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Tokyo GSC Statement 2015

Green Chemistry Blog

7th International Conference on Green and Sustainable Chemistry, GSC-7

03 Aug 2016

Masahiko MATSUKATA, Co-Chair of Planning Committee



http://blogs.rsc.org/gc/

Tokyo GSC Statement 2015

.....T1he global chemistry community has been addressing future-oriented
research, innovation, education, and development towards environmentally-
benign systems, processes, and products for the sustainable development of
society.

..... Long-term global issues, in areas such as food and water security of
supply, energy generation and consumption, resource efficiency, emerging
markets, and technological advances and responsible industrial practices
have increasingly become major and complicated societal concerns....
Therefore, expectations are growing for innovations, based on the chemical
sciences and technologies, as driving forces to solve such issues and to
achieve the sustainable development of society with enhanced quality of life
and well-being.

..... The global chemistry community will advance Green and Sustainable
Chemistry through global partnership and collaboration and by bridging the
boundaries that traditionally separate disciplines, academia, industries,
consumers, governments, and nations.

July 8, 2015

Kyohei Takahashi on behalf of Organizing Committee

Milton Hearn AM, David Constable, Sir Martyn Poliakoff, Masahiko Matsukata
on behalf of International Advisory Board of 7th International GSC Conference
Tokyo (GSC-7), Japan, July 5-8, 2015



UN: Sustainable Development Goals by 2030

Goal 1. End poverty in all its forms
everywhere

Goal 2. End hunger, achieve food security and
improved nutrition and promote sustainable
agriculture

Goal 3. Ensure healthy lives and promote
well-being for all at all ages

Goal 4. Ensure inclusive and equitable quality
education and promote lifelong learning
opportunities for all

Goal 5. Achieve gender equality and empower
all women and girls

Goal 6. Ensure availability and sustainable
management of water and sanitation for all

Goal 7. Ensure access to affordable, reliable,
sustainable and modern energy for all

Goal 8. Promote sustained, inclusive and
sustainable economic growth, full and
productive employment and decent work for
all

Goal 9. Build resilient infrastructure, promote
inclusive and sustainable industrialization
and foster innovation

Goal 10. Reduce inequality within and among
countries

Goal 11. Make cities and human settlements
inclusive, safe, resilient and sustainable

Goal 12. Ensure sustainable consumption and
production patterns

Goal 13. Take urgent action to combat climate
change and its impacts*

Goal 14. Conserve and sustainably use the
oceans, seas and marine resources for
sustainable development

Goal 15. Protect, restore and promote
sustainable use of terrestrial ecosystems,
sustainably manage forests, combat
desertification, and halt and reverse land
degradation and halt biodiversity loss

Goal 16. Promote peaceful and inclusive
societies for sustainable development, provide
access to justice for all and build effective,
accountable and inclusive institutions at all
levels

Goal 17. Strengthen the means of
implementation and revitalize the global
partnership for sustainable development

https://sustainabledevelopment.un.org/post2015/transformingourworld
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NESTI2050
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TOTAL et Bl
2576 Tef /,_
| 40 Tef |

i | ®

MIDDLE EAST

5 5.2

e O
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[] co, /:B

0 s
Reserves with 10% H.S: over 350 Tef
D CO,+ HsS Reserves with 10% CO.: over 650 Tef
* IHS Engngy data, 2004, Adapled SPE 103802

i 82 : Foster Wheeler Energy Ltd., “New Challenges & Solutions in Designing Large Sour Gas Projects”
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k] 72,827 38,700 | 53%
1B E 58,240 17,200 | 30%
KR 5,775 1,000 | 17%
7'h 14,063 900 6%
RET7T 14,207 6,900 | 49%
B oK 7,099 1,300 | 18%
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Seven chemical separations to change the world 0
Sholl, D. S.; Lively, R. P. , Nature, vol 532, pg 435, 2016

COMMENT

CUTTING COSTS

Chemical separations account for about half
of US industrial energy use and 10-15% of
the nation's total energy consumption.

TEHIAL0T Why did wumvmm Rocscvelt ‘ AIEE7 Dan’trob postdocs ‘ U R MeNell Alexander,
H

Developing alternatives that don't use heat
could make 80%% of these separaticns
10 times more energy efficient.

