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About IOPWE and ‘The Beacon’

IOPWE is proud to release their only issue for year 201Quosemi-annual newsletter
“The Beacon”. This issue’s purpose is to survey trendgapardese corporate world and
track what are the similarities or differences in oamsl their way of doing business.
Hopefully in the process we can glean some lessons.

IOPWE is proud to provide a platform to the women in bisspengineering, sciences
and technology and plan to grow with the participatiérmighly motivated and active
women Visit us athttp://www.iopwe.org
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Executive Team

IOPWE's executive team comprises of highly aspiring profeasismomen in the fields of
technology and business. They are proud to provide a platform aahet$@ip to the upcoming
talent. An introduction to our team is below:

President: Wajiha Malik

Wajiha has an MS in Management of Technology
from Sloan School of Management MIT USA. Prior
to MIT, she did her EMBA from Rutgers University
Singapore Campus and before that Electrical
Engineering from UET Lahore Pakistan. She is also
a candidate for CFA level 2.

She has studied and worked in Pakistan, Singapore,

US, UK, South Africa and UAE. After her degree

from MIT she switched from Engineering to Finance

and has worked US$5B equity fund Oasis Asset
Management, Mashreq Bank and Invest AD. She has

also done internship in the House of Lords in UK

with Lord Nazir Ahmed. She paints as a hobby and

has her painting exhibition in Singapore and Cape

Town. She likes to travel and has been to 26 cities itattel0 years.

She offers IOPWE her experience and knowledge that she hasl gainagh education and
living in 6 different regions of the world. She would like use her network to start joint
programs and initiatives for IOPWE and mentor young prafassiwomen in their lives and
career.

Treasurer/Finance: Farhana Shiekh

Farhana Sheikh is the founder of IOPWE. She is a graduadent
at the Department of Electrical Engineering and Computen&ese
at the University of California, Berkeley. Her PhD reshais
focused on low-power digital circuit design methods for apptinat
specific integrated circuits. She is now working parietias a
graduate student intern at Intel Corporation, and isipieat of the
Intel Foundation PhD Fellowship. Her other research ester
include developing business models for health care deliverylBver
to rural villages in developing countries. Farhana carebehed at
f.sheikh@iopwe.org.
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Executive Administrator & Membership Coordinator: Mohammad Shahab Siddidqu

Shahab is nowadays on study leave from Hamdard Univershgrewhe was working as
Assistant Professor at GSESIT teaching undergradviasders students. He is also supervising
number of Final Projects. He is doing PhD in Computer ri8eidfrom Hamdard University,
Karachi on HEC Scholarship. He did his BCS and MCS fFASTICS, Karachi in 1996 and
1999 respectively.

Scholarships Coordinator: Sofia Agboatwalla

PROJECT LEADS:

Mentor Program Coordinator: Sophia Husnain

Sophia Husnain is working currently as Director Technolog€@iset Services Ltd, Karachi.
She has a BE in Computer Systems from NED University anehNEtectrical Engineering from

University of Michigan, Ann Arbor. She joined IOPWE in 1997 dwad been active on emails.
She has also been working with IOPWE Karachi Chapter.

IOPWE Fundraising - West Coast: Farhana Shiekh
IOPWE School Visits Program -Hina Naqgvi and Nabiha Mauiyyedi

Hina Naqvi:

Born and raised in Pakistan, Hina moved to the CaléeBay
Area after finishing high school in Pakistan. She hasSx.Bn
Computer Science from California Polytechnic Universityn Sa
Luis Obispo. Prior to graduation, she interned at Stdnfor
Research Institute and Adobe Systems Inc. Hina has been
working at Adobe for the past six years as a software dastelo
She has been associated with many non-profit organizdtons
the past ten years, IOPWE, Society of Women Engineers
(SWE), and YMCA to name a few. Her interests include
traveling to different parts of the world, watching moviasd
outdoor activities.

Newsletter Editor: Uzma Khan

Uzma was born and grew up in Islamabad, Pakistan. Shedtudi
at NUST (National University of Sciences and Technology)
Rawalpindi for two years working towards B.E.
Telecommunications. Then her family immigrated to Careat
she graduated from Computer Engineering at Memorial
University of Newfoundland. She worked as Software Engineer
at Consilient Technologies for a year and a half and pifgsen
she is at Research in Motion in Software verificatiord a
validation.

She got to know about IOPWE while being at NUST through a
seminar that was conducted in Islamabad. Very delightsgd¢o
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women from Pakistan in active participation in industry acatlamics, she wanted to be a part of
such an organization and be able to work with energaticaanbitious women. She has been a
member since 2001 and joined the executive team in 2007. One ajohkr is to make
educated/working society of Pakistan start working tfe availability of basic education for
every person in Pakistan.

Marketing Coordinator: Fariha Avais

Fariha is currently residing in NYC. She has been livinij Y
since 1994 and is originally from Rawalpindi. She graduated
from Manhattan College in May 2006 with Bachelors in
Science in Chemical Engineering. She attained a Seamless
Scholarship (full paid) to pursue her MS in Chemical
Engineering at Manhattan College. She is in the process of
obtaining her MS part-time while working full-time as a
Development Engineer at ABB Lummus Global at Bloomfield,
NJ. She received the first US based Scholarship offered by
IOPWE to an undergraduate Pakistani engineering student
in 2004.

She loves painting, poetry, music, travel, Broadway shows,
etc. Her goals are to obtain her Professional Engineering

License (PE), MBA/PhD and to one day open a tuitios-fre
engineering school for underprivileged students in Pakistan.

LOCAL CHAPTERS

Islamabad Chapter President:Durdana Rauf

Peshawar Chapter PresidentSaba Mahmood
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This Issue’s Theme

Interview with Carl Yankowski
By: Wajiha Malik

Carl Yankowski is a Japanese Icon. He is a CEO who has helped
set the direction of many technology firms in Japan which are
considered global leaders in technology. His portfolio as a CEO
includes Palm Inc, Reebok International and Ambient Devices.
He was the President and COO of Sony Electronics and has
worked on senior Marketing roles at Pepsi Cola Company and
Proctor & Gamble. Presently he is the CEO and Chief
Operating Partner at Westerham Group, LLC; a Management
and Consulting group.

Carl has held numerous board seats in past for many technology

companies that include Informatica Inc, Safegaurd Scientifics

and Novell Inc where he worked with Eric Schmidt who later

moved to Google. Presently he is consulting for Houston based

leader in TMOS display technology, Unipixel, Inc. Some of the

many privately owned companies advised by Carl in the past are Parioe Analysis Group, Inc, ACD
Systems, Caveo and GeoPheonix Inc. He is presently on the board dgnedvinc which is a leading
Avionics company.

