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Modelica in the digital world
status and perspectives
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The digital revolution — coming now to industrial markets
The ABB Ability™ platform

Example: ABB OPTIMAX® for Energy Management
Deployment in the digital world

Demo

New requirements for Modelica



Digital technologies are driving new innovation in industrial markets
Media is focused on B2C but the “killer app” is in B2B
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Industrial markets primed to adopt digital technologies

Computing + connectivity + cloud + analytics set to unlock value

Level of
digitalization Digital S-Curve

—

Media ICT
\
Finance & Insurance

Retail

. Automotive / Discrete
Utilities
Healthcare
Food & Beverage Chemicals
Oil & Gas
Rail & Road Logistics

Marine

Mining & Metals

Agriculture  Buildings

@® ABBend-market

Other industries



Unlocking the ABB potential in digital

ABB Ability™: industry-leading digital solutions built on a common set of standard technologies



ABB Ability™ Energy Management with OPTIMAX®

Value Proposition

1. Create Visibility
2.  Automate Control
3.  Optimize Operation

Benefit

— Save energy cost and
site emissions

— Save time on
reporting and
documentation

— Increase revenues by
participating in
energy markets

For

— Single sites

— Multiple sites

— Virtual Power Plants

On-site solution

Remote services
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support Energy
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ABB Dynamic Optimization — standardized model-based applications
Basis for several OPTIMAX® application, incl. power plants, power pools and renewables
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ABB Dynamic Optimization

Treat optimal control programs basing on simulation models

For dynamic system model and sample time points tk ,t0 <tl< ...<tK
find control u (and/or initial states x(0)) that minimize criterion J
subject to mixed discrete/continuous model, initial conditions
and further constraints g

K
— xq(k)\ (uq(k) min
= kZOfO [k’ (xcd(tk)> | (ucd(tk)>] 7 x4(0) ug(0)

xc(to)’ uc(to)

FMU ME

xq(k+1) = falk,xg(k), x.(t) uqg(k)],  x4(0) = xg4, k=01, . K

dx.
xd t(t) = o[t xa (k) 2. ), uc(®)],  xc(to) = xco, € [to, k]
y(k) — h[k,xd(k),xc(tk),ud(k)], k = 0,1,...,K

gly(k(®)), ua(k(®)) uc. ()] = 0



Parallel optimization with control vector parameterization

Can scale cloud computing resources on demand

Describe control trajectory with
control parameters u”

Introduce Initial states of each interval as
optimization variables s:

Parallel solution of initial value and
sensitivity problems for each interval

Treat junction conditions between
intervals as optimization constraints




ABB OPTIMAX® — VPP cloud deployment

OPTIMAX
Cockpit
COC Service
VPN
. e HTTPS | N
e - —
OPTIMAX SFTP
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Report

Grid Operator



ABB OPTIMAX - implemented as software containers

Engineering Data exchange Operation
- Excel Add-in - SFTP Server - Web Client
m _E| - OpenModelica @JL | - SQL Server —| - IEC104 Master
| | — |
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Lightweight Remote Forecast import / Monitoring,
Atomic Host maintenance Flexibility export Control commands
Sgll—rle;g?\l/lér _Cockplt web server
1 : Optimizer with Core interfaces
o e | it e |
managlement DB - Math. solvers - Modbus Master
— — File share - Task scheduler - IEC 104 Slave Status
File system - TSV file r/w - SFTP Client in3.0

Devices
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Node-RED

A visual tool for wiring the Internet of Things - created by IBM — maintained by JS foundation

Open Source visual programming tool

 Based on Node.js

« Graphical flow editor, debugger, browser Ul

« Connect devices and online services

« Created by IBM, maintained by JS foundation
Provides interfaces needed by digital applications
« OCPP1.6

« OpenADRVEN

o KNX

e REST, MQTT, E-Mail, Twitter, ...

Provides simple dashboards

* Inputs, Outputs and Graphs

©<=_ Node-RED

© input

inject

matt
htip

websocket

> output
> function
> social
> storage
> analysis

> advanced

Sheet 1 Node-RED GitHub Bluemix monitor Slack Bot + info debug
Node
Home Energy _ Filter dupes -~ Name SlackHook
@ connected Type http in
. " ID 40c91d4d.bf36e4
S pay doad = |
¢ 9 P » Properties
Node-RED GitHub Hooks y/github_hooks.json .
Provides an input node for http
@ connected ; " .
requests, allowing the creation of simple

web services.

The resulting message has the following

timestamp properties:

+ msg.req : http request

« msg.res : hitp response

quests, the body is
'sg.req.body . This
bodyParser

se the content to a

sederd 3 pects the body of the
incoded:

/ sheerd
=that
coded data to the
type header of the

61 stto

json .
loes not send any

Itp request. This
ith a subsequent

Source: https://github.com/node-red



Grafana
Open Source Analytics and Monitoring Solution for every Database

Open Source dashboard software

6! Mwh

* Query different data sources —

* Visualize data
« Alerting and notifications

See www.grafana.com
* Query, visualize, alert on and understand your metrics

» Create, explore, and share dashboards with your team
and foster a data driven culture.

* Used by thousands of companies to monitor
everything from infrastructure, applications, and
power plants

1.7t

Grid Consu. rid Costs nergy Cost ..
317.8 MWh 49251.25% 11960.11$

1.230 MW 6370.00$ 48.23%




Modelica in the digital world
New requirements

General

 Move from one suite attempting to cover everything to components that integrate with other tools
* Focus on added value with Modelica

Models

» Large-scale: exploit technologies like vectorization

« Changes during runtime, just-in-time compilation (cf. Modia, Julia, FMI dynamic array dimensions)
Model building and tuning

» Incorporate Artificial Intelligence

» Provide behavior for Digital Twins

Model Editor

* Runin Web browser (cf. Node-RED, Jupyter)

« Integrate graphical model building with animation
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