Sustainable Engineering
Forum 2014

Core Programming Area at the 2014 AIChE Spring Meeting and
10th Global Congress on Process Safety

New Orleans, Louisiana, USA
30 March — 3 April 2014

ISBN: 978-1-63439-080-4



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2014) by AIChE
All rights reserved.

Printed by Curran Associates, Inc. (2014)

For permission requests, please contact AIChE
at the address below.

AIChE
3 Park Avenue
New York, NY 10016-5991

Phone: (203) 702-7660
Fax:  (203) 775-5177

www.aiche.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

(1a) Possible vs. Practical: Engineers Must Lead the Development of Practical Technologi€s..........c..cccccoeerierinieiennann, 1
William Banholzer

(8a) Preparation of Cellulose Nanowhiskers and Their Applications on Liquid Fuels Production.............c.ccocceeeenane. 2
Caixia Wan, Fei Yu

(8b) Computational Design of Catalysts and Chemical Modeling of FTS from Syngas ..........ccoceoeieiiieiiiiene e, 3

Suraj Gyawali
(8c) Study of the Interaction of Alkali Metals with Cobalt-Based Bimetallic Catalysts Using Density

[ aTo 0] T L I g =T ] oY AU UPSUPRRSPRN 5
Fernando A. Soto, Daniela S. Mainardi

(35a) Use of Heat Pumps as Part of an Overall Steam Management Strategy ...........cooeerererenenieieiesese s 7
Cary Young

(35b) Modeling of Phase Transitions during Supercritical Carbon Dioxide Migrating in a Leaky

PATNWAY ...ttt ettt h R R e bt Ao e oA e e Rt SR e R e ARt AR e b e £ oA £ eE £ eR e eR e eEeehe R enEeR e e Rt eReebeebene et eneeneere e 16
Bo Yu, Yongzhong Liu, Yong Yang, Tian Ding

(35¢) Application of Joukowski Surge Pressure Equation to High Pressure Heat Exchanger Design ..........c.cccceevee. 18

George Maliakkal, Fadi Wakim
(35d) Determination of Structural Composite Thermal Properties Using an Oscillating Boundary

TRIMPEIATUIE ...ttt bbb bt s e b e h b e a b e b e e hE e b4 H b e b e e b e e b e e s b e e b e e b e e b e e s b e b e e b e e b e et e n bt e b e b ene s 34
William Chirdon

(48a) Change Your Board Operator to a Process Manager with State-Based Control ............ccccoeoviiiiiiinciiiniene 47
Tom Nolan, Dustin Beebe

(48aa) Huaa — When Learning IS NOt ENOUGN ..ottt sttt 62
Mike Bearrow

(48ac) Autocad - Smart Grid — Agriculture - Architecture and the United States Government...........cc.ccocoeeviviennnnne 66
Ethenia Scott

(48ad) Production, Characterization and Catalytic Studies of Biobased Carbon Materials..............cccccovvvineiiiiiennnns 67

Qiangu Yan, Jilei Zhang, Zhiyong Cai
(48ag) Uncertainty in Sour Gas Viscosities Estimation, What Is the Effect on Your Reservoir Inflow

Fo VLo I 0T o T o =T (o] - g (oIS 68
Adel Elsharkawy

LS (0 Lo 1TSS 69
Rahul Misra, Sanat Mohanty

(48ai) Double Containment Piping Solutions for Safety and Environmental CONCEINS ..........ccccovveveiiieieieserieieeaiens 70
Patrick Fedor, Darin Johnson

(48b) DTP R Process: On-purpose Propylene Production TEeChNOIOQY ...........ccoeiueriiiiiiiiiieieeeesne e 77
Kazunori Honda, Atsushi Okita, Jumpei Takahashi, Koji Oyama, Nobuyasu Chikamatsu, Mitsuo Morita, Shuji
Obayashi

(48d) Self-Cleaning ""Bernoulli** Type Filters Used in Onshore and Offshore Applications...........cccccoovviviveiiiiiiennns 82

Artur W. Krueger
(48f) Effects of Support on Sulfur Tolerance and Regeneration of Pt Catalysts Measured By Ethylene

Hydrogenation @Nd EXAFRS ...ttt ekt b bbb bbbt b e bt s b bt e st e bt bt ekt e bt ebenb et e et b 83
Jorge Pazmino, Chuansheng Bai, Jeffrey T. Miller, Fabio H. Ribeiro, W.N. Delgass

