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DIRE-FEWS is a concept, based on 
advanced systems knowledge, 
understanding of sustainability and 
resilience theories, and a compelling need 
to address disasters faced by many. 

Before we begin…………….. 

…………….. It is work in progress. 



It all started with a Big Idea               Growing Convergence Research

NSF 10 Big Ideas

https://www.nsf.gov/news/special_reports/big_ideas/convergent.jsp

CONVERGENCE Research Program: Sustainable Regional Systems Research Network (SRS-RN)

To further develop SRS science, NSF is calling for Full Scale proposals and Planning Grant proposals for Sustainable Regional
Systems Research Networks (SRS RN).
The purpose of the SRS RN competition is to develop and support interdisciplinary, multi-organizational teams of investigators and 
stakeholders. 
Teams will work collaboratively to produce cutting-edge convergent research and education that will inform societal actions for future 
environmental, economic, and social sustainability, addressing grand challenges in sustainable regional systems.



What are Disasters?

https://www.fema.gov/pdf/plan/glo.pdf

An occurrence of a natural catastrophe, technological accident, or human caused 
event that has resulted in severe property damage, deaths, and/or multiple injuries. As 
used in this Guide, a “large-scale disaster” is one that exceeds the response capability of the local 
jurisdiction and requires State, and potentially Federal, involvement. As used in the Stafford Act, a 
“major disaster” is “any natural catastrophe [...] or, regardless of cause, any fire, flood, or explosion, 
in any part of the United States, which in the determination of the President causes damage of 
sufficient severity and magnitude to warrant major disaster assistance under [the] Act to 
supplement the efforts and available resources or States, local governments, and disaster relief 
organizations in alleviating the damage, loss, hardship, or suffering caused thereby.”

United States Federal Emergency Management Agency (FEMA)



What are Disasters?
Natural

https://www.emdat.be/classification

Natural

Geophysical

Earthquake

Mass Movement (dry)

Volcanic activity

Meteorological

Extreme Temperature

Fog

Storm

Hydrological

Flood

Landslide

Wave action

Climatological

Drought

Glacial Lake Outburst

Wildfire

Biological

Epidemic

Insect infestation

Animal Accident

Extraterrestrial

Impact

Space weather



What are Disasters?
Technological

https://www.emdat.be/classification

Technological

Industrial 
accident

Chemical spill

Collapse

Explosion

Fire

Gas leak

Poisoning

Radiation

Oil spill

Other

Transport 
accident

Air

Road

Rail

Water

Miscellaneous 
accident

• Technological disasters are relatively better managed 
with advanced safety  features and control measures. 

• Advanced research is required to face challenges at the 
intersection of Natural and Technological Disasters 
(natural disaster induced technological failures). 

• Human factors in technological disasters is an active 
area of research.



Regional Systems and Disasters

A regional system can be geographically comprised 
of disaster-prone and disaster impacted areas.

The migration of populations from rural to urban systems 
and vice versa for short- and long-term has been 

observed as a consequence to natural disasters1,2,.

1. Berlemann, M. and Steinhardt, M.F., 2017. Climate change, natural disasters, and migration—a survey of the empirical evidence. CESifo Economic Studies, 63(4), pp.353-385.
2. Mbaye, L. Climate change, natural disasters, and migration. IZA World of Labor 2017: 346 doi: 10.15185/izawol.346



Relevance to the US Gulf Coast

Filing for federal assistance within one month of Hurricane Katrina included 1.36 
million individual applicants (Louisiana (38.6%), Mississippi (28.3%) and Texas 
(11.6%)) where 46.2% filed from within 100 miles of New Orleans3, and filings 

were observed from all 50 states. 

