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I. EXECUTIVE SUMMARY 

An Environmental Business Exchange was held in cooperation with Sanders 
International and sponsored a mission by Dr. N. Sriram, NUCHEM Ltd., to the U.S. 
from February 12 through March 5, 1994 The Environmental Business Exchange 
(EBE) program sponsors environmental professionals from Asia to visit the United 
States, and from America to visit Asia, to draw upon expertise and share 
information in the areas of environmental protection and waste management. This 
program enables individual professionals from industry to meet with their U.S. 
counterparts to review and evaluate new and alternate technologies for process 
control and pollution mitigation. 

Dr. Sriram was selected as an Indian industry representative under this exchange 
program to observe and evaluate U.S. waste management and effluent control 
technologies. Dr. Sriram met with his counterparts in this field for the purpose of 
technical information exchange. The experience gained was quite valuable and Dr. 
Sriram believes it will serve NUCHEM's vision in the area of environment protection 
and waste management. The participant believes NUCHEM will also benefit from 
business growth in these areas, as well as from the potential cooperation of six 
U.S. partners in science and technology. 

Funding for this project was provided through a Cooperative Agreement between 
the World Environment Center (WEC) and the United States-Asia Environmental 
Partnership (US-AEP). 



II. INTRODUCTION
 

The participant in this exchange, Dr. Sriram of NUCHEM Ltd. of Indi3, was selected 
for the above program as a visiting expert on the subject of waste management, 
effluent control technologies, and treatment technologies for removal of pollutants in 
liquid effluents, including organic compounds and hazardous materials. Dr. Sriram's 
exchange program included visits to effluent treatment and waste management 
facilities in order to discuss procedures of soil remediation. This exchange also 
included visits to various management/pollution control organizations located in the 
U.S. and discussions with senior representatives. The purpose of the site visits and 
discussion were to discuss environmental control and waste management, and to 
identify potential partners for technology transfer or license and partnership potential 
for NUCHEM with similar businesses in India. 

NUCHEM Ltd. has been active in the field of environmental monitoring and testing, 
and has been acting as a consultant to industry in the area of effluent treatment. Its 
laboratories are recognized by various state and central pollution control authorities. 
The company acts as a turnkey consultant in wastewater treatment for industry, and 
reclaims water from municipal sewers for recycling into industrial and potable 
applications. NUCHEM is eager to expand its business in the area of waste 
management and effluent control, and in conducting environmental impact 
assessments and environmental audits. 

The following pages enumerate the details of Dr. Sriram's trip to the United States. 
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III. DISCUSSIONS AND FINDINGS 

A. INTRODUCTION 

The following summaries highlight the significant discoveries, discussions, and 
interchanges that resulted from the meetings between February 12 to March 5, 1994. 
Dr. Sriram's mission consisted of three aspects of environmental control and waste 
management: (1) large-scale waste management techniques for municipal and city 
waste, including the management of solid and liquid waste through constructed 
wetland technologies, and other capital intensive technologies; (2) biological 
techniques in the treatment of industrial waste, especially liquid waste containing 
organic and hazardous chemicals; (3) business and consulting avenues related to 
environmental management, environmental monitoring and testing, impact 
assessment, environmental auditing, and possible associations with regulatory 
agencies. 

B. INDIVIDUAL MEETINGS 

1. SANDERS 	 INTERNATIONAL 

Persons Met: 	Mr. Jeffrey D. Hallet, TEST Project Manager 
Ms. Emily Harwitt, Advisor 

a. Meeting 

Dr. Sriram met with Mr. Jeffrey D. Hallet, Trade in Environmental Science, 
Engineering, and Technology (TEST) Project Manager, and Ms. Emily Harwitt, Advisor. 
They explained the salient features of the TEST program, and expressed an interest 
in the status of environment related problems, available technologies, and solutions 
which pertain to India. They presented a detailed introduction to various aspects of 
industrial pollution, regulatory methods, and efforts undertaken by the Government 
of Indian (GOI). Discussion centered upon the various companies and organizations 
included in Dr. Sriram's itinerary and how these would give a diverse overview of U.S. 
technologies of interest to NUCHEM. 

b. Finding 

This meeting provided a useful information exchange to set the stage for the 
remainder of the mission. 
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2. SCIENCE APPLICATION INTERNATIONAL CORPORATION (SAIC) 

