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Digital Twins

Hype?

Focus on problem solving

Not just new shiny tech!
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What is a Digital Twin?

A digital representation that
looks-like, behaviours-like, Physical Asset Digital Twin

and connects-to a physical o Looksike
System P Behaves-like ﬂl|‘

Connects-to
With the goal to optimise
decision-making across all time
horizons S~

systems

PID

A
A\ 4

v

optimization scheduling Retrofit design
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Digital Twin Classification

Digital Model
« Non-automatic data flow

Digital Shadow
« One-way automatic data flow

Digital Twin / Digital Manager
« Two-way automatic data flow
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Industrial Plant

Textbook Model

i = [r,u)

Industrial Plant

Offline validated Model

R 2

& = f(x,u,0)
y=g(x.0)

Industrial Plant

Digital shadow

y(0) )

&= f(x,u,0)
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f + h(0)

Industrial Plant

Digital Twin
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P— Production requirements
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Digital Twin Classification

Renewable and Sustainable Energy Reviews 161 (2022) 112407

Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

" i Rl
ELSEVIER journal homepage: www.elsevier.com/locate/rser

Energy digital twin technology for industrial energy management: e’
Classification, challenges and future

Wei Yu?, Panos Patros ", Brent Young“, Elsa Klinac ©, Timothy Gordon Walmsley “

* Industrial Information and Control Centre, Department of Chemical & Materials Engineering, The University of Auckland, Auckland, 1010, New Zealand

® ORKA - Cloud and Adaptive Systems Lab & Ahuora — Centre for Smart Energy Systems, Department of Software Engineering, University of Waikato, Hamilton, 3240,
New Zealand

© Ahuora — Centre for Smart Energy Systems, School of Engineering, University of Waikato, Hamilton, 3240, New Zealand
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Digital Twin Classification

- .. .. .
Looks-like
h .. .. .

Single-state Multiple Steady-states Dynamic Fidelity
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Energy DTs
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Energy Digital Twins

Advanced Energy Technology

@ Platform

Govt funded, industry support

AHUORA $12.5 Million / 7 years
\ 12 initial industry partners
CENTRE FOR SMART ENERGY SYSTEMS rep >500/0 Of NZ process Industry

Started October 2020

11 Academics
3 Post Docs

‘ 12 PG students
ENGINEERING 15 UG students
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Ahuora Research

- Energy Digital Twins for Process Heat Decarbonisation

 Re-engineer the way we use, convert, and provision energy

for process heat usinq/a/smart syst\e\ms approach \
Plant efficiency Boilers & Heat pumps Renewable energy

* Produce open-access software tools for NZ industry
« Develop the next generation of Digital Twin technology called a

Adaptive Digital Twin
\ Smart design and operation
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How will Digital Twins help?

Real time optimisation & control

Evolve Energy Assets for efficiency
« Retrofit, Replace, Retire (R3)

« Integration and optimisation of

energy

 Energy storage

 Energy procurement

 Emissions management

Example

UNIVERSITY OF 1
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e ENGINEERING Design, Integration & Operation
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DTs & Improvement Cycles

INDUSTRIAL SITE EDGE

PROCESSES & SITE \

BIG SYSTEM
MEASUREMENT &
BUSINESS CASE, DATA RECONCILIATION
RISK ANALYSIS & OPERATIONAL
IMPLEMENTATION OPTIMISATION
CYCLE
HYBRID MODELS
& LEARNING
Dg%é:ﬁ%%w CONTROL & SCHEDULING
DIGITAL SHADOW
OF RETROFITTED SYSTEM CETISATION
ASSET OPTIMISATION ~ DSCRETE
CYCLE
AUTOMATED
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DTs & Improvement Cycles

INDUSTRIAL SITE EDGE
PROCESSES & SITE

BIG SYSTEM
MEASUREMENT &
BUSINESS CASE, JATA RECONCILIATION
RISK ANALYSIS & Opberational
IMPLEMENTATION P€ !
Digital Twins
HYBRID MODELS
& LEARNING
Dggﬁ;lgﬁ%ﬂw CONTROL & SCHEDULING
DIGITAL SHADOW
OF RETROFITTED SYSTEM T IATION
Engineering/Design DISCRETE
Digital Twins CASES
AUTOMATED
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Tool Development