(48h) Improved Operational Efficiency and Reliability through Insulation Materials Selection ...............ccccooeeiennne 84
Steven Coppella

(48ij) Compliance with EPA Boiler MACT standards: Mercury-In-Fuel Gas............ccccoviiiieiiniiinscineeensenes 85
Patrick Laine

(48K) Young Professional Simulation TULOFIAL...........ccoviiiiiiiii et sresae 86
Naomi Hua, Mike Donahue

(48m) Development Of Polymeric Sulfonic Acid Composite Membranes For Fuel Cell Applications............cccccce.... 90

Jimoh Adewole, Abdullah S. Sultan, Amir Al-Ahmed, S. M. Javid Zaidi
(480) Facility Siting for Major Projects — Implementation of Consequence Analysis/Quantitative Risk

Analysis, a Project Development Lifecycle FramewWorK ..........c.ooo i 98
Mohammad Faruq Haider
(48p) Global Energy and Transportation and Mobil Oil...........c.ccoooiiiiiiiiii e 111

Ethenia Scott



(48r) Characterization of Iron Phthalocyanine As the Active Material for Lithium Batteries...........ccccocveiiiinnnnne 112
Sarwan S. Sandhu, Joseph P. Fellner, David Anneken

(48s) Design of a Free-Fall Reactor for Fast Pyrolysis of Waste PIaStiCS..........cooeveiiiiiiiene e 113
Pravin Kannan, Ahmed AlShoaibi

(48t) Biosorptive Dehydration of Ethanol/Water Azeotropes Using Compound Starch-Based

PV [To] 1= | SO ST PT R PTRRPP 114
Wenping Wang, Jinsheng Sun, Xijia Cao, Guangxin Liu

(48u) Purification of 2-Amino-1-Phenylethanol Enantiomers By a New Technique Combining

Distillation and CryStalliIZATION.............coi ittt b et e s e ebeebesbesbe e enseneaneanas 116
Lie-Ding Shiau, Hou-Guo Teng

(48w) Fabrication of Low Cost Insulating Material from Kaolin Clay for Construction PUrposes ...........cccccoveveene. 117
Naim Fagir, MA Al-Harthi, Hamad AbdulWahhab, Mazen Alshaaer, Reyad Shawabkeh

(48x) Thermodynamic Study of Binary PAH (Anthracene + Phenanthrene) Solid Mixtures............ccoccocevevievinennn, 118
James W. Rice, Jinxia Fu, Emma Sandstrém, Eric M. Suuberg

(48y) How Confident Are You That Your Major Accident Risks Are Under Control? ..........cccccovnininincicincnenn, 119
Ellis Graeme, Robert Smith

(482) Sil Determination: Shortcomings with the Use 0f LOPA ...t e 120
Alan King

(52a) Shale Oil and Gas -WellNead t0 FUEL..........ccccouiieiiieiceie ettt ae s 122

Lawrence Kremer
(58a) Development of a Model for Mass Transfer Using Square Plate as Turbulence Promoter in

CHPCUIAEN TUDE ..ottt bbb bbb bbbt e bbbttt bbbk 134
Sai Seetha Rama Raju, Vuriti Nageswara Rao, M. Gangadhar, Sujatha Vanapalli

(48i) Extending Furnace Run Length By Optimizing DECOKING .........ccveiiiiiiiieiiieesenc e 136
James Brigman, Vinod Mishra

(58c) Simulation Based Optimization of Stirred REACTOIS .........coiiiiiiiiiiee et 141

Ashish Newale, Yuvraj Dewan, Ravindra H. Aglave, Thomas Eppinger

(58d) Conversion of Captured Carbon Dioxide to Value-Added Dimethyl Carbonate Using Reactive

(DTS ] Lo o IO S PPV SO PP PPTORPPPN 142
Richard Doctor, Chandrakant B. Panchal, John C. Prindle

(58e) Thermally Efficient Short-Contact Time Catalytic Plate Reactor: Detailed Multi-Step

Mathematical Model and Parametric Study for Methane Steam Reforming..........ccccovoiiiiniiiiiinicnec e 144
Mayur Mundhwa, Brant. A. Peppley, Christopher P. Thurgood

(63a) Biogas as a Natural Gas Supplement: Consideration of Potential Safety 1SSUES..........ccocereieiiiiiiiencicec 145
Ryan J. Hart, Mark Fecke, Delmar (Trey) Morrison

