 %, 85976 0,0000 4,0124 345,7983 391,8067 14,4966 0,0000 0,0000 74,1366 55809 89,1990 o

AVERAGER 405225 % *&704

0,0000 12,5890 145475 3374855 9,0181 00000 0,0000 47,6372 3,6597 73,021&’

o

] | PP P facets ATAFCRE gt o |

T AT PR A 1T TR ©
=] T

R ¥ i— FRETRATTA RN EREUNG 1 UTE
T e a
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Phase 2: Paintshop process thermal loads

in Task 5.2.3

and @ | THERMAL CONTRIBUTIONS OF THE TANKS and OVENS

(Data collection

Fomats

T Ouantita

Use of Process Energy Management (PEM) to estimate thermal
contribution of the process in the building.

Sotopiocesso Zone | Mode e ?EE;: soaua | Hode 49 | Tank Dimension Dip Features e Ifu:;:;?;-ml \Coetlieent | T i
darete TR T T depth volame| Sk pendalin] remperar | P e oo « [ ww
C nz.gn mi continou msg. kihim® ' - - T plm®  Kdlim® " kalm*h l:;g_
T % ] i o E 2L 2 1 % T ]
o % LSS 282 =S SEaSustes =
g o & T i o G 53]
So=== SSi==== = - ]
= ; .
dprspa ‘amb. [ [
“ = S ES S Data elaboration with PEM analytical model
TCdp. 0 i} o (1] ]
= - . o H =
£) £ R = —
= b oo T e | S0 [

[ Contl, coneiie T R —— it i £t
Forne cataloresi (mererston 2 gas] — | A CEo | EEL) E | | )| | |
C gerz [ cerd [gend T gers [ q | 5-ntne - ascormimenta sermion deivasaua vaparizzara « da rabbacasre ngnt ara o .
Faterial h E sﬂlnana!rmnﬂvu el } = } = } B } - } [ B
| spesson lunghe: 125 Z5 250 [} EX o
n:mﬁ,m Lunghezze relative fomo. F 500 Faes Te7s T I — ©. Flusso teamioo disperso \
- Portata 3 ara 251 2 38 SSPPE E P h I I d
erissivedis) s [ | e—rrrr— s TS t t t
torni
T = rocess ermai ioads outpu
3 77— A R
spessoretsh l
conducibdr sl
Fhrd.:i:\;ln:-: Foma cataiores (gererston = gasl . ENERGY CONSUMPTION
omissiveils gerz [ gerd [ gent —
ioroolo ania  innovovel ‘math &
e c — e PT Energy Consumption ED Consumption Split
odumone [ c H | - . - e
Piech Time: lunghezze forno m - 3 et fzione o) 2314
[ sheazaloms (esemol - — e crur CrConhof o tfess il T
B ey " = of of 250
et Bazeh basetomolmems) m 4 | — Ga0] 0.00] 600 000 600 0.00] - o0 i
alera formo (imems b T wawE %
Lunghezze relative forms. m — Aiperna suraversa g apray ‘E‘ 2000
Portata di ara eststta da cappa m = - 1 — —1 E— £
Prosesse - —  — | — ] S—t ] m— | — 1 ] 1500
: ] — — ) = PT- Building
TotalCycte Trne: Caranee lunghesze formo i t g = PT- Utlities
[t dip time: . ) ST ° T - Utilities ® PT- Building
; v (L] v -mmm £ 1000
Caloulasion Cycle Time: gemla . s 3 1000
p materisle: H
) Pt et Ao SR—— 8
Pitanin spessarele): EEIEXE] Z49.90] s ™
Coetl_of ficton ellect Mi J—
e 5 Posmione,
[UF circulation flow: i o ool woo[ ooo[ o0 wee[ " 0.00] o
Cp materiale: Febbraia Marm HAarile Maggio Giugno Lugiio Agaso Settembre. Ottobre MNowembre  Dicembre o
sondunies: Mese [-] [a— - sutding
swesswvgls].
s © St
Posmione, 0 0 N T =3 I 0 = B W=
densita:
Comareide ZETED T T T e ENERGY CONSUMPTION
consirsny e Tt e | s Eg
zpeszorels s | . OVEN ED Energy Consumption OVEN ED Cansumptian Split
amo amo
Tamone,
e e : e
 marerisle = c3 (s T T . .
eonduntiie (L EE] L0 7 0 B B ] o) G [ L T 20 2500 +
pessorets): e | w7 | ey | marr Wi | e oz | 2 | wess | 5
R WOVEN ED - Utilities
LY =
= E31] 0 0 N 12 T i i mOVEN ED - Building 20
[erare e e POVER sns Gy Consp TN §
Cdmancs o T § 0 La0 = OVEN ED- Utilties
g = OVEN ED - Bullding
. . 3 im0 1000 ©
Data collection of tanks and ovens for PEM calculation i
S
™ .
66
o o —
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Excel model with analytical heat transfer balance of PEM

Susersin G e D Ty —

Mesa [-]

VENED-Unlkies  OVENED.