« Tool development necessary
« Existing ones are rebranding
« e.g. process simulation
« New methods to exploit
industry 4.0, IoT, big data,
machine learning
« Integration between DTs

* e.g., energy DT & business DT
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Open Source Platform

Surrogate Modeli
S———

Todls

Hect T? Todl Smuiation
Arfication S

Core
Process Snulation

Institute for Design of

2eXe] UNIVERSITY OF Advanced Energy Systems

‘ ENGINEERING

x 2 AUCKLAND
Waipapa Taumata Rau
X" NEW ZEALAND

Data Analytics

Fuel Switching

”I D E AS” Conmrunity Integration
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Open Source Platform

Process Integration Process Hectrification :
Tools Tools Process Smulation
Finch Analysis Tools Heat Purp Design Steady ﬁ”e
Bridge Analysis Todls
PI&ETools Dynamic Modelling
Spatial Analysis
uc ‘
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UOA Ahuora Research

IND JAL SITE EDGE
/ PRO% & SITE é
7
. BIG SYSTEM .
Michael Kalpage MEASUREMENT & Bryan Li

BUSINESS CASE,

RISK ANALYSIS & DATA RECONCILIATION

Dr Wei Yu

IMPLEMENTATION Operational
S Digital Twins A
& !
) \ HYBRID IVIODELS
" & LEARNING
Lily Jun Isaac Tonn
Peng pigacsiaoow  Chang Severinsen Aeowjaroenlap
OPTIMISATION CONTROL & SCHEDULING
DIGITAL SHADOW
OF RETROFITTED SYSTEM OPTIISATION
Engineering/Design DISCRETE
Digital Twins CASES
J Prof
Brent
AUTOMATED
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Process Safety DTs

* Objectives
— Energy Efficient Design
— Safer

 Approach
— Risk analysis

* Problem Space
— Multi-criteria optimisation

Science
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Process Safety DTs

Ammonia Refrigeration System Failure Causes

Energy eﬁICIGHCy DESIGN

2
Inherent Assessment ‘é d:% [ eCHANICAL |
Safety indictors [Ermmon]
RlSk QuantlflCatlon Review Existing Risk Assessment

"m
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Ammonia Leakage

Consequences

ﬁ'_ﬁ?— suffocation
é 9 peath / Injury
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Digital Modelling

- Efficient, dynamic, digital twin models of R
unit operations using modern regression Isaac Severinsen
[ Pk L)

» First Principles:
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Digital Modelling

- Demand Response
 Residential Hot water

03:00pm  09:00pm  03:00am  09:00 am
@ current power price: 94.4 $/MWh
threshold power price: 14.7 $/MWh

- Price Response Hydrogen

Production Clean Hydrogen Ladder

Unavoidable

n‘ ‘ ‘ [Fertiliser ] [Hydrogenation ] [Methanol] [Hydrocracking ] [Desulphurisation ]
E “ [Shippina [Non-Road Mobile Machinery ] [Chem ical feedstock] [Long-lerm s!orage]

[Long-haul aviation"] [Coastal and river vessels ] [Remcte !rains] [Vimage vehicies’] [Locai CO2 remediation]

[Medium-haul aviation* ] [Long distance trucks and coaches ][High-tempera!ure industrial heat ][Generators]

[Shon-haul aviation][Local ierries] [Commercial heating ][Island grids][Clean power impons]

XT‘I'VCEEIS_ILYNODF _ ‘ ‘ [Lighl aviation] [Rural trains] [Regional trucks] [Mid/Low»lemperature industrial heat J [Domestic heating]
@ Waipapa Taumata Rau E N G I N E E RI N G _‘m‘ [Metro trains and buses][HzFC cars][Urban delivery][Z and 3-wheelers ] [Bulk e—fuels][Power system balancing]

NEW ZEALAND
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Time Series Forecasting

Machine Learning for Time Series Forecasting Tonn
Aeowjaroenlap
 Machine Learning Approach: Trends, Patterns, Fluctuation, Outliers

* Time Series Modelling: e.g., Naive, ARIMA, ANN

e Applications: Process and Energy Optimization in the Dairy Industry
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Refigeration Control

Process heat

Condenser

High tem perature Superheated
ligguid vapour
____________ :
1
1
.
1
Expansion Electricity
valve
Compressor