(63b) Shredded Waste Downdraft GasifiCatiON.............ccouiiiiiiiiiiecee et 146
Michael Cushman, Leslie Sasa, David Montella, Simeon Schlis, Harris Gold, Matthew Young, Steve Chase, Brian
Pittenger

(63c) Pyrolysis of Reed Canary Grass — ANFIS MOAeliNg ........ccoeiiiiiiiiiiiee e 157
Nuttapol Lerkkasemsan

(63d) Lignin Depolymerization in lonic Liquids with the Presence of Hydrogen Transfer Agents.........ccccccccoeenene. 158
Maogi Feng, Chee Kai Tan, Darius Daruwalla

(89a) Primary Benchmark, a Collaborative Tool for Water Utility Energy Planning...........cccocoovveiniiiiiniennnene, 171
Ely Greenberg

(89b) Heat Transfer and Pressure Drop Characteristics of a Phase Change Material Nanoemulsion....................... 173
Masahiro Kawaji, Ryan Anderson, Mohameden Ahmed-Saleck

(89c) SPER? Hydrogen Process for Large Scale H2 Storage & Transportation...........c.ccoceoevenieiinenenenieieese e 175
Masato Shiraga, Hironori Kawai, Tomoyuki Mikuriya

(89d) Thermal Energy Storage System for Cold Engine Start up in AUtomOoDbIles.............coocoiiiiiiiieieie e 183

Masahiro Kawaji, Duke Po-Chen Shih, John Burgers, Matthew Birkett
(89e) Optimum Operation of Complex Combined Heat and Power Systems of Two Parallel Gas

FACTITTIES ...t b bbb bbbt b bt 185
Mana Al-Owaidh, Dhaifallah Al-Utaibi, Hussain Al-Dandan, Mahmoud Bahy Noureldin
(92a) The Shale Gale is Blowing: Plotting a Course that Avoids the Shoals and ROCKS ............cccovinininineiiincnenn, 186

Mark E. Jones, David S. Bem
(92c) Development of Shale Oil & Gas Programs - Critical Design Considerations for Economic

Viability and SUSTAINADTIITY.........c..oiiiiei ettt ettt ettt st et e e e meebeebesbeseesbesneneereanen 187
Hebab A. Quazi

(92d) Future Energy and the Shale Gas Revolution: Implications and Opportunities............cccevvieerienerenieiesceeens 188
Joseph B. Powell

(97a) Shale Gas Boom - a New Era of Technology for the Petrochemicals INdUSEIy ..........ccccoceveiviiiiiicnenicccece 189

Mark W. Lockhart, Eliott Robertson



(97b) Opportunities in Chemical Engineering Being Created by New US Shale Gas Supplies..........cccccooeveiiiennnine. 193
Sharon Robinson, R. Bruce Eldridge

(97¢) Shale Gas Boom and Tight Oil - a New Era for the Refining INAUSTIY.........ccooiiiiiiiiicieceeees 194
Mark W. Lockhart, Dominic Varraveto

(97d) Economically Treating Sour Gas from Tight Oil FOrmations...........c.cccceeeviiiiiiiiiiiiiece e 195
Matt Thundyil

(98a) A Multi-Layered Optimization-Based Framework for Design and Analysis of Renewable

ENBI QY PIOCESSES. ... ettt bbb bbbt b e b b e e R b e b e e b e R e R b bR e R et b e R e bt r e anr s 196
Aryan Geraili, Jose A. Romagnoli

(98b) Increasing the Viability of Algae-Based Bio-Fuels through Co-Product Development...............cccocoveiiiencnnnne 210

William Chirdon, Kartik Katti
(98c) Effective Acidic Hydrothermal Degradation of Cellulose to Levulinic Acid through

PretrEaLMENT .....c.oiiiiiii bbb e 221
Yosuke Muranaka, Tatsuya Suzuki, Isao Hasegawa, Kazuhiro Mae
(98d) Preliminary Study of Waste Biomass from Palm Oil in a Bed Fluidized Gasifier.............ccccoocvonininiiiinnenn. 228

Edinson Yesid Pefia Cabrera, Gabriel Camargo, Milad Alberto Florez Pereira Sr.
(105a) New Learning Curves for Industrial Biotechnology: Liquid Fuels from Bioconversion of

Methane and BIOEIECTIOSYNTNESIS ........ciuiiiiiiee ittt ettt e be b et e e e st e s e ebeebeseeebe e enseseaneenas 229
Ramon Gonzalez