Persons Met: 	 Mr. Peter B. Trick, Vice President
 
Mr. Kevin J. M. Palmer Assistant Vice President
 
Mr. Jack Faulk, Chemical Engineer
 
Mr. George L. Clark, Sr. Project Manager
 
Dr. Venkat Rao, Sr. Technologist
 

a. Meeting 

Dr. Sriram began 	this meeting by outlining his reasons for visiting the U.S., discussing
the current areas of NUCHEM's work, and their plans for future development of 
environmental interests. SAiC maintains a vast network of monitoring facilities for 
collection and collation of data on tests conducted at various locations in the U.S. it 
uses this network to facilitate compliance with environmental regulatory standards by
conducting environmental audits, impact assessment activities, educational 
workshops, and training programs related to waste and hazardous materials 
management techniques. 

b. Finding 

Dr. Sriram found that SAIC seems to be best suited to conducting large scale studies 
such as impact assessments. Its network and data bank is being used by Federal U.S. 
agencies it has a large resource base as well. The magnitude of SAIC's activities is 
impressive. The organization also has a large resource of talented personnel
implementing its activities. A set of brochures and other literature on SAIC were 
exchanged v,/ith those of NUCHEM Ltd. 

3. RCG HAGLER/BAILEY INC. 

Persons Met: 	 Mr. James B. Westfielid, Project Director 
Mr. Mark Oven, 	Technical Advisor 
Mr. Amit Dalan, 	Senior Associate 
Mr. Maurice Knigfff, Technical Coordinator 
Mr. William R. Meade, Manager 

a. Meeting 

RCG Hagler/Bailey, a consulting firm specializing in the areas of environmental 
management and pollution prevention, opened the meeting by explaining their 
organizational structure, their activities and expertise, and interest in establishing a 
partnership with an Indian group having similar interests. Dr. Sriram expressed 
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NUCHEM's reciprocal interest in developing a partnership to step into the growing
field of environmental business in India. It was understood that a partnership between 
the two companies could be mutually beneficial. Dr. Sriram promised to explore 
possibilities of joint ventures. 

b. Finding 

As a sequel to this visit, subsequent correspondence has been initiated between the 
two companies on certain specific project proposals in India. 

4. RADIAN CORPORATION 

Person Met: Ms. Nancy D. Edwards, Environmental Engineer 

a. Meeting 

Radian Corporation focuses its environmental consulting and design services in the 
areas of environmental management, effluent control, and environmental auditing and 
monitoring. After an initial exchange of views on the subject of NUCHEM's interest 
in the field of environmental science and technology, Dr. Sriram inquired as to the 
possibility of Radian developing an association with a U.S. firm. Ms. Edwards 
mentioned that Radian already has a working relationship with Engineers India Limited. 
This relationship would prohibit Radian from entering into another such partnership. 
Ms. Edwards indicated the possibility of involving NUCHEM as a sub-contractor on 
projects in the area of testing and monitoring of waste effluents. 

b. Finding 

Although the potential for future contact was promised, no further communications 
have ensued. NUCHEM presumes that Radian is not in a position to associate with 
any other company in India. 

5. BION TECHNOLOGY 

Person Met: Dr. Robert Sachs 

a. Meeting 

Dr. Sachs and Dr. Sriram visited a natural wetland effluent treatment center developed
by Bion Technology for a citrus fruit juice concentrate plant. The plant produces an 
effluent of about 1000 Kiloliters/day mainly consisting of fruit residues and distillates. 
Dr. Sachs explained the treatment system's hydrology component to treat effluents. 
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The technology uses a bioreactor and bacteria which are indigenous to the soil. The 
bioreactor decomposes virtually all organic contaminates leaving only carbon dioxide 
and water. Thus, the effluents meet pollution standards and may be discharged into 
normal channels. This treatment technique does not generate any new contaminants. 
Odor have not been detected, and the treated effluent met the U.S. Environmental 
Protection Agency (EPA) requirements. Dr. Sachs provided literature on the 
technology. 

b. Finding 

Dr. Sachs expressed an interest in developing similar wetland wastewater treatment 
projects in India. 

