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Ευρυφάεσσα (Θεία) *
 Euryphaessa means “Wide Shining”
 Theia derived from “Sight” and “Prophesy”  
 A Titan
 First Born Daughter of Gaia and Uranus
 Wife of Hyperion (her brother)
 Mother of Sun, Moon, and Dawn (among whose children 
are the winds (Boreas, Notos, Zefyros)
 Goddess who endowed gold and silver with intrinsic value

. * Ήσίοδος , “Θεογονία”, 800 Π.Χ. – 700 Π.Χ.
Γονιδέλλης Α., “Η Γένεση κατά τούς Αρχαίους ¨Ελληνες, Μέρος Δεύτερο, 

Τιτάνες, Το Πρώτο Δωδεκάθεο”, 2001
http://www.theoi.com/Titan/TitanisTheia.html
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Προμηθεύς *
 Prometheus’ name derives from “Before” and “Thought”
 A Titan
 Third Born Son of Iapetos and Klymene
 Brother of Atlas, Menoetius, and Epimetheus (1, 2, 4)
 Considered Benefactor of Mankind
 God of forethought and crafty counsel, who was given the 
task of moulding mankind out of clay
 Designated by Zeus to be in the East (Atlas in the West)

. * Ήσίοδος , “Θεογονία”, 800 Π.Χ. – 700 Π.Χ.
Γονιδέλλης Α., “Η Γένεση κατά τούς Αρχαίους ¨Ελληνες, Μέρος Δεύτερο, 

Τιτάνες, Το Πρώτο Δωδεκάθεο”, 2001
http://www.theoi.com/Titan/TitanPrometheus.html
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Προμηθεύς *
 Prometheus fought  on the side of Zeus in the Titan battle 
Following the Titan battle, Prometheus cut a bull into two parts: 
the meat and intestines inside the skin with the stomach on top; 
the bones covered in fat
 Zeus chose the latter, and subsequently, in anger, withheld fire 
from the humans
 Prometheus stole fire, and gave it to humans in a hollow tube
 Prometheus was put in chains, and an eagle was sent to eat his 
liver during the day, while it was restored every night

. * Ήσίοδος , “Θεογονία”, 800 Π.Χ. – 700 Π.Χ.
Γονιδέλλης Α., “Η Γένεση κατά τούς Αρχαίους ¨Ελληνες, Μέρος Δεύτερο, 

Τιτάνες, Το Πρώτο Δωδεκάθεο”, 2001
http://www.theoi.com/Titan/TitanPrometheus.html
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Prometheus
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Prometheus
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Prometheus
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Prometheus
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Prometheus
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Greek Environmental Catastrophes
12th Century B.C Mycaenean Civilization is destroyed due to 

ecological disaster leading to four centuries of 
“Greek Dark Ages”. Elimination of forests (often 
through the destruction of the trees’ outer layer, so 
resulting organic material could be used as swine 
food), over-cultivation of agricultural land, low 
brush destruction by sheep and goats, and 
overpopulation, led to destruction. 

4th Century B.C. Earlier disaster is forgotten, and those that followed 
Mycaenaean Civilization did not feel responsible. 
The result is that dense forests of oak, cypress, 
and olive trees, reaching Attica’s coast, were 
destroyed. Human impact not as devastating, due
to increased sea harnessing and trading. 

Μπουρατίνος Α. , “Περιβαλλον και Συνειδηση στην Αρχαια Ελλαδα”, 1997
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Προμηθεύς *
 Prometheus traditionally portrayed as benefactor of humankind
 Symbol of human independence from the control of Gods
 Symbol of human ability to determine own path to the future 
with the help of only external knowledge 
 In Nature, the notion of independence does not exist
 No single path is independent of other paths
 Prometheus transformed fire into a simple utilitarian tool
 With no internal awareness, fire can be dangerous
 It may be time to reconsider Prometheus’ burning paradigm