Apart from serving on board for these technology associated forms Ca®dl$mdeen involved in
advising and consulting educational institutes like MIT Sloan Schooho&l§ement, MIT Media lab, MIT
Education Council, New England Photographic Resource Center, Counciltter Besiness Bureaus and
numerous others. He is still on board for Boston College Carroll Schbdlanagement was their
Commencement Speaker at 2001 Graduation.

Carl's qualities include his excellent vision, energy, aligntneotivation and team building. He is strong
in process and system improvements, marketing, and deal-melifgs got a vast experience across the
globe (both coasts and heartland of the United States, as well as&sésip, Finland).

Thank you Mr. Yankowski for sparing your time and having a chat witis about
Japan.
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1) My first question is this that after World War 2, Japan rebuiltet®nomy from
ground. It had no natural resource and had to import all natural resources from
aboard; it could only survive when it could export industrial goods. Japan maust
worked hard and export was the strategy. What characteristicheofJapanese
society led to its success?

Ans: In essence it was the focus on precise and high qualityfanaturing. There was no
tremendous effort in R&D. They candidly copied stuff @ndduced cost effectively. Its
export model was supported by domestic consumption. The tlanggket for Sony
product was Japan itself.

2) Can you shed some light on Japanese business operations with a historical
perspective and where does your experience fit in?

Ans: The concept of cost effectiveness is central to dmeamorporate. The web of
suppliers was important in 50s, 60s, 70s and 80s and to a éedsat today but still
exists. Japanese consumer was always interested in tahcis so this enhanced the
domestic consumption.

Japan lost its business leadership in 1990’s and that id wiag hired by Akio Morita
the founder of Sony. Morita said that Japan has becomeotaplacent and arrogant in
its success. Morita had lived in NY for some years leefog moved to Japan and used
American invention of transistor to make tech producis1990’s he recognized that
Sony didn't have the software expertise that the US Balanese couldn’t understand
the digital convergence. In Sony when | became the he&dmof US, we manufactured
products for US market in US and we opened 11 R&D centeosighout US. When |
left these R&D centers were shut down. Sony went badkstold model. Thus Apple
was able to launch products like Iphone without much competiti

3) It must have been a wonderful experience to work with Akio Mdhigafounder of
Sony. What qualities of his did you like best?

Ans: Morita was visionary thinker. We met in 1993 and we laid oubad map for
digital convergence. His vision and my vision aligned. Heswa global leader and a
global citizen. Unfortunately he had a hemorrhage Bhafter he hired me and lost his
ability to speak. | was probably the last businessmamaldethe conversation with about
his vision of digital convergence.

4) One of the factors for the rapid growth of 1980’s in Japan was also thedpital
costs which meant that companies could expand capacity and product range with
scant regard to profit margins?

Ans: Yes Japanese companies didn’'t have to rely on finenmaskets for the funding.
They used internal funding a lot and besides they coidd capital easily because of the
expected cash flows in future. Japan was growing at &t@ous growth for 4 decades.



IOPWE - International Organization of Pakistani Women Engineers The Beacon

5) The third factor explaining the high growth rate was the exceptionally \worging
hours in manufacturing as well as in the service industries. This bated to high
capacity utilization, to high service levels and an extraordinary paceewf product
development. According to Economic Planning Agency, engineers in Japanese R&D
dept worked on average 56 ours per week in 1991 compared to 46 hours in the USA
and 45 hours in Germany. Another survey by the EPA attempted to measteal the
working hours, including service overtime and other forms of unpaid wotk
registered in the official statistics and found that the average Japares&orked a
total of 2500 hours in 1992. One out of six had a total work time of 3108.hour

Ans: Yes, definitely a factor. The emphasis on R&D shdaddenhanced in Japan. It lost
R&D initiative to South Korea. Phillips has good R&D gmubr marketing. Japan needs
total system R&D. Japanese tech companies are secoacitizsns in the world not the
leaders. Sony had complicated relationships with contentpreduct development
suffered. Apple’s Iphone, Steve Jobs kept a penny for Ifiraed made profit on the
hardware. Japanese people couldn't figure out how to makeotitent people happy.

6) What differences do you see between Germany and Japan? Both lost Woidd War
both are export countries but one is in recession for the last 2 decadé¢iseaather
is European leader?

Ans: Germany still focuses on R&D. Porsche is an exarapté the Volkswagen is the
car for ordinary people. Germany has strong automoBiW R&D is worrisome.
Japan didn’t understand integration. Morita understood ibthér leaders in Japan were
arrogant.

7) What is lean manufacturing?

Ans: Sony is a leader in Kaizen. Toyota lean manufactutimg concept has been around
for centuries it has been given a new name. Sony wgsust effective. The issue is the
R&D.

8) What message would you like to give IOPWE members?

Ans: IOPWE is an important group. Engineers do most ofhewvation. | would look
around you and get mentors. Learn the concepts and applyinhiéhe pragmatic way.
Look at what is hot in the growth markets and not improymg markets. Healthcare,
Energy, Digital home, new food farming technology avedreas. Initially work with the
best possible companies before launching your own business
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Japan: The Land of Rising Sun
Source: CIA World Fact book

About the source:

The CIA World factbook provides comprehensive information on higieople, government, economy,
geography, communications, military and transnational issues of the nafitims entire world.

It can be explored at

https://www.cia.gov/library/publications/the-world-factbook/

History:

In 1603, after decades of civil warfare, the Tokugawa shaguyaamilitary-led, dynastic
government) ushered in a long period of relative polititabisty and isolation from
foreign influence. For more than two centuries this poéoyabled Japan to enjoy a
flowering of its indigenous culture. Japan opened its paites signing the Treaty of
Kanagawa with the US in 1854 and began to intensively modeamdeindustrialize.
During the late 19th and early 20th centuries, Japan beaamgional power that was
able to defeat the forces of both China and Russiacitpsed Korea, Formosa (Taiwan),
and southern Sakhalin Island. In 1931-32 Japan occupied Manchodain 1937 it
launched a full-scale invasion of China. Japan attackedot£®s in 1941 - triggering
America's entry into World War 1l - and soon occupiegcimof East and Southeast Asia.
After its defeat in World War 1l, Japan recovered todsee an economic power and an
ally of the US. While the emperor retains his throna agmbol of national unity, elected
politicians hold actual decision-making power. Followingéhdecades of unprecedented
growth, Japan's economy experienced a major slowdowtingtan the 1990s, but the
country remains a major economic power.