6. ORLANDO ENVIRONMENTAL SERVICES DEPT. 

Person Met: Mr. Alan R. Oy/er, Bureau of WasteWater 

a. Meeting 

Dr. Sriram accompanied Mr. Oyler to the City's wastewater treatment plant. The 
entire treatment facility, which uses a natural wetland to treat 250 million gallons of 
water per day (gpd), covers a land area of over 1600 acres. The wetland is used to 
treat approximately 250 million (gpd). All of the city's wastewater is received at the 
site and taken through a series of open wetland bioreactors. The wastewater passes
through a series of such bioreactors in which various types of grasses are grown. 
Treated water is collected in a lake and sent out to a nearby river. This wetland 
treatment system is an excellent example of using natural methods to solve man-made 
problems. 

b. Finding 

The costs associated with this project, in terms; of financial investment as well as 
energy use, are minor in comparison to other industrial and chemical methods of 
wastewater management. 

7. LAKE APOPKA WATER MANAGEMENT PROJECT 

Person Met: Mr. James F. Conner, Project Manager 

a. Meeting 

The Lake Apopka Water Management Project uses a biological method to address the 
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problem of soil remediation. Continuous use of pesticides near Lake Apopka over past 
decades resulted in the pollution of the lake's waters. A constructed wetland 
technique and creation of marshlands using these polluted waters now treats the lake 
water. The marshlands functions as a large scale bioreactor where pesticide residues 
are decomposed into carbon dioxide and water. Dr. Sriram and Mr. Conner surveyed 
the treatment facility which is located approximately 100 miles from Orlando, Florida. 

8. ARROYO/INTER BIO 

Persons Met: 	Mr. J. Peter Perez, President
 
Ms. Sue Koel, Manager
 
Mr. C. Eugene Watson, Vice President
 
Mr. C. Raymond Smith, Technical Service Enginoer
 

a. Meeting 

Mr. Smith explained Inter Bio's activities, with particular reference to biotechnologies, 
in the field of wastewater management. The company produces a line of bacteria for 
use in the biotreatment of wastewater. Its products have applications in areas such 
as municipal wastewater treatment, industrial wastewater treatment in chemicals and 
petro-chemicals, food processing, paper and pulp industries, etc. This company has 
also shown phenomenal growth in the business of environmental remediation. Dr. 
Sriram expressed NUCHEM's interest in working out a possible partnership between 
the two companies to tap business potential in India. Mr. Watson suggested that 
NUCHEM could begin to market Inter Bio's products, and to create a culture bank and 
a technical break up facility for repackaging and sale in India. 

Dr. Sriram indicated NUCHEM's interest in waste management to Inter Bio, and 
explained the company's current activity in this area. NUCHEM's recent 
diversification into wastewater treatment and purification has resulted in success, and 
in the establishment of a new group company called NUCHEM Weir. The Environment 
Management Center, as a part of the Research and Development Center, played a key 
role in the growth of the NUCHEM's interest in these areas. Thus, this visit wasp 
welcome opportunity for the company to further expand in this business area. 

b. Findings 

As for market potential, Dr. Sriram explained that regulatory requirements being 
implemented by the GOI. This policy change towards environmental regulation is 
expected to create large business prepositions for their products. NUCHEM, with 
more than 14 offices throughout India, is well situated to distribute Inter Bio products. 
It was mutually agreed to maintain communication on the subject between the two 
companies, and to possibly work out an association in the near future. 
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9. CELEGENE 	 CORPORATION 

Persons Met: 	Mr. Howard M. Hohi, Director Sales
 
Mr. Patrick Evans, Sr. Res. Engineer
 

a. Meeting 

Celegene Corporation develops biotreatment technologies for industrial process 
effluents. The company specializes in modular fluidized bed rea.tors using proprietary 
bacteria along with a variety of naturally occurring bacteria. The company has also 
begun to manufacture biocatalysts to be used in customer-designed chemical 
syntheses, eliminating the formation of unwanted byproducts. This technology allows 
for the production of high purity chemical intermediates for the pharmaceutical and 
the agro-chemical industries. 

b. Finding 

Dr. Sriram and NUCHEM felt that Celegene Corporation would be the well suited for 
a partnership. Substantial common ground exists between the two companies which 
will further the success of such a partnership. 

10. DUPONT CHEMICALS 

Persons Met: 	Dr. Francis L. Robbertaccio - Principal Consultant 
Mr. Richard 0. Mayer - Business Accounts Manager 

a. Meeting 

DuPont Chemicals is a conglomerate consisting of many chemical process facilities. 
The company established an Environmental Remediation Services Division facility. As 
a leading organization in the chemical industry, they had built-in expertise in the field 
of safety and environmental protection. Dr. Robertaccio explained the sequence of 
events leading to the formation of the environmental team and the various 
technologies they use to handle a variety of waste material, including hazardous 
waste. The technology used consists of conventional methods and biological 
techniques. 