. * Ήσίοδος , “Θεογονία”, 800 Π.Χ. – 700 Π.Χ.
Γονιδέλλης Α., “Η Γένεση κατά τούς Αρχαίους ¨Ελληνες, Μέρος Δεύτερο, 

Τιτάνες, Το Πρώτο Δωδεκάθεο”, 2001
http://www.theoi.com/Titan/TitanPrometheus.html
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Tautology
 From the Greek word “Ταυτολογία” 

 “Ταυτολογία” is the composition of 
“Ταυτός” meaning “the same”
“Λόγος” meaning “”speech”

In mathematical logic, a tautology is:
A logical statement in which conclusion and premise 

are equivalent
A logical proposition that is always true

Example:    A B B A    
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Concentrated Solar Power (Ivanpah)

Ivanpah Solar Electric Generating System, California, US
http://inhabitat.com/ivanpah-worlds-largest-solar-thermal-plant-officially-goes-in-service-today/ivanpah-2/

http://inhabitat.com/ivanpah-worlds-largest-solar-thermal-plant-officially-goes-in-service-today/ivanpah-2/
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Concentrated Solar Power (Ivanpah)

Ivanpah Solar Electric Generating System, California, US
http://www.marketwatch.com/story/could-californias-massive-ivanpah-solar-power-plant-be-forced-to-go-
dark-2016-03-16

http://www.marketwatch.com/story/could-californias-massive-ivanpah-solar-power-plant-be-forced-to-go-dark-2016-03-16
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Concentrated Solar Power (Ivanpah)
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Concentrated Solar Power (Ivanpah)
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Tidal Power (Rance River)

Rance River Estuary, Brittany, France
http://tidalenergyassignment.blogspot.com/2014/05/tidal-power-plants-in-world-today.html

http://tidalenergyassignment.blogspot.com/2014/05/tidal-power-plants-in-world-today.html
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Tidal Power (Annapolis)

Annapolis Royal Generating Station, Nova Scotia, Canada
http://brad-bradshaw.blogspot.com/2013/04/tidal-power-investment-surging.html

http://brad-bradshaw.blogspot.com/2013/04/tidal-power-investment-surging.html
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Tidal Power (Annapolis)

Annapolis Royal Generating Station, Nova Scotia, Canada
http://tidalenergytoday.com/2015/01/20/video-annapolis-tidal-power-station/

http://tidalenergytoday.com/2015/01/20/video-annapolis-tidal-power-station/


Chemical and Biomolecular Engineering Department
Systems Engineering Laboratory

Hydrogen Engineering Research Consortium (HERC)

Wind Power (South Fork)

South Fork Wind Farm, Long Island, US
http://gizmodo.com/new-york-state-approves-americas-largest-offshore-wind-1791648822
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Climate Change 

 “Continued Emission of Greenhouse gases will cause 
further warming and long-lasting changes in all 
components of the climate system, increasing the 
likelihood of severe, pervasive, and irreversible impacts 
for people and eco-systems.” (2014, IPCC)
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Atmospheric CO2 Concentrations (Mauna Loa Data) 
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Atmospheric CO2 Concentrations (Ice Core Data) 
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Global Temperatures 
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Source: Climatic research unit (CRU)

Global Temperature Deviation Data from 1961-1990 mean 



Chemical and Biomolecular Engineering Department
Systems Engineering Laboratory

Hydrogen Engineering Research Consortium (HERC)

Source: Committee on Surface Temperature Reconstructions for the Last 2,000 Years, Board on Atmospheric Sciences 

and Climate,

Division on Earth and Life Studies, NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES

Global Temperature Deviation Data (cont’d) 
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Greenland Temperatures/Atmospheric CO2 Concentrations 
(Ice Core Data) 
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Global Carbon Cycle