3. The New York Times, 2005. Katrina’s Diaspora, https://archive.nytimes.com/www.nytimes.com/imagepages/2005/10/02/national/nationalspecial/20051002diaspora_graphic.html

Regional Systems in Gulf Coast can be urbanized areas, urban 
clusters, and/or rural areas for the states of TX, LA, and MS



Sunderbans, India

(TAMEI)

(TAMUK)

(RAPID)
(ANL)

(SU)

(TNC)

(ORF)

(MSU)

Ecological/Societal Impact (ESI)
• Develop technology considering ESI
• Early stage stakeholder involvement 

for co-development
• Diversity in stakeholder groups

Diversity and Culture of Inclusion (DCI) 
• Develop equitable access to technology 
• Involve HSI and HBCU at locations of impact
• Consideration of experience, age, gender,

race, ethnicity, religion, skills, language, 
culture, physical and mental abilities

Deep integration of Knowledge (DIK) 
• Combination of fundamental and applied research 

from academic and non-academic partners
• Multiple scales of technological (process systems 

and networks), ecological (local and regional), 
and societal (social capital, informal networks)
Consideration of resilience as a measure of 
sustainable regional system

Meaningful 
Team 

Formation 
(TF)

SRS-RN Team



Components of Regional Systems (stakeholders)

• Communities
• Municipalities
• Local, regional, state, and federal governments
• Social capital organizations
• Educational and research institutions
• Businesses 
• Technology providers
• Ecological advocacy groups



Components of Regional Systems (stakeholders)

• Communities
• Municipalities
• Local, regional, state, and federal governments
• Social capital organizations
• Educational and research institutions – K-12 STEM
• Businesses 
• Technology providers
• Ecological advocacy groups



Networks of Study

Food, energy, and water networks 
Combined FEW system needs 

Social networks



Value Proposition

Create a pathway towards studying overall sustainability of regional 
systems affected by disasters through the development of potentially 

new class of: 

integrated food, energy, and water technological systems



Example:
integrated food, energy, and water technological systems

Options for Water Source: Brackish, 
Saline, or Contaminated Water from 

Coastal/River Delta Regions

Technology Options: Disaster Resilient, Flexible, Modifiable, Integrated, 
Intensified water treatment, food production, drinking water units

Biogas CNG Diesel Generator Direct Solar Energy Storage

Options for Water Use: Aquaponics, 
Vertical Farms, Drinking Water

Options for Energy: Flexibility for On-Grid or off-Grid (renewables, non-renewables) for water 
treatment and utilization in food production

Water
treatment



K-12 Education Needs and Request

• Partnership opportunities for US National Science 
Foundation project 

• Be a part of the Sustainable Regional Systems Research 
Network (SRS-RN) 

• Preliminary content (2-pagers) to develop lesson plan
• Opportunities for participation in RET programs



K-12 Education Learning Objectives

• Incorporate technology for resilience and sustainable 
development. 

• Learn advanced analytical methods and tools to assess 
and analyze sustainability. 

• Apply mathematical fundamentals in conceptual design 
and optimization for sustainability analysis.



Case Study 1

Water System



Check 2-page overview document in the Supplemental Material

Prepared by Manar Oqbi



Systems Approach to Water Management

Type I: Global Scale - Water Cycle

Debalina Sengupta, Mahmoud M El-Halwagi, “Incorporating 
Systems Thinking in the Engineering Design Curriculum: Path 
Forward for Sustainability Education”, Editor(s): Martin A. Abraham, 
Encyclopedia of Sustainable Technologies, Elsevier, 2017, Pages 
201-213, ISBN 9780128047927



Systems Approach to Water Management

Public SupplyRural and Domestic Livestock

Power generation and Industrial Use
Farmland and Irrigation

Type II:  Systems bounded by geographical boundaries: Managed 
typically by local authorities and individual entities



Systems Approach to Water Management

Interception: Physical and Chemical Processes that prepare the water for 
use (inlet) from and discharge (outlet) into the natural water systems 

Type III:  Business Systems: Water Management Network 



Proposed Methodology for Study

Process systems analysis for Energy, Mass, and Property Integration with targets of minimum discharge, 
cost, and environmental compliance through mathematical modeling techniques and tools. 

Potential for economic savings, anchor-tenant approach for industrial ecology.

