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ECOFACT — a EU-funded R&D project

The project in a nutshell

b ECb FACT

THIS PROJECT HAS RECEIVED FUNDING FROM THE EUROPEAN UNION'’S
HORIZON 2020 RESEARCH AND INNOVATION PROGRAMME UNDER

GRANT AGREEMENT NO 958373

ECO-innovative Energy FACTory Management System based on enhanced LCA and LCCA towards
resource-efficient manufacturing.

12 M € budget

Started in 2020

48M duration

Consortium of 20 organizations %
Part of the Horizon 2020 program \

Digital Twin Platform based on Forge (Energy & Resource Management System)
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Learning objectives
Why should you attend this class

Understand how to build up a Digital Twin Platform on Forge exploiting its APIs

Deepen the knowledge on the whole ECOFACT platform, in which an Energy and
Resource Management System (ERMS) is combined with a dynamic LCA/LCC approach.

Assess the potential of an integrated platform and how it could support industrial
processes optimization

Learn how EU is contributing to boost sustainability through digitalization thanks to the
Horizon 2020 (H2020) program
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We cannot solve our problems

™ with the same thinking we
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used when we created them. »




Horizon 2020

e H2020 was the EU's research and innovation funding
program from 2014-2020 with a budget of nearly € 80
billion.

o Cut greenhouse gas emissions by at least 55% by 2030 sets
Europe on a responsible path to becoming climate neutral by
2050.

o H2020 provided grants to research and innovation projects
through open and competitive calls for proposals.

o The program has been succeeded by Horizon Europe.

Credit: emdesk Source: ec.europa.eu 4 AUTODESK UNIVERSITY




One Team’s EU-funded projects

ECOFACT

ECO-innovative Energy FACTory Management
System based on enhanced LCA and LCCA towards
resource efficient manufacturing

One Team main task: Digital Twin modelling and
Platform development on Forge

PARTNERS: Cartif, Rina, Links, Wings, Schneider,
Veolia...

LINK: https://ecofact-project.eu/ecofact-press-
release/

Horizon 2020
European Union Funding
for Research & Innovation
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One Team 4 sustainability

One Team logo is a clear reference to the
Earth, we always keep an eye on the protection
of our Planet indeed. And our commitment is
very concrete: we are currently working on very
important eco-innovative projects, such as
BIMAEEB, ECOFACT-project and INFINITE
project, and we have chosen to use only
Renewable Sources thanks to a special
contract signed w/ A2A.

We strongly believe that preserving the Earth
and its resources is very important, especially in
this historical period.
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One Team, speakers







One Team — mission & business units

For over 25 years we have been transforming skills and technologies into VALUE by
offering consulting services and the complete supply of IT solutions for the
construction, civil, infrastructural and manufacturing industries.

We are one of the top 10 Autodesk Platinum partners in EMEA.

Smart Buildings & Infrastructures Smart Manufacturing Smart Territories
»2 AUTODESK UNIVERSITY



One Team key numbers

’ one team *
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Primary speaker & co-speaker
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Andrea Perego o Alder Morlgl
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Working at One Team for ECOFACT
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Diego Farina Andrea Tino Riccardo Merizzi Alessandro Valra
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Project overview

Targets, consortium, demo sites and
ECOFACT platform
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Scientific and Technological Objectives (STOs)

:} STO3

e Better control the

. _* Helping O&M staff to forecast | i
consisting of a hardware gnd im réve erforrr?ance irfJ mamf aChUI_’Ing prOCbel_SSGS ot
Smart Box for interoperable P P SUPply chains, ehabling green

: . the use of (energy and production and product design
connection of different . : :
energy sensors (IloT) material) resources thanks to as a cost-saver and marketing

' a prognosis-based ERMS. tool for businesses.
o Target: reduction of network _ , _
resources and costs by 20% o Target: cut on the factory o Target: reducing environmental
energy bill by average of 25 %. footprint of manufacturing

............................................................................................................ processes by average of 4-8 %.
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Other Objectives

. o . ] ] System Test, Launch | /'I"F'LD
e Other Scientific Technological Objectives. e [
o STO 4: ECOFACT methodology and platform for holistic manufacturing. SyarySu ]
o STO 5: demonstration of ECOFACT at TRL (Technology Readiness Level) 7 in {TRL? ]
four different demo sites. . = '
Demonstration
® Non-technological Objectives. Development
o NTO 1: inputs to new standardization, certification and regulation schemes. S ks Bneun
o NTO 2: exploitation for attractive business cases and fostering replication. Feasibility I-

o NTO 3: dissemination, communication and capacity building.