University of New Hampshire GLOBE Carbon Cycle

http://globecarboncycle.unh.edu/CarbonCycleBackground.pdf
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Climate Model Predictions (Carbon Cycle) 

https://cmip-publications.llnl.gov/, Shao P., Zeng X., Sakaguchi K., Monson R., Zeng X., “Terrestrial Carbon 
Cycle: Climate Relations in Eight CMIP5 Earth System Models” J. of Climate, Vol. 26, pp 8744-8764, 2013

https://cmip-publications.llnl.gov/
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Climate Model Predictions (Carbon Cycle Cont’d) 
“the main advantage of CMIP5 is the representation of land cover change that is 
considered to be a significant driver for the terrestrial carbon cycle” (Shao et al.)
NEP: Net Ecosystem 
Production = Integral of 
Leaf photosynthesis –
Autotrophic Respiration –
Heterotrophic Respiration

D: Disturbances = Fires + 
Land Use Change

NBP: Net Biome Production

NBP=NEP - D
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Climate Model Predictions (Carbon Cycle Cont’d)
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Climate Change Models

http://www.cesm.

ucar.edu/models/
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Climate Change Model Metrics:
Atmospheric Model (AGCM)

University of Victoria Model (UViC) Assumptions:
Decreasing vertical distribution of energy and relative humidity
Parametrization of atmospheric heat and moisture transport by diffusion

CLIMate BiosphERe Model (CLIMBER-2) Assumptions:
Vertical temperature profile
Radiative equilibrium of isothermal stratosphere
Exponential vertical profile of specific humidity
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Climate Change Model Metrics:
Ocean General Circulation Model (OGCM)

OPA 8.1 (UViC) Assumptions:
Thin shell approximations: Negligible ocean depth compared to the radius of 
the earth
Boussinesq hypothesis: Density variations are neglected except where to 
contribute to buoyancy
Hydrostatic hypothesis: Vertical momentum equation is reduced to a 
balance of the vertical pressure gradient and buoyancy force
Boundary conditions are defined by Land-ocean interface, solid earth-ocean 
interface, atmospheric-ocean interface and sea ice-ocean interface.
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Climate Change 

Consistent with other research, the level of agreement on anthropogenic causation 
correlated with expertise - 90% of those surveyed with more than 10 peer-reviewed 
papers related to climate (just under half of survey respondents) explicitly agreed that 
human production of greenhouse gases was the main cause of global warming 
(Verheggen et al., 2014, Environmental Science & Technology)
Cook et al. examined 11,944 abstracts from the peer-reviewed scientific literature 
from 1991–2011 that matched the topics 'global climate change' or 'global 
warming'.[12] They found that, while 66.4% of them expressed no position on 
anthropogenic global warming (AGW), of those that did, 97.1% endorsed the 
consensus position that humans are contributing to global warming. (Cook et al. 2014, 
Environmental Research Letters)
In 2007, Harris Interactive surveyed 489 randomly selected members of either the 
American Meteorological Society or the American Geophysical Union for the Statistical 
Assessment Service (STATS) at George Mason University. The survey found 97% 
agreed that global temperatures have increased during the past 100 years; 84% say 
they personally believe human-induced warming is occurring, and 74% agree that 
"currently available scientific evidence" substantiates its occurrence. (STATS 2007, US 
News and World Report)
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Climate Change 

“In the APS (American Physical Society) it is ok to discuss whether the 
mass of the proton changes over time and how a multi-universe behaves, but 
the evidence of global warming is incontrovertible? The claim (how can you 
measure the average temperature of the whole earth for a whole year?) is 
that the temperature has changed from ~288.0 to ~288.8 degree Kelvin in 
about 150 years, which (if true) means to me is that the temperature has 
been amazingly stable, and both human health and happiness have 
definitely improved in this 'warming' period.‘” (Dr. Ivar Giaever, Nobel 
Laureate)
“I'm a skeptic. ...Global Warming it's become a new religion. You're not 
supposed to be against Global Warming. You have basically no choice. And I 
tell you how many scientists support that. But the number of scientists is not 
important. The only thing that's important is if the scientists are correct; that's 
the important part.” (Dr. Ivar Giaever, Nobel Laureate)
“In questions of science, the authority of a thousand is not worth the 
humble reasoning of a single individual.” ― Galileo Galilei per Biographies of 
Distinguished Scientific Men (1859) by François Arago, as translated by 
Baden Powell, Robert Grant, and William Fairbairn, p. 365
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Easterbrook, D. (Ed.). (2016). Evidence-based climate science: Data opposing 