Post World War Il

In the years following World War Il, government-industtgoperation, a strong work
ethic, mastery of high technology, and a comparativelglisdefense allocation (1% of
GDP) helped Japan develop a technologically advanced egondmo notable
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characteristics of the post-war economy were theeclmgerlocking structures of
manufacturers, suppliers, and distributors, known as kejretsd the guarantee of
lifetime employment for a substantial portion of thbaur labor force.

Both features are now eroding under the dual pressuresobélgtompetition and
domestic demographic change. Japan's industrial sectaavgyhgependent on imported
raw materials and fuels. A tiny agricultural sector ishhigsubsidized and protected, with
crop yields among the highest in the world. Usually sefficient in rice, Japan imports
about 60% of its food on a caloric basis. Japan maintamesof the world's largest
fishing fleets and accounts for nearly 15% of the glob&dtc For three decades, overall
real economic growth had been spectacular - a 10%gevanahe 1960s, a 5% average
in the 1970s, and a 4% average in the 1980s. Growth slowed mankeity 1990s,
averaging just 1.7%, largely because of the after effdateticient investment and an
asset price bubble in the late 1980s that required a pratrpeted of time for firms to
reduce excess debt, capital, and labor. The Japaneseidinaector was not heavily
exposed to sub-prime mortgages or their derivative insintsyand weathered the initial
effect of the recent global credit crunch, but agltlwnturn in business investment and
global demand for Japan's exports in late 2008 pushed Japher furto recession.
Government stimulus spending helped the economy recoveateir2009 and 2010, but
Tokyo is warning that GDP growth will slow in 2011. PrimenMter Kan's government
has proposed opening the agricultural and services seotgredter foreign competition
and boosting exports through free-trade agreements, butdsbdinues on restructuring
the economy and funding new stimulus programs in thedbaeight fiscal situation.

Japan's huge government debt, which is approaching 200 percent ofp8idBtent
deflation, and an aging and shrinking population are magonptications for the
economy.

Some Statistics:

Population 126 Million

Demographic 0-14 years: 13.5%
15-64 years: 64.3%

65 years and over: 22.2%

Literacy Rate age 15 and over can read and write

99% for both men and women

Nominal GDP ( official exchange rate) $5.391 trillion (2088)e

GDP ( Purchasing Power Parity) $4.338 trillion (2010 est.)

Contributors to GDP Agriculture: 1.5%
Industry: 22.8%

Services: 75.7% (2009 est.)

Inflation

-0.9% (2010 est.)

Foreign reserves

$1.024 trillion (31 December 2009 est.

Central Bank Discount Rate

0.3% (31 December 2009)

Exports % of GDP

14%

Public Debt/GDP ratio

196.4% of GDP (2010 est.)

-10 -




IOPWE - International Organization of Pakistani Women Engineers The Beacon

Japanese Corporate Culture.
By: Uzma Khan

About the author:
Uzma Khan is IOPWE Newsletter Editor. Please see Exeqitiites to know more about her.

About Japanese corporate culture, the
general word around sounds like that
Japanese companies and their culture has
problems in terms of diversity and openness.
Some people also say that it is actually much
easier to work in a team environment with
harmony in Japan then anywhere else. Also
it is expressed that team members genuinely
watch out for other member’s interests for
example if someone faces an urgent personal
trouble the others would gratefully cover his
part even at odd times.

What then, one asks is the real corporate
culture in Japan. What philosophy gives rise
to such interesting experiences, what are the
pros and cons of such an environment and
what can we learn from it?

To look for answers and develop some understanding we fgokvarious trends in
Japanese culture.

Understanding Japanese Culture:

Japan has traditionally been known for a culture that saligcipline and has set ways
and protocols to do everything in their lives. It has tkéet in mind that the business
culture in Japan has also evolved from some deeptydioand ritualistic roots.

History:

The peculiar mannerisms and the deep disciplines thainhrtireir cultural trends have
permeated from the history of the country; its long meipder the empire of “Bakufo
form of Government”. Under this government Japan was rojedtrict feudal system
from early 1600s to mid to late 1800s. These two centuriesestablishment of a rigid
caste structure in Japan in which each caste wasctedtrio perform duties and
professions that were assigned to it. The Samuraefample being the cast of the
highest order were responsible for security. They vpeodessional warriors and were
forbidden to be productive in any other way possible. Sinildi® governing officials

had to adhere to very strict rules and maintain res@e@according to wishes of the
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rulers. The form of government basically followed thenciple of delegation. Each
governor had to ensure that the rules of the countrpeirg followed in their territory of
jurisdiction.

Since the Samurai were forbidden from any other profeakicapacity, the Samurai
evolved into an elite ruled by the principles of Confucarsl his philosophies. The
Samurai were also the guards and in a way disciplinetbtloeving of rules of the land
within themselves very strictly. Gradually the Samuralecpermeated the entire society
becoming a role model for all the other classes tolateu

The longevity of this system allowed for the absorptwin Confucian discipline
throughout Japan. This amounted to an efficient and hgwsulace. The principle
tenets of Confucian philosophy being “subordination of sel¢dntral power” and “to
nurture and develop the quality of personal virtue above #hiegyelse” gave rise to a
disciplined society that values cumulative decisioningknurtures the group rather than
individual and follows their ancestral manners with pride.

Japanese cultural trends today:

Cultural formalities stemming from these traditions &w#owed still in day to day
dealings in every sphere of Japanese life. The socipBces certain attire, manners and
etiquette in communication. They also expect gift givimg their relations and
acquaintances. Let’s look at some cultural customshiat us develop a foundation for
understanding the corporate life.

a) Peculiar Japanese Mannerisms:

It is very important that we understand the culture aldes of the nation as we attempt
to understand their discourse and dealings. Their valwkshanexpected good manners
are rooted in their ancient history. It is easy to dist¢be presence of distinct Japanese
mannerisms in daily business discourse.

It is normally expected to bow to the person with whame is interacting. Bowing is the

basic greeting in Japan and is still used in meetingsdsteakes are only now getting

familiar as people interact more with internatioparsonnel. Few other eccentricities
include maintaining a larger distance when talking to sthed not keeping constant eye
contact while having a conversation. These mannerisnugthperfectly normal once we

understand them might appear confusing to an outsider.

b) Communication Style:
Japanese follow a non confrontational style in themmmunications. They do not like the

word “no” and avoid it in their day to day dealings. There it is sensible to focus on
concerns that can be addressed in a more subtle wapyamallowing a collective
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decision process. When expressing disapproval they tendetdody language more
effectively rather than verbal language.