Basic Technology L
Research E

»2 AUTODESK UNIVERSITY



Pre-demo facilities & use cases

Consortium I

e 20 partners

e 7 different countries (6 of the EU)
® 5 research institutions

e 8 large industries

e 5 SMEs

e 2 associations across the manufacturing
environment

Credit: Wikipedia ' n -
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Discrete Manufacturing Demo Sites
Arcelik and Tofas

Arcelik
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Continuous Manufacturing Demo Sites

Athenian Brewery and Gullon

Athenian Brewery Gullon
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4-step ECOFACT concept

Local Data

Holistic monitoring and data-
acquisition solutions:

network for interoperable
integration of smart sensors
under lloT premises;

interaction with several
levels (sensors, actuators,
PLCs, SCADA etc.) within
the industrial processes
pyramid.

g

Data Broker

Developed to manage
information streams that can
be accessed through a
series of APIs by data
producers, consumers or
stream processors.

Based on an open-source
stream-processing software
platform (Kafka) enhanced
with other functionalities.

—7("')

Holistic DSS

Including:

the Forge-based Digital
Twin Platform (DTP) as an
Energy and Resource
Management System
(ERMS);

a supply chain collaboration
service and a dynamic
LCA/LCCA approach
leveraging SimaPro.

Ul

In which production managers:

interact with the DSS,
receiving operational and
scheduling suggestions and
alerts/alarms and running
production scenarios;

access different data (both
historical and in real-time) at
different granularity.
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Digital Twin Platform

Digital twin introduction and DTP sections —
digital twins, energy and resource tools and

data-exchange




Digital twin concept

Definition and maturity levels

e “A sensor-enabled digital model of a physical object that simulates the object in a live
setting.” Dr. Michael Grieves first introduced the concept in 2003 in Digital Twin:
Manufacturing Excellence through Virtual Factory Replication.

e The digital twin allows to manage the life cycle of buildings, infrastructures and industrial
machineries, from the design to the O&M phase.

LEVEL 3
ENRICHED REAL-TIME DATA

DIGITAL TWIN

Information Integration
Near Real-Time Asset Data

*ICEConference: 2020 - June 15th - Keynote I: "DigitalCulture, VirtualEngineering & DigitalTwins"
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DTP sections @ AUTODESK
FORGE

Digital twins, energy and resource tools and data-exchange

Web platform powered by Forge

I N A
o | I ¥ N\
Digital twins: Tools: Data-exchange layer:
e accessible through Forge *  OptimiST for the  authorization API;
Viewer, with the related industrial energy * resource APIs;
3D models realized using flexibility and optimized * user APlIs.
Inventor; management of
* relevant documents. generation assets;

* three other applications
for four more purposes.

»2 AUTODESK UNIVERSITY



Digital twins

Digital twins for integrated energy and production efficient management

¥ AUTODESK
INVENTOR

e Software used for the 3D models.

e Machineries and products are combined into an
assembly to create the lines.

7 AUTODESK

¥ FORGE

e Development environment for the Digital Twin
Platform.

* The Viewer allows to visualize the digital twins of lines
and machineries.

»4 AUTODESK UNIVERSITY



Digital twins

Integration of laser scan technologies with design tools for the 3D models

1442 mm

Credit: Wikipedia, Leica Geosystems
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Digital twins

Sensors’ data — TOF demo site

£L.
ECOFACT

=
- Admin

& User ACRONYM e
¥ Group
©F permission search
L Demo Site
Demo Site
48
B pigital Twins
B Digital Twins Edit -
M Deleted Digital Twins
& Documents &
& Documents Edit
M@ Deleted Documents
GUL
£ Data Exchange
& Tools
oT
B ool
TOF

B credits

Showing 1 to 6 of 6 entries
O Logout &

? Help

(( Collapse

NAME

Search

ATHENIAN BREWERY

ARCELIK

E3-Research Factory

GULLON

ONE TEAM

TOFAS

DESCRIPTION

Search

Food and baverage {brewery)

White goods manufacturing

E3-Research Factory

Food and beverage {cereal bars}

One Team Dev Dama Site

Automotive

STATUS

Search

ACTIVE

ACTIVE

ACTIVE

ACTIVE

ACTIVE

ACTIVE

Search

Site:

ARCELIK

COUNTRY

Search

. 654321 [v. 2.0.0.1] @

Search:

First | Previous Next | Last

'THIS PROJECT HAS RECEIVED FUNDING FROM THE EURDPEAN UNION'S HORIZON 2020 RESEARCH AND INNOVATION PROGRAMME UNDER GRANT AGREEMENT NO 958373
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Forge APIs

