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Professional Bio:  Prof. Amro M. Farid

Á Alexander Crombie Humphreys Chair Professor of Economics in Engineering at Stevens 

Institute of Technology School of Systems and Enterprises

Á CSIRO National Energy Analysis Centre Principal Systems Scientist

Á CEO/CTO of Engineering Systems Analytics LLC

Á Visiting Scientist MIT Center for Complex Engineering Systems

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

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

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

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

ÁMIT MechE Visiting Professor/Visiting Scientist/Research Affiliate (since 2010)

Á Assistant Professor of Engineering Systems & Management Masdar Institute (2010ï 2015)

Á Chair/Executive Committee of Council of Engineering Systems Universities (2014-2023)

Á Associate Professor of Engineering at Dartmouth (2015-2022)

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

Á Fulbright Future Scholar ï CSIRO Visiting Scientist (2022-2025)

Á ASME Fellow (2025)
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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. 

LIINES Research Mission & Scope
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Á 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 .  

Á 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 .

Á Electrified Transportation Systems : Focusing on electric vehicles as a point of interconnection. 

Transportation currently accounts for 27% of U.S. CO2 emissions .

Á Industrial & Supply Chain Energy Management : Automated approaches to energy management 

industrial production & service delivery. Manufacturing currently accounts for 21% of U.S. CO2 emissions .

Á 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 .

LIINES Research Themes

4

http://amfarid.scripts.mit.edu/


LIINESLogo2.pdf

Acknowledgements

5

http://amfarid.scripts.mit.edu/


LIINESLogo2.pdf

6

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

Á The National Energy Analysis Centre @ CSIRO

- /{LwhΣ !ǳǎǘǊŀƭƛŀΩ bŀǘƛƻƴŀƭ {ŎƛŜƴŎŜ !ƎŜƴŎȅΣ Ƙŀǎ ƭŀǳƴŎƘŜŘ ǘƘŜ bŀǘƛƻƴŀƭ 9ƴŜǊƎȅ !ƴŀƭȅǎƛǎ /ŜƴǘǊŜ ŀǎ ƴŀǘƛƻƴŀƭ ŘƛƎƛǘŀƭ ǊŜǎŜŀǊŎƘ ƛƴŦǊastructure 
ǘƘŀǘ ǿƛƭƭ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ ƴŀǘƛƻƴΩǎ ǇǊƛƻǊƛǘƛŜǎ ǘƻ ǊŜŀŎƘ ŀ ƴŜǘ ȊŜǊƻ ŜƳƛǎǎƛƻƴǎ ŦǳǘǳǊŜΦ    

ÁThe NEACôs System Science Toolbox 

- As a national digital research infrastructure, the NEAC is built upon a commitment to state-of-the-art systems science & engineering.

ÁThe AMESô Reference Architecture 

- The Australian/American Multi-Energy System Reference Architecture serves to manage the ontological systems-of-systems 
challenges found in multi-energy systems.

ÁThe AMES State Estimator:  Situational Awareness of the AMESô Behavior
- Hetero-ŦǳƴŎǘƛƻƴŀƭ ƎǊŀǇƘ ǘƘŜƻǊȅ όICD¢ύ ƛǎ ǳǎŜŘ ǘƻ ǘǊŀƴǎƭŀǘŜ ǘƘŜ !a9{Ω ǊŜŦŜǊŜƴŎŜ ŀǊŎƘƛǘŜŎǘǳǊŜ ŀƴŘ DL{ Řŀǘŀ ƛƴǘƻ ŀƴ !a9{ ƘŜǘŜǊƻ-functional graph 
ǘƘŀǘ ǇǊƻǾƛŘŜǎ ǎƛǘǳŀǘƛƻƴŀƭ ŀǿŀǊŜƴŜǎǎ ƻŦ ǘƘŜ !a9{Ω ŜƴŜǊƎȅ ǎǘƻŎƪǎ ŀƴŘ ŦƭƻǿǎΣ ŜƳƛǎǎƛƻƴǎΣ ŀƴŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ
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Systems Science Toolbox Analytical Workflows

The Systems Science Toolbox is composed of many analytical workflows that start from a plurality of disparate 
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

Must keep an asset-level view! Must keep state/national level scale!
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Asset -Level Granularity

National -Level Scale

Our Extensible Workflow:  GIS Analytics, Model-Based Systems Engineering, & Hetero-functional Graph Theory! 

State-Level Scale

Precinct -Level Scale

The Real Challenge:  Asset -level Resilience & National Level Sustainability
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Cascading Failure:  The Challenge of Interconnectedness

Ẇ Winter Storm Uri (2022) revealed the interdependencies between natural gas and electric power infrastructure

Ẇ Hurricane Sandy (2012) revealed the interdependencies between electric power & transportation infrastructure 
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Natural Gas System

Coal/Rail System

Electric Power System

Oil System
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