CO2 emissions as the primary source of global warming. Elsevier.
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Climate Change 

“If CO2 causes global warming why do we have 30 years of global cooling 
when it began to escalate. It doesn’t make any sense.”
“You compare those to actual measurements to see if the models are right. 
They are totally inaccurate, the models are totally inaccurate… The bottom 
line is CO2 is not capable of causing significant global warming by itself.”
“The effect of global warming is to make the oceans more alkaline, not 
more acidic, because warming drives CO2 out of the ocean”
“Computer models like any other computing is garbage in garbage out 
whatever you program the computer will be is what comes out the other end 
they do not consider real life changes in the atmosphere, in the oceans, they 
do not consider real physical data.”
“The models failed miserably they weren’t even close, therefore what trust 
can you put in models if they cannot even predict 10 years down the line 
within one degree, they’re useless.” (Dr. Don Easterbrook, Professor Emiritus
of Geology, Western WA University)
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Climate Change
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Climate Change
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Climate Change
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Climate Change Data



Chemical and Biomolecular Engineering Department
Systems Engineering Laboratory

Hydrogen Engineering Research Consortium (HERC)

Climate Change
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“Climate Change” is a Tautology
 “Global Warming” is a logical Proposition that could be 
true or false

 The above historical record suggests that “Climate 
Change” however is a tautology (i.e. it is always true)

 Below I will describe how PSE ought to assume the role of 
Euryphaessa to guide humanity past the “Prometheus”  
Paradigm and the “Climate Change” tautology

But First!
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George’s Impact on My Research/Education:
My First Graduate Process Design Syllabus
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George’s Impact on My Research/Education: 
Synthesis of Control Structures
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George’s Impact on My Research/Education: 
Synthesis of Control Structures for Nonlinear Systems
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George’s Impact on My Research/Education: 
Synthesis of Mass Exchange Networks
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George’s Impact on My Research/Education: 
State-Space Approach: Synthesis of Distillation Networks
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George’s Impact on My Research/Education: 
Stabilizing and Optimal Decentralized Control
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George’s Impact on My Research:
Synthesis of Reaction Pathways (Clusters)
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George’s Impact on My Research/Education: 
Synthesis of Mass Exchange Networks
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Infinite DimEnsionAl State-space (IDEAS) Paradigm

• All feasible network configurations are considered
• No a priori network structure is assumed
• Linear feasible region in infinite dimensional space
• Finite approximations are employed which are 

guaranteed to converge to IDEAS optimum
• Gives rise to Large Scale, Linear Programming (LP) 

Formulations
• Able to guarantee global optimality
• Over twenty archive journal publications  
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Infinite DimEnsionAl State-space (IDEAS) Paradigm

The network is decomposed 
into two blocks of operations:

1. DN (Distribution Network): 
where all mixing, splitting, 
bypassing, and recycling 
operations.

2. OP or the Operator: where 
the actual unit operation are 
(mass/heat exchange, reaction, 
etc.)

( , )i iu 

( , )i iy 

( , )w 

( , )i ix 

iDN

OP

DN
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IDEAS Information Map

• Applicability of IDEAS requires satisfaction of the 
following property by the information map of the 
process model:

• This property is satisfied by the information map of 
a wide variety of process models as discussed next
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Heat Exchanger Information Map
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Heat Exchanger Information Map