They aim to maintain peaceful business environments andspeak loudly and
emotionally in any professionally setting. In an efftotlisten better they would just
close their eyes rather than demanding the speakerlooidber.

C) Formal Negotiations & Correspondence:

In formal dealings which includes business, written cotdreare mandatory for
negotiation and are drafted with this intent in mind thahight be reconsidered and
terms be renegotiated. People don't naturally expeat ¢l word to be final.

Japanese use business cards extensively and treat tHenntmist respect. One should
take time to review the business card if given one befoting them away. Generally all
meetings and negotiations are initiated by introductiooudin business cards.

Japanese professionals generally wait to be formallpdoced or referred to a new
contact by preexisting relationships as compared to beiragdinted directly.

In general written correspondence and greetings areiqaéatidely and are valued by
all business professionals alike.

d) Attire:

Japanese also take great care dressing up for any ocaa®enng in the footsteps of
their ancestors. It is therefore natural that the ideuld extend to business world as
well. Men dress conventionally and conservatively pr@fessional setting wearing dark
colors and usually donning suits. Women also dress in the sanner taking care that
their dress is not revealing or improper in some way.

Current Corporate Culture:

The cultural conduct developed over centuries is siihdved as discussed above. It also
forms the structure on which Japan’s corporate mannersbailt. These customs
manifest themselves in various aspects of corporate lif

a) Business Communication:

Since it is culturally sensitive to incorporate cotrbody language in your day to day
interactions, it is crucially important to observe g@immanners in corporate life. It is for
example considered impolite to maintain lengthy eye comawneetings and is mistaken
for staring. Similarly casual gestures like stretching ygs while sitting, leaning
against walls, sitting with an ankle on the knee camseadiscomfort among peers in
professional setting.
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b) Women in Workforce:

Like many other traditional nations and due to strictofved conventions it is still hard
for women to get involved in business and be a part ofepsidnal populace. It is
common that women would leave their work after gettimgried or having children
which discourages employers to hire women in significambbers. It is natural that
women wouldn’t also feel comfortable in an environmentciwhs not wholly supportive
of their participation and presence and would fall wmcto discrimination rooted in
ancient traditions.

C) Employee Life:

Japanese people are traditionally brought up in an envinatritmat values group over the

individual. Therefore, as employees they honor selffsae for greater good. They tend

to have lifetime employments and don’t change jobs fredyuem achieve higher wages

or seek short term advantages. They value long term ¢orment to one employer and

expect greater value from it. Therefore large scaleflayare severely discouraged and
frowned upon in Japan.

d) Gift giving in Corporate Life:

Gifts are exchanged regularly in business life justhay tare in personal lives. More
emphasis is on the ritual significance of the gift mgvthan the quality of the gift itself. It
is often the norm to turn down the gift a number ofets before finally accepting it. If
not followed, the behavior is considered impolite. If gifts are given to individuals,

care should be taken so that it doesn’t become cartsysc

e) Service duration and Promotions:

Since Japanese employees offer life time employmentampared to short lived

fragments of time with various companies, the capaghs tend to be more general as
opposed to being specialized. Therefore, generally mespect is associated with

seniority. Promotions are also much slower due to thessons and aggressive
performance doesn't translate into faster growth.

Employers as well are more interested in the relatigp with the employee than metrics
to ensure corporate goals are met. The performanceureeaare therefore informal and
rely on the worker’s good will. The employers are coned about the employee’s life as
a whole (work and family both) as opposed to just wibek

f) Executive Decision Making and Business Model:
In companies all the decisions are made in groups. Resgdiywditni the decisions is

shared collectively and the blame for bad decisions isfatsx by all in the group. This
also constitutes a reason for why one can witnesddgoffs in a Japanese firm.
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Japanese organizational model treats all employeegiiawp equally. They take a task
centered approach to their responsibilities and formadahthical considerations in a
group are given a low priority. Supervisors and subordsatork closely together when
in a group and are given equal consideration with committoethe team goal.

This philosophy of group work and treating suggestions from adlsadhe organization
equally has been successfully implemented in Toyota’s faeiuing plants all over the
world.

Surveying the trends in Japanese corporate culture, vbdlere is a lot to learn from
the discussion above. Excepting the limitations fame&n in work force every other
aspect of the culture has something to offer to us. Ewea find that it is not practical to
imitate the convention in totality, we can take somethnogn it and integrate it our
personal and professional lives.

Respect and inclusion for all, commitment to task antsiderate employee relations is
what every professional looks for in a work environmdie collective decision making
process and life time employment is definitely an ideanfan opposite pole if viewed
from a North American standpoint but it is surely nopossible to learn and ingrain
some of these values to obtain a more confident, ctiedrand efficient work force. The
understanding and appreciation of the communication sbyles us a better knowledge
of another culture and learn to interact with multipé&ions in a way that is savvy and
respectable.

References:
http://www.suite101.com
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Kaizen: The Japanese concept of Continuous

Improvement
By: Uzma Khan

About the author:
Uzma Khan is IOPWE Newsletter Editor. Please see Exeqitiites to know more about her.

Kaizen is originally a Japanese concept. Its philosopbyeasof constant and incremental
improvement. K means “literally”, Kai means “changetiaten means “good”. That is:
to literally change for the better.

Thinking about it in broader perspective makes us realeeittis sort of a “way of life”
philosophy. That is, every aspect of our life needs consitan steps of improvement.
The popularity of this philosophy comes from its appl@matio business management,
manufacturing and Quality Control.

But the concept is just not limited to these fieldgai also be applied to health care, life
coaching, government, banking and many other industries arigluiss. When applied
to increase productivity in a workplace environment, it appiee®ntire spectrum of
duties performed by CEO through to assembly line workers.

The foundation of Kaizen methodology rests on fiveibalements.
a) Teamwork

b) Discipline

c) Improved morale

d) Quality

e) Suggestions for improvement.

Working on these elements the factors that any workpilaants to emphasize on
achieving are

i) Elimination of waste and inefficiency
i) Good housekeeping (which includes)
a. Tidiness
b. Orderliness
c. Cleanliness
iii) Standardization

Kaizen Philosophy:

Kaizen (continuous improvement) ought to be differeatiatrom Innovation which is
radical.