Commercial

199

Transportation
289

|

TOTAL
Us ENERGY
CONSUMPTION

Membrane
separation
PELCTS
possible to
save energy
consumption

Seven chemical separations
to change the world

Purlfy ng mixtures without using heat wouldlcfwe t global energy use, emissions and
nollution — and onen N new routes to resoun v David S. Sholla (I'Rvanp'llvel

Seven Chemical Separations

Industrial

32%
45-559,

Energy consumed by
separation processes

Hydrocarbons from crude oil
Uranium from seawater
Alkenes from alkanes

Greenhouse gases from dilute emissions

Membrane-based Thermal
Rare-earth metals from ores separation would use [ e
Benzene derivatives from each other 90% e
Trace contaminants from water than dititain Non-termal

*h quad is a un

it of energy egual to 10" British Thermal Units


http://apps.webofknowledge.com.ez.wul.waseda.ac.jp/full_record.do?product=WOS&search_mode=GeneralSearch&qid=4&SID=P1ZKrgR5wUTDBogXK85&page=1&doc=10

CRUDE OIL-TO-CHEMICALS
RimhoEER/MINMEEDIEF M

£ & = HTRIB T B FE D #ii

SAUDI ARAMCO & SABIC ASCRUDE OIL-TO-
CHEMICALS COMPLEX DY THFSIZEE
28 Jun 2016

https://www.sabic.com/me/en/newsandmediarelations/news/2016/all/20160628-Saudi-
Aramco-and-SABIC-Sign-Heads-of-Agreement
http://www.ogj.com/articles/2016/06/aramco-sabic-plan-joint-study-for-crude-to-
chemicals-complex.html

PEP Report 29J
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Dec 2015

https://www.ihs.com/products/chemical-technology-pep-steam-cracking-crude-oil-29j.html
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¢ Sustainable Separation Processes: -
ALTS EP . Accelerating Industrial Application of Less
v Energy-Intensive Alternative Separations

Home

About
Participation
Roadmap
Workshops

Workshop 5: Organic Recovery from
Dilute Solution

Workshop 4: External Fields

Workshop 3: Process Simulation &
Design

Workshop 2: Molecular Properties
Related Events

Library

Sustainable Separation
Processes

To meet the Energy Intensity of Chemical Processing Grand Challenge, the National
Research Council called for the development of alternatives to distillation for more energy
and cost efficient chemical separations. Reducing the energy required to manufacture
products is a fundamental and common goal of the American Chemical Society Green
Chemistry Institute® (ACS GCIl) Chemical Manufacturers Roundtable. With a $500,000
NIST Advanced Manufacturing Technology Consortia (AMTech) Program Planning Award,
the ACS GCI Chemical Manufacturers Roundtable has initiated a collaborative effort to
accelerate the industrial application of less energy-intensive alternative separation
processes.

The collaboration base includes leaders in the chemical and pharmaceutical sector,
universities, and professional organizations such as the American Institute of Chemical
Engineers (AIChE), including its Institute for Sustainability, Separations Division, and
Computational Molecular Simulation & Engineering Forum, and the Industrial Fluid
Properties Simulation Collective.

14:01
2017/08/25

&



IR/—ILERANDEAZSAFEDE

— Fermentationq Distillation

with

Zeolite Membrane

Molasses Fermented broth Ethanol vapor Dehydrated ethanol
Ethanol Ethanol Ethanol
6~ 7wt% 88 ~90wt% 99.5wt%

Capacity of the Plant 1,200 L/d
Production Started March, 2006

2017/09/22



Dehydration of IPA

Semiconductor Industry (Recovery of IPA)

Water content of IPA solution is relatively low (water content = 12-15 %(wt))
————> Separation process with NaA (LTA)-type membrane has been commercialized

IPA production (Hydration of propylene)

CH;CH=CH, + H,O0——= (CH,),CHOH
———— The product contains a large amount of water (H,0=85-88 %(wt))

hydrocarbon
propylene — | propylene — |
HZO ] ﬁ& — HZO —— —
O
%
—

reactor reactor Membrane
> H,0 > TPA LI_J%HZO separation
distillation dewatering L distillation
column tower Hybr'd'zat'on of column

distillation with membrane

Use of membrane can largely reduce energy consumption
2017/9/24



Long life test of FAU membrane
(Hitachi Zosen Co., Hitz)

Membrane temperature, 130°C; Feed vapor pressure, 300 kPaG; Feed flow rate, 60 kg/h;
Pressure at permeation side, 55 kPaA
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Long life test of CHA membrane
(Mistubishi Chem.)

Membrane temperature, 130°C; Feed
vapor pressure, 300 kPaG; Feed flow
rate, 60 kg/h; Pressure at permeation
side, 55 kPaA
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Co-production with membrane

85% IPA Concentration at the Top of Tower

IPA/water

96°C

Water
104°C

2017/9/24

0 kPaG
80 °C

1.85x10¢ kcal/h

0.36x10° kcal/t

400 kPaG

10.83x106 kcal/h. 145 °C

St

IPA 87 wt%

10 kPaA

~
—| RN
\\

\ s

0.39x10° kcal/h 1.7x10F ko

IPA:4.3mol%

ST™M

38 kPaG

109 °C

A

\

A

R

8.23x10° kcal/h

\

S

79% Energy Saving!