(114a) Wealth Generation through University/Industry Collaobration.............ccoccovvieiiiiniiiiicescceceeees 230
J. B. Joshi

(114b) The Next-Generation Predictive Tools for Multiphase FIOWS............ccccoceiviiiiiiiiiiice e 231
Omar K. Matar

(114c) Symmetry as the Primary Driver of Process EffiCIENCIES. ..ot 239
Mike Kearney

(114d) CFD Simulation and Experimental Investigation of a Fractal Fluid Distributor..............ccccocooiiiiiiiicnnn 240

Gonggiang He, Vadim N. Kochergin, Krishnaswamy Nandakumar
(114e) Effects of Stress-Dependent Permeabilities and Non-Darcy Flow Parameters on the

Productivity Index of the Hydraulically Fractured Completions in Gas RESErVOITS ........cccccevveieieiesiseniesieieesvenes 241
Ali Takbiri-Borujeni, Mayank Tyagi, Karsten E Thompson
(126a) Hydraulic Fracturing - Water Reuse Challenges and SOIULIONS ...........cccooiiiiiiiiiineieeesse e 243

Andrew Collier, G. Todd Langford

(126b) An Integrated Approach to Water Treatment and Recycle in Oil and Gas Production and
Processing Via Thermal Membrane DiStillatioN .............cocoiiiiiiiiie e 254
Nesreen Elsayed, Maria Barrufet, Mahmoud El-Halwagi

(126¢) Simulation and Technological Analysis of Thermal Evaporation Methods for Produced Water

(D cESF: 11T T L1 [o] o RSOOSR 255
Liwen Chen, Helen Lou, Lili Xu, Danny Reible

(126d) Marine Desalination by Solar Raiation............covoiiiiiiiiieici et besae e 273
Gabriel Camargo, Andres Sastoque

(136a) A Qualitative in Field Test to Characterize Oil-Shale RESEIVOIIS.........cccoviieiiiiiiieie e 295

Roy A Drayton
(136b) Pressure Regulation and Kick Attenuation with Wired Pipe Technology in Managed Pressure

[ 111 oo OSSPSR 296
Hector Perez, Reza Asgharzadeh Shishavan, James Memmott, John D. Hedengren, David Pixton
(136¢) Risks from Unconventional Wells GasifiCation............ccccuviiiiiiiiiiiiiii et 308

Dennis Butts

(136d) Supercritical CO, / Brine / Hydrocarbon Interactions in Shale Rock Fracture: A Geo-

IMICTOFIUIAICS APPIOBCK ...tttk b bbbt h bt bt bbbt e st e bt e bt bt et ebe e e et e ebe e 317
Peng He, Mark L. Porter, J. W. Carey, Hari Viswanathan

(136e) Model Shale Gas Properties from a Statistical Mechanical Perturbed Hard-Sphere Chain

(10 oo o [N Ui Tl o ] - L (- SO RSP 318
Arthur S. Gow, Anna O,Malley, Tyler Trimble, Robert Kelly, Saad Al Khaldi

(140a) Resolving Sampling Inaccuracies Through Numerical Study of Liquid-Liquid Vertical

DISPEISEU FIOWS ...ttt ettt s bt ste e bt s e st e st e b e e ke e b e e e st e s e e st e b e e be et e s et e e e s b eseebe e b e s be b e e enteteerennn 321
Kofi Freeman K. Adane, Syed Imran A. Shah, Sean Sanders

(140b) Hydrodynamics of Polyolefin Slurry Loop Reactor: CFD ANAIYSIS ........ccooeiiiiiiineieeesse e 322
Rupesh K. Reddy, Ratnesh Tiwari, Sameer Vijay, Nandakumar K

(240c) Thermodynamics Coupled CFD Simulation of Multiphase FIOWS..............cooiiiiiiiiiiee e 330

Chunliang Wu



(140d) A Numerical Model to Simulate the Foaming Process and Address the Challenges of a Rapidly
(O gF=TaTo T To Vo To (U TSy 1 Y2 SO 331
Irfan Khan, David Adrian, Stephane Costeux, Shana Bunker

(140e) Effects on FCC Catalyst Residence Time Distributions Through Simulations of Circulating

REACTOIS ...t b bbb bbb 332
Jack Ziegler, Mark R. Nimlos, Ray Grout, Sreekanth Pannala
(140f) Detailed Process Modeling of a Sustainable Coal, Wind, and Nuclear Hybrid Energy System....................... 334

Kyle Buchheit, Joseph D. Smith
Author Index