Kaizen is a daily process, the purpose of which is mdn tjust productivity

improvement. It intends to humanize the workplace byieéiting overly hard work and
emphasizes on work done correctly rather than repgatedwith imperfections. It

-16 -



IOPWE - International Organization of Pakistani Women Engineers The Beacon

teaches people to analyze and inspect their work amplatsty using scientific method
and get rid of the wasteful steps in the process. Tée isl to nurture the company's
human resources as much as it is to praise and encopeageipation in kaizen
activities. Its successful implementation lies intggration from every level of staff in
the organization.

Kaizen philosophy obviously needs longer time disciplinet ibs people oriented,
requires cooperation from across all the levels ofoeganization and is thoroughly
implemented. Kaizen philosophy should be applied everywhdiere there is demand
of productivity from a group, the groups of people is interdepgnded the goal is to
achieve long term process improvement and better perfaeman

History:

Following the defeat of Japan in World War Il, Amenganted the nation to rebuild. At
that time there was a transfer of a lot of expedmfUS to Japan in many areas. Among
them was one named Dr. Edwards Deming who was a stiaiisind was sent to Japan
to setup a census. While being there, he also startezngotiome difficulties faced by
manufacturers in industries. Based on his experienceduacing waste from US war
manufacturing, he began to offer advice to manufactaersy the same lines. By mid
1950s he was a regular visitor to Japan to offer advice onowimgr processes by
concentrating efforts in continually cutting down imgetions at every stage of the
process. By 1970s most of the Japanese forms were engpldys method and were
enjoying the benefits of process improvement, most notdlilee firms was Toyota [1].

Despite the fact that the roots of this strategy camoen fUS experts western firms
hesitated to adopt the kaizen method and it continuedaleesas a Japanese Concept. It
was only in the 80’s after seeing much success of Japanasefacturers that the
western firms started to reexamine their approaches INosome companies, quality
control sections have evolved into continuous improvert@ams with more authority
and empowerment to formally apply Kaizen. In fact, nommpanies in the west are
trying to use the term Kaizen to embrace a wide rangeasfagement practices which
are primarily of Japanese origin [1].

Examples of Implementation:

Toyota is the leading example following the Kaizen Wayaose it has the most
systematic and strongest cost management division unkieh W aizen activities are
organized.

Toyota has used Kaizen extensively to modify its asseiiid and wages structure to
make the entire TPS (Toyota Production System) moneahufriendly. In mid 1990s

analysts and production engineers from around the worlkdiioyota’s manufacturing

complex and arrived at the conclusion that: even thdhglother leading auto makers
like Honda, Daimler Chrysler, Mercedes-Benz etc egdeih advanced technology but
their production did not match Toyota'’s efficiency, produgtiand quality [2].
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At Toyota's production facility, incase of any abnormaléll the manufacturing
personnel is expected to stop their moving production linkhafp to resolve the issue
with their supervisor [3].

The cycle of Kaizen activity can be described as:
- Standardize an operation
Measure the operation
Gauge measurements against requirements
Innovate to meet requirements and increase productivity
Standardize the new improved process
Continue cycle ad infinitum

This can also be represented easily by a cycle repeesgnthe figure below.

For decades now, top U.S. companies like jet-maker Boanty machinery-maker
Caterpillar have been striving to practice Kaizen methodoéogy for that have even
reconstructed their plants and re-engineered their psese

The reason has been simple: Adopting Toyota's apptoacilnufacturing, especially its

emphasis on eliminating waste and increased productivityufaeturers found that they
were making themselves dramatically more profitable [4].

Practicing Kaizen:

We learnt earlier that Kaizen is just not a workplacenanufacturing method. It could
very well be a philosophy of life and one can implemiemt daily chores to increase
his/her productivity and reduce waste from activities.
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The way one practices kaizen is a step by step approaehc& select one aspect, one
tactic, some aspect of work-flow or personal lifet isgo be improved. For one week the
person would carry on that task along with the improvemeaking it a part of his/her
routine consciously thinking about it. After a couple oek®he would be able to do that
task without thinking about it. This is one step of improeat achieved.

In the next step the person can adopt a new tactic amdteanclude that in his part of
routine. This way one can continuously improve any proeat®ut interrupting much
of the existing workflow. The basic requirement hexaliscipline. One doesn’t face a
huge pile of responsibility to be taken care of head orobathas to hold on to the tiny
gains made on the way and stick to the improved behavior [5].

1) Eliminating waste: A chief principle of Kaizen is eliminating waste; wdatdasks,
physical waste and clutter or anything that consumes imyotitae that could be
utilized elsewhere more productively. For a factory linerker, it would amount to
have working stations or all the tools and equipmentanged and set within an
arm’'s reach. That cuts down number of wasteful stepe dpn hundreds and
thousands of workers everyday of every month of the.y€lais over all means
increased productivity and for the worker means lesserehassl lesser wear and
tear.

In a personal scenario this can be achieved by gettingf mdpeated tasks that eat
your time needlessly. An example could be replying tailsmThe strategy to follow
is to dedicate a 5 minute period after every 2 hours tokched reply urgent email,
and keep a 15-30 minute period before lunch or at the et @liay to get to the rest
of email. Instead of going to the Inbox every now anentland look for any
unanswered urgent mail, it is good to set aside some deditme to reply and then
get back to work. This eliminates extra minutes wastetyauae to open and close
the mail, getting out and in to the work (study, writingding, designing etc) mode
again and again.

2) Good Housekeeping:Just like practicing good housekeeping in everyday life around
home, office or anywhere in your surroundings, it would atgarove productivity in
a manufacturing environment. The clutter around a work statimders an
employee’s job constantly just like the clutter in egnalail box compromises the
ability of managing one’s mail well and in an orderlyhfias. Good housekeeping
including, cleanliness, tidiness and orderliness, give a ndtelako the phenomenon
described in the step above i.e. elimination of wastedtivities.

3) Standardization: This part of Kaizen philosophy is about discovering besttioesc
of carrying out a certain task and adhering to it. Thabme thinks about the best
practices about a certain job ahead of time and th&arralizes his/her routine as
much as possible so that it becomes automatic. This leeken at the times of stress;
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since the practice is so well woven into the chore¢ ¢time does not need to think
twice or lose time in making a decision. The decision alemady made at a slower
time; one just follows the steps when pressed for time.