F restriction on a single flow variety is a linear map
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Attainable Region Construction
Shrinkwrap Algorithm for Ideal/Dispersion Reactors
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Attainable Region Construction
Shrinkwrap Algorithm for Ideal/Dispersion Reactors
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PSE as the Modern Euryphaessa

Climate Change – CO2 Profitability

Air quality – Thermochemical Cycles

Creation of Hybrid Energy Systems Fossil Fuels – Renewables

Pursuit of “Green Engineering” (Green Dollars and Green 
Environment)
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PSE as the Modern Euryphaessa

 Do not have visions for the future

 Shape the future

 Become the mother Euryfaessa, 
that will give birth to the ideas 
needed to move humanity past:

1. Prometheus’ Burning Paradigm
2. Climate Change Tautology
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Climate Change Solution: CO2 Profitability
CO2, produced or captured, can produce useful chemicals (formic 
acid, acetic acid, hydrogen or a combination of formic acid/acetic acid 
and power).

Process can utilize fossil fuel raw materials (natural gas, coal etc.) to 
produce above chemicals with no CO2 emissions.

Process utilizes already existing commercial technologies such as 
SMR, WGS etc.

Process can be such that it is energetically self-sufficient (no energy 
or work input from surrounding).

Sale of products at current market prices guarantees profit
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CO2 Profitability: Formic Acid Uses

Source: BASF
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CO2 Profitability: Acetic Acid Uses

Source: Tecnon OrbiChem, Chemical Market Insight and forecast, Acetic Acid, 2013 
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Formic acid Reaction cluster – CO2 to formic
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Formic acid Reaction cluster – BASF Process
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CO2 Profitability: Formic Acid/Hydrogen
Formic Acid 
Overall Rxn:

           
4 2 2 21 0.5 (1 )g g g aq gCH X O X H O HCOOH X H     
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Formic acid Profitability region
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Commercial Price

Gasoline-Equivalent Price

 Commercial price for formic acid (0.70 $/kg)
 Energy-price equivalent of hydrogen to gasoline (3.64 $/kg) (1 kg of hydrogen is 

energetically equivalent to 1 gallon of gasoline)
Lopez, Jorge A. Pena, and Vasilios I. Manousiouthakis. "Natural gas based hydrogen production with 

zero carbon dioxide emissions." international journal of hydrogen energy 36.20 (2011): 12853-12868.
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Acetic acid Reaction cluster
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Formic Acid/Acetic acid Reaction cluster
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Acetic acid cluster energy analysis
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 298 280.21 586.325o
fh X kW  Total heat of reaction (Acetic acid cluster):

Total heat of reaction (Baseline Combustion):  298 1,781.3o
fh kW  

Baseline:

Acetic acid cluster
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CO2 Profitability: Acetic Acid/Hydrogen
         

4 2 2 3 22 2(1 ) 2 (2 )g g g aq gCH XO X H O CH COOH X H     
Acetic Acid 
Overall Rxn:
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CO2 Profitability: Formic Acid/Acetic Acid
Formic/Acetic 
Acid Overall 
Rxn:
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Operating Cost Analysis 
(per 1 kg/h carbon-containing feed)

Unit Cost Unit Ref. Selected 
Operating Point Profit Margin

COST ELEMENTS CO-PRODUCTION SCENARIOS
Natural Gas 0.298 ($/kg) [2]

Formic acid/Hydrogen X = 0.654 2.40 ($/h)
Coal 0.03819 ($/kg) [2]

Water 0.00044 ($/kg) [3, 4]
Acetic acid/Hydrogen X = 1.238 0.95 ($/h)

O2 Power Consumption 0.105 ($/kWh) [2]

REVENUE ELEMENTS
Formic acid/Acetic acid W = 1; X = 1 1.11 ($/h)

Formic acid 0.70 ($/kg) [5]

Acetic acid 0.50 ($/kg) [6]

Hydrogen 3.64 ($/kg) [5]

[2] Rath, L. K. (2010). Assessment of hydrogen production with CO2 capture volume 1: Baseline state-of-the-art 

plants. DoE/NETL, report, 1434.