Dr. Sriram explained NUCHEM's interest in the field of environmental science and 
technology, and explained DuPont's activities in the field of wastewater management, 
effluent testing and monitoring, etc. Mr. Myers joined the discussions to speak on the 
subject of water purification. 
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b. Finding 

It is evident that this giant company has had a number of accomplishments in the 
fields of remediation and chemical waste management. Dr. Sriram learned of some 
of DuPonts successes. 

11. XYTEL CORPORATION 

Person Met: Mr. Ravi Randhava, Sr. Vice President 

a. Meeting 

Xytel Corporation controls a patented technology for the conversion of solid waste 
into a gaseous fuel consisting of carbon monoxide and hydrogen as its main 
components. This gas, called "Sky Gas," can be burned as a fuel to generate thermal 
or electrical energy. The process uses an electric arc conversion process to waste 
containing solid and semi-solid carbon into a clean medium synthesis gas which can 
be converted into products such as Methanol and Acetic acid. The same gas can also 
be combined with nitrogen to produce Ammonia and Urea. This process can use a 
variety of feed stock such as municipal waste and garbage, wood chips, hogwood, 
and agricultural residue, as well as, petroleum residues, and used rubber tires. Mr. 
Randhava of Xytel explained the total process and the status of the technology 
available from them for commercialization. 

NUCHEM was specifically interested in this technology as it consumes about 1000 
megatons of Methanol per month as a primary feed stock in its own manufacturing 
processes. Thus, manufacture of methanol based on such biomass and agro-waste 
would be meaningful in a country like India which has large agriculture base. 

b. Finding 

With its objective of a possible partnership or technology association, this meeting 
was very relevant. Mr. Randhava indicated that his company would be interested in 
offering exclusive rights for Sky Gas. NUCHEM and Xytel mutually agreed to continue 
communication on the subject. 

12. WMX TECHNOLOGY AND SERVICE INCORPORATED 

Persons Met: Ms. Geri Powell, Director - External Affairs 
Dr. Frank Dias, Director - Technology 
Dr. Deborah C. Hockman, President 
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a. Meeting 

On the first day of this two-day meeting, Dr. Dias and Ms. Powell gave a video 
presentation of the various environmental projects that WMX has undertaken. WMX 
provides environmental solutions and services world wide, including environment 
engineering and project management in water and air technology, and solid and 
hazardous waste management. As a part of the program, Dr. Sriram accompanied 
the WMX representatives to a landfill which WMX developed as a role model of 
environmenta!lv responsible waste disposal. This innovative project incorporates a 
multi-purpose recreation area with arecycling and disposal facility. The facility utilizes 
environmentally responsible monitoring and management systems such as a leachate 
collection system for wastewater, and a landfill gas recovery system. On the second 
day of meetings, WMX organized a visit to a $3.8 billion treatment facility n 
Milwaukee. 

b. Finding 

The visits to the two WMX waste management facilities indicate its technological 
strength. The company also has a strong resource base in the form of talented 
personnel to design infrastructural facilities, construct, commission, and operate 
facility of such magnitude. While one can appreciate WMX's accomplishments, some 
of these have been capital intensive projects. Looking back at the need for 
environmental treatment in a country like India, such technologies and expertise must 
be obtained. WMX could play a key role in providing such large scale remediation 
project support in this country. NUCHEM expressed its appreciation of their efforts 
and promised to promote their expertise in India through relevant agencies and 
organization such as the Industrial Credit and Investment Corporation of India, Ltd. 
(ICICI), which represents the industrial segment, and the Federal Ministry in the area 
of environmental protection. 

13. BIOTROL, Inc. 

Persons Met: Mr. Michael S. Gratz, President and CEO 
Ms. Sandra L. Clifford, Director - Sales 
Mr. James J. Higgins, Environmental Engineer 

a. Meeting 

BioTrol was founded in 1985 based on the results of studies to use bacteria to 
degrade industrial chemicals and the commercial potential presented by those results. 
The company has since grown to become a leader in the physico-chemical separation 
and biological degradation of contaminants, and as a supplier of state-of-the-art 
technology and services for soil and water treatment and remediation. Most of the 
systems are designed to be compact and modular units that are very easy to install 
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and operate. 