Kaizen then is a way of improvement of life. Takimgoi practice its three principles
discussed above to integrate an improvement into yfeuad then continuing the cycle
of implementation, it's as easy as 1, 2, and 3. Fatigwthese easy steps for
implementation everyone can practice Kaizen philosophlgeir daily routines as well as
professional lives.
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The fear of global warming is giving a big push to the aotive and chemical
industries for development of “green technologies.” Ther@ immediate need to put a
squeeze on CQOemission to the environment in the coming years; thesdparked the
use of renewable energies for heat, electricity anthdads. Biomass is one of these
“green-friendly” renewable energies. Biomass has gret@npial since it is a COneutral
source of energy and it can be used to derive alcohatsasiethanol. Ethanol derived
from biomass can be used as a feedstock to produce kdimsocsuch as ethylene. With
the world demand for ethylene increasing in the coming yeat$6 million metric tons
the need to explore technologies that are independemi, ;mmatural gas, and coal are
severely needed. The ethanol production in United Statesmbreased from 175 million
gallons in 1980 to 5,000 million gallons in 2006. Ethanol from d@® higher yield per
ton of feedstock compared to sugar beets or sugarcanss, Bhited States has
surpassed Brazil as the highest ethanol producer world-W¥itd. growing crude oil
prices the production of ethylene in United States is pexjeto stabilize to 2006
production till 2011. While the world demand of ethylene is iasirgg fast.

Renewable energy sources such as biomass have develapadyimtat commodity with

increased awareness about global warming and fossilréselurce depletion. One
example of a biomass-based process in the petrochemiedtiy is the manufacturing
of “green” ethylene by biomass fermentation to etharmlpwed by dehydration of

ethanol to ethylene. The technology for this reactsopaised to show promise [1]. This
paper aims to make readers aware of increase in ethamhigbion world-wide, increase
in ethylene demand and development of ethanol dehydratibndlegies on pilot and

commercial scale. In addition, the article will alexplore economics of ethanol
production by various feed stocks and the growing trendrimtocoethanol production.
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Biomass:

Biomass is organic matter that derives from wood, evast crops or plants such as
miscanthus, switchgrass, hemp, corn, poplar, willow andreaga [2]. Biomass is seen

as a “green” alternative to fossil fuel because it sedaon solar energy (photosynthesis)
and is part of the carbon cycle (Figure 1). It is they sehewable energy resource that
can be converted to liquid fuels [3]. Biomass abilitypeoconverted to liquid fuels and

chemicals opens many possibilities for its use in bHergcal/petrochemical industry.

Figure 1 Biomass Carbon Cycle

CO,Cycle

In the past decades, thermo chemical and biochemidaidaégies that use biomass as a
feedstock have been developed. These technologies produce samggeof valuable
chemicals such as alcohols, methane, hydrogen, and bgo-fuedonventional way of
using biomass is combustion in which heat is convert@éogy. The pulp industry has
been applying this technology for decades, and 85% of all vamnddwood waste for
energy is consumed by the pulp industry. The United Staggmriment of Energy
(DOE) is promoting a biomass program to help develop aédabechnologies using
biomass as feedstock. The goal is to phase out the degenderfossil/coal fuels and
develop technologies that would “convert biomass into réetyaof fuels, chemicals,
materials and power, much as petrochemical refineriegtticoil and gas” [4, 5].

The use of biomass for energy has been part of hinstory; wood chips and cow dung
were used for heating and cooking since fire was discdvarel 995, 14% of the world’s
total energy use was from biomass, while in 1990 it was 35&eoénergy used in third
world countried2]. Animal and plant wastes are converted to meth@nbacteria in
biodigesters in China and India [3]. The use of biomassefeergy production is
projected to increase by 2030 as shown in Figure 2. Oneeghtist important steps to
take in biomass conversion is to create helpful industhemicals that currently depend
on fossil fuels.
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Figure 2 Growth in Plant Capacity Projected for Biomass Proceses in US Source
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The petrochemical feedstocks used by industry to producedcplapblymers, rubber,
synthetic fibers and much more can be produced from renewadnurces [7, 8]. Busche
and Lipinsky have done economic feasibility studies mgatng the production of
various hydrocarbon intermediates for the petrochenmdaistry [9, 10].

Ethanol Production from Biomass:

“Green” ethanol is produced during the fermentation of &setand glucose extracted
from biomass along with carbon dioxide. For every nafl@thanol a mole of COis
produced as a by-product during the fermentation process {Gteapt

Reaction 1
CeH1205 2 GHsOH + 2 CQ

The most widely used biomasses for ethanol productiondwaté are corn and
sugarcane. Corn is widely used in United States while atbentries such as India,
Brazil, Peru, and Pakistan use sugarcane. In Europe,rissustich as France use sugar
beets for ethanol production. Thirty years ago the prasluaf ethanol was dominated
by sugar crops and now grains are taking over the markaiuntries such as United
States. At present, the industrial consumption of tee#tsfor ethanol production is 44%
by sugar crops (sugarcane, beets etc), 53% by grains (emh)3% by the synthetic
process which includes the direct or indirect hydratibetbylene to ethanol [11]. The
technologies for direct or indirect hydration of ethgeén ethanol has been around for
years, but this reverse process than dehydration of@tisaemployed if economically
favorable in regions where ethylene cost is low [12]. edanomic comparison done by
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Nexant in 2006 concluded that ethanol from a corn dry milinacess required less
capital investment and had less cost of production comparéicetd ethylene hydration
or dilute acid/enzymatic hydrolysis processes [13].

A recent report by F. O. Licht compares the three tgfdsomass and analyzes them on
cost and yield bases (Figure 3) [14]. Sugarcane in Bragith@lowest gross feedstock
cost of 28-29 cents/ gallon of ethanol while corn in Unibédtes and sugar beets from
France gross feedstock costs are 87-88 and 95 cents/ gadithanol, respectively. Even
though sugarcane has the lowest gross feedstock ctést ihas the lowest ethanol yield
per ton of feedstock (20-22 gallons of ethanol/ ton ofisesck). Sugar beets yields are
slightly higher than sugarcane (~27 gallons of ethanolbfdeedstock) and corn yields
are five folds compared to sugarcane (100 gallons of etheomotf feedstock). Corn is
more economically favorable than sugarcane; hences ibeicoming a preferable
feedstock for ethanol.

Figure 3 Comparison of Different Biomass on Ethanol Yield andsross Cost Basis,
Source [14].
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Brazil made a big move after the 1970s oil crisis to sloeut off its dependence on
fossil fuel by replacing its transportation fuel by atbl. The National Fuel Alcohol
program of the mid 1970s later led to the Proalcool prograthe early 1980s. Today,
half of the fuel used in cars in Brazil is ethanol produdem biomass such as
sugarcanes.