[3] Black, J. (2010). Cost and performance baseline for fossil energy plants volume 1: Bituminous coal and natural gas 

to electricity. National Energy Technology Laboratory: Washington, DC, USA. 

[4] Woods, M., Pinkerton, L. R., & Varghese, E. (2012). Updated Costs (June 2011 Basis) for Selected Bituminous 

Baseline Cases. Washington, DC: DOE/NETL, 49. 

[5] Lopez, J. A. P., & Manousiouthakis, V. I. (2011). Natural gas based hydrogen production with zero carbon dioxide 

emissions. International Journal of Hydrogen Energy, 36(20), 12853-12868.

[6] Tecnon OrbiChem, Chemical Market Insight and forecast, Acetic Acid, 2013 
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Chemicals World Annual Production (million tonnes)

Benzene 42
Buta-1,3-diene 11.9
Ethylene oxide (epoxyethane) 17
Ethylene glycol 18
Ethanol (excluding bioethanol) 0.85
Ethene (ethylene) 156
Methanal (formaldehyde) 30
Methanol 65
Methyl tertiary-butyl ether 15.2
Phenol 10
Propanone (acetone) 6
Propene (propylene) 80

Source: http://www.essentialchemicalindustry.org/chemicals.html

Carbon Containing Chemicals
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Air Quality - H2 Production: Thermochemical Cycles
H2, can be produced from a low-temperature (< 10000C) 
thermochemical cycle.

Low-temperature thermochemical cycle can only be achieved via multi-
step (> 2) reaction clusters7. 

Low-temperature thermochemical cycles can be Concentrated Solar 
Power (CSP) driven.

A Sodium carbonate based reaction cluster is a feasible, low-
temperature, 3-step thermochemical cycle for H2 production8. (9000C)

[7] Xu, B., Bhawe, Y., Davis M.E. Low-temperature, manganese oxide-based thermochemical water-

splitting cycle. PNAS 2012; 109 (24): 9260-64.

[8] Manousiouthakis VI; Manousiouthakis IV. USPTO No. 7,960,063 B2, 2004.
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H2 Production: Sodium Carbonate based 
thermochemical cycle
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Maximum temperature of the Sodium carbonate based  
thermochemical cycle is 9000C.
Feasible operating points are determined using either the Gibbs 
minimization method or Equilibrium constant method.
Operating point is such that the formation of sodium oxide is limited
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Reducing CO2 emissions – Exothermic reforming
 Reduces CO2 emissions by eliminating the need to burn 

methane to power reformer

[1] Manousiouthakis, V. I., Albassam, A. M., & Conner, J. A. (2016). U.S. Patent Application No. 

15/202,411.
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IDEAS Based Process Intensification
CH4 and CSP Based Hydrogen Production

Pichardo, Patricia, and Vasilios I. Manousiouthakis. "Infinite DimEnsionAl State-space as a systematic 

process intensification tool: Energetic intensification of hydrogen production." Chemical Engineering 

Research and Design 120 (2017): 372-395.

Metric Baseline IDEAS
24:2:1

IDEAS
4:2:1

IDEAS
3:2:1

IDEAS
2.5:2:1

IDEAS
1.2:1:1

Total Hot Utility Cost (24:2:1) ($/s) 6.22 0.62
Total Hot Utility Cost (4:2:1) ($/s) 1.10 0.62

Total Hot Utility Cost (3:2:1) ($/s) 0.83 0.64

Total Hot Utility Cost (2.5:2:1) ($/s) 0.71 0.69

Total Hot Utility Cost (1.2:1:1) ($/s) 0.35 0.32

HU at 1200K, (kJ/s) 60.3 0 0 3.37 26.26 48.72
HU at 770K, (kJ/s) 6.06 68.97 68.97 66.6 46.73 14.56
HU at 420K, (kJ/s) 3.29 8.9 8.9 7.64 5.14 3.00
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IDEAS Based Process Intensification
Olefin Metathesis