Low temperature
liquid/vapour

Low temperature

Evaporator vapour

Refrigeration
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Refrigeration Control

[ Cost-functions ‘ ‘ Constraints ‘ Disturbances

Optimiser Controllers

Process Outputs (States)

System ID
model
Dynamic Model Advanced Control
« Identifying operational issues and » Stable operation closer to design
potential improvements « Economic benefit
« Developing advanced control
methods
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Energy flexible planning

SITE SITE EXTERNAL

B _____ | e T S __
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Energy flexible planning

Electric boiler

- Simulation (€B)
 30-minute time intervals

Energy { . '
prices  —¥ Algorithm Storage
« Current/Future work: " '
» Storage implementation Biom?ss)boiler
BB
. Scheduling demand e Equal BBand EB e Varying EB and constant 17 MW BB ——Only BB
% <14
. o 283, °
 Classical optimisation °5% .
= ..5. w12 o o
£ = 5 ..o S
S azEn ° 000
£52 .‘O.:lu. .oo..ﬂ"""
B AUCKLAND =T
Waipapa Taumata Rau ENGINEERING O 5 10 15 20 25 30 35

Max duty of individual boiler (MW) 27



Multi Plant Clusters

Dynamic Large Scale Digital Twin for Optimization of Multi-plant Banlw.ii
Industrial Clusters
« To develop a novel digital twin to dynamically simulate and optimize the
use of energy and product streams for large-scale multi-plant industrial
clusters.
« To ultimately identify the types of new businesses which could join the

cluster to bring about mutual benefits.
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Energy and Business DTs

Digital twin L
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Energy and Business DTs

In this talk and in our research
we have so far focused on
company level DTs

For decarbonization & demand

response, DTs need to include:

The ‘Big System)’, i.e., the
company, the grid, and the
community DTs

‘ ENGINEERING
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Company
Strategic Decisions

Decisions

Company Operational

A

Physical

Assets

L.

" Digital Twin(s) |
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Big System

' Customers &

Markets

MJ )

-

Logistics &

Supply Chain J
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New research proposed

Energy Demand Response Dynamic Digital Twins

b A System and a framework Of W. Yuetal Renewable and Sustainable Energy Reviews 161 (2022) 112407

dynamic digital models and twins i

/_ Digital Manager

Goals: e.g., minimise lifecycle cost, 100% rene@
energy, minimise energy demand

« That will integrate energy digital

twins and business digital twins

Digital Shadow

Digital Model

« To provide optimal demand

attribute /
N\ = )
i n d u St ry, b u S i n e S S a n d re S i d e n ti a I Fig. 8. A framework for the application of Energy Digital Twin technology (including Digital Model, Digital Shadow, and Digital Manager) to the process and

energy industrics.

response and flexibilization for

&
0%
s”\\O“

BEIE] UNIVERSITY OF
AR ‘
6ty ZEALANE ENGINEERING

31



Acknowledgments

« MBIE for funding of the Ahuora Advanced Energy Transformation
Program
« Colleagues and collaborators at University of Auckland,

University of Waikato, Massey University and our industrial

partners

UNIVERSITY OF
% AUCKLAND ‘
G ENGINEERING

32



UNIVERSITY OF
AUCKLAND

Waipapa Taumata Rau
NEW ZEALAND

Energy a

Brent R. Young
Chemical and Mat:
b.young@Auckland.ac

20 February 2024



	Energy and Business Digital Twins
	Agenda
	Digital Twins
	Digital Twins
	What is a Digital Twin?
	Digital Twin Classification
	Digital Twin Classification
	Digital Twin Classification
	Energy DTs
	Energy Digital Twins
	Ahuora Research
	How will Digital Twins help?
	DTs & Improvement Cycles
	DTs & Improvement Cycles
	Tool Development
	Open Source Platform
	Open Source Platform
	UOA Ahuora Research
	Process Safety DTs
	Process Safety DTs
	Digital Modelling
	Digital Modelling
	Time Series Forecasting
	Refigeration Control
	Refrigeration Control
	Energy flexible planning
	Energy flexible planning
	Multi Plant Clusters
	Energy and Business DTs
	Energy and Business DTs
	New research proposed
	Acknowledgments
	Energy and Business Digital Twins