b. Finding 

During the discussions with Mr. Gratz, the subject of partnership in the biotreatment 
field was proposed. BioTrol expressed its desire to work in India and agreed that 
NUCHEM could be a possible partner. It was a mutually agreed that NUCHEM would 
communicate with BioTrol on the subject. 
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IV. SUMMARY
 

Highly industrialized and developed countries like the U.S. reaped the benefits of fast 
industrialization and cultural growth which were far of most of the world. However, 
this fast growth led to environment-related problems. Not surprisingly, the U.S. has 
also become a leader in the science of environment protection and waste 
management. For this reason, the efforts of US-AEP to globalize the environmental 
protection science and technology developed in the U.S. should be appreciated. 

During this visit to the U.S., Dr. Sriram and NUCHEM have gained a substantive 
understanding of new technologies for water and waste management, treatment, and 
remediation. Dr. Sriram strongly believes that possible cooperation between NUCHEM 
and some of the companies he visited will take shape in the near future. NUCHEM 
may seek further help from US-AEP and WEC in the event that such discussions are 
needed. NUCHEM's in-road into the environmental field that began a few years ago 
has been strengthened, and the company purposes to go ahead in put forth great 
efforts in the area of environmental science and technology. 
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February 11 

February 14 

February 14 

February 15 

February 16 

APPENDIX A 

ITINERARY 

Depart from India for New York City. 

Depart for Washington, DC. 

Contacts: 

Swarupa Ganguli and Sarah Gober
 
World Environment Center
 
1600 Wilson Blvd.
 
Arlington, VA 22209
 

Emily Harwit & Jeff Hallet 
Sanders International 
1616 P Street, NW 
Washington, DC 20036 
tel. 202-939-3480 
fax 202-939-3487 

Contacts: 

Science Applications International Corporation 
7600A Leesburg Pike 
Falls Church, VA 
tel. 703-734-3102 
fax 703-821-4721 

Contacts: 

RCG/Hagler Bailly 
1525 Wilson Blvd., Suite 750 
Arlington, VA 
tel. 703-351-0300 
fax 703-351-0342 
contact: Tom Copeland 
issue: Environmental Audits 

Nancy Edwards, Radian Corporation 
tel. 703-713-1500 
fax 703-713-1512 
issue: Environmental Audits 



February 17 Contacts: 

Mike Norman and Bob Sachs, Bion Technologies, Inc. 
206 N. Parrot Avenue 
Okeechobee, FL 34972 
tel. 813-357-0332 
fax 813-357-2727 
issue: Biological Wastewater Treatment 

February 18 Contacts: 

A;an Cylei, Orlando Constructed Wetlands Site 
City of Orlando - Environmental Services Department 
5100 McLeod Road 
Orlando, FL 
tel. 407-246-2213 
fax 407-246-2886 
Issue: Biological Wastewater Treatment 

February 21 Contacts: 

Jim Connor, Apopka Lake Constructed Wetland Site 
Lakeland, FL 
issue: Biological Wastewater Treatment 

February 22 Contacts: 

Raymond Smith, InterBio 
10201 Mayfair Drive 
Baton Rouge, LA 
tel. 504-665-1903 
fax 504-292-6665 
issue: Siological Wastewater Treatment 

February 23 Contacts: 

Howard Hohl, Celgene Corporation 
7 Powder Horn Drive 
Warren, NJ 
tel. 908-271-1001 
fax 908-271-4184 
issue: Biological Wastewater Treatment 



February 24 Contacts: 

Bob Reich and Fran Robertaccio, E.I. Du Pont de Nemmours & 
Company, at Du Pont Engineering 
tel. 302-366-2965 
issue: Biological Wastewater Treatment 

February 25 Contacts: 

XYTEL 
801 Business Center Drive 
Mt. Prospect, IL 60056-2179 
tel. 708-299-9200 
fax 708-699-1807 
issue: Sky-Gas Technology 

February 28 Contacts: 

Chemical Waste Management & WMX Technology & Services, Inc. 
Oak Brook, IL 
issue: Biological Wastewater Treatment and Waste Management 

March 2 Contacts: 

Jim Higgins, BioTrol, Inc. 
10300 Valley View Road 
Eden Prairia, MN 
tel. 612-942-8032 
fax 612-942-8526 
issue: Biological Wastewater Treatment 

March 3 Contacts: 

Montgomery and Watson 
Washington, DC 

March 5 Depart for New Delhi 
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