IDEAS framework applied in the design of an intensified RD network 
for the metathesis of 2-pentene to form 2-butene and 3-hexene 
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IDEAS Based Process Intensification
Olefin Metathesis
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IDEAS Based Process Intensification
Olefin Metathesis, IDEAS Convergence



Chemical and Biomolecular Engineering Department
Systems Engineering Laboratory

Hydrogen Engineering Research Consortium (HERC)

IDEAS Based Process Intensification
Olefin Metathesis, Results
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IDEAS Based Process Intensification
Olefin Metathesis, Results
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IDEAS Based Process Intensification
Olefin Metathesis, Conclusions

• Through IDEAS, we found reactive distillation networks 
that can reduce the total reactive holdup and total capacity 
by 94.5% and 84.3% respectively (compared to baseline).

• Comparing the IDEAS networks with the best equivalent 
RD study through non-linear optimization, reduction in 
reactive holdup and capacity are 42.1% and 22.7%.

• The rigorous quantification of the performance limit for a 
given technology, such as in this RD case, can greatly 
benefit Process Intensification (PI) initiatives.
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Sustainability Over Sets (S.O.S.)

 Critical questions to be answered?
Is a system sustainable?
Can human input be incorporated into the sustainability assessment process?
Can an unsustainable system be modified to become sustainable?

 Sustainability Over Sets (S.O.S.) Definition
A system is sustainable over a set (S.O.S.) in the system’s state-space, if  the 
system’s state trajectories initiated within the set remain within the set for all time

 S.O.S. provides answers to above questions
S.O.S. defines sustainability in terms of invariant sets in the system’s state-space
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S.O.S. analysis of biological CSTR

 System model
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represents dimensionless pollutant concentration11 0,1fy SS   
 

  

represents the normalized microorganism concentration0,x 


 

Agrawal, P., Lee, C., Lim, H. C., & Ramkrishna, D. (1982). Theoretical investigations of dynamic behavior of isothermal continuous stirred tank 
biological reactors. Chemical Engineering Science, 37(3), 453-462.
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S.O.S. analysis of biological CSTR (cont’d)



Chemical and Biomolecular Engineering Department
Systems Engineering Laboratory

Hydrogen Engineering Research Consortium (HERC)

S.O.S. analysis of biological CSTR (cont’d)
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S.O.S. Fortification

 System model
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x, y, and z represent prey, predator and top predator populations respectively

Duarte, J., Januário, C., & Martins, N. (2008). Chaos in ecology: the topological entropy of a tritrophic food chain 
model. Discrete Dynamics in Nature and Society, 2008.
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S.O.S. Fortification (Cont’d)

 3 : 0.2 0.9 , 0.15 0.3 , 0.05 0.2S x y z x y z
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S.O.S. Fortification (Cont’d)

 3 : 0.2 0.9 , 0.15 0.3 , 0.05 0.2S x y z x y z
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Some Suggestions
 Do not have visions for the future, shape the future
 Become the mother Euryfaessa,  that will give birth to the ideas 

needed to:
1. Move Humanity past Prometheus’ Burning Paradigm, and the 

Climate Change Tautology
2. Create a new industry structure that utilizes hybrid energy 

resources, both renewable (e.g. solar, tide, wind), and fossil, 
by applying “Green Engineering” principles

 Embrace/Advance Chemical Engineering, , do not abandon it
 Do not get over-fascinated with Computer Science
 Embrace a spirit of Innovation that does not encourage thinking 

out of the box, but rather does not even contemplate a box
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Thank You George!
Ευχαριστώ Γιώργο!

Happy Birthday!
Ευτυχισμένα Γενέθλια! 

Σιδερένιος!


