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Editorial Board of Scientific Journals

A new journal dedicated to PSE 
methodology and applications to 
enhance industrial sustainability.
(www.springer.com/engineering/production+engineering/journal/41660)

An open access journal which 
publishes research from various 
disciplines 
(https://www.journals.elsevier.com/heliyon/)
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Outline of Presentation

• Global Climate Scenario and Sustainability Issues

• Industrial Ecology and Industrial Symbiosis

• Resource Conservation Networks

• What is PSE?

• Areas of Application

• Conclusions and On-going Work
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Introduction

• Population and climate 
change impact 
sustainability 

• Different sustainability 
strategies are available

(Rockstrӧm et al., 2009)
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Sustainability Issues

• Climate change affects several 
aspects of sustainability

Water availability 

Water scarcity

Resource constraints

Disease outbreaks

More severe weather patterns

8
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Industrial Ecology
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• Popularised in 1989 by Frosch and Gallopoulos
• Analogy between the industrial system and natural 

ecosystems
• Waste materials become inputs of another industry
• IE is a systems approach towards sustainability
(Frosch and Gallopoulos, 1989, Scientific American, 261, 94 – 102)
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• mimic cyclic flows in natural ecosystems

•from linear to circular flow of streams

(Frosch and Gallopoulos, 1989; Lowe and Evans, 1995)

Industrial Symbiosis

10
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Industrial Symbiosis

11
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Resource Conservation Networks

• Resource conservation networks (RCN) minimize 
environmental impact

• Common utilities such as energy and water
• The goal is to identify the optimal system design

12
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Resource Conservation Networks

• Multiple decision-makers

• Increased interdependence

13
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Designing Sustainable Systems

Areas of Application

• Resource Conservation 
Networks

• Efficient Energy Systems

• Sustainable Supply 
Chains

• Disaster Analysis and 
Risk Management

Levels of Implementation

• Within a single plant

• Inter-plant or within an 
eco-industrial park

• Across a product’s life 
cycle

• Across the supply chain

• On a regional/national 
level

• Inter-regional level

14
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What is PSE?
(Stephanopoulos and Reklaitis, 2011)

• Computational branch of 
chemical engineering

• Originally focused on 
design and operation of 
process plants

• Also known as “computer-
aided process 
engineering” (CAPE), etc.
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Why PSE?

16

• Development of 
rigorous methods to 
aid decision-making
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Mathematical Models as Decision-
Support Tools
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Water Exchange Networks
(Aviso et al., 2009)

• Minimize fresh resource 
consumption or waste 
generation

• Fuzzy optimization integrates 
multiple objectives

• Simultaneous consideration 
of objectives

18
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Leader – Follower Strategy
(Aviso et al., 2010; Tan et al., 2011)

19

*This article received an Editorial 
commendation for being a highly 
cited article in Trans. IChemE Part 
B (2012)
*most highly cited paper in PSEP
in 2010
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Leader-follower Strategy
(Aviso et al., 2010)

• Leader influences the 
decision of follower

• Government can influence 
through incentives or 
disincentives

20
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Analyzing Barriers to Industrial 
Symbiosis (Bacudio et al., 2016)

21

*This article was funded by DOST-NAST
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Analyzing Barriers to Industrial 
Symbiosis (Bacudio et al., 2016)

22

• Decision Making Trial 
and Evaluation 
Laboratory (DEMATEL)

(Gabus and Fontela, 1972)

• A problem structuring 
approach 

• Identifies the cause and 
effect relationship
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Analyzing Barriers to Industrial 
Symbiosis (Bacudio et al., 2016)

23

Focus Group Discussion with Industrial Park Stakeholders
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Analyzing Barriers to Industrial 
Symbiosis (Bacudio et al., 2016)

Main barriers identified

B1 – Lack of trust

B2 – Lack of information 
sharing

B3 – Lack of top 
management support

B4 – Lack of training

B5 – Lack of policy to 
incentivize initiatives 

B6 – Lack of funding

B7 – Lack of technology and 
infrastructure readiness

B8 – Lack of institutional 
support

B9 – Lack of  willingness to 
collaborate

B10 – Lack of awareness of 
IS concepts 

24
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Analyzing Barriers to Industrial 
Symbiosis (Bacudio et al., 2016)

Highest Prominence Value

Lack in awareness of industrial symbiosis

25
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Analyzing Barriers to Industrial 
Symbiosis (Bacudio et al., 2016)

Causal Barriers

B3 – Lack of top 
management support

B5 – Lack of policy to 
incentivize initiatives 
for Industrial Symbiosis

B1 – Lack of trust 
among locators

B3 – Lack of funding to 
promote industrial 
symbiosis

26
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Analyzing Barriers to Industrial 
Symbiosis (Bacudio et al., 2016)

Effect Factors

B2 – Lack of information 
sharing
B9 – Lack of willingness 
to collaborate
B4 – Lack of training for 
implementing IS
B10 – Lack of 
awareness of IS 
concepts
B8 – Lack of institutional 
support
B7 – Lack of technology 
and infrastructure

27
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Analyzing Barriers to Industrial 
Symbiosis (Bacudio et al., 2016)

28

• Top Management Support is the most influencing factor
• Lack of technology and infrastructure readiness is the 

least influencing factor
• Lack of awareness is the most correlated variable
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Analyzing Barriers to Industrial 
Symbiosis (Bacudio et al., 2016)

• Effect barriers may be addressed by implementing 
strategies on Causal barriers

• Priority on highly correlated (e.g. lack of awareness) 
and most influencing (e.g. top management support) 
factors

• Alignment of policies with IS networks

29
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Input-Output Analysis

• Wassily Leontief received 
the Sveriges Riksbank
Prize in Economic 
Sciences in Memory of 
Alfred Nobel 1973 

• IO provides a framework 
for interdependent 
systems

30
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Efficient Energy Systems
(Tan et al., 2014)

• Design of  more 
efficient energy systems 

31
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Designing Under Uncertainty
(Aviso, 2014; Sy et al., 2016)

• Establish more robust 
networks

32
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Designing Under Uncertainty
(Aviso and Tan, 2018)

33
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Enterprise Wide IO Models
(Tan et al., 2016)

• Sustainable supply 
chains

• Allocation of resources to 
minimize the impact of 
the disruption 

34
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Setting National Environmental 
Targets
(NAST Policy Forum, 2017; Cayamanda et al., 2017)

35

• NAST policy forum for a low 
carbon economy

• Targets for carbon dioxide 
emission reductions with 
economic growth



Annual Scientific Meeting
National Academy of Science and Technology, July 11-12, 2018

Disaster Analysis and Risk 
Management (Aviso et al., 2015)

• Impact of climate 
change on system 
operations

• Reduced availability of 
resources

36
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Web-based Tool

• Web-based decision support tool for simulating the impact of 
disasters

• Considers sector inoperability and economic loss resulting 
from a disruption

• Provides insights for decision-making

37

www.disaster-realm.net
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Conclusions

• The design of sustainable systems can be achieved 
by analyzing potential barriers

• Mathematical models can be developed to identify 
strategies to improve the sustainability of industrial 
processes 

• Models should capture the interdependence

• Optimization at various levels of the industrial 
system

• Alignment of policies with IS concepts should be 
done

38
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On-going Work

• Development of models for other energy, industrial 
systems, resource conservation networks 

(e.g. hybrid renewable energy systems)

• Focus on the interplay of the food-energy-water
(FEW) nexus

• Impact of global value chains on local industrial 
systems

• Applications in the promotion of Circular Economy

39
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Thank you
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