Why & What

O—n * Authentication APIs
For authentication and authorization, in order to let application use other Forge APIs
000
* Model Derivative APIs
l} To access data across Forge buckets, to manage folders & files (upload Inventor models)

 Viewer APIs

To build a custom viewers inside the Digital Twin Platform, to extract data required (with GetBulkProperties). We used also
some extensions like PDF Extension

 Data Visualization APIs
To visualize sensors and data from sensors

»2 AUTODESK UNIVERSITY



Energy and resource tools
OptimiST and others

Industrial energy flexibility and optimized management of generation assets — OptimiST.

Material-flow simulation for predictive management of manufacturing process data
(based on Siemens plant simulation tool).

Production planning and scheduling (based on Gurobi solver).

Energy simulation for dynamic operations management and cost optimization (energy
modeling based on TRNSYS) — predictive maintenance.

@@3@ 1!

T B Industrial energy disaggregation — by products.
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Energy and resource tools
OptimiST — AB demo site

How it works

* Minimization of changeover time (black interval)
defining the production scheduling.

Output

® Production scheduling for three packaging lines (for
bottles, cans and kegs).

Result

®* The bottles makespan has been reduced by 20 % (from
102 to 82 hours), the change over time, thermal energy
consumption and COz2 emissions by 16 %.

3500
3000
2500
2000
1500
1000

500

O—
—0O—
Producticn Change over
Line s |l h
Line B = - |
Line C T B

Time

Bottles production time series [liters]

L I e B R B |

e 100601 =
s 100400

.....
e B B I I B

=100161 100001 109136 m= 109747

100000 100600 100500
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Energy and resource tools 2
OptimiST — AB demo site

Results

-20% -16 % -16 % -16 %

Bottles makespan Changeover time Thermal energy CO: emissions
consumption
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Energy and resource tools 2
OptimiST — AB demo site

OUTPUT

First day date

INPUT ettoien 1

2022/03/02 10:03:47 ATHENIAN BREWERY - SIMULAZIONE DEMO

Kegs
. BOTTLE
Consumption Produced items codes hr hrs PLANNED HLs
Monday 0 00:06 1,0 START
(Thermal energy:) specific consumption SR Spmaileicnmn nailes 2021/05/17 400001 £
Bottles ’ 100001 01:06 2,24 94800 100.001
Bigger items codes 100001 1,0 co
(Thermal energy:) specific consumption 98 35 , betded or hocd 2 o
, Items production rate 109136 2,30 co
Cans 100601 14:36 9,24 376000 100.601
o . (Change overs:) Time matrix
(Thermal energy:) specific consumption
76,72
Kegs
a4 Items demand start [l 100001 co [ 109136 100601 109747 100161 [ 100500 [ 100000
: End [ -
(Electrical energy:) cost Bottles 438 (Production capacity:) Maximum 4.000 — =
3.500
. b
(Electrical energy:) cost Cans 1,58 (Production capacity:) Minimum 3.000 i
2.500
(Electrical energy:) cost Kegs 284 Cost 2,000
1.500
(Water:) cost Bottles 1.000
4,38 "
(Thermal energy:) cost 0.006 -
(Water:) cost Cans 158 0
! (Electrical energy:) cost 0.08 LSS LSS P ¢ __&_5@:@_
(Water:) cost Kegs 284

(Water:) cost 0,105
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Energy and resource tools
OptimiST — AB demo site

25
ECOFACT
& Admin

& User ACRONYM

8 Group

28 Permission

L Demo Site
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Search
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E= Digital Twins

E= Digital Twins Edit
1l Deleted Digital Twins
& Documents
& Documents Edit
1 Deleted Documents
£ pata Exchange
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ARC

GUL
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B credits

Showing 1 to 6 of 6 entries
O Logout

? Help

<< Collapse
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E3-Research Factory
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THIS PROJECT HAS RECEIVED FUNDING FROM THE FUROPEAN UINIONS HORIZON 2020 RESEARCH AND INNOVATION PROGRAMME UNDER GRANT AGREEMENT NO 958373

DESCRIPTION

Search

Food and beverage (brewery)

White goods manufacturing

E3-Research Factory

Food and beverage {cereal bars)

One Team Dev Dema Site

Automiotive

STATUS

Search

ACTIVE

ACTIVE

ACTIVE

ACTIVE

ACTIVE

ACTIVE

cmy

Search

Site:

ARCELIK

COUNTRY

Search

« 654321 [v. 2.0.0.1] {§}

Search:
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First Previous Next Last
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Energy and resource tools
OptimiST — GUL demo site

How it works

/r[}
——,
" " " " ] ] Unitl Unitl
Unit2 Unit2 |—
e Minimization of changeover time (black interval) e :
Unirg [se—— ~ Unitd | | w— ~
. . . . Time T2 Time
defining the production scheduling |y
" Unit! Unit]
Unit2 Unit2
e — T N
Outp ut »Time | ¥ Time
7Kl
Unit] a—-"‘L'—\
. . . Uit Unit]
Unit3 Unit2
* Production scheduling for each line (two = = |
kagi d th f ion lines) o
packaging and three formation lines).
Packaging lines time series BP line [final Line 12 production time series [items] Packaging lines time series SP line [final
products] 5 products]
50 40 ‘ 50
40 . — 30 | — 40
20 _— 30
30 [ |
10 | 20
20 . o LI 10
10 TR RE 2580 ER5 A0S E8C2 AR
gl B =i i i R R -
e —['GO54', "T5192"] s ['GO26', 'T4056'] ['G800', 'T4057"] sk = Ba ol Kl AR
P OO RN REISSINRRERRE , . o , , , , S , e ; — ;
SSSa08333333 ['6209', T5239"] == ['G134', "TA059'] === ['G212, 'TA060] —'G054, "T5192"] = ['GO26', T4056'] ['6800, 'T4057']
—['GI0E, 'T5376'] e ['GO26, 'TA039'] ——['G811, T5570"] == ['GIOE, "T5376'] = ['GO26', 'T4039] ['G209", T5239"] === ‘G194, TA059] s ['G212', 'T4060]
['GO60', 'T5691"] ['GO59', 'T5690'] GOS0, 'T5691"] s ['GOSY', 'T5690'] —'G811', 'T5570']
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Energy and resource tools 2
OptimiST — ARC demo site

How it works
e Minimization of energy bill defining the production scheduling.
Output

e Production scheduling for each line (two assembly, two drum and two cabinets lines, in
addition to plastic injection section and buffers).

e Electrical energy assets management plan.

Assembly lines [n® WM] Electrical power [kW]

%0 3000

80 A
w 70 il A 2500
g2 ‘ I —_—h
£ 60 H H 2000
= I | - WUE 8736 XN i 5
8 5p H 1 o m EG_[kWh]
= I 1 EWUES736N 2 1500
Pao H H L2 PV_South[kWh]
%30 A H UWIZB14R0 1000 | -
N | | | & ——B3WFR79425WB Py Northliwn]

[ 1| ‘l % — 500 DEM el [kwh]
10 1 I L1111 |||||.|| |||I LuAt LI Lot
| — P17 1224XLWO
0 — o - T T T T S Y B O SO S Y B~ N B TR B B T T . S T T R s

R e T I N e T s = T R B = S B s = T, P I SO = ST R B S b B R S A B T S s BT = T ST O " - - T« T« N = R = B = B T S R S T R S I T o G- B 1
I e e A e == R o R T R S TR T B R T A T T O T T I I

Time [h] Time [h]
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Energy and resource tools 2
OptimiST — TOF demo site

How it works

Electrical

* Minimization of energy bill managing the available g gz foman

energy assets. '
Output damand
e Economic parameters (NPV, PBP, IRR, CCF and ACF).
e Thermal and electrical and energy assets management plan.

Thermal production [kW] Electrical production [kW]
M kmm@m@ . um m i mnm mm ﬂihﬁl ”h“” Wﬂi |I__N_H_|[i_ll_¥_l_l_i@l;ﬂnﬂ_!ll_|¥ _____ 'l'q!".m.‘!"."_‘]._'_“!'!'_“!!‘_""_!_”_‘_'_W!_J‘_m_'_!_'_'_“_l"_”_'ﬁ"_"_"'!“_!_!'_!_'_ "

I s gl g A R A BB St e AR B L i R Bt o b A ol s B Bl B LB e B R Bt s B B Al BB

»2 AUTODESK UNIVERSITY



AUTODESK
UNIVERSITY

What’s next?

Future challenges and call to actions




Future challenges
Other tools within DTP, LCA/LCC within DSS together with DTP

Industrial energy flexibility and optimized management of generation assets — OptimiST.

Material-flow simulation for predictive management of manufacturing process data
(based on Siemens plant simulation tool).

Production planning and scheduling (based on Gurobi solver).

Energy simulation for dynamic operations management and cost optimization (energy
modeling based on TRNSYS) — predictive maintenance.

T B Industrial energy disaggregation — by products.

Q@@i@%&%
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Future challenges

Material-flow simulation for predictive management of manufacturing

process data & production planning and scheduling I
: N———"
B -‘ o Mamssembiyine2 The two developments are linked and focused
? ———— M » on the discrete manufacturing sites.

Material-flow simulations are conducted
through the Siemens plant simulation tool: focus
on the interaction between energy consumption,
power, production, storage and transport.
Considering more material flows (two lines at
ARC) in a whole simulation model guarantees a
n-FIFO Buffer Lane better OUtpUt.

A C Production optimizations are instead based
’ on the Gurobi solver. Two different solution

concepts evaluated at TOF: one with basic
Return Lane batching without return and the other with a two-
stage batching with buffer lane for looping.

Tub &Tub Cover

Plastic Injection Plastic Injection warehouse

- SLS system
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Future challenges

Energy simulation for dynamic operations management and
cost optimization

(a) Data collection from the physical system for each machinery ‘

D e B wrsisoesti It is dedicated to the predictive management of production operations
i e Failure data and status information ' . . . .
B e ' with the dual aim of reducing manufacturing energy costs (related to
| (b) Development of energy simulation algorithms maintenance programs) and increasing system robustness.
ﬂ :?S?;:s;f:easzneo‘;:;r::?llciil;awor(electrmlty &thermalenergy Implementatlon methodology
Mool o, iy RO . .
e data collection from sensors and SCADA systems (of each machinery

‘ (c) Objective Functions and Constraints ‘ OperatIOn)
= bheckive Fanchion LiFs Eiveray consarpiion rzaton -} . : :
£ Shive unin 2 Mt et mamzmn * development of energy simulation algorittrms to forecast abnormal
e —' behaviors (e.g. electricity and thermal energy losses or electricity
‘ (d) Maintenance Policy Optimization eXCGSS/peak),
ﬂ§:’;:23;rft"feﬁlﬁ‘;Z‘;f;‘:;”;ff&?;fs;f:;’o”n e development of predictive maintenance model (which will lead to
' = Corrective Maintenance Cost Equation : . . . .
----------------------------- the most cost-effective and energy efficient operations).
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Future challenges it

Industrial energy disaggregation

/ Industrial Energy Disaggregation (IED) tool

HMI
REST API

N%
S

@ o

IED by products

— TOFAS model <

— GULLON model <—

— AB model <«

‘S‘ Q\

)

— ARCELIK model <«

O ol L@J

ADAPTOR

Industrial Energy Disaggregation (IED) is essentially referred to the task of
separating different components from the energy signal(s).

e ED by products for forecast and wise long-term planning in terms of
energy.

e Non-intrusive load monitoring (NILM) study for research purposes.

Sample data gathered from the demos to start training and testing the models.

Training Process

TOFAS systems ]

- S L Draft of the tool's general architecture:
8 I o  web platform linked to the DTP;
I L ocausmens | * tool made available thanks to REST APIs with HMI
interface.
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Future challenges
LCA/LCC together with DTP within the holistic DSS

Y ECOFACT

Q ﬁgggg@ESK SimaPro

Federated Al
Model
Marketplace

S

Catalogue

N 2
HOLISTIC DSS j j FH i
_________________ | N < I: _||: Q I I__
ZEEEES=SE=EEEES=S=E=S=S=EEFES ': == = - ¥ — = =s===2E==
4 O o o1 ! o 1
503 n 1 a = = | == P~
1wn | £ e <| 1 = E |
m IS —l i o || < < <O 1
m P 1= ol 7o L 11 lo Tl OO
Holistic  DSSy| FEE G > =& 11| =
Engine L | as|3z & gg HERIIIES 1
Sss=====s==========§= gﬂ Q3 = — 8 =E. £9 = ===fd===
1 call2F| | & ||&B |1| RN | k7R :
1 ¥
\
\\ ,I N ,I
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Call to action
Be part of the ECOFACT project

For exploitation ECOFACT is looking for up to five other demo sites.

2030 (from TRL7 to TRL9).

@ Further investments needed for full marketability of the solution by 2028-
%; Download our handout!
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Follow us!

LinkedIn, website, Twitter, newsletter

¥ ECOFACT

@ Trasformiamo le tecnologie e le competenze in valore

D €5

3 Subscribe

www.ecofact-project.eu
@ECOFACT-project

@Ecofact Project

ECOFACT Project
ecofact-project.us1.list-manage.com

andrea.pereqgo@oneteam.it

alder.morigqgi@oneteam.it
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