In the United States, there is a big move towards etHandransportation fuel and
chemical intermediates. According to Aadik Shekar,e@dic Officer of Khosla
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Ventures, Menlo Park, CA, the price of corn is “signifitg lower than what it was even
30 years ago.” In Khosla Ventures’ view “corn and sugardaaeed ethanol [is a]
gateway to cellulosic ethanol, if it [has macroecomprbenefits such as increasing
agricultural income and addressing the rural/urban balanckls &hekar. Over two
years, the production of ethanol has increased world (gele Figure 4). From all the
countries that produce ethanol, the United States displaey largest increase in annual
production over the last two decades, from 175 million galim 1980 to close to 5,000
million gallons last year (see Figure 5). In the lage fyears, the capacity of ethanol
plants in United States has grown significantly to ntketgrowing demand for ethanol.
In 2002, there were about sixty plants with a capacitg®@fmillion gallons or less
operating in United States and now, in 2007, this number hasssatpsixty. The largest
growth was seen in plant capacity between 40-100 millidlorgsg in 2002 there were
about 10 such plants and five years later there are &Bquiants operating. The number
of plants with capacity of more than 100 million gaids growing from two to 10 plants
in five years. There are 134 ethanol plants in United Stafth current capacity of
7,265.40 million gallons per year. Sixty-six are under constmucind ten are under
expansion this would add 6,206.90 million gallons per year, isgrgdJnited States’
ethanol capacity to 13,472.30 million gallons per year [15].

Figure 4 Annual World Ethanol Production by Country, Source [15].

5,000

World Ethanol Production in 2006

4,500 A

4,000

3,500[H1i 27%
35%
3,000
2,500 B Brazil

02006

B US 02004
2,000 M Rest of the World H 2005
1,500

1,000 38%

Ethanol Production (Millions of Gallons)

500

0

UK. |

Saudi Arabia |
ItaIy:
Australia |

Others |=pemmm

Brazil

u.s
India
France
Poland
Indonesia
Cuba
Ecuador
Kenya
Swaziland

Argentina
Japan

China
Russia
South Africa
Spain
Thailand
Pakistan
Sweden
Philippines
Mexico
Nicaragua

Canada
South Korea

Germany
Ukraine
Guatemala
Mauritius
Zimbabwe

Country

- 25 -



IOPWE - International Organization of Pakistani Women Engineers The Beacon

Figure 5 Historic U.S. Ethanol Production, Source [15].
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Some conventional technologies used today that compete higimass to ethanol
technologies are anaerobic digestion for methane produacgasification for syngas
production, and combustion used for heat and electricibgrgéion [6, 16]. There are
many chemicals in the industry that are derived from eth&ence, the need for growth
in ethanol production is an important part of developing aesd/improving technologies.
Douglous Cameron, Chief Scientific Officer at Khoslaniges points out that “ethanol
is used to make esters [such as] ethyl esters of dattys (FAEE) as an alternative to
methyl esters (FAME) for biodiesel” and other estdr&raustrial important[ce] [such
as], ethyl acetate.” From the 1950s till the 1990s, etharas used as a chemical
intermediate in the production of acetaldehyde, butyraldehydetic acid, and
ethylhexanol. This switch from ethanol as a chemidarmediate in the industry caused
a decline in its consumption by more than 300 milliorrditeince 1970 [17]. Ethanol is
also used in industries such as beverage, cosmeticphanaaceutical [18].

Ethanol Dehydration Technology:

Ethanol dehydration is a “green” alternative to the emtional technologies used for
ethylene production. The technology helps to reduce €flssions to the atmosphere.
The dehydration of ethanol was first reported in tlegditure in 1797 when ethylene was
produced by passing a vapor of ethanol or diethylether okeated material debated to
be either alumina or silica [18, 19]. Dehydration of etthan@n endothermic reaction

and requires good temperature control. The exact mechadfigtihanol dehydration is

still debated among researchers but the reaction doeklvenparallel and consecutive

reactions. Depending on the reaction conditions ancetietor system any of the product
from reaction 2 below can dominate. The formationtbéeis favored at 230 C, and if
the reaction is carried out at 300 to 400 C only residuabiataf ether is obtained.
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Reaction 2 / Acetaldehyde

Ethanol — IEther
v

Ethylene

The technology picked up significance in thel950s going into 1@6@xn small-scale
units with a capacity of 10,000-20,000 ton/year came on stre&@raril and India. Then
the availability of cheaper feedstock such as naphtdanatural gas contributed to the
decline of dehydration technology towards the end of the 19463, the need for large-
scale production of olefins (100,000-500,000 ton/year) favored theotigthermal
cracking technology [18, 19, 20].

The technology regained some ground in the industry foraresedevelopment and
testing after the 1973 world wide olil crisis and was rexisénd implemented once again
in Brazil and India. Of the series of economic stadieere done on ethanol dehydration
technology in the late 1970s to 1980s, one study by WintérEmg compared the
economic advantage of ethylene production from ethansusenaphtha. [20] It was
concluded that naphtha technology required more capitalless selectivity in ethylene,
but the cost of the technology could be offset byirsglbther side products such as
propylene. The capital cost for ethanol dehydratiorhrietogy was lower with no
valuable side products to offset the price of ethylene. ddstthe price of ethylene is
controlled by the price of the ethanol feedstock. Aaotstudy by Luchi and Trindade
evaluated the best way to use ethanol in the chemicalgbetmical industry and
concluded that ethanol dehydration to ethylene was thewsgsto achieve the highest
economic benefit [21].

The dehydration of ethanol has been studied extensivelyadierature review of the
catalytic dehydration technology by Winfield in 1960s comdimver 290 references
with a large part dedicated to ethanol dehydration [22}iova types of catalysts and
carriers have been studied such as silica, alumlags ¢ silica-alumina combinations,
various oxides of “hafium, phosphorous, potassium, thariitanium, tungsten and of
zirconium, alumina with oxides of copper, nickel or chramias promoters, magnesium
phosphate and phosphoric acid on coke, calcium phospmatigbdates and sulfuric
acid” [18]. However, the industrial catalytic ethanol dehydrafprocesses are based on
activated alumina or phosphoric acid on a suitable supgomtizterial. Many research
efforts have gone into looking at the deactivation aathlyst’s activity over the last
decades [19].

