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Professional Bio: Prof. Amro M. Farid

A Alexander Crombie Humphreys Chair Professor of Economics in Engineering at Stevens
Institute of Technology School of Systems and Enterprises

A CSIRO National Energy Analysis Centre Principal Systems Scientist

A CEO/CTO of Engineering Systems Analytics LLC

A Visiting Scientist MIT Center for Complex Engineering Systems

A Highly active and prolific researcher +170 peer-review publications

MIT Mechanical Engineering Sc.B. (2000) and Sc.M. (2002)

Ph.D. at U. of Cambridge Institute for Manufacturing (2007)

Air Liquide Environment and Greenhouse Gases Specialist (2007-2010)

MIT MechE Visiting Professor/Visiting Scientist/Research Affiliate (since 2010)
Assistant Professor of Engineering Systems & Management Masdar Institute (20101 2015)
Chair/Executive Committee of Council of Engineering Systems Universities (2014-2023)
Associate Professor of Engineering at Dartmouth (2015-2022)

Chair of the IEEE Smart Cities R&D Committee (2015-2025)

Fulbright Future Scholar i CSIRO Visiting Scientist (2022-2025)

ASME Fellow (2025)
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LIINES Research Mission & Scope

The LIINES (Laboratory for Intelligent Integrated Networks of Engineering Systems) is devoted to
enhancement of sustainability , and resilience in intelligent multi -energy engineering systems. We
seek to develop an internationally recognized, locally relevant and industrially-facing program of research
that engineers intelligent & integrated control, automation, and information technology systems that support
the operations and planning of large-scale integrated energy systems. These activities encourage and
facilitate technology policy that supports the achievement of energy, water, transportation & industrial policy
objectives while eliminating barriers to sustainable and resilient automated solutions.

Intelligent Networked Engineering System Intelligent Networked Engineering System

> Intelligent Planning > Intelligent Planning
Operations & Control B Operations & Control B
— Integration —
Physical Grid: Networked Engineering System Physical Grid: Networked Engineering System
Physical > Physical L
Grid Grid
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LIINES Research Themes

A

Smart Power Grids : As a full energy value chain including power generation, power transmission &
distribution and building systems. Electricity currently accounts for 29% of U.S. CO2 emissions .

Hydrogen -Energy -Water Nexus : Focusing on points of interconnection including power generation,
desalination, water pumping and building systems. Electricity currently accounts for 49% of U.S. water
withdrawals .

Electrified Transportation Systems : Focusing on electric vehicles as a point of interconnection.
Transportation currently accounts for 27% of U.S. CO2 emissions .

Industrial & Supply Chain Energy Management : Automated approaches to energy management
industrial production & service delivery. Manufacturing currently accounts for 21% of U.S. CO2 emissions .

Convergent Smart City Systems -of-Systems : This research theme represents a concerted effort to
generalize sustainability, resilience, to the emerging need for integrated smart cities. U.S. cities are home to
62.7% of the population but comprise just 3.5% of the land area .
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Presentation Outline

Goal: To relay how the Weighted Least Square Error Hetero  -functional Graph State Estimator of the
American Multi -Modal Energy Systems helped launch the National Energy Analysis Center at CSIRO
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Presentation Outline

Goal: To relay how the Weighted Least Square Error Hetero  -functional Graph State Estimator of the
American Multi -Modal Energy Systems helped launch the National Energy Analysis Center at CSIRO

A The National Energy Analysis Centre @ CSIRO
- /{LwhZ !daGNIEAIQ bLGA2YLE {OAS
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A The NEACG6s System Science Tool box
- As a national digital research infrastructure, the NEAC is built upon a commitment toftagart systems science & engimgs.

AThe AMESOG Reference Architecture
- The Australian/American Mulitnergy System Reference Architecture serves to manage the ontological sylssystems
challenges found in mul&nergy systems.

AThe AMES State Esti mator : Situati onal Awareness o0
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CSIRO launches National
Energy Analysis Centre to
accelerate Australia’'s energy
transition

The independent, collaborative research centre

will help accelerate and de-risk Australia’s ene
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The NEAC leadership team

Stephen Craig Charlie Mere Carolyn Huston John Gardner Amro Farid

Director Design Lead Digitalisation Lead Empowerment Lead  Principal Systems Scientist

Claire Jordan-Peters Stephen Snow Wendy Bloom National
Strategic Engagement Lead Living Lab Research Leader Administration @ a4
ST Centre
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Who We Are:
Australia’s National Science Agency
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% Hli NEAC MISSION
 Accelerate and de-risk the

National Energy Analysis [ e R e 1ot 4Te]
Centre (NEAC)

* Enduring national research
infrastructure, digital and
physical

* Backed by CSIRO, open to all

 Combining modern systems
science with social innovation

FOCUS'AREAS
Decarbonisation, resilience, equity, economic
opportunity, innovation
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Critical Infrastructure for the Nation

[ Transition is a complex, multi-faceted systems problem ]

National
Energy
Analysis
Centre
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Fragmentation and Legacy Siloes
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Australia has lacked national science-based capability to guide
and de-risk holistic energy transformation

National
Energy
Analysis
Centre
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National
Energy
Analysis
Centre

NEAC has Two Main Components

NEAC Living Lab

Thousands of homes & businesses
Sensor data, circuit-level
Surveys, behavioural research

Coherent picture

Living Lab

NEAC Systems Science Toolbox

Unified model of the (multi-)energy system

Data linked coherently across energy types,
adjacent systems, and supply to demand

True-to-physics analysis, precinct to nation

Systems Science Toolbox
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NEAC Systems Science Toolbox
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Modern Systems Engineering in Action
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Systems Science Toolbox Focus Areas

» System implications of scaled behavioural trends,

new technology adoption, policy proposals, and
commercial innovations

* Precinct / route / region decarbonisation

» System resilience, now and future

* Energy nexus interactions
* energy-water, energy-food, energy-digital, etc

* |nteractive data visualisation and digital delivery

[ Founded on modern, scalable systems engineering ]

National
Energy
Analysis
Centre
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Systems Science Toolbox Analytical Workflows
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The Systems Science Toolbox is composed of many analytical workflows that start from a plurality of disparat
data sources, that are reconciled into a reference architecture, that spawns many instantiations that are
studied as potential planning and operations scenarios!
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The Real Challenge: Asset -level Resilience & National Level Sustainability

Massachusetts
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The Real Challenge: Asset -level Resilience & National Level Sustainability

National -Level Scale

‘ State -Level Sc

Precinct - el S

Asset -Level Granularity

Our ExtensibleWorkflow: GIS Analytics, ModdBased Systems Engineering, & Hetdumctional Graph Theory|
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Cascading Failure: The Challenge of Interconnectedness

W Winter Storm Uri (2022) revealed the interdependencies between natural gas and electric power infrastructure
W Hurricane Sandy (2012) revealed the interdependencies between electric power & transportation infrastructure
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