IPA
83°C

Heat Demand:
2.89x10%kcal/h



Effect of membrane on heat demand
for IPA dehydration

Membrane area

Case] Case4 Caseb
Base Case | Pressurized
Distillation Stripper [Co—-production
IPA Conc. (Top) 85wt% 65wt% 85wt%
Reboiler
(10° keal/h) 14.03 10.05 4.32 1.70
Compressor
(10° keal/h) 062 119
Total
(10° keal/h) 14.03 10.05 4.94 2.89
S ekt 1.00 0.72 0.35 0.21
demand
Membrane (m ) - 177.8 234.6 171.1
fRelative - 1.00 1.32 0.96

Huge Energy Saving 38-79%!!
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Cooling Steam Electricity for
Water (GJ/h] compressor | Total [GJ/h]
[GJ/h] (kW] ([GJ/h])
Distillation 118 118 236
Membrane 20.7 12.9 2081 (7.5) 41.1
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ca. 82% reduction!
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MeOH synthesis

MeOH

() Feedstock of HCHO and AcOH
® H, carrier etc.

MeOH synthesis

-

Cat. ; Cu/ZnOJ/AlO,

o

Temp. ; 473 ~ 573 K Pressure ; 5~ 10 MPa

~N

CO+2H, = CH,OH AH® g5 « = —90.7 kJ mol-!
CO,+3H, 2 CH,OH+H,0 4H°5 « = —49.5 kJ mol-!
CO+H,0 2 CO,+H, AHC,g5 = —41.2 kJ mol!

J

ISSUE:

» Reaction + Membrane

ti Catalyst
20 =y
bt rA Y J

MeOHO 9 H,0 Membrane

)

\ Improvement of MeOH yield )




RJ636: BNRI Membrane Methanol Reactor
*Production Cost Estimtion for 2,500 MTPD Methanol Plant*

[A] | General Information
Plant Capacity : 2,500 MTPD or 0.825 million Ton/Year
Plant Location : Middle East Base Case Alternative Case
Annual Operation Day : 330 Days/year Conventional LP MeOH Process BNRI's Membrane Process
[B] |Plant Cost Unit (Milluin US$) Unit (Milluin US$)
On-site Facilitty 200.0 |On-site Facilitty 193.0
Utility & Off-site facilites 80.0 |Utility & Off-site facilites 76.0
Total Investment Cost 280.0 |Total Investment Cost 269.0
Unit Price Unit Consumption Unit Cost Unit Consumption Unit Cost
[C] |Production Cost Summary (per Ton MeOH ) (US$/Ton ) (per Ton MeOH ) (US$/Ton )
(1) |Raw Material
a) \NG as Process Feed 3.000 | US$/Geal 7350  Geal 22.050 7430  Geal 22290
(2) | Utilities
a) ING as Fuel 3.000 | US$/Gcal 0.490 Gcal 1.470 0.290 Geal 0.870
b) |Electric Power 0.032 | US$/kWh 70.230 kWh 2.247 67.470 kWh 2.159
c) |Desalinated Water 1.900 | US$/Ton 1.020 Ton 1.938 1.090 Ton 2.071
d) |Sea Cooling Water 0.018 | US$/Ton 139.550 Ton 2.512 110.710 Ton 1.993
Total Utilities 8.167 7.093
Total Raw Materail & Utilities 30.217 29.383
(3) |Catalysts & Chemicals 3.00 | US$/Ton 4.000 4.000
(4) | Direct Fixed Cost
a) |Superintendent: 2 Men 29,600 | USS$/Y 0.072 0.072
b) |Foreman: 1 x 4 = 4 Men 24,500 | USS$/Y 0.119 0.119
c) |Board Operator; 2 x4 =8 Men| 24,500 | US$/Y 0.238 0.238
d) |Operator: 5 x 4 = 20 Men 21,600 | USS$/Y 0.524 0.524
Total Labor Cost 0.952 0.952
e) |Maintenance Cost ( 2% of Plant Cost ) 6.788 6.521
g) | Direct Overhead ( 90% of Total Labor Cost ) 0.857 0.857
Total Direct Fixed Cost 7.644 7.378
(5) |Allocated Fixed Cost
a) |General Plant Overhead ( 50% of Direct Fixed Cost ) 3.822 3.689
b)|Insurance ( 1% of Plant Cost ) | 3.394 2.607
c) |[Enviromental ( 0.5% of Plant Cost ) 1.697 1.335
Total Allocated Fixed Cost 8.913 7.631
Total Cash Cost 50.775 44.392
(6) \Depreciation (10% for Plant Cost ) 33.939 32.606
Net Cost of Production 84.714 76.998
| | (100.0%) (90.9%)
Return on Investment (ROI) before Tax ( 10% of Plant Cost ) 33.939 32.606
Cost of Production + 10% ROI 118.654 109.604
| (100.0%) (92.4%)
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E-Factor: REME = (kg) £ RIE=(kg)
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Concluding Remarks

Chemists and chemical engineers have already
possessed knowledges and ideas to realize
carbon recycling industries and society.

Keys to approach the goal would be
development of novel catalysts, novel
separation technologies mainly involving
membrane separation, and novel processes.

global partnership and collaboration, bridging
the boundaries that traditionally separate
disciplines, academia, industries, consumers,
governments, and nations.
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