Two types of reactor systems have been developed by ipdose is a conventional
fixed-bed system and the other is a fluidized-bed systém fix-bed system can operate
either under isothermal or adiabatic conditions. Ddpgnon the type of reactor system
used, the theoretical ethylene yield could vary between 8498f0. Traces of other
chemicals that need to be processed through a purificaystem include aldehydes,
acids, higher hydrocarbon, carbon dioxide and water. Ehanel dehydration processes
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were reported in the literature by John McKetta [23].SEhprocesses were the Lummus
(fixed and fluidized), Halcon/ SD, NIKKI, and Petrobascesses [23].

The Lummus fixed-bed system operated isothermally and gathylene yield of 94-
96% but the later developed fluidized-bed system improved tatope control avoiding
cold and hot spots which would result in ethylene yield. [dke ethylene yield obtained
from the fluidized-bed system operating isothermallysvw@9% [23]. Lummus has
dedicated a pilot plant development program for ethdebidration, and a commercial
plant for the Lummus fixed-bed was built in In{4].

Halcon/SD developed a new catalyst for their ethanoldiaipn process called Syndol.
Their old catalyst gave conversions ranging from 95 to 9%&%the selectivity was
poor ranging from 80 to 96%. Halcon/SD claims that thedSkrcatalyst can stay in
continuous operation for eight months without any needrégeneration. The catalyst
can also handle an adiabatic operation sustaining fiisitpceven with an inlet
temperature of about 500 C. Halcon/SD conducted pilot plarg with two adiabatic
reactors in series with the Syndol catalyst and repaatiegdene yields of 99% with a
conversion of 99.8%. A commercial plant for an isottenmeactor was built [23].

The NIKKI/JGC process was tested in a pilot plant raZ8 in collaboration with
Institute Pesquisas Technologicas de Estado de Sao Randov catalyst was developed
by NIKKI that maintained high activity over a three-momperation and gave ethylene
yields of 97%. This concluded that the catalyst maybe aldeidtain activity with a year
of continuous operation in a commercial unit [23].

Petrobras developed a reactor system that operatedaachdlly in which ethanol
feedstock was fed intro series of fixed-bed reactorsvalé claimed that this process
lowers the formation of unwanted by-products and increcestedyst life. In Brazil, a 60
ton/year demonstration unit was operated for a yeaer Afte demonstration unit results
were successful, a 60,000 ton/year adiabatic fixed-bed asitrwught on-line in Maceio,
Brazil. The adiabatic fixed-bed process had a conversio88% compared to 93%
achieved by the isothermal process. The process was wawn@nacal by saving on cost
of equipments and maintenance [1, 23]. The five procasEemation is summarized in
Table 1.

Table 1 Summary of Ethanol Dehydration Processes, Source [23]

Process Type Ethylene Demonstration
Yield (%)

Lummus Fixed-Bed Process Isothermal 94 Commercial

LummusFluidized-Bed Procegs Isothermal 99 Pilot Plant

Halcon/SD Fixed-Bed Process Isothermal/Adiabafé Commercial

NIKKI/JGC Process Isothermal 97 Pilot Plant
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Petrobras Process Adiabatic 98 60 ton/year
60,000 ton/year
units

Ethylene Production Numbers:

In the United States alone, more than 160 million/tbvasious products are
derived from oil (85%) and natural gas (15%) [25]. Ethanol dedtipdr technology can
help reduce this dependence by producing the chemicals withgheshidemand with
biomass as feedstock. In 2003, fifty percent of the iorddhylene production came
from 11 producers [26]. The top five producers in descending ovder Dow/ UCC
Chemical Company, ExxonMobil Corp., Royal Dutch Shell Grdoguistar and Saudi
Arabia Basic Industries Corp. The world wide productionetifylene has increased
significantly in regions such as North America, Wastéurope and Asia (see Figure 6),
and the ethylene demand in the world is growing fastertti@Gross Domestic Product
(GDP) . The largest growth of ethylene production is inthged States and is projected
to stabilize at the capacity of the year 2006 becausargd plants being constructed in
Middle East and Asia (see Figure 7).

Figure 6 Worldwide Annual Ethylene Production Capacity, Sourcs [16, 17].
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Figure 7 United States Annual Ethylene Production, Sourcd46, 27].
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In recent years, there has been a shift in ethyleog@upers to the Middle East.

The reason for this shift is the cost advantage ofpcfeadstock compared to rest of the
world [27]. At the end of 2006, the United States ethylendymrtion capacity was 28.5
MMt, which is 23.6% of the global capacity at 121 MMt. the current growth rate, the
world capacity is projected to increase to 156 MMt by 2011 ewthke United States
capacity will be 28.3 MMt showing a slight decline comparcethe 2006 production rate
(see Figure 8). It is projected that by year 2012, the ethysoduction capacity of the
Middle East will be equal to that of North America. @thlcountries such as China
Singapore, India, and Taiwan are seeing an increasehyleeé¢ production plants
construction because of strong demand growth.

Figure 8 Ethylene Production (Million Metric Ton), Source [27].
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Ethylene is converted to many useful chemical interatediand major industrial
chemicals (see Figure 9). Currently more than halheftorld’s ethylene is converted to
polyethylene (see Figure 10). Polyethylene is a used in themative, computer,
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coating, and electrical industries. It is a major eatemical product that has endless
uses. The relatively high cost of natural gas in Unit¢ateS is the reason for the
projected decline in ethylene production in the next sewerals. While ethylene is
cheaper from naphtha than natural gas, currently 60%thyfeee is produced from
natural gas in the United States. Chemical Market Aasexiinc. (CMAI) forecasts the
ethylene price in 2007 to be 41.5 cents/lb, while there is@a®/lb margin which could
drop to 9 cents/Ib.

Figure 9 Schematic of Industrial Chemicals that are produed from Ethylene

Figure 10 Consumption of Ethylene in the Chemical IndustrySource [29].
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The need to develop “green” technologies for a sustairfallee is a must. The
development of ethanol dehydration technology for ettgylproduction was favorable
during times of oil shortage and in regions where such tdaby is economically
feasible. Nevertheless, with today’s economy being dgigevn because of rising oll
prices and the depletion of fossil fuel is certain hé tdemand keeps growing with
growing technology and population the demand new and ctaaces of chemical will
be evident. It is our part as individual who are coutiilg to the global warming to do
something to leave a positive foot print for the futuree Téchnology is available to
produce ethylene and other industrial chemicals from ethaviach is a renewable
resource. By implementing this technology even on a Issedle we would be
contributing to a better future for all.
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