Mass Integration: Total Quantity of water, inlet and outlet 
from different industries
Property Integration: Quality of water (inlet), and primarily 
outlet quality (depends on the type of processes in the 
processes). E.g. battery waste is different from refinery 
waste or petrochemicals waste. Necessary for the 
sustainability of local and regional water quality for health, 
safety, and economic development
Energy Integration: Energy requirement for the processes 
supporting water treatment are utilities that require operating 
costs. Minimization of purchased utilities can be achieved by 
integrating with excess process energy that is currently 
wasted

Bhojwani, S., Topolski, K., Mukherjee, R., Sengupta, D., & El-Halwagi, M. M. (2019). Technology 
review and data analysis for cost assessment of water treatment systems. Science of the Total 
Environment, 651, 2749-2761

Sustainability Method: Industrial Ecology



Proposed Methodology for Study

Bhojwani, S., Topolski, K., Mukherjee, R., 
Sengupta, D., & El-Halwagi, M. M. (2019). 
Technology review and data analysis for 
cost assessment of water treatment 
systems. Science of the Total 
Environment, 651, 2749-2761

The following section is prepared by Debashree Kumar



Problem statement

• To provide continual water for growing population, desalination is the 
most preferred option.

• Water treatment costs have reduced due to energy consumption. For 
instance, seawater desalination costs have reduced from $0.64 -
$0.80 /m3 (mid 1990s ) for a large sized plant to $ 0.50 / m3 for such 
large RO plants in the current decade.

• This paper provides data from capital cost, operating cost, capacity 
constraints due to the treatment method capabilities and requirements 
of the user. The focus of this article is technical and economic outlook 
to the reader for optimal process selection.

• It also considers macroscopic water network systems ( urban + rural )



Water 
network 
flowchart



Method

• The diagram is divided into five parts: water sources, water 
users, wastewater characterization, intercept or network 
design (treatment facility), and re-distribution to users.

• Each of these sections is discussed in detail in this article 
for providing the reader the perspective of the existing water 
networks.

• The water treatment can be divided into 4 parts: pre-
treatment, primary and secondary, tertiary, post- treatment.



Approach

• The cost calculations for these processes was based on two cost considerations: 
– Capital costs & Operating costs

• Capital costs: Capital expense (CAPEX) include land, equipment, installation, etc. up to the commissioning of 
the facility. Direct capital costs include the investment for desalination equipment, piping, valves, water intake 
structure, site preparation, concentrate discharge systems, auxiliary equipment such as water storage, emergency 
response systems, engineering etc. Indirect capital costs include freight and insurance (~5%), contractor's overhead 
(~15% of the dollar size of the project), legal, fiscal and administrative fees. Construction and equipment costs 
constitute the majority of the costs for both thermal and membrane desalination systems.

• Operating costs: Operational expenses (OPEX) (also known as operating costs) include labor, energy costs 
(thermal and electrical), chemicals, insurance, maintenance and spare parts (or membrane) replacement and some 
indirect costs. These costs are proportional to the quantity of water treated. Indirect costs also referred to as 
manufacturing overhead and may include repairs and maintenance, electricity for the production facility and 
equipment, salaries and wages for indirect manufacturing personnel. For thermal processes, energy represents the 
major cost component (66%) with labor (9%), indirect costs (10%), maintenance (7%) and chemicals (4%) 
representing the other major cost heads. For membrane processes, the energy demand is lower (41%) than the 
thermal processes with labor (13%), chemicals (11%), indirect costs (8%) and membrane replacement (5%) making 
up the majority of the operating costs.



Results

• The goal of this article is to provide an optimal sustainable 
system for the water treatment network. The two  steps 
involved are process selection and process integration.

• Process Selection Parameters:
– Feed water quality (salinity, hardness, pH, BOD, etc.)
– Capacity (quantity)
– Desired product quality
– Energy availability
– Site location
– Environmental considerations



• Integration/ Coupling Strategies
– Cogeneration

• Hybrid systems
– Use of renewable energy

• Emerging technologies
– Membrane based technologies

• Thermal based technologies
– Other alternative technologies

Results



Conclusion

• The selection of a certain treatment pathway depends on a variety of factors 
such as energy availability, site-specific constraints, feed water quality and 
quantity, desired product specifications, economics and environmental 
regulations.

• The unit product cost was lowest for brackish water RO ($0.3–0.7/ m3) 
followed by seawater RO ($0.7–1.4/m3).

• There has been a shift towards RO in the past 10–15 years due to its multiple 
economic and environmental advantages over thermal methods.

• Hybrid systems offer numerous advantages over conventional methods due 
to the increased flexibility and reduction in cost.