\_

Monthly average of thermal power from process to the building e
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Phase 2: Paintshop process thermal loads

@ | THERMAL CONTRIBUTIONS OF THE BOOTHS

IN

| —-Z?lf?— -~ -~ - 9 a8 fae- - a2
|
o , , aalg_[f’:; v ,ﬁrrr
Identification of the process booths dispersing . , . , , . = s nonoos s exs o
surfaces in the thermal zones of building < @ e T I
| st
=] 7 B
e dowrse |1 @@ [=]
Il —
] e = T a
i Lt —aon | .
h? Llees i [N
! o
; L] VERNICIATURA
i L : = il
h | [ Rrpe— R i gl e | hogicn 'm““‘"“:‘%““.‘.‘?‘_‘.r : ATz e = - [ B
' : i .- i e | OO
- ——
s EMCENTONE ST Ll

Calculation of area of the process
booths dispersing surfaces

rpa]

FORNO PRBCCARIONS CATRFORE! Fi

3
| O P

L o — )

PR TRATTARENG GG 1 LITE 1
¥ ¥ 0 ¥

1=

Calculation of transmittance of the
process booths dispersing surfaces

Task 5.2.3

Calculation of power transferred to the building through the process booths dispersing surfaces,
based on area [m?], transmittance [W/m2K] and DT[°C] between booths and building air temperature

PAINTSHOP Transparent glass walls of the booths S oY * THERMAL Z0OMNE ";
Finish area Element s [m] A [w/mK] R [mK/W] BOOTH LOSSES Building 3 Cataphoresis | Pretreatment 1
:oo.hhsh m.;f Surfaces 53:; :m;J Internal resistance - 0,130 2 AVERAGE | Finich area | Warehouse Primer Primerand | Primer and Quality | Storage place | Storage place and sealin and sealing ovens
ooths height m] R
Eoots walllengh eim] Singleislass 0.004 1.000 0.004 P/sup [W/m"] revision topcoat  (topcoat ovens|  revision 1 2 ¢ . ¢
Booths wall surfaces 637 [Im*] External resistance 0,040 OVEns cataphoresis
SAINTSHOP [fansmittance upwymtq | 575 | January 2019 [06-22] 8,4538 45253 0,0000 £,3633 31EITS | 3BBINE 34574 0,0000 | 00000 | 275705 40256 8,0500
Warehouse February 2019 [03-16] | 7,5127 3,006 0,0000 £,3567 204167 | 36,8875 3,4180 0,0000 | 00000 | 239381 3,0635 7,5500
e T ORIt March 2019 [08-16] 6,9750 | 28613 0,0000 | 77882 | 24235 | 3443 | 4489 | 00000 | 00000 | 185214 | 30635 7,3705
2,
[ ol IE':me“It — s [m] A [w/mK] R lg“l'gg w] April 2019 [08-16] 7,5326 3,3665 0,0000 97058 METE0 | 347360 5,744 0,0000 | 00000 | 199723 3,4817 77729
[Booths wall surfaces 0im) nternal resistance - - 3
e ——— o001 0,300 0,001 October 2018 [06-22] 2,3507 14575 0,0000 1,8658 38202 24,1397 05166 0,0000 | 0,0000 25038 0,4894 5,3830
. [T £pS 0,050 0,040 1,250 November 2018 [06-22] {  4,8099 2,3483 0,0000 5,5428 14,1611 29,2827 2,8203 0,0000 0,0000 10,9629 1,6340 6,2472
rimer revision
E Sheet metal 0,001 0,800 0,001 December 2013 [06-22] |  6,9137 3,5545 0,0000 6,3566 253351 | 347857 3,4060 0,0000 | 00000 | 203272 28040 7,1138
Booths roof surfaces 1.506 |[m®! i - - a=—r-
Beiciects = Em} Extemalies stancs 0.100 MAX 84538 4 45253 0,0000 97058 336175 388174 52744 0,0000 00000 275705 40256 20500
Booths vl sufaces 7504l Transmittance U W/m’K] | 0,69 AVERAGE, 63640 :°+30166 00000 62825 22180 33208 32917 00000 00000 178280 26517 | AOI5.""

Consortium confidential

Slide 12

wvraTTind



BEM + PEM methodologies: planned steps @ in Task 5.2.3

Planned steps:

¥) 1-Development of a BEM partial model of the building for energy analysis

v) 2-Elaboration of process data with PEM methodology

- Integration of BEM model with PEM data

z& 4 - Validation of BEM complete model

L
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