Case Study 2

Energy System



Check 2-page overview document in the Supplemental Material

Prepared by Ankush Rout



Check 2-page overview document in the Supplemental Material

Prepared by Debashree Kumar



Transition Energy: Natural Gas



Natural Gas

q Natural gas is clean burning hydrocarbon 
compared to coal or crude oil

q Since 2006-07, US has seen increase in 
production of shale oil and gas

q TX and PA have been at the center of this activity
q Provides domestic energy and plays key role in 

energy security and independence
q Several ecological, economic, and societal 

issues have been reported that hinder 
sustainable development of this resource



Shale Gas Supply Chain

1

2

3

Fracking wells

Distributed/Mobile Processing

Natural Gas Processing

Lack of Pipeline Infrastructure

Consumers

Industrial/Manufacturing

Residential/Commercial

CH4

NGLs

• Non-utilization of natural gas liquids
• Flaring and Venting

• Water use and disposal (primarily in PA) for hydraulic fracturing
• Naturally occurring radioactive materials

Sustainability Challenges in Shale Play Development

4
Product Monetization

Electricity

Emerging LNG Export Market

New Technology Development 
for Coal to Gas Transition

Repurposing of existing 
infrastructure



Gas Monetization

• Depending on shale plays, the gas has higher quantities of natural gas liquids (higher hydrocarbons, C2, C3, C4, C5, C5+ ….) 
compared to conventional wells.

• Historically, NGLs have provided advantage to the petrochemicals market in the United States.
• Oil and natural gas producers are increasingly targeting liquids-rich parts of supply basins.
• Higher crude oil prices influence the value of NGLs; low prices of crude have deterred their utilization.
• (Lack of) Supply chain infrastructure (pipelines) has promoted intensification and distributed manufacturing.
PSE Methods and Tools Used: Optimization, Sensitivity Analysis, Process Intensification, Pinch Analysis, Mass and Energy Integration.
Related Publications: Bohac, E., Sengupta, D. and El-Halwagi, M.M., Design and Techno-Economic Analysis of Separation Units to Handle Feedstock Variability in Shale Gas 
Treatment. In Process Intensification and Integration for Sustainable Design (eds D.C. Foo and M.M. El-Halwagi). https://doi.org/10.1002/9783527818730.ch2, 2021.
Agarwal, A., Sengupta, D., and El-Halwagi, M.M., 2018. A Sustainable Process Design Approach for On-Purpose Propylene Production and Intensification. ACS Sustainable 
Chem. Eng., 6(2), p. 2407-2421 [FEATURED on the cover for June 2018]
Al-Douri, A., Sengupta, D. and El-Halwagi, M.M., “A Multicriteria Optimization Approach to the Synthesis of Shale Gas Monetization Supply Chains” in “Natural Gas Processing 
from Midstream to Downstream”, edited by Nimir O. Elbashir, Mahmoud M. El-Halwagi, Ioannis G. Economou, Kenneth R. Hall, Pages 219-234, 2018.
Al-Douri, A., Sengupta, D., and El-Halwagi, M., 2017. Shale gas monetization–A review of downstream processing to chemicals and fuels. J Nat Gas Sci. Eng., 45, p. 436-455.
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Ethylene for plastics, 
petrochemical feedstock

Residential and 
commercial heating, 

cooking fuel, 
petrochemical feedstock

Petrochemical 
feedstock, blending with 

propane or gasoline

Refinery feedstock, 
petrochemical feedstock

Natural gasoline, 
blowing agent for 
polystyrene foam

Plastic bags, plastics, 
antifreeze

Home heating, small stoves 
and barbeques, LPG

Synthetic rubber for 
tires, LPG, lighter fuel

Alkylate for gasoline, 
aerosols, refrigerant

Gasoline, polystyrene, 
solvent

Formula

Application Area

Final Products

3



On-purpose Propylene Production
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Agarwal, A., Sengupta, D., and El-Halwagi, M.M., 2018. A 
Sustainable Process Design Approach for On-Purpose 
Propylene Production and Intensification. ACS Sustainable Chem. 
Eng., 6(2), p. 2407-2421 [FEATURED on the cover for June 2018]
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Case Study 3

Food System



Prepared by Dr. Leisha Vance

Check 2-page overview document in the Supplemental Material



STAY TUNED.

Let us get out of this. Together.

DIRE-FEWS

Graciously Supported By:


