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FRANK AVILA, P.E., P.L.S.
Chairman of Finance, Commissioner
Metropolitan Water Reclamation
District of Greater Chicago
100 E Erie. St., Chicago, IL, 60611
Ph:312.751.5620 Fax: 312.751.5625
E-mail: Frank.Avila@mwrd.org
Welcome to the 2nd Annual Water & Waste Management (WWM) International Conference &
Expo! As the Chairman, it’s an honor to once again be a part of this historic environmental event
in the second largest populated country with one of the fastest growing economies. Hyderabad
is known as the IT and Pharma capital of India with 8 million people spread over 250 square
miles, and we believe that it creates a perfect platform to explore solutions in water and waste
problems.
We encourage you to meet people in the industry, make valuable connections, get a glimpse
of the sustainable future, see new perspectives, and feel engaged. With thousands of municipal
commissioners & industry representatives attending in addition to hundreds of consultants,
students, foreign delegates, and industry & state representative stalls, WWM International
Conference & Expo provides unsurpassable educational value.
It means a great deal to us to have the opportunity to share the knowledge and passion for
water & waste solutions to communities worldwide. We know you feel the same and hope that
your time here at WWM International Conference & Expo will embolden and ready you to take
on some of the most pressing environmental issues of our time. Thank you for your part in being
an everyday water & waste hero.
Sincerely,

Frank Avila
Commissioner of Metropolitan Water Reclamation District of Greater Chicago
Chairman of WWM International Conference & Expo

1213 Stonebriar Court, Naperville, IL 69540 USA
Tel: +1 630-848-1933; Fax: 630-848-1934
www.ctwt.us
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Dr. Prakasam Tata, Ph.D., BCES, QEP (Emeritus)

Executive Director,
Center
for Transformation
of Waste Technology,
Executive
Director
Naperville, IL 60540, IL USA

Center for Transformation of Waste Technology
Naperville, IL 60540, IL USA

It gives me great pleasure that the 2nd International Conference on Water and Waste Management
is taking place in the great city of Hyderabad, Telangana, India. This conference like the 1st
International Conference organized in 2019 is the result of a concerted and diligent effort of a group
of committed volunteers from the United States of America and India, who care for sustaining an
environment without pollution. Many attendees who participated in the last year’s conference gave
us their positive feedback on how they have benefitted by the networking opportunities and mutual
sharing of knowledge and experience with the visiting delegates working in the water and waste
management field. We have expanded the scope of this year’s conference by including several
sessions that address specific areas relevant to the water and waste management operations and
practices.
We are indebted to all the international delegates for readily accepting our invitation, sparing
their valuable time to travel to India, and for participating in the conference to share their knowledge
of the environmental field with their counterparts in India and vice versa. It is my hope that the
conference will provide an opportunity for collaborative efforts that result in improving the quality
of our water environment.
The organizers of the conference thank the sponsors of the conference and the various
volunteers, who have donated numerous hours to make this conference happen.
Best wishes,
Dr. Prakasam Tata,
Executive Director, CTWT,
Co-Chairman of the Conference

Syama Pappu, P.E
Conference President

Dear Conference Delegates,
It gives me immense pleasure to welcome you all to this 2nd International Conference on Water
and Waste Management. Our 1st International conference held during Feb 19-20, 2019 was a
great success. All the attendees and sponsors of this conference encouraged us to continue our
journey with an expanded way. Based on the experience of the first conference we decided to
hold the second conference with 8 tracks. Each track is unique and reflects the knowledge base
and customer requirements.
Conducting this conference of international nature with 8 tracks, and involve the key USA and
International organizations and their experts require good effort. We worked hard with various
organization leaders, to realize the dream of participation of their experts in our conference.
Thanks to all the support extended by our Chairman of the Conference Commissioner Frank Avila,
and Co-Chairman Dr Prakasam Tata in achieving this task.
My heartfelt thanks to the International Speakers, who spent their valuable time, and travelled
all the way to India, to share their knowledge. This instills confidence in me that we can reach
greater heights, together in achieving our dream of “Green and Clean” Environment a reality.
Syama Pappu, P.E,
Conference President

President
Gilbert Trejo
El Paso Water, TX
Vice President
Craig Lichty
Black & Veatch, CA
Treasurer
Diane Taniguchi-Dennis
Clean Water Services, OR
Secretary
Karen Pallansch
Alexandria Renew
Enterprises, VA
Past President
Paul Jones, II
Eastern Municipal Water
District, CA

January 30, 2020
Mr. Sam Pappu
President
Water & Waste Management Conference 2020
Dear Mr Pappu:
On behalf of the Board of Directors and members of the WateReuse Association, we thank
you for including our association in the Water & Waste Management International
Conference and Expo. Across the globe, water recycling is increasingly recognized as an
important component of water management. Your conference plays an import role in
providing an opportunity explore technical solutions and share knowledge.
We wish the attendees and organizers of the conference great success in the second year.

Sincerely,

Patricia Sinicropi
Executive Director
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January 31, 2020
Commissioner Frank Avila, P.E., P.L.S.
Professor Prakasam Tata, Ph.D., BCES, QEP (Emeritus)
Syama Pappu, P.E
Bhaskar Chilukuri
Water & Waste Management Conference
2nd International Conference & Expo
Dear Conference Committee members,
It is both a pleasure and privilege to congratulate all of you, and the conference attendees, for what
promises to be an excellent and productive second conference international event in Hyderabad, India.
On behalf of our Board of Directors, Partners, and Subscribers of the One Water Academy, I would like to
thank you for including the Academy as a conference partner. It is also been a pleasure participating in the
first conference in 2019 and serving on the technical committee of this second conference in 2020.
The mission of our Academy is to provide a one water knowledge platform to advance resilience. There is a
significant need for an educated and experienced workforce for a one water resilient world. This Water &
Waste Management Conference is certainly helping to further advance knowledge and education through
the dedicated professionals who will be participating either as a speaker, panelist, exhibitor, or attendee in
this second conference.
We wish you great success for this and future conferences!
Sincerely,

Amit Pramanik, Ph.D., BCEEM
Executive Director

8

Water & Waste Management

January 19, 2020
Commissioner Frank Avila, P.E., P.L.S.
Sam Pappu, P.E.
Water & Waste Management Conference & Expo
Hyderabad, India
Dear Commissioner Avila and Mr. Pappu,
On the occasion of the opening of the Water and Waste Management Conference and Expo, I wish to
extend to you and through you to all of the conference attendees, my heartiest congratulations.
The Illinois Section of the American Water Works Association (ISAWWA) believes in engaged and
empowered water professionals advocating for safe and sustainable water throughout the world. Our
water resource is dependent on the development of a skilled and educated workforce. By creating this
conference, you are sharing ideas and moving forward the education and research of water and waste
management.
Congratulations. What you are doing is very important. With the commitment and dedication of
leaders like you, Water and Waste Management Conference and Expo can make a difference in the lives
of many.
We wish you great success.
Sincerely yours,

Laurie Dougherty, CAE, CTF
Executive Director
Illinois Section AWWA

Fax: 866-521-3591 | Web: www.isawwa.org
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Netherlands

Leeghwaterplein 45
2521 DB Den Haag
Tel: +31 70 3150 793
Fax +31 70 3477 005
E-mail:water@iwahq.org
www.iwa-network.org

Dear delegates and participants

On behalf of International Water Association, it is my absolute pleasure, as the Executive Director of
the International Water Association, to wish you all a successful and productive 2 nd International
Conference on Water and Waste Management.
Water is essential for human survival and therefore a common subject across cultures and
civilisations. It unites us all, with water, wastewater and waste management being separately
connected in urban management.

Looking back, there has been an impressive expansion of knowledge amongst the world’s leading
water professionals. Making friends across the world is a way to bridge practice and find solutions
that endure over time. This is the spirit, the IWA takes into the flow. The International Water
Association is the global network of water professionals connecting over 10,000 experts from over
140 countries.
We believe that only with the continuous exchange of experts from the industry and important
stakeholders from beyond the sector, we can tackle and overcome the water challenges we are
facing.

In this respect, I welcome the participants and delegates and congratulate the organisers of the
Water and Waste Management 2nd International Conference 2020 taking place in Hyderabad, India.

The importance of the topics of water and wastewater, and solid waste management for sustainable
development of the region, for the society, the economy and the environment requires to be
emphasised.

This event bringing together experts from urban water management, industry and agricultural
water users, and providing a platform for knowledge exchange and discussions with architects and
urban planners, soil and groundwater experts, hydrologists, social scientists, the ICT sector, the
financial sector and others, in turn propelling the development towards a sustainable future.

In a world, where access to safe drinking water and sanitation is not available to all, we, the experts
must come together to proceed, to set the agenda and to inspire change. Only together, we can
shape our future.
I wish you a successful and inspiring conference.
Kala Vairavamoorthy

IWA Executive Director
IWA-International Water Association

www.iwa-connect.org

With Best Complements
Dr Prakasam Tata Ph.D
President, Bharathi Theertha
1213 Stonebriar Court, Naperville, IL 60540 USA
A 501 C 3 Organization

www.bharathitheertha.org

Serving for a Better Environment
“Be the Change that you want to see in the world”
_ Mahatma Gandhi
“You Came Empty Handed and Will Leave Empty Handed.”
_ Bhagavadgita
“Ask Not What the Country Can Do for You, Ask What You Can Do for Your Country.”
_ John F. Kennedy

KEYNOTE SPEAKERS

Shri. Rajeshwar Tiwari, IAS

Spl. Chief Secretary,
Environment, Forests, Science
and Technology

Dr. Rajat Kumar, IAS

Secretary,
Irrigation and Command
Area Development

Shri. Rajiv Ranjan Mishra, IAS
Director General,
NMCG

MissionDirector,
National Water Mission (NWM)

Shri. Dana Kishore, IAS

Dr. B. Janardhan Reddy, IAS

Managing Director,
HMWSSB

Shri. C. Partha Sarathi, IAS
Director General,
EPTRI
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Shri. G. Ashok kumar IAS

Principal Secretary,
Agriculture

1. Water and Wastewater : Speakers
Dr. Prakasam Tata
Dr. Tata has more than six decades of experience in the field of Water and
Wastewater Treatment. He is serving as the Executive Director of the Center for
Transformation of Waste Technology, Naperville, IL USA. He retired as the Head of
the R &D Environmental Monitoring and Research Division, Metropolitan Water
Reclamation District of Greater Chicago, IL USA. He also served on the faculties
of Cornell University, Ithaca, NY and the Illinois Institute of Technology, Chicago,
IL USA. He coauthored four books and published more than 150 papers and reports.
He received many awards.After his retirement from the Water Reclamatio District of Greater Chicago,
he founded a nonprofit organization, Bharathi Theertha, in USA in 2003, and has been devoting his
time in doing humanitarian service and projects in India.

Shri Sriram Vedire
Shri Shriram Vedire is adviser to the Ministry of Water Resources, River Development
and Ganga Rejuvenation, Government of India. He will be advising the Ministry in
all the matters pertaining to the water sector that includes Ganga Rejuvenation, Interlinking of Rivers, ensuring availability of clean and potable water,ensuring availability
of adequate water for agricultural purposes to ensure food security to the nation and
on any such matters as may be referred to by the Ministry.
Shri Vedire worked as an Engineer for 15 years in USA and returned to India in 2009. He was associated with the
Parliamentary Standing Committee on Water Resources and advised it on various aspects of Water Management
(like ‘Ground Water Recharge’, ‘National Water Policy 2012’ etc.). He was also a member of the team set up by the
Union Minister for Water Resources Sushri Uma Bharti to study and suggest measures to maintain Aviral (uninterrupted and continuous) flow of River Ganga at Tehri Dam and other such dams obstructing the river’s flow.

Dr. Amit Pramanik
Dr. Amit Pramanik is an environmental engineer with >30 years of progressive
experience in the water, sanitation, and public health sector, including non-profit
research and consulting in the USA and developing nations. He has a successful record
of collaborative work and outreach with world-renowned subject matter experts,
volunteers, subscribers, and researchers in the water / wastewater industry; as well as
in the planning, management, and direction of research in this arena. Dr. Pramanik
currently serves as Executive Director for the not-for-profit One Water Academy, and previously served as
the Chief Innovation and Development Officer for The Water Research Foundation.

Mr David Mullan
Mr. Mullan by training is an economist. He worked as a Principal in a consulting
engineering firm for three decades and specialized in the design, construction, and
operation of decentralized wastewater treatment systems. He is currently serving as a
Director at the Center for Transformation of Waste Technology.

Water & Waste Management
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Mr. Stephen McCracken
Mr. McCracken has a Master degree in Economics. He also has a Masters degree
in environmental science. He has many years of experience in the environmental
field working in developing countries. He is currently serving as a Director at the
Conservation Foundation, Naperville, IL. He is currently conducting several studies
on water quality issues pertaining to rivers and streams and storm water control.

Reed Dring, P.E

Mr. Dring has been in the Wastewater Industry for approximately 30 years. He
is presently employed at the Metropolitan Water Reclamation District of Greater
Chicago (MWRD) as Operations Manager at the Calumet Water Reclamation
Plant (CWRP). He worked in the Engineering design section for a brief period,
but most of his tenure has been in the Maintenance and Operations Department.
Mr. Dring has worked in different capacities at five of the seven MWRD Water
Reclamation Plants from Sewer Control to Plant Manager of the Hanover Park
WRP. He was in charge of the Technical Projects section which was the go between with MWRD and
the Environmental Protection Agency and in charge of the Waterways Section which operated the
Chicago Area waterways, via locks, gates, and even two -six megawatt generators. These waterways are
the means of transporting storm water away from the city as opposed to reversing and discharging into
Lake Michigan which is the drinking source for millions of citizens.

Professor (Er.) Dr. Devendra Swaroop Bhargava
Professor (Dr) Devendra Swaroop Bhargava1, Roorkee University (now IIT)’s retired
Professor (Environmental), has taught since 1960 (after, Post-Graduation1 in Public Health
Engg., with near 100% results in external examination system) at various Institutions
including the Indian Institute of Technology, Kanpur, Asian Institute of Technology,
Bangkok (on deputation by the Indian Govt in 1986 & 1988) and at BE,ME,PhD almamaters. In between he availed foreign scholarship (through Indian Government) and
served the Central Board for the Prevention and Control of Water Pollution, New Delhi, Uttranchal Government
Advisor (Quality Control Cell) to Mela Adhikhari, Ardh Kumbh Mela-2004, Haridwar. As Editor of Indian
Survivor Journal of Institution of Surveyors India, and Indian Journal of Environmental Protection.
Prof. Bhargava authored over 500 research papers/articles & recipient of 32 academic-awards including the
UGC’s most prestigious SP award shared with likes of AmartayaSen, NarulHasan as WB-Governor, etc, &
figures in Marquis Who’Who etc. 2 times Parliament-Questions answered about his researches (LokSabha
Q.no.2338/82; RajyaSabha Q.no.195/83).

Alan G Paine
Alan has worked with multiple International companies throughout his career. He
holds both British and American Citizenship and mainly resides in N. Carolina USA.
During his career Alan has been involved in automotive braking systems, high precision
bearing technology and precision pneumatic instrumentation. Alan has held Senior
Director roles with Thomson Industries of America, Fairchild Industrial Products and
Rotork PLC. He is currently working in a consulting role for Binder Group Germany
on an International basis.
16
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2. Women Leaders in WWM : Speakers
Pat Merryweather-Arges
Pat Merryweather-Arges is a Rotarian from the Rotary Club of Naperville since
2002, and served as District 6450 Governor 2012-2013.
Pat is the Regional Rotary Foundation Coordinator and serves as the District
International Service Chair. Pat served as the Zone 28-29 2016 Chair and Chair
of the Presidents International Peace Conference held in Chicago She served as
the Club President and received her Club’s Rotarian of the Year and Four Avenues
of Service Awards. She has served the District as District Grants Chair for 3 years and Diversity Chair.
As a Rotarian Pat has traveled to about a dozen countries working on Rotary projects and has attended
Rotary Day at the United Nations, and a Rotary Middle East Peace Conference in Turkey. Pat’s projects
include solar ovens, water wells, and medical equipment and missions. Pat has received the Rotary
Foundation Meritorious Service Award and the Rotary International Service Above Self Award.
Pat is Executive Director of Project Patient Care where she works with patients, families, and caregivers to
have their voice heard in health and healthcare through advocacy, public health policy, and collaboration
with providers. Pat is married to George, a Rotarian, and they have four sons, three daughters-in-law,
and vie grandchildren.

Brianna Huber
Brianna’s thirst for acquiring and sharing knowledge in conjunction with her
adventurous spirit are the foundation and energy of her life journey. She has worked
in public health for 18 years; with the last six years spent as the Chemist and Assistant
Department Head for the City of East Moline Water Filtration Plant. Brianna’s
overarching goal as a water professional is to #buildthefutureofwater. She achieves
this goal by concentrating her energy on four important facets of the water industry:
women in water, internships and mentoring, smart water and analytics, and emergency management.

Ayushi Trivedi

Ayushi Trivedi is the Gender and Social Equity Research Analyst at the World
Resources Institute. She supports deep dive integration of gender and social equity
in projects across the institute through quantitative and qualitative research. Her
research includes exploring women’s role in water management and infrastructure
sectors, analyzing gender equality as a solution to water-related conflicts, and
drafting guidelines for inclusive and equitable urban forestry for city governments.
Before joining WRI full time, Ayushi interned with them for a year while completing her M.A. in
International Economics and International Development at the Johns Hopkins School of Advanced
International Studies in Washington D.C. She also holds a Post Graduate Diploma in Economics from
the University of London and a B.A. in Economics from the University of Delhi, India. She has interned
with several government and non-government organizations in India, conducting field work and desk
research on issues relating to gender, urban development, and employment generation. She is currently
based in Washington, D.C.
Water & Waste Management
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Ms. Carolyn Grieves, P.E
Ms. Carolyn Grieves, P.E is responsible for leading business development efforts
throughout Chicago’s northwest suburbs for Baxter & Woodman.
Ms. Grieves joined Baxter & Woodman in 1996 and has held the positions of Senior
Design Engineer, Project Manager, Client Manager, Water Department Manager, and
Environmental Department Manager.
Throughout her career, she has served in both managerial and technical roles related
to public works infrastructure projects. She is active in many industry organizations and is currently the
ISAWWA Trustee at Large, chair of the ISAWWA Safety and Emergency Management Committee, and a
member of the Water Efficiency Committee and the Water for People Committee.
Superior project execution and exceptional client service has made Carolyn a natural fit for this leadership
position. In this role, she’ll be well positioned to share her skills in developing new business and building
client relationships. Ms. Grieves earned her Master of Science degree in Environmental Engineering from
the University of Iowa and her Bachelor of Science degree in Civil Engineering from the University of Illinois
at Champagne-Urbana. She is a licensed Professional Engineer in the State of Illinois.

Dr. Vani Dittakavi , Ph. D.
Dr. Vani Dittakavi , Ph. D. School of Life Sciences, University of Hyderabad.
MS. Nagarjuna University specialized in Soil Microbiology.
A former Postdoctoral Research Associate at University of Illinois and Rush University.
Published several articles in peer reviewed journals related to plant water relations,
stress physiology, pharmacognosy and molecular biology.
Skilled volunteer at Morton Arboretum, Tree Physiology department, working on sap
flow in trees. Executive Director in Chicago Andhra Association a 501c3 nonprofit organization. Actively
focusing in developmental projects of the organization in supplementing pure water and renovating schools
in rural areas of the Andhra Pradesh State, India. Currently involved in welfare and women Empowerment
projects for the low income and underprivileged.

Kate Thompson

Kate Thompson is a Principal with Deloitte Consulting serving international
clients in the public and private sectors. She currently leads a portfolio of global
programs funded by international donors and financial institutions that are focused
on strengthening good governance and service delivery, inclusive and innovative
financing, increasing women’s access to safe water, sanitation and other urban
services, empowering women, employing youth and scaling entrepreneurship.
Kate’s successful leadership of these and other programs is predicated on her
understanding of how to structure and implement technical assistance that is evidence-based, designed
for and by the people, communities and systems it serves, and sustainable. Kate is an expert in how to
design programs that achieve systemic change, by aligning incentives, creating value and partnering
with business, government and civil society. Over the course of her career Ms. Thompson has lived and
worked in over 45 countries. She has led and advised the world’s largest multinational corporations,
consulted to more than 120 national and sub national government leaders, and implemented some of
the most complex donor-funded technical assistance programs in countries across Africa, Asia, and the
Middle East. Kate has a B.A. in Anthropology from the University of Arizona; an MBA from Pepperdine
University; and a Masters in Law and Diplomacy from the Fletcher School at Tufts University.
18
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Ms Vasavi Chakka
Vasavi Chakka is a community leader, a leadership coach, mentor, and strong advocate
for value-based education. She brings her passion for public service, teamwork,
leadership skills and, tenacity to build strong alliances to benefit the community. With
her 15 years of leadership development expertise she conducts various workshops, and
speaks at public events on leadership in India and USA.

Ratchita Sarimanond

Ratchita Sarimanond is the Geologist/Hydrogeologist of American Groundwater
Solutions, LLC.
Ms. Ratchita earned her Master’s in Science in Geo-informatics and her Bachelor
of Engineering degree in Geotechnology at Suranaree University of Technology
in Thailand.
Before joining AGS in Thailand, Ms. Ratchita joined the consultant company
from 2005 to 2015 and has held the position of Assistant Water Resource Manager. In 2018 to 2019,
she worked with research units for Geo-spatial Engineering and the Innovation Center at King
Mongkut’s University of Technology Thonburi, and she got a chance to join as a guest speaker for local
administrative organizations in different regions of Thailand regarding Geographic Information System
and groundwater map data.
She used her knowledge and skills to help support geological, hydro geological and geo-informatics
data for AGS by helping to collect and prepare basic information on topography, geology, hydrogeology
and groundwater wells. This assists in the planning phase of the groundwater bank operations and has
helped many local government organizations in Thailand.
Currently, in addition to her job as a groundwater business development manager for Geo & Civil
Services Company Limited, she has devoted part of her time working in charity for various organizations
related to groundwater such as committee for Hydro geologist Association of Thailand, Groundwater
network for Department of Groundwater Resources, and data support team for AGS in Thailand.

Vertica Dvivedi
Vertica Dvivedi is the founder of WADE ASIA, the platform for women in design and
professionals working for the built environment. She is also the chief curator of the
annual architecture conference of WADE and passionate about working for Water. This
has led to the creation of her campaign of bringing women together for water awareness
called Women-Water-Warriors. Vertica Dvivedi is the recipient of several awards for
entrepreneurship and ASIA BOOK OF RECORD holder for the mass attempt which
created a world record with the largest formation of W shape on ground by all women. W stands for Water
and Women. It also stands for WADE which is the largest platform for females in architecture, interior
design, art and engineering in Asia. For WADE FOUNDATION, she is the chairperson and has started to
work passionately for Water Awareness. Website: www.wadefoundation.in, vertica.in, www.wadeasia.com
A recipient of several awards, an early stories about how Vertica Dvivedi started her entrepreneurial journey
is published by Jack Canfield for Westland Publishing in one of their books Chicken Soup for the Indian Soul
at work, with the story titled ‘Passion Unstoppable’. Her life so far has been intense with griping challenges
and equally delightful successes.
Water & Waste Management
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3. WWM in Agriculture : Speakers
Dr. Praveen Rao Velchala
Dr. Praveen Rao Velchala is the First Vice Chancellor of Professor Jayashankar
Telangana State Agricultural University, the youngest State Agricultural University
in India, since April, 2016. Heis regarded as a prominent contributor to microirrigation scenario in India by conceiving,formulating and implementing the
world’s largest microirrigation project, Andhra Pradesh Microirrigation Project,for
small holder farmers covering over 1.0 million ha under agri-horticultural crops
in the Southern States of Telangana & Andhra Pradesh.
A strong believer in digital technology outreach to end users,his work in agroknowledge management
contributed to developing digital knowledge material on 142 drip irrigated agri-horticultural crops
that helped in creating new capabilities, decision criteria for diffusion and adoption, and enhanced
stakeholder value. The website www.sugarcanecrops.com on sustainable drip irrigated sugarcane
production created by him benefited drip-irrigated sugarcane growers in several countries.
A dedicated academician, he has to his credit over 164 research papers in peer reviewed national &
international Journals, several field irrigation practical manuals, books, crop growing manuals, project
documents, DVD films, invited international and national presentationsetc., covering different aspects
of micro-irrigation and fertigation management. Mentoring budding agronomists is a favorite past time
andhe stands as an inspiration to many of his students who worked for their masters (11) and doctoral
(12) programmes, some of whom have received prestigious national research awards.
His professional commitment has won him several accolades –Leader with strategic vision bestowed
by Agribusiness summit and Agri Awards 2019, Best Vice Chancellor 2018 by AIASA and IAUA, Life
time Achievement (RythuNestam) Award (2018), Education Leadership Award (2018), Fellow of CHAI
- 2018,Life time Achievement Award (2015), NetAward, Israel (2006) & Leadership Award (2005), to
name a few for promotion of microirrigation in India, Africa and SE Asia.He is an active member
of several international professional bodies viz.,ASA, SSSA, CSSA, ASABE, ISHS etc as well as Life
Member of several professional bodies in India.He presently serves as Member, Governing Board and
AGM of the ICAR and several technical and policy making think tanks related to agriculture and rural
development inICAR and Telangana State.
SeveralEducational, Research and Extensionreformsand Inter-institutional collaborations both in India
and abroad initiated by Dr. Rao as VC enabled thePJTSAU achieve top Rank in 2018 among SAUs in
India within a short span of 4-years.

Dr Halis Simsek, PhD
Assistant Professor
Agricultural & Biosystems Engineering
North Dakota State University, Fargo, ND 58108 USA
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Dr Bernard (Bernie) A. Engel ( Keynote Speaker)

Dr Bernard (Bernie) A. Engel ( Keynote Speaker)
Associate Dean of Agricultural Research and Graduate Education
Purdue University, USA
Bernard A. Engel is a Professor of Agricultural and Biological Engineering and
Associate Dean of Agricultural Research and Graduate Education. Bernie received
his B.S. and M.S. from the University of Illinois and his Ph.D. from Purdue. His
research interests are Soil and Water Engineering with a focus on hydrologic/water quality model
development and application. In addition, he develops readily used environmental decision support
tools. These application areas are supported with research in fields of GIS, remote sensing, optimization,
and artificial intelligence. He is a Fellow of the American Society of Agricultural and Biological Engineers
(ASABE) and recipient of the ASABE Gilley Academic Leadership Award.

Dr. Noureddine Hamdi

Noureddine Hamdi is a associate professor at the Department of drilling an water
engineering of the Higher Institute of Water Sciences and Techniques (ISSTEG,
University of Gabes, Tunisia) and member of laboratory of composite materials
and clay minerals, National Center for Research in Materials Sciences (CNRSM).
Noureddine received a Ph.D. in materials sciences and environment in 2008 at
Sfax University. His research interests cover the field of solid waste storage in
controlled site and synthesis of new minerals materials (Geopolymer and ceramic
membrane from clay minerals). Noureddine has served on many conference committees in the field
of water, materials and environment and he chaired the International water forum in 2018. He has
published over 60 papers and has been a Fulbright Lecturer at Case Western Reserve University in 2016.
Since 2014 he is the director of the ISSTEG.

Thanet Natisri
Thanet Natisri, a self-taught groundwater expert. He was enlisted by the Thai military
to come up with a way to keep water out of the cave during the Cave Rescue in Chiang
Rai province, Thailand in June to July, 2018. Thanet is a Thai native, who moved to
and has lived in USA since 2004.He was already working in Thailand at the time the
incident took place, helping with a Groundwater Recharge project with the Department
of Local Administration of Thailand to help ensure people would have enough water
in the dry season. Thanet received a call from the Thai military on June 28 saying they
needed his expertise for a rescue operation. In the beginning, he didn’t think it was going to be this big. But
later on, it was one of the most difficult water management rescue missions anyone had ever seen. His job
was to coordinate the efforts of civilian, military, and volunteers to control the amount of water in the cave,
and to come up with solutions to lower the water level inside the cave and stop water from going in.
The team that he coordinated included soldiers, volunteers, a geologist, a hydrologist, engineers, U.S. military
rescue personnel, and cave divers from the United Kingdom, as well as Navy SEALS from several countries.
Natisri, who received the Southern Illinois United Nations Association Human Rights Defender award, has
been giving back to his home country and region for years, helping residents of rural Thailand, Myanmar and
Malaysia get consistent access to fresh water.
https://youtu.be/RyMmQ9aB2aI, https://youtu.be/J-fjwPyy9-A
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Dr Sarat Kannepalli, PhD
Dr. Sarat Kannepalli is an environmental scientist currently working with an
international non-profit environmental advocacy group in India. He is working
to quantify economic and environmental benefits associated with climate smart
agricultural practices across > 7000 small and marginal scale farms in Bihar state,
India. He has a Ph.D. in environmental sciences from Rutgers University, New Jersey,
USA and M.S. in environmental science from Stephen F. Austin State University,
Texas, USA. His areas of research interests include implementation of climate smart
agricultural practices, estimating agricultural greenhouse gas emissions at scale, surface water quality issues
and biological waste treatment technologies. He is a recipient of New Jersey Water Environment Association’s
(NJWEA) Kenneth S. Stoller award for research excellence in “Solid and Hazardous Waste Management”
and John J. Lagrosa award for research excellence in “Water Quality Control and Environmental Protection”.

BRAHMA KUMARI ARUNDATI
B.K. Arundathi is a multi-facet faculty, dedicated to the service of Humanity and God.
She is in the path of Spirituality and Meditation from 1994. She has been offering her
voluntary services as a dedicated member to the Global Socio-Spiritual Organisation –
‘Prajapita Brahma Kumaris Ishwariya Vishwa Vidyalaya’ from the past 22 years.
She is specialized in conducting programmes in Rural area specially for formers
empowerment. She had offered her services in various parts of Andhra Pradesh,
Telangana, Mount Abu, Headquarters of the organisation benefiting thousands of people. As a Meditation
guide and state coordinator she uses to plan & conducts campaigns time to time.
As a translator and writer she served in the finalization of articles published by the organization and translated
Yogic forming book of the organization. She is also into the research in the fields like spirituality in practical
life, mind and body, thought power, values etc. She is the State coordinator for Rural Development Wing (
RERF – Rajyoga Education & Research Foundation) of Brahma Kumaris. She is well versed in giving lectures
in many topics viz., Inner strength, Formers Empowerment, Value Based life style, Stress management … Its
all in the mind, Parenting skills, Thought power, Mind management, Communication skills, Art of Positive
thinking, Harmony in Relationships and the like.
She has given various TV talks in Maa TV, HMTV.
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4. Water, Sanitation, and Hygiene : Speakers
Dr. Roger Iliff, MD
Dr. Iliff had his intitial education and training as an environmental engineer. After
serving as an Environmental Engineer for the US Army, he joined medical school,
and obtained his MD degree from the San Francisco School of Medicine. After
being in medical practice, he retired three years ago. He is also currently involved
in doing humanitarian service as a Rotarian of the Rotary Club of Naperville, IL
USA. He visited India in 2018 along with D. , Tata, and explored the Aruku Tribal
area with the intention of doing a water supply project in the region to serve the needs of the tribal people.

Dr. Thomas Granato, Ph.D., BCES
Thomas Granato, Ph.D., BCES- Retired Director of Monitoring and Research for
the Metropolitan Water Reclamation District of Greater Chicago (District)
Dr. Granato holds a Bachelor of Science degree in Agricultural Science and
a Master of Science degree in Soil Chemistry from the University of Illinois at
Urbana-Champaign, as well as a Ph.D. in Environmental Soil Science at North
Carolina State University. He is a certified environmental scientist by the American
Academy of Environmental Engineers and Scientists.
Dr. Granato, was the director of the Monitoring and Research Department of the Metropolitan Water
Reclamation District of Greater Chicago, where he was employed for 29 years. The Department conducts
environmental monitoring to assess regulatory compliance and impacts of District operations, applied
research to provide technical support for operations and administers the District’s Industrial Pretreatment
and User Charge programs. The Department also leads long term strategic capital planning.

Dr Hari Kumar
Dr Hari Kumar, is HT-Aesthetuc Surgeon & Anti-Aging Specialist.. Associate
Professor at Maheswara Medical College..strongly believes in beautification of
Mind in addition to beautifying the body..conducts various preventive health
awareness in addition to elective HT surgeries.
His enthralling debates in more than 60 TV channels , Independently conducting
5 National Level Holistic Health & Anti Aging conferences influenced many
medical doctors colleauges to initiate Blissful Doctors Spreading Smiles Movement Globally. His
workshops, trainings & sessions helped many clients across the globe in bringing Holistic Attiude,
Scientific Temper, Focus , Self Responsibility, Self responsibilty & Blissful Service quotient to contribute
to the society development in a large scale.

Dr. Ravi Durvasula

Dr Ravi Durvasula, MD, is the chair of the department of medicine of Loyola
Medicine and Loyola University Chicago Stritch School of Medicine. He had
assumed his new role at Loyola on November 1, 2017. Dr. Durvasula is a world
leader in global infectious diseases research. He has pioneered a new approach to
control the spread of vector-borne diseases, including Leishmaniasis and Chagas
disease. Dr. Durvasula is an author of five books and more than 120 peer-reviewed
publications, abstracts and conference proceedings.
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5. Solid waste : Speakers
Ms. Ruth Abbe

Ruth Abbe Zero Waste USA President. Ms. Abbe will talk about Best Practice for
Cities in the USA. Ruth Abbe is the president of Zero Waste USA, the national
affiliate of the Zero Waste International Alliance. The mission of Zero Waste USA
is to inspire communities to embrace and achieve Zero Waste. She is a Zero Waste
practitioner with more than 25 years of experience in recycling and composting
program and facility development. As the principal of Abbe & Associates LLC,
she is working with municipalities across the U.S. to develop the social and physical infrastructure to
achieve Zero Waste. In her home city of Alameda, California she is a grassroots leader with Community
Action for a Sustainable Alameda (CASA).

Mr. Pal Martensson
Pal Martensson, Goteborg, Sweden Born 19491214 Swedish , Education: Technical College
70-72, Goteborg University 1972-76, Pal Martensson worked for the City of Goteborg,
Department of Sustainable Water and Waste Management. Pal is a member of ZWIA,
ZWEU and Swedish Waste Management Group for recycling. He works for the Zero Waste
concept all over the world and has a large experience of waste management. Pal managed
5 recycle centres in Goteborg the famous Kretsloppsparken Alelyckan. International
speaker about waste, reusing, recycling, influencing citizens behaviour and so on. Pal is a valued speaker at many
international events sharing his technical knowledge and field experience on Zero Waste concept

Mr. Richard Anthony
Richard Anthony is Chair of the Zero Waste International Alliance (ZWIA) and several
other Zero Waste NGO’s. Mr. Anthony will the Zero Waste Approach
Richard V. Anthony began his career in Public Administration in 1971 as a manager of
the California State University Long Beach Recycling Center and received a MS in Public
Administration in 1974. Mr. Anthony has worked his entire career in environmental
program management positions Richard Anthony is a founder and member of the
Board of Directors of the California Resource Recovery Association, the Grassroots Recycling Network, the
Zero Waste International Alliance and Zero Waste San Diego.
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6. Resource Recovery – Energy : Speakers
Cliff Haefke

Cliff Haefke has 19+ years of experience in the energy industry and is the Director
of the Energy Resources Center (ERC) at the University of Illinois at Chicago
(UIC). The ERC is an interdisciplinary public service, research, and special projects
organization that works to improve energy efficiency and the environment,
providing expertise in the areas of energy efficiency, distributed generation,
and biofuels/bioenergy. Cliff serves as Director of the U.S. DOE Midwest and
Central Combined Heat and Power Technical Assistance Partnerships, the Assistance Director of the
U.S. DOE Industrial Assessment Center, and as President of the Midwest Cogeneration Association.
Cliff has a Bachelor’s Degree in Mechanical Engineering from UIC and a Master’s Degree in Business
Administration from the UIC Liautaud Graduate School of Business.

Mr Suresh Jambunathan
Mr Suresh Jambunathan completed his BE (Petrochemical Engineering) in 1994 from
the Maharashtra Institute of Technology (MIT-P) and an MS (Food Science) in 1997
from the Pennsyslvania State University, PA in the USA. His experience includes
process design, project management and project financing across Food, Beverage &
Agricultural processing and petrochemical plants. His functional expertise includes
dairy plant design plus developing Energy recycling and water and wastewater
treatment projects. Suresh has developed, designed-commissioned and helped finance several projects.

Prof Sushant Anand
Dr Sushant Anand is currently working as Asst Professor, Department of Mechanical
and Industrial Engineering, University of Illinois at Chicago. His Education includes
B.S., Mechanical Engineering
Indian Institute of Technology, Kharagpur, India, M.S., Thermal, Energy and
Environmental Engineering
Indian Institute of Technology, Kharagpur, India, and Ph.D, Mechanical Engineering
University of Cincinnati, Ohio.
He has published several papers, and details are at: https://mie.uic.edu/profiles/anand-sushant/

Ram Madugula, P.E
Ram Madugula, P.E President Power Engineers Collaborative, Chicago USA
Mr. Ram Madugula is the President of Power Engineers Collaborative LLC and has
over 37 years of experience designing power plants across the U.S. and around the
world. In this current capacity, he directs power projects with various customers.
He has a Bachelor’s and a Master’s degree in Mechanical Engineering, has been
elected as an ASME Fellow, and has several professional engineering licenses
across U.S. and Canada.
Water & Waste Management
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7. Business Groups : Speakers
Dr. Ajit Pant
Dr. Ajit Pant is an Alum of IIT Roorkee and Delhi College of Engineering, India.
He holds an MBA from Faculty of Management Studies, Delhi University, and
was awarded an Honorary Doctor of Science Degree from Plekhanov Academy
of Economics, Moscow for his thesis relating to the breakup of the Soviet Union.
He also has a Diploma in Advanced Russian from Jawahar Lal University (JNU)
in India.
He is one of the Founders and current President of the US India Chamber of Commerce, Midwest, USA.

Mr Chetan Kale P.E
Mr Chetan Kale is the founder and principal of Kaletech, LLC. Before starting his
own company Mr Kale has worked extensively on major civil engineering projects
in Chicago land area. Mr Kale has over 20 plus years of experience in all facets of
Environmental Engineering in India, USA and East Africa.
Mr Kale was part of the design team for a major runway expansion project at O’Hare
International Airport. He has also worked on the Masterplan studies with Metropolitan
Water Reclamation District of Greater Chicago.
His design experience includes Water Treatment Plant Design, Storm Sewer modeling, Energy Neutrality
Studies, Drainage design, Sanitary Sewer study, Sewage Treatment plant studies and Industrial Waste treatment.
He has a B.S in Civil engineering from University of Mumbai (VJTI) India and MS from Illinois Institute
of Technology, Chicago specializing in Environmental engineering. Chetan Kale is a licensed professional
engineer in the State of Illinois, Indiana, & Wisconsin. He is also a LEED accredited professional and has
worked on Gas & Energy projects.
Professional Affiliations: Chetan Kale is a member of American Society of Civil Engineering (ASCE),
American Water Works Association, Water Environment Federation, President of Architecture, Engineering
and IT division US-Minority Contractors Association.

Ajith Radhakrishnan
Ajith Radhakrishnan, is a Senior Specialist at the World Bank and the Country Coordinator
for 2030 Water Resources Group [2030 WRG] in India. The 2030 Water Resources Group
(2030 WRG) is a public, private, civil society partnership of the World Bank Group.
2030 WRG drives innovative, public-private sector participation in service delivery
through Multi-Stakeholder Platforms (MSPs). Working with state governments
and the national government, 2030 WRG has helped design and roll out impactful
initiatives targeting water use efficiency, water reuse, private sector participation, and innovations
in alternative financing and wastewater exchange platforms. Shifting the narrative from supply-side
interventions to demand-side management in the states, 2030 WRG has created value addition to farmers,
regulators and operators, implementing circular economy solutions across the space.
Ajith holds advanced double graduate degrees; a Master’s in Agricultural Management and a Master’s in
Public Administration. He was a Fulbright Fellow, at the School of International and Public Affairs (SIPA),
Columbia University, New York.
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Dr. H. Purushotham
Dr. H. Purushotham is currently holding the position of Chairman and Managing
Director, National Research Development Corporation (NRDC) a Central Public Sector
Undertaking under the Ministry of Science & Technology, Govt. of India. He obtained
B.Tech degree in Chemical Engineering from Andhra University Visakhapatnam (1982),
M.Tech from IIT Kharagpur, M.B.A. from IGNOU and PhD from Osmania University.
He has acquired over 35 years of diverse experience across the innovation value chain by
working at different government institutions of repute. He has also served as a Director
in the NICCO Corporation, Andaman Fisheries Ltd. and Shilpi Aqua Culture Pvt. Ltd. and as an Investment
Committee Member of UTI, India Ascent Venture Fund, Gujarat Venture Fund Ltd. and Venteneast VC Fund of
APIDC and member of several committees of government bodies (DST, DSIR, MoMSME, MHRD, TIFAC, TDB,
CSIR, etc.) promoting innovations. He was trained at (i) Venture Capital Institute (VCI), Washington, USA on
“Venture Capital Funding”,(ii) National Business Incubation Association (NBIA),USA on setting up of “Technology
Business Incubators”,(iii) MDI on “How to Engage and Use Consultants” and (iv) ASCI on “Management of R&D
Systems”. His core competencies are multidisciplinal R&D process development, scale-up, IPR Management,
technology transfer, techno-economic feasibility analysis, incubation, entrepreneurship and start-up, consultancy,
venture funding, industrial R&D project reviews and monitoring, etc. He is a recipient of about 12 awards including
“Meritorious Young Consultant Award 1991” Instituted by Consultancy Development Centre, Ministry of Science
& Technology 1991. BSE-SKOCH Award 2016, International Association of Advanced Materials Medal 2017,
ASSOCHAM and Indian Chambers of Commerce & Industry Awards 2017 for promoting R&D and Innovation
in the country. Under his leadership NRDC got “Best PSU Award” from Governance Now and he was awarded a
“CEO of the Year 2017” from Indian Chambers of Commerce. He has authored/ co-authored 65 project reports,
5 book chapters, one book, published/ presented 85 research papers in various journals and conferences, filed
three patents and helped industry in commercializing more than 200 technologies in different sectors. Now, as a
CMD of NRDC, Dr. Purushotham is sphere heading Commercialisation of Innovative Technologies developed by
various public funded R&D Labs and Universities in the country and contributing significantly to Start-up India
and Make in India Missions of Govt. of India. He has brought a turnaround in NRDC.

Mary Conley Eggert
Mary grew up on Water Street in Watertown, Wisconsin, and gave her first talk on water
at age 10. After receiving a Bachelor degree from the University of Wisconsin, Madison,
and an MBA from Northwestern University - Kellogg School of Management, Mary
went on to work for Accenture, Dale Carnegie, Envestnet Wealth Management and Tech
Image. She created and ran an Internet Agency that played a key role in two Internet
firsts, the first futures exchange on the Web and the first real-time futures trading site.
Mary came back to water by way of a Pakistani water charity. Her search for a replacement for their 30-year-old
RO system introduced her to WEFTEC, leading to a partnership with Israel’s NewTech to promote the 2016
Israel/California Water Conference. Since then, she has helped create and sponsor 6 water industry events,
40 roundtable programs and 30 expert videos. She was named one of 100 Water Heroes in the #Running
Dry campaign for her efforts to advance global water security with the development and promotion of smart
water technologies. She is an active member of WEF, AWWA, the Smart Water Alliance Network, Alliance
for Water Efficiency and the Water Pro Community. Her personal network of water industry professionals
numbers in the 10s of 1000s, and spans the globe.
Her company Global Water Works finds customers for water technology companies. By partnering with
industry experts who understand how the water industry operates to support engagement and education,
Global Water Works is able to cut the normal water technology adoption time of 10-30 years down to under
three years.
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Dr. Kamal Taori, IAS
Dr.Kamal is from the Uttar Pradesh cadre and holds a doctorate in Rural
Entrepreneurship. He has worked as Collector, Commissioner and Union Secretary in
many departments besides leading the Council for Advancement of People’s Action and
Rural Technology (CAPART) and Chief Executive Officer, Khadi & Village Industries
Commission (KVIC), nodal agencies for catalyzing and coordinating the partnership
between voluntary organizations and the Government for sustainable development of
rural areas as well as village industries.
Dr.Kamal Taori is a former Secretary to the Government of India who describes himself as a “non-conformist”.
When asked to speak about his growing up years he says, “I was born in Wardha (Maharashtra), a year before
India gained Independence. I went on to serve in the Indian Army from 1966 to 1972, and later joined the
Indian Administrative Service where I served till 2006 in various capacities.”

Robert Binder
After completing his studies in Mechanical Engineering Robert focused on Fluid
Dynamics and Measurement & Control Instrumentation. He worked 10 years as a
Sales Engineer and Office Manager for Measurement & Control at VIA GmbH and
later as Sales Manager and shareholder at KWW Process Engineering GmbH.
Through an acquisition by Alfa Laval he became the International Sales & Marketing
Director for the Instrumentation division. Alfa Laval was then acquired by Tetra Pack
and Robert established the Binder Engineering GmbH in 1996 acquiring the Instrumentation division from
Alfa Laval Flow as an MBO. Robert acquired and founded additional sales and manufacturing companies
across Europe and Asia creating the BINDER GROUP AG and establishing Representative and Distributor
networks to guarantee local customer services.
Trademarks like COMBIMASS, VACOMASS, BETA and INSTRUM belong to the Binder Group that
manufacture pressure & temperature switches, pressure regulators and gas flowmeters for industrial
applications as well as aeration control systems for the biological process in sewage treatment plants. Robert
is the inventor and Patent holder of various products designed to achieve sustainable solutions, providing
better control for a better environment that reduces the global carbon footprint.
Robert is an active member of different esteemed associations such as the German DWA - Water & Waste
Water, German Biogas Association, IWA, GWP - German Water Partnership where Robert is the Deputy
Head of the China Section.
Roberts company vision is “to be the global industry leader in Aeration Control Systems for waste water
treatment and Biogas Monitoring. Respected and admired by our customers and competitors for our people,
products and performance. We will constantly strive to supply the best technology, superior customer service
and value, providing better control for a better environment”

Filza Shaikh
Filza Shaikh is working as a Process Engineer at Binder GmbH. She is also responsible
for the Business and Market development in India. She moved to Germany after
completing her Bachelor’s in Chemical Engineering from KLE College of Engineering
& Technology, Belgaum, India to pursue her Masters in Chemical and Energy
Engineering from Otto Von Guericke University, Magdeburg, Germany.
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Dr Lakhwinder Hundal
Dr. Hundal has over 25 years of leadership experience in the field of wastewater
treatment, water reuse, groundwater monitoring, resource recovery, and environmental
sustainability. He can move smoothly between innovation and commercialization
roles to improve top-line and profitability of companies. Dr. Hundal is currently
serving as CEO of InNow India Pvt. Ltd. (a wholly owned subsidiary of InNow LLC
USA). InNow specializes in providing integrated innovative and sustainable solutions
for treating groundwater, wastewater and surface water using proprietary technologies from US, Australia,
Germany, Israel and Europe. Before joining InNow, Dr. Hundal was Supervising Environmental Scientist at
the Metropolitan Water Reclamation District of Greater Chicago, IL USA. He retired as Head of Biosolids
Utilization and Land Reclamation team of the Monitoring and Research Division. He also served on the
faculties of Iowa State University and University of Notre Dame, IN, USA. Dr. Hundal has published more
than 45 peer-reviewed articles in the international journals. He has coauthored 15 book chapters and more
than 200 reports. He has been recognized by US EPA and NACWA (National Association of Clean Water
Agencies).

Shri. A.B. PRABHU RAJ
Shri. A.B. PRABHU RAJ B.Tech (EEE) , MBA (Finanace & Bnaking) , Currently
working as General Manager (Technology ) & Centre Head for National Small
Industries Corporation, A Governament of India Enterprises,( Under Ministry of
MSME),Technical Services Centre,Hyderabad,Telangana.
Professional Summary : Professional with strong Business acumen in the field of
(BFSI) - “Banking, Financial Services & Insurance Domain with IT expertise and
worked for one of the Leading Nationalized Bank of India ‘s- DIT ) and One of the Wold’s most leading MNC
IT Organisation ( IBM ) and with Overseas Experience/Exposure for over 25 plus years, which includes 18+
years of expertise in the field of Information Technology & other areas of Core Emerging Technologies.

Subijoy Dutta
A registered Professional Engineer (P.E.) in Maryland and other US states with eligibility for
licensing conferred by the National Council of Examiners for Engineering and Surveying
(NCEES). Designed an innovative well intercepting plan to successfully kill the Deepwater
Horizon oil spill (Macondo Well) in August 2010. Studied the bathymetric profile of the
seashore to develop the plan.Authored the following two books: Environmental Treatment
Technologies for Hazardous and Medical Wastes – Remedial Scope and Efficacy, published
in March 2002 by Tata McGraw Hill Publishing Company. Sustainable Mining Practices – A Global Perspective
published July 2005 by Balkema Publishers (now a subsidiary Francis Taylor Group, UK).
Urban and suburban cities in India generate a large volume of wastewater. Most of this wastewater is discharged
to streams and rivers without appropriate treatment. Often the cost of wastewater treatment is prohibitive for
these cities and municipalities. To address this issue, Subijoy Dutta studied the use of various low-cost biological
treatment systems for several years since the onset of his Yamuna River Cleanup Effort in 1992.
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8. IT/IoT in WWM : Speakers
Dr Sukanya Randhawa
Dr Sukanya Randhawa is AI researcher at IBM and creator of IBM’s ‘Bluewater Eye’.
Her focus lies in developing innovative technology solutions that integrate several
emerging technologies such as AI, Geo-spatial analytics with focus for applications
in water quality and precision agriculture space. In the water space, her work is geared
towards developing scalable geospatial technology (“IBM Bluewater EYE”) with
advanced AI tools for using satellites as low cost water sensors for monitoring water
pollution and deriving insights for studying environmental impact for rivers/lakes.

Prof Supratik Guha PhD
Supratik Guha is Professor at the Pritzker School of Molecular Engineering at the
University of Chicago, and a Senior Scientist at Argonne National Laboratory. Prior to
joining the University of Chicago and Argonne, he was at IBM Research where, between
2010 - 2015, he was Director of Physical Sciences. His research interests are in the areas
of materials, devices and systems for information processing systems of the future. In
particular, recently, he has been interested in large area sensing networks for geospatial
applications such as water and soil management. He is a member of the US National Academy of Engineering,
and a Fellow of the Materials Research Society and the American Physical Society.
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THINK IT SYNC IT
THE ULTIMATE IN
CRITICAL AND
EMERGENCY

POWER
MANAGEMENT

Sync-Power Services, Inc. is a full-service one-stop provider of
emergency power generation, protection and power distribution
solutions. We are Servicing and Engineering Company. Company
was founded by team of Engineering Professionals with many
years of global experience in Engineering, Design, Analysis, and
Product development, Manufacturing and Services in Mechanical

2095 Hammond Dr.
Schaumburg, IL 60173
Off: 630-855-9646
Fax: 630-981-2409
Contact@Sync-Power.com

and Electrical Domains.

www.sync-power.com
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Rural and Urban
Wastewater
Treatment
Technologies in India
Dr. W. R. Reddy, Ph.D.
Director General
NIRD-PR
Hyderabad, Telangana
Dr. P. Sivaram, Ph.D.
Professor, NIRD-PR
Hyderabad, Telangana
&
Dr. Prakasam Tata, Ph.D., BCES, QEP (Emeritus)
Executive Director
Center for the Transformation of
Waste Technology
Naperville, IL 60540 USA
prakasamtata@gmail.com
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Rural and Urban Wastewater
Treatment Technologies in India
Dr. W. R. Reddy, Ph.D.
Director General
NIRD-PR
Hyderabad, Telangana
Dr. P. Sivaram, Ph.D.
Professor, NIRD-PR
Hyderabad, Telangana
&
Dr. Prakasam Tata, Ph.D., BCES, QEP (Emeritus)
Executive Director
Center for the Transformation of Waste Technology
Naperville, IL 60540 USA
prakasamtata@gmail.com
For the purpose of discussing potential wastewater treatment options, areas in rural and/or semi-urban
areas can be generally characterized as follows:
•

Squatter colonies (e.g., in the outskirts or in other areas where migrants from rural or other places
establish their primitive residences without municipal water supply or sanitation facilities)
• Cluster colonies (groups or clusters of houses or hamlets in a village or other small areas adjacent to
towns, etc.)
• Narrow streets without drains
• Narrow streets with drains
• Market areas
• Existing and expanded road networks with drains or underground sewers in towns and cities
• Newly developed colonies with a wastewater collection system and sewerage that lead to a
centralized wastewater treatment system.
Wastewater Treatment Options for Various Areas
a) Squatter Colonies: 1) provision of pit privies, 2) Community Toilets equipped with septic tanks,
3) Sulabh Complexes with user fees.
b) Cluster Colonies and Small Village Communities:
1) Provide a place for construction of community latrines for inhabitants of those houses that do
not have latrines.
2) If feasible, build a community biogas plant to process animal and human wastes and have it
maintained by an environmentally conscious and caring NGO.
3) Connect all gray water through covered drains into a common place such as a Magic Pit
(Soakage Pit). Make sure that the soaked gray water does not contaminate ground water. If
feasible pump the water, i.e, the supernatant collected in the magic pit to an irrigation field
planted with banana trees to produce a cash crop of banana leaves, fruit, or plantains.
Water & Waste Management
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4) If the community has a large population (~ 400 to 1, 000 people) consider building separate
toilet and bathroom complexes for men and women, collect the sewage and gray water and treat
it by a decentralized wastewater treatment system such as a septic tank or a waste stabilization
pond. Also, provide a safe drinking water system, and offer to sell the water produced for a small
fee. The fee can be used for maintaining the toilet and bathroom complexes.
Decentralized systems mentioned may be configured differently for use in the rural and urban areas.
Commonly used technologies are mentioned below that can be applied in rural areas. Only those onsite and advanced on site systems that are applicable are listed below along with their strengths and
weaknesses. The scope of including design criteria is beyond the scope of this report.
On-site Wastewater Treatment Systems- Strengths and Weaknesses
The commonly used or considered on-site disposal systems in rural areas are two-pit latrines, septic tanks,
soakage pits, magic pits, biodigesters, and biotanks.
For the treatment of wastewater generated in small communities and urban areas other types of treatment
systems are available. Waste stabilization ponds, duck weed ponds, oxidation ditches or ponds, trickling
filters, activated sludge process and its various modifications, upflow anaerobic sludge blanket reactors
sequencing batch reactors. More recently consideration is also being given to fecal sludge management
Selection and design criteria are not within the scope of this report. Advantages and disadvantages of
these wastewater treatment systems are presented below.
Two Pit Privies: These are the most commonly used toilets by households in rural areas. Feces urine, and
ablution water are the common inputs by people using the toilet in a village home. When a pit is filled, the
other pit is connected to the toilet. By the time the second pit is filled, the material in the first pit is dried
and ready to be dug out and used as manure. The process of alternating the use of the pits is the mode of
of operation of the two pit privy system.
Strengths
a. Very little water is required; only for
ablutionary purposes
b. Can be designed for people who squat and
who uses a sitting toilet
c. Alternating pits allows for excreta to drain,
digest, and to become nutrient rich manure
d. Avoid contamination of surface water and
soil if properly designed, constructed, and
maintained
e. Can be constructed with local materials at a
low cost
f.

34

Fly and mosquito nuisance can be
eliminated if the squat plates are installed
properly.
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Weaknesses
• a.There may be a foul odor and may
provide a favorable place for mosquitos and
flies to breed
• b.Susceptible for failure when floods occur
• c. If superstructure is not constructed
properly and does not provide privacy,
light, and ventilation family members are
unlikely to use them
• d. If not d, they designed properly to suit
the use by children they are unlikely to use
them

Septic Tanks: Septic tanks can be built with masonry as a one, two compartment, or three compartment
tanks separated by baffles, or prefabricated concrete or fiber reinforced plastic tanks for ready installation.
Baffles are arranged to allow a plug flow pattern of sewage entering into the tank. An inlet fitting on the
tank is connected to a drain pipe from the households to transport the sewage into the tank. An outlet
fitting is connected to a drain pipe which empties the effluent from the tank either into a soak pit or a
leaching field for further treatment.

Strengths
a. Can be used with individual homes, with
communities, hotels, motels, and camp
sites, etc
b. Maintenance costs are low
c. Very little operator skill is needed
d. Very little space is needed unlike other
treatment systems

Weaknesses
a. In some cases, they may contaminate
surface and groundwater resources
b. Foul odors due to poor maintenance or
clogging by fats, oils, grease, and other
objects. Poor maintenance also may cause
soil contamination
c. Can be a source of mosquito, insect and fly
breeding
d. During rainy season there is a risk of
• overflowing due to flooding

Soak Pits: Soak pits are designed to further process the effluents discharged from septic tanks traeating
domestic sewage comprised of both the gray water and black water. For the exclusive treatment of gray
water, i.e, water used in bathrooms, kitchens, laundry, and other ablutionary water not mixed up with
sewage, magic soak pits can be used. The strengths and weaknesses are listed below
Soak Pits
Strengths
a. Can be used effectively to process sewage
from individual homes and clusters of
homes in villages

Weaknesses
a. Sewage has to be treated effectively to
produce an effluent that so that it does not
clog

b. If properly designed, can process the daily
discharged effluents from septic tanks built

b. Amenable to flooding and overflowing in
rainy season

c. Can be built with local materials

c. It is quite possible that sokage pits
eventually clog and need to be dug out and
new pits have to be constructed

d. Low capital cost
e. Low maintenance

d. Groundwater may be contaminated
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Magic Soak Pits
Strengths
a. Open drains can be eliminated that carry
gray water

Weaknesses
a. Not useful to treat combined effluents

b. Eliminates mosquito breeding that usually
occurs in open drains

b. Functions well only when gray water does
not contain any debris or materials that
clog

c. Can be constructed with easily available
materials

c. Tendency to overflow during monsoon
season

d. Can be constructed on a small space

d. May need a storage basin to store the
excess flow that cannot percolate due to
soil conditions. Pumping from the storage
tank for irrigation becomes necessary not
to allow mosquito breeding of mosquitos

e. Effective groundwater recharge possible

Biodigesters/Biotanks:The Defence Research and Development Organization (DRDO) has developed
various types of biodigesters that are suited for treatment of wastewater generated by army personnel
at various altitudes including at the ground level. Biotank is one kind of a primary treatment unit that is
applicable to the treatment of wastewater in rural areas. The strengths and weaknesses of these units are
given below.
Biodigester/biotank
Strengths
a. Better primary treatment than septic tanks
• Up to 90% more efficiency claimed

Weaknesses
a. Not well suited for individual home
application

b. Licensed product using specially made
b. When effluent is passed through a reed bed
bacterial additives
BOD and pathogen removal are expected to
c. Needs skilled operation
be more than 98 percent
c. Final effluent after the treatment of
effluent through reed beds is safe for
irrigation

d. In the hands of rural households and
communities chances of failure in
performance is high

d. Effluent can be stored in another tank
and then can be used to irrigate fields and
grow non edible crop and edible crops like
banana plantation

e. Individually when used needs a polishing
step like passing the effluent through reed
beds.

e. Can be prefabricated and transported to a
site where it is needed
Wetlands: Wetlands, as defined at the convention held in Ramasar, a city in Iran, are areas of marsh,
fen, peatland of water, whether natural or artificial, temporary or permanent, with water that is static or
flowing, fresh, brackish or salt, including areas of marine water the depth of which at low tide does not
exceed 6 meters. Natural wetlands have the capacity of purifying water. Wetlands can be designed and
constructed to treat wastewater and effluents from other treatment units.
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While there are several opportunities to use wetlands for handling wastewaters and their purification,
there are several threats to natural wetlands for their very existence to treat wastewater in a natural
setting, providing groundwater recharge, and recycling nutrients, etc.. The threats to natural wetlands
are pollution, agricultural discharges, rising sea levels, sediments, chemical contamination, industrial
pollution, acid rain, altered flow diversion, construction of levees and dikes, development, encroachments
for constructing buildings, etc., increasing erosion, dumping, draining, etc.
Wetlands can be constructed to purify wastewater. Artificially constructed wetlands (both surface flow and
vertical flow types) can be applied for both on site and decentralized wastewater treatment.
The strengths and weaknesses of natural and constructed wetlands are given below.
Strengths
a. Natural wetlands provide for flood water
storage

Weaknesses
a. Climate change adversely affect the quality
of natural wetlands

b. Provides for groundwater recharge and for
water supply

b. Increasingly becoming vulnerable because
of anthropogenic activities

c. Improves water quality

c. Swamps are breeding grounds for insects
and mosquitos

d. Helps nutrient recycling, furthering
removal of pollutants
e. Ecological benefits such as harboring
diverse flora and fauna
f.

g.

d. Constructed wetlands need space and
money for their construction

e. Constructed wetlands require skilled
operation and maintenance, lest they
Provide useful products such as fish, timber,
become defunctd s
reeds, medicinal plants, fertile lands for
agricultural production
Attracts tourism and provides for
recreation

Decentralized Wastewater Treatment Systems (DEWATS)
Decentralized wastewater treatment systems, that are generally available for the treatment of wastewater
are as follows: 1) pond systems (waste stabilization ponds (algal and duck weed), oxidation ditches), 2)
trickling filters, 3) activated sludge process and its various modifications, 4) rotating biological contactors,
5) upflow anaerobic sludge blanket reactor (UASB), 6) and sequencing batch reactor (SBR). Other DEWATS
include a sedimentation tank like a septic tank, anaerobic digester followed by an anaerobic baffled reactor,
anerobic filter, from which the effluent is treated in a reed bed or a constructed wetland. These types of
systems are applicable to semi-urban and urban areas. With the exception of pond systems, they are not as
applicable in rural areas because of their complexity in comparison to the on-site technologies described
previously. They need skilled operators. Otherwise, they become defunct and become an eye soar and a
haven for breeding mosquitos and insects.
Progressive industries that have their manufacturing facilities in rural, semi-urban, and urban areas and
made a commitment to clean production and sustainable clean environment may implement the more
complex treatment technologies.
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Most of the water resources in India are polluted. There is a great need to clean up the pollution of water
resources (e.g., streams, lakes, rivers, and groundwater) that threatens the health of people and survival
of the aquatic species. As the Swachh Bharath campaign continues to take hold, opportunities are bound
to increase in India concomitant with its economic growth for the construction of more treatment plants
using the above mentioned decentralized technologies. The strengths and weaknesses of the above
technologies are given below.
Waste Stabilization Ponds
Strengths
a. High removals of suspended solids and
pathogens

Weaknesses
a) Requires a large land area

b. Resistant to shock loads
b) Requires a large land area
c. Low operating costs
d. Low electrical or no electricity costs
depending on the type of design (algal
pond systems, aerated pond systems,
facultative, and anaerobic lagoons, and
differently configured pond systems, duck
weed ponds)
e. If designed properly, sludge need not be
removed for decades
f.
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Can be used to treat high strength
agricultural wastes as well as municipal
wastewater
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Trickling Filters
• Strengths
• Weaknesses
a. Simple and reliable process that is suitable
a) Additional treatment may be need
where large tracts of land are not available
for more stringent requirements of
for a WSPS
effluent quality
b. Suitable in areas where large tracts of land
b) Possible accumulation of excess
are not available for land intensive treatment
biomass that cannot retain an
systems such as WSPS.
aerobic condition and can impair TF
performance (maximum biomass
thickness is controlled by hydraulic
dosage rate, type of media, type of
organic matter, temperature and nature
of the biological growth
c) May qualify for equivalent secondary
c)Requires regular operator attention
• discharge standards.
d) Effective in treating high concentrations of
organics depending on the type of medium
• used.
e) Appropriate for small- to medium-sized
• Communities
f) Rapidly reduce soluble BOD in applied
• wastewater.
• g) Lower power consumption compared to
activated sludge process.
• h) Level of skill to operate is moderate
i) Efficient nitrification units.

d)Incidencef clogging is relatively high.

e)Requires low loadings depending on the
• medium
f)Flexibility and control are limited in comparison with activated-sludge processes
• g)Vector and odor problems. Psychoda
fly nuisance occurs.
• h)Odour problems
• i)Maintenance of rotary arms is an
arduous process when repairs are
needed. Usually a crane is needed
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Activated Sludge Process
Strengths
a. Efficient process with possibilities of
achieving highly purified effluents that
meet secondary and Tertiary Wastewater
Treatment processes

Weaknesses
a) Very difficult to maintain and operate
in developing countries due to lack of
properly trained operators and managers.

b) Requires regular operator attention. High
b. Reliable, biological process, when operated
level of skill and technical expertise needed
properly.
c. Suitable in areas where large tracts of land
• are not available. Low foot print in
comparison to land treatment systems.
d. Can be designed and configured for small,
medium, and large communities
e. Rapidly reduces soluble BOD in applied
wastewater.
f.

Efficient nitrification units with proper
loading rates and operation

c) High capital cost to build and high routine
operating and maintenance costs
d) Energy intensive because of pumping and
aeration, and sludge management
e) Problems such as bulking and rising
of sludge occur due to lack of proper
operation. These problems are are difficult
to solve when the process is not regularly
monitored using lab methods and other
functional on-line monitoring methods

f) Unlike lagoon systems, process success
depends on maintaining food to
h) Process modifications possible for achieving
microorganisms ratio at all times to achieve
effluents with low nutrient ( N & P)
the desired performance of achieving high
concentration in the final effluent
quality effluents
i) Durable process elements, when operated
and maintained properly.
j) Moderate to high level of skill and technical
expertise needed to manage and operate
the system.
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Rotating Biological Contactors (RBCs)
Strengths

Weaknesses

a. High contact time between sewage and
microorganisms; high effluent quality
possible
b. High process stability, resistant to shock loads
c. Within a short contact time stabilization of
wastewater possible because of large contact
area of rotating discs; nitrification is possible
d. Low space requirement

a. Continuous power supply needed; but less
energy than activated sludge and trickling
filter processes
b. Contact media locally not availability
c. High capital cost as well as high
maintenance and operation costs

g. No risk of channeling

g. Sometimes stringy sludge may be produced
h. Continuous stable performance is difficult
to achieve unless careful attention is given
to maintenance and operation

d. Must be protected from elements, i.e.,
sunlight, wind, rain etc.
e. Well drainable sludge in clarifier
e. Odour problems
f. Process is relatively quiet unlike in activated f. Requires skilled operators
sludge process

Upflow Anaerobic Sludge Blanket Reactor
Strengths

Weaknesses

a. Simple, reliable, biological process

a. Treatment may be unstable with variations
in hydraulic and organic loads
b. Requires skilled operators for maintenance
and operation. Difficult to maintain proper
hydraulic conditions; needs careful balance
of upflow of sewage through the sludge
blanket and settling rates
c. Long start up time to work at full design
capacity
d. Power is needed at all times

b. Suitable in areas where large tracts of land
• are not available for land intensive
treatment systems.
c. Can withstand high organic and hydraulic
loading rates
d. High reduction of BOD achievable
e. Low sludge production

e. Parts may not be available locally and
spares need to be stored
f. Biogas generated can be used for energy
f. Needs expert design and construction
experience
g. No aeration required; less energy g. Needs further treatment of effluent and
consumption
sludge
h. Effluent rich in nutrients and can be used for h. Effluent that is anaerobic needs to be
irrigation
freshened by aeration
i. Small footprint for construction, can be i. Odour problems
constructed underground
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Sequencing Batch Reactors
Strengths
a. Equalization, primary clarification (in most
cases), biological treatment, and secondary
clarification can be achieved in a single reactor
vessel.
b. Operating flexibility and control, when
power is available at all times and skilled
operators are thre to manage

Weaknesses
a. A higher level of sophistication is required
• (compared to conventional
systems),especially for larger systems, of
timing units and controls.
b. Higher level of maintenance (compared to

• conventional systems) associated with
more sophisticated controls, automated
switches, and automated valves
c. Small footprint unlike land based treatment c. Potential of discharging floating or settled
systems
sludge during the DRAW or decant phase
with some SBR configurations.
d. Potential capital cost savings by eliminating d. Potential plugging of aeration devices
clarifiers and other equipment
during selected operating cycles, depending
on the aeration system used by the
manufacturer.
e. Potential requirement for equalization after
the SBR, depending on the downstream
processes.

Epilog
Developing countries have a long way to go for protecting their water resources from pollution. However,
it is encouraging that the Swacccha Bharat Mission has undoubtedly created awareness among the rural
and urban population more than ever before about the importance of water conservation and protection
of water resources from pollution. Technologies do exist to treat wastewater generated by urban and
rural communities for their However, it is important to choose technologies that are cost effective and
appropriate for their optimal performance It is equally important to maintain and operate treatment
systems for their satisfactory performance. Otherwise, the systems that are already built and the treatment
systems that will be built in the future are destined to perform poorly or even fail.
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Case Studies in Wastewater
Reclamation and Reuse Technology
David Mullan,
Center for the Transformation of Waste Technology, Naperville, IL 60540
Wastewater if properly managed can be a valuable resource. If not properly handled, it can be
not only a nuisance but also can cause and spread disease. About 12 % Chicago’s population
died due to consumption of contaminated Lake Michigan water in 1897. Waterborne
diseases are a common occurrence in developing countries because of the consumption of
contaminated drinking water. Developing countries can benefit from the lessons learned by
developed countries in the treatment, disposal, and utilization of wastewater. In this paper,
several case studies that the author is associated with are presented to illustrate the challenges
of wastewater reclamation and reuse technology and the opportunities that can benefit
municipalities and land developers. The examples presented illustrate the applicability of the
technology in settings ranging from entire metropolitan areas, to small-scale developments
for business campuses and residential subdivisions that include effective approaches for the
treatment wastewater with design elements that not only promote the conservation of water
but also the utilization of wastewater as a resource. Emerging economies such as India can
benefit by a consideration of the principles of design applied in the following case studies for
treating wastewater generated in small as well as large communities for beneficial use.

Muskegon, Michigan
The Muskegon metropolitan area in the state of Michigan, USA is home to over 150,000 people
and 200 businesses and industries, as well as two very fine and heavily used State Parks located
on its long Lake Michigan coastline. The County boasts two of the longest rivers and largest
“drowned” inland lakes in the entire Great Lakes basin—White River and White Lake in the
northern and smaller urban area, and Muskegon River and Muskegon Lake in larger urban
area. In the 1970s, the area experienced high unemployment—13% to lead the nation—as well
as severe water quality degradation due to its aging industrial base located on the two lakes.
The following passage describing the Muskegon County Wastewater Management System
(population equivalent of 420,000) is reprinted from the U.S. EPA (Region 5, Chicago) publication,
Wastewater: Is Muskegon County’s Solution Your Solution? August 1970, p. 30:
“Muskegon County has innovatively transformed a comprehensive idea for utilizing and
renovating wastewater by land treatment into a very cost effective operational system. Their
land treatment system has nearly eliminated industrial and municipal pollutants from the 27
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million gallons of wastewater treated each day, thereby protection the County’s lakes and
streams as well as Lake Michigan. It has utilized wastewater as water and fertilizer to grow over
a quarter million bushels of corn in 1975 on previously unproductive land, thereby reducing
operating costs. This successful wastewater system is also serving as a focal point in the
County’s efforts to revitalize their economy. This booklet has been prepared for both urban
and industrial communities that face wastewater and economic problems that might benefit
from the Muskegon County experience.”
The Muskegon Wastewater Management System became the first urban project in U.S.
EPA’s history (the agency was created in 1970, just before construction started in 1973). The
Muskegon system is the foundation for the technology of wastewater and nutrient recycling
that developed into the advanced Sheaffer Reclamation & Reuse system.

Chancellory at Hamilton Lakes, Illinois
The Wastewater Reclamation and Reuse system that serves The Chancellory at Hamilton Lakes
business campus is a landmark in the advancement of modern water resource management.
The principle of managing wastewater as a raw material to be recycled beneficially lies at the
heart of the “integrated total water quality management system,” which distinguishes this first
class office and hotel center from all others in the nation. It started as a truly a self-sufficient
development and continues as an environmentally sustainable employment and business
complex.
Self-sufficiency became the goal of the Trammell Crow Company as it sought to overcome a
sea of barriers preventing development of this prime 274-acre site strategically located on I-290
on the west side of O’Hare Airport in DuPage County, Illinois. The three barriers were:
A moratorium on new sewer connections due to capacity constraints at the Addison-Itasca
Sewage Treatment Plant.
Over pumping of deep aquifers threatening water supply availability, and Not allowing any
encroachment into the large drainageway bisecting the site due to flooding concerns.
Allen Hamilton, The Trammell Crow regional chief, heard Dr. John R. Sheaffer speak about
ecologically sound water management at a local conference, and challenged him to plan and
engineer a development that is self-sufficient and sustainable with respect to water resources.
In 1979, Dr. Sheaffer took up that challenge and formulated a comprehensive and integrated
water management plan for Hamilton Lakes. The Total Water Quality Management system is
designed with the following features:
Self-contained Drinking Water is supplied from two wells on the site in the shallow dolomite
aquifer (200”) with ground-level pneumatic storage tanks, with iron removal and lime-soda
softening.
Fire protection is provided by using the reclaimed water as the source, with irrigation
pumps and the large capacity of the storage reservoir as back up for the high-rise structures,
conserving fresh water for drinking needs and reducing fire rates materially.
Reclamation of wastewater is achieved in the deep anaerobic/aerobic treatment cells that
are free of nuisance odors commonly associated with STPs:
Filtration and disinfection facilities are provided to protect the public health.
Sewage solids (sludge) have been stored since 1980 in the space provided at the bottom of
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the cells.
Nutrient recycling nourishes the landscape vegetation, creating a lush setting for the
campus; including the PGA practice range, walking paths, and the building.
Slow-rate application of the reclaimed water enables the vegetation to utilize the nutrients
beneficially throughout the growing season.
The water then seeps through the soil’s “living filter.”
Discharge of the pollutants is eliminated to nearby Salt Creek, which is tributary to the
DuPage River, in the Mississippi River basin.
Nonstructural Stormwater Management (Conservation Drainage) is integrated with the
reclaimed water irrigation areas to create beautiful open spaces that are also functional:
Abate nonpoint pollution: Stormwater runoff from all buildings and paved surfaces is
collected in slow-flow grassed swales that store and filter the first inch of runoff (the most
contaminated).
Reduction of sediment loading: Sedimentation of solids in stormwater was achieved in
basins using native vegetation to provide a stilling environment that maximizes the removal of
suspended solids from the stormwater.
Mitigation of flood damage on-site and downstream: Stormwater was stored in five lakes
created on the site, which meander through the drainageway to help retain the waters of the
100-year storm.
Attenuation of peak flood flows: Stormwater was prevented from entering Salt Creek during
storms and by reducing the outlet volume and velocity of water released to pre-development
conditions.
The six million square feet of first-class offices and the hotel has provided jobs and a tax
base, proving the success of wastewater recycle and reuse (WRR) by bringing economic and
environmental benefits to the community.

Fields of Long Grove, IL USA
In 1988, The Fields of Long Grove was the recipient of the BEST IN AMERICAN LIVING Award of
the East North Central Region, a nation-wide recognition of this residential community as model
of Conservation Design and Development. Randal Arndt, the nationally known environmental
planner and author of the seminal book, Conservation Design for Communities, cited The Fields
of Long Grove as a premiere demonstration of environmentally advanced community planning
and design. A water resource plan was developed, which integrated water supply, stormwater
management, and wetland re-creation with the wastewater reclamation and reuse system that
recycles the water and nutrients on the site. The wastewater system was a key element of
the plan because it enabled the 87 homes and associated roadways to be clustered on just 53
of the 160 acres at the site, preserving 107 acres as permanent open space. The reclamation
and reuse system eliminates the point source discharge of pollutants from the site and the
stormwater management system eliminates the runoff, effectively abating nonpoint sources of
pollution from leaving the site.
The concept of The Fields of Long Grove is a community in harmony with its countryside
setting. By clustering the homes and preserving over 60% of the land as open space, the rural
atmosphere is preserved. A vista of landscaped open space rather than garages and backyard
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is preserved along the frontage of the arterial highway that borders the site. Natural amenities
include a restored native Illinois prairie and wildflower meadow, woodlands and glades, recreated wetlands, wildfowl ponds, walking trails and paths, and a lake with a recreation beach.
The spacious luxury homes are nestled in clusters of small lots within this natural setting. The
homes are sited so that backyards open onto the ponds, prairies, wetlands and woodlands.
The 33,000 gpd WRR system is integrated into this natural landscape. A 7-million gallon pond
with a houses the treatment cells and provides storage capacity. The odor control measures
implemented, native landscaping and subsurface aerators enabled the wastewater treatment
for the homes and provided a habitat for native and migratory waterfowl.
Odors are prevented because sewage influent is injected at least ten feet below the surface
of the pond and the water in the cells is heavily aerated for an extended period of 36 days. There
is no direct contact between the raw sewage and the atmosphere. Sewage solids (sludge) are
stored in the space provided at the bottom of the cells where they metabolize anaerobically
over 40 years into water soluble gases, which are oxygenated in the 8 foot deep aerobic zone
above. Residual inorganic matter (sands, grit, pebbles) that slowly accumulate are reduced to
1/10th the original volume, and removed efficiently just once every 40 years.
The reclaimed water with its dissolved nutrients was used initially to irrigate and fertilize 10
acres of native prairie plants. Seeds were harvested to start the prairie restoration of another
field at the site. The site is now used as a hay field. The prairie seeds were also sold as by
the nursery operated by the land owner/developer. Whether prairie seeds or hay, the harvest
provides cash flow that helps offset the O&M costs of the system. Installation was affordable:
$300,000 or $3,450 per home, which was competitive in this region of Lake County at the time
for a luxury home development using individual septic tanks and leach fields.
Northglenn, Colorado: A “win-win” waster reuse program was implemented in the waterscarce, high growth Denver, Colorado region in 1977. In essence, the farmers of the region
“loaned” their water to the City of Northglenn (population 72,000), which then reclaimed
it, enabling growth without the very high cost of condemning water rights. Rather than
discharging the water after a single use, the City returned it to the farmers with value added:
a 10 percent quantity bonus, plus nutrients contained in the pathogen-free, reclaimed water.
The enrichment of the water equated to 10-10-10 fertilizer, and nourished the crops beneficially.
The project’s win-win merits were recognized and acknowledged:
Meeting the “Highest standard of environmental concern and achievement” (Rocky
Mountain Center on Environment);
“Northglenn’s work should serve as an example for all communities,” Senator Gary Hart;
“I think this might be a vista of what we will see on a broad base in the future.” President
Jimmy Carter.
Mill Creek, IL is a multiple award-winning new town (population equivalent-PE- of over
10,000) in the metro Chicago area with 2,000 homes and a community center of stores, offices,
an elementary school and a church surrounded by recreation and open space. On 1374 acres,
the Sho-Deen company developed the new town as an ecologically sound full service village.
The extensive open space gives the village its rural ambiance, but makes the open space
functional for reclaimed water reuse and conservation drainage system of on-site stormwater
filtration, detention and harvesting. County officials found the project to be noteworthy:
Eliminate the discharge of pollutants into Mill Creek and set the stage for it to be the first
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no discharge watershed in Illinois
Minimize production of sewage solids and containing them for 40 or more years
Control odors effectively
Filter, treat and store stormwater runoff to reduce pollution and prevent flooding
Prevent sediment loading into Mill Creek to restore its high water quality

Other Case Studies
The success of the water reclamation and reuse systems, together with the conservation
drainage facilities at Fields of Long Grove and Mill Creek enabled the Sheaffer approach to
be used in a wide variety of settings and climate in the United States and in several other
countries. Notable water reclamation and reuse projects included the following residential
projects in metropolitan Chicago:
Fox Mill (PE of 3,200) community in the same “no-discharge watershed” as Mill Creek
Silver Glen Estates in Kane County
Wynstone, a Jack Nicklaus golf community in Lake County
Saddlebrook Farms retirement community (PE of 11,900) with agricultural irrigation
Willowmere subdivision in Cook County with soccer field irrigation
Woods Creek subdivision in McHenry County with soccer field irrigation
Small residential communities were built with water reclamation and reuse:
Baywood golf community in the Atlantic coast setting of Delaware,
The Homestead Resort in the sand dunes of northern Michigan,
Deer Creek, subdivision in Summit County, Ohio
Pots Nets, Sussex County, Delaware
Copperleaf residential community, Wapiti , Wyoming
Hancock County , Indiana
Cities and towns across America having full scale reclamation and reuse systems:
Lubbock, Texas (PE of 75,000)
Kewanna, Indiana,
Thompson Station, Tennessee
Broadway and Timberville, Virginia, with large poultry plants
Town of Cortand, Illinois was separated from DeKalb municipal system
Stephens City, Virginia
Ellicot Springs, Colorado (PE of 10,000)
South Hardin Utility District, Tennessee (PE of 4,350)
Industrial projects were built with water reclamation and reuse systems:
Motorola Corporation, Chandler, Arizona
Rose Acre Farms Egg Plant, Guthrie Center, Iowa
PRD Corporation, Lawrence County, Indiana
Milk Unlimited Dairy Farms, L.P. Cass County, Iowa
ADL Hog Farms, Clinton Iowa
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Duke Power-Mill Creek Station, Cherokee Co., SC
Tiffin Loader Crane, Co., Senec Co, OH
Institutions individually built new projects using water reclamation and reuse systems:
Glenwood School for Boys, Kane County, Illinois
Blackford County Jail, Indiana
Valley Hi Nursing Home, McHenry, Illinois
University of Pennsylvania, New Bolton Center Veterinary Medical Hospital, Chester PA
Little Red Schoolhouse Nature Center, Cook County Forest Preserve District, Cook Co. IL
Case studies demonstrate the diversity of reclamation and reuse projects by uses, size and
climate.
The Motorola Corporation implemented an innovative water reuse plan for its Chandler
Electronics Plant in Arizona in 1988. The project involved taking effluent from the nearby
municipal secondary treatment plant, storing it in a reservoir, and reusing it for indoor nonpotable purposes, including cooling water and grey water in toilets. After indoor reuse, the
reclaimed water was used to irrigate160 acres for outdoor uses. The company recognized that
“water is an important factor in the quality of life in all communities.” Any water in excess of
the irrigation usage was returned to the municipal plant, where the water reuse cycle started
over again.
ADL Hog Farm owned by Swine Graphics Enterprises, L.P. in Iowa needed to replace is
anaerobic lagoon that could not control odors and a waste management system big enough
to handle its large animal feeding operation. The company chose a 90,000-gpd reclamation
and reuse system with extended aeration (over 40 days) and large storage capacity that could
irrigate 56 acres of adjacent farmland. This system successfully met Iowa’s water quality and
odor control standards for food processing plants. Its effectiveness, simplicity and affordability
encouraged the company to expand its operations with several new production facilities, all
served by the Sheaffer system.
Baywood is the hallmark residential-golf course community built by The Tunnell Companies,
L.P. in Delaware. The 200,000-gpd treatment cells are integrated as a water feature on the
golf course to serve nearly 250 new homes. 120 acres of the golf course are irrigated and the
discharge of pollutants into the ecologically sensitive and highly protected coastal waters of
Delaware is eliminated. Odor control is a critical factor that enabled the system to be built in
the golf course grounds.
Glenwood School for Boys in Illinois celebrated 100 years of service for over 15,000
disadvantaged youth in 1987, but needed help with its new campus west of Chicago. The
solution was a 16,000-gpd reclamation and reuse system. This project demonstrated that
the simplicity reclaiming and reusing water to irrigate school grounds is affordable and
environmentally sound.

Epilog
Water reclamation and reuse technology has been proven beneficial in decentralized settings
of varying sizes. The success of the aforementioned projects in the USA helped to prove the
technology to be ecologically sound and economically cost effective. These projects are
“living laboratories,” that hae demonstrated how recycling water and nutrients can be done
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on small areas of land that can be used for multiple purposes. The systems in the USA were
used to reuse water on the lands in residential communities, at schools and hospitals, in office
parks, at recreation centers, in poultry and hog production factories, and at camps and nature
centers. When wastewater is reclaimed and reused, fresh water is saved for direct human
consumption. In this way, water reuse is an efficacious method of eliminating the direct
discharge of pollutants into the waterways. This results in being better able to use water from
the rivers and lakes for other purposes. The projects in the USA were synergistic because they
also created jobs and income opportunities that enhanced economic prosperity. Most of all
the decentralized WRR technology is beneficial to countries such as India, when it helps to
eliminate waterborne diseases and save fresh water for the most urgently needed uses. The
application of decentralized wastewater treatment technology has immense potential in India
as it does not involve a complicated technology that needs skilled operators to operate.
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DRINKING WATER AND CANCER
Roger M Iliff MD

Water is the most basic human need, yet the available amount is only a small percent of the
total. As the available water at least 85% is contaminated through human activity leaving only
a small percentage safe for human consumption. After washing airborne pollutants from
the atmosphere, rainwater moves over the entire human landscape before entering into the
aquifers, streams, rivers and lakes from which we draw our drinking water. All chemicals and
waste generated by human activity then enter the water supply. Climate change is exacerbating
the problem as scarcity in some areas and excess monsoons in others further complicates
assuring adequate supply of safe, pure water.
Water contamination leads to infectious disease and cancer risk. We will limit our discussion
in this paper to carcinogens known to be a risk in our water supplies.
Contaminants can enter the water supply at many points before reaching the consumer.
The source water may be contaminated. The treatment process may introduce contaminants.
The system conveying the water to consumer may be contaminated. Large numbers of
human contaminants can enter the source from industry, agriculture, and personal use. A few
chemicals are used in water treatment. Compounds in the pipes, joints, and other fixtures of
the distribution system also enter the water.

SOURCE-WATER CONTAMINANTS
Depending upon the source many minerals are present in water but their concentration is
generally low. The contaminants of concern are therefore of sufficient carcinogenicity that
even low levels may pose a risk. These chemicals include arsenic, asbestos, radon, agricultural
chemicals and hazardous waste.

Arsenic
Arsenic has the strongest evidence for carcinogenesis. Cancer of the skin, liver, lung, bladder
and kidney have been documented by epidemiologic, toxicologic, and occupational studies.
It is estimated that an average level of arsenic of 2.5ug/l in drinking water in the United States
causes approximately 3000 cases of cancer per year.
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Asbestos
Most of asbestos risk is associated with inhalation and a lung cancer called mesothelioma.
Water related risks are not substantial. There have been some reports of elevated risk of colon
cancer associated with asbestos in water, but at the levels commonly found in drinking water
studies indicate that it is not a risk.

Radon
There is only weak evidence that radon is linked to its consumption in water. Epidemiologic
studies indicate that at measured levels of radon in drinking water fewer than 100 cases of
cancer result.

Nitrates
Studies have shown links between nitrates and stomach and liver cancer. Lab studies have
demonstrated increased mutagenicity with increased levels of nitrates and their N-nitroso
metabolites and compounds. Studies in agricultural areas of the USA revealed that increased
drinking water nitrate levels were associated with cancers of the stomach, esophagus, bladder,
brain, colon, rectum, pancreas, and kidney. Increased risk of colon, kidney and stomach cancer
were found in those with higher ingestion of water nitrate and higher meat intake. This dietary
pattern is results in increased N-nitroso compounds. A study of women with higher average
nitrate levels in their public water supplies noted increased risks of thyroid, ovarian bladder
and kidney cancers, but not colorectal and pancreas cancer. Children under 6 months can
be subject to the blood disorder, methemoglobinemia or blue baby syndrome, and thyroid
dysfunction can occur in children and pregnant women. Neurodevelopmental effects and
pregnancy complications are also associated

Toxic soup
Farm runoff containing agricultural chemicals and manure may contaminate source waters
with insecticides, fungicides, rodenticides, herbicides and fertilizers. Some fertilizers and
pesticides are known carcinogens. Most have not been studied. The combination of multiple
chemicals in this toxic soup has unstudied effects. Cancer induction can be a multistep
process with some chemicals acting as inducers and others as accelerators or suppressors. As
there are over 80,000 chemicals on the market and most all are capable of entering the water
supply, the effect of these chemicals individually and in combination cannot be estimated or
easily established. Additionally, the biologic effect of any chemical may be affected by the age
of the exposed individual. Exposure in the womb, early in childhood or as an adult may have
profoundly different effects. Solvent exposures like trichloroethylene and tetrachloroethylene
can produce pregnancy loss, altered growth and birth defects. Perchlorates are used in
manufacture of explosives, fireworks and rocket fuel also cause thyroid dysfunction in fetuses
and infants. Glyphosate, herbicide, can potentially cause delayed puberty, low testosterone
and other reproductive problems. Personal care products such as cosmetics, sunscreens, over
the counter medications, prescriptions and veterinary medications can be found in waste water
in measurable quantities. Industrial agriculture operations treat livestock with hormones and
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antibiotics and can be a significant source of contamination. The mutagenic effects of the
multiplicity of combinations is unknown.
Hazardous wastes effects on carcinogenesis are difficult to detect due to the generally low
incidence of site-specific neoplasms and small size of exposed populations. Some studies have
shown association between volatile organic compounds in drinking water and leukemia. Others
have shown elevated cancer rates in vicinity of hazardous waste sites. One study linked a site
with excess incidence of leukemia. Hazardous waste sites contain a wide variety of chemicals
making attribution to any given chemical difficult. Benzene and other solvents have entered
our water supplies from petroleum spills in the environment. Coal fired plant waste pits leaks
multiple toxins and heavy metals into the water supply especially with flood overflows.

1,4-Dioxane
Drainage from hazardous waste sites, industrial spills and discharges from municipal wastewater
contain Dioxane which has been linked to liver, gall bladder and respiratory system cancers.

Chromium-6
Industrial pollution and natural sources can be contaminated by Chromium-6 which is linked
to stomach cancer

DRINKING WATER TREATMENT AND CANCER RISK
Chlorination of drinking water
Chlorine is a potent bactericide and has reduced the mortality rates associated with waterborne
pathogens. Its metabolites are not as benign. Chlorine reacts with organic materials in water
to for a mix of disinfection byproducts. Halogenated organic compounds, like chloroform, are
present in treated water and lead to increased risk for bladder and rectal cancer. Trihalomethanes
are known animal carcinogens. Meta-analysis of available studies point to about 5000 cases
of bladder cancer per year and 800 cases of rectal cancer per year possibly associated with
drinking chlorinated water in the USA. These studies are confounded by additional risk factors
such as diet and smoking cigarettes.
Trihalomethanes, a major component of disinfection byproducts, can also be inhaled or
dermally absorbed during bathing or swimming increasing bladder cancer risk. Brominated
species of disinfection byproducts are also implicated in increased risk.
Other antimicrobial treatments for water include ozone which produces aldehydes like
formaldehyde and bromate if the source water contains bromine. These compounds also pose
a cancer risk. As chlorination, an important aid to public health, can prevent contamination
during distribution, alternatives would have to be equally effective.

Fluoride
There is a question as to whether fluoride is a cancer risk. One study suggested a link with
osteosarcoma. Further studies are needed.
Water & Waste Management
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DRINKING WATER DISTRIBUTION SYSTEMS AND CANCER RISK
A multitude of chemical components are present in the pipes, joints and fixtures and represent
a potential source of contamination. Pipes are made of metals (iron, copper, lead), plastics
(polyvinyl chloride and polyethylene), and concrete or aggregates of concrete and asbestos.
Plating and lining compounds include zinc, coal tar, asphalt or vinyl. Coating of bacteria and
organic matter line the interior of pipes. Individually or in combination with other chemicals
in the water these may combine to increase cancer risk. One study of water systems noted
invitro increases in mutagenicity after passage through a medium sized water system. Another
study showed an increase in leukemia associated with trichlorethylene leached from plastic
liner in concrete pipes.

Micropollutants
Biologically active compounds and endocrine disrupters disturb intercellular communications.
DDT metabolites are estrogenic and associated with breast cancer development. These
medical drugs, antibiotics, hormones and antimetabolites may be discharged to the sewer
systems either as discarded medications or in the urine of the patient.

Surfactants like nonyl-phenol increase proliferation of breast tumor cell
cultures.
Microbial contaminants have carcinogenic potential. Schistosoma haematobium is a waterborne
disease linked to cancer of urinary bladder but not to drinking water consumption.
Algal toxins like Cyanobacteria can produce microcystins which are known to promote
tumor development. Viruses are known to cause cancer but few water-related studies have
been done.

Environmental contamination
The plants, fish, birds and mammals also require water for life. When we eat them we also
ingest the potentially carcinogenic compounds in their tissues. Polychlorinated biphenyls
accumulate in the fatty tissues of fish. The meat we eat may contain the antibiotics and other
chemicals given to promote rapid growth for market. Our urine recycles these chemicals to
the soup that ultimately combines with our water sources.

POPULATION STUDIES
Heavy metals and markers for by-products of combustion were the most frequently detected
carcinogens in some studies. More than 90 percent of persons studied had these chemicals
in their bodies reflecting the daily presence of these chemicals in our lives with repeated or
continuous exposure.
Pesticides and their metabolites were detected in about a third of studied persons. This
exposure can be intermittent and, in some cases, more quickly metabolized.
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However, PCBs (polychloro-biphenols) and other more persistent chemicals remain in our
bodies and the environment for long periods of time. Though banned in 1979, they were still
detected in 5 to 100 percent of some studies. This is due to the 209 different PCB cogeners all
with different half-lives. Additionally deteriorating older products still in use (such as caulking
and electrical equipment and hydraulic machinery) can also be detected.
Some chemicals though banned in USA still have some residual effects:
The pesticide DDT was banned in the U.S. in 1972.
Lead, phased out of gasoline products in 1975 and completely banned in 1995 still found in
water supply systems and exfoliating paint.
The Teflon chemical PFA banned in 1995 but still detected in 99 percent of some current
studies.
Solvents with industrial use are found in high levels in workers in the industry. They are
found in smaller amounts in the effluent of these industrial processes. These workers are the
first to experience the carcinogenic effects which may indicate the possible effect of long-term
low-level exposure. They are the proverbial canaries in the coal mine.
Finding relationships between chemical exposure and cancers requires that unexpected
concentrations of rare cancers be located around loci of concentrations of mutagenic
chemicals. The toxic soup of our waste discharges can make attribution to any given chemical
more difficult. Populations studies can be expensive and result in complex and expensive
litigation and conflicts over potentially dangerous discharges. But the reclaiming, recycling
and reuse of our increasingly polluted water supplies is also an increasingly expensive and
complex process which has its own health and safety risks. Control of pollution at the source
is more expensive for the discharging source and reduces profits. Lack of source control shifts
the burden to society and ignores the complex interaction of chemicals that results in the toxic
soup of our diminishing pure water supply.
We will hope this conference provides a platform for increased coordination between
business, government and nonprofits in finding solutions to these important issues.
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Well covered.
Gore ® cover – composting & organic recycling
• Excellent cost/performance ratio for in-vessel composting
• Approved in over 150 sites in more than 20 countries
• Proven technology treating feedstock from as little as
10,000 tons to greater than 200,000 tons per year
• For green waste, food waste, biosolids,
manures, other source separated organics and MSW
• Pilot possibilities and demonstration capabilities
• Operates in any climate condition

W. l. Gore & Associates
German Phone: +49 89 4612-2712 | Fax: +49 89 4612-42712
North America Phone: 410-506-5041 | Fax: 410-392-4452
gorecover@wlgore.com | gorecover.com
GORE® and designs are trademarks of W. L. Gore & Associates. DA 172

Well done!
Gore® cover – Source Separated organics
• Delivers highest quality compost
• Highest throughput efficiency on small footprint
• Clear separation of leachate from storm water
• Controls odors and emissions
• Worldwide use - even in extreme climate zones
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Water from Air: A Fantasy or Exciting New Frontier to Help Address
the Global Water Crisis
Global Water Crisis
Maryand
Conley
Eggert
and Graham Symmonds
By Mary Conley Eggert
Graham
Symmonds
Make no mistake about it, we are facing a global water crisis. Increasing water volatility
and drought, emerging contaminants, plastic pollution and crumbling infrastructure all
play a part.
In many countries, the integrity of water supply infrastructure is in decline. In the U.S.,
across 2.2 million miles of water mains, 1 the US EPA reports over 240,000 main breaks
a year, with the resultant loss of 1.7 trillion gallons of water. 2 That is the equivalent of
every mile suffering a break every 5 years, and in the final analysis one out of every
seven gallons of water is lost before the drinking water reaches a customer.
News of emerging contaminants has placed doubts in the minds of consumers, driving
bottled water consumption beyond 100 billion gallons for the first time in 2018. Mexico
leads all other countries in bottled water use, withconsumption in that country
accounting for 70 percent of drinking water needs, according to reports by the Bottled
Water Association and Bluefield Research.
A frequently referenced report by the World Bank and McKinsey suggests the world is
facing a 40 percent gap between the supply and demand of water. 3 This gap is the
result of a growing population, increasing demand, decreasing source water quality and
the readily available volume of fresh water on the planet.
But, what if we have the math wrong? What if we aren’t considering other sources of
water, or considering water is infinitely recyclable? We have seen dramatic increases in
water reuse and direct-to-potable reuse, but those solutions are still relying on the same
source. There are, however, significant resources that we have yet to tap. Many of
these alternative resources (brackish water, ice caps, ground ice and permafrost,
swamp water) can be difficult to convert to potable supplies and are often
geographically isolated from population centers. Recent technology advances, however,
have now opened up a relatively untapped water resource - water that can be
harvested from the air! Atmospheric water represents a virtually endless supply that
is universally available and continually replenished. In addition, the process of
converting vapor to liquid water ensures its purity, alleviating concerns about lead,
PFAs, arsenic and other emerging contaminants.
1

US EPA "Drinking Water Infrastructure Needs Survey and Assessment: Sixth Report to Congress,"
which you can find at https://www.epa.gov/sites/production/files/201810/documents/corrected_sixth_drinking_water_infrastructure_needs_survey_and_assessment.pdf, p. 23.
2
US EPA, “Addressing the Challenge Through INNOVATION”, Office of Research and Development
National Risk Management Research Laboratory.
3
McKinsey: “Charting our Water Future,”
https://www.mckinsey.com/~/media/mckinsey/dotcom/client_service/sustainability/pdfs/charting%20our%
20water%20future/charting_our_water_future_full_report_.ashx
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A NATURAL, RENEWABLE RESOURCE
Analysis by the U.S. Geological Survey demonstrates there is more water in the air than
in all the rivers in the world: 3,000 cubic miles of water, or six times that flowing in our
rivers today. 4 Further, Atmoswater Research, publisher of the Water-From-Air Quick
Guide, noted that the volume of water in the atmosphere is so large that all 7 billion
people on the planet could each use 50 liters a day and consume just 0.002% of
atmospheric water. 5
Roland Wahlgren, founder of
Atmoswater Research, has been
studying water from air since
1984, and sees atmospheric
water generation as one of the
means by which we will address
the global water crisis. In one
analysis, Atmoswater Research
investigated the potential for
atmospheric water generation in
23 cities with an urgent need to
solve water scarcity problems.
Wahlgren concluded that
“deployment of water-from-air systems [would] likely be practical in 19 of these cities.”
As with all supply-side augmentation efforts, a fundamental component is ensuring that
the integrity of the water distribution system “be coordinated with demand-side solutions
like improvements in water distribution efficiency, reductions or elimination of
mismanagement of surface water and groundwater, and increased water conservation
actions by all sectors of society.” 6
SCALING WATER FROM AIR SOLUTIONS
To date, the deployment of water-from-air technology has been geographically limited to
the tropics – where relative humidity levels are high and water can be condensed in
much the same way it is captured through a dehumidifier or air-conditioner.

4

U.S. Geological Survey: “Where is Earth’s Water.” https://www.usgs.gov/special-topic/water-scienceschool/science/where-earths-water?qt-science_center_objects=0#qt-science_center_objects
5
Wahlgren, R., “Water-From-Air Quick Guide”, CreateSpace Independent Publishing Platform; 2nd
edition, 2016.
6
Ibid.
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Thirty case studies on the Atmoswater Research site 7 detail applications around the
globe, producing water where none previously existed and augmenting supplies when
regions faced contaminants, lacked infrastructure or simply wanted extra pure water to
brew beer.
India’s Jalimudi is the first village in
the world to get its drinking water
supply from air. A large
atmospheric water generator
installed by WaterMaker India has
delivered approximately 1,000 liters
of drinking water to 600 inhabitants
since 2009. The benefits of the
water-from-air system are many,
reports
Atmoswater's Roland Wahlgren:
• Women and children no
longer have to fetch water
Figure 1: Jalimudi's 600 residents have been tapping water from air
since 2009, see: http://www.watermakerindia.com/projects.php
• Lower medical costs and
reduced sick time
• Trained local people cover the maintenance
Another provider, Watergen, delivers atmospheric water generators to the point of need
(Figure 2), reducing the environmental and financial cost related to transporting bottled
or tanked water for outdoor events or for disaster relief.

Figure 2: The Israeli company Watergen’s emergency response vehicles provided water for residents and first responders after
the 2018 California forest fires.

7

Atmoswater Research, Case Studies About Water-from-Air, https://www.atmoswater.com/case-studies-aboutwater-from-air.html
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Figure 3: In a collaboration with JW Marriott’s operational, marketing, and engineering staff, Generation Water
designed a turnkey solution. The solution produces up to 75,000 liters of premium mineralized drinking water per
month and bottles into customized 500ml. https://www.generationwater.com/turnkey-solution

Generation Water offers a turn-key solution to address the need for high quality water
for the JW Marriott’s Phuket (Thailand) Resort and Spa (Figure 3). The resort distributes
the atmospheric, mineralized water in glass bottles to 445 guestrooms as well as
corporate meetings, events, and the Mandara Spa daily.
All of the above solutions are based on condensate technology, which works in humid
regions of the world, but is not as productive beyond the tropics or indoors. An
innovation by researchers at the University of California Berkeley is changing the airwater generation paradigm by enabling pure water to be captured from the air inside a
building and even in the desert – at an energy cost of 0.5 to 0.8 kWh/liter.
BEYOND CONDENSATE
.
Dr. Omar M. Yaghi, professor of chemistry and co-director of the Kavli Energy
NanoSciences Institute at UC Berkeley, has been focused on the atmospheric water
opportunity for more than two decades. Aware of the sizable volume of water available
in the atmosphere, Yaghi believes harvesting this water could help turn dry deserts into
oases.
Yaghi is renowned for having pioneered reticular chemistry, a new field of chemistry that
is concerned with stitching molecular building blocks together to make Metal-Organic
Frameworks (MOFs). MOFs are a class of materials that combine metal ions and
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organic molecules to create highly porous structures that are an ideal material for
capturing specific molecules from gases. MOFs have been deployed in other industries
– e.g. carbon dioxide capture from flue gases, as catalysts in chemical reactions or to
separate petrochemicals in processing plants – but are only now, through Yaghi’s
efforts, being applied to water generation.

Figure 4: UC Berkeley postdoctoral fellow Matthieu Prevot displays water collected by the harvester (foreground) in the Mojave
Desert. Credit: Grant Glover/University of South Alabama,

Using a specific formulation of MOF, Yaghi has demonstrated the ability to generate
water from air even in the driest conditions, as evidenced by tests conducted in the
Mojave Desert (Figure 4 and 5). 8
During field tests in California’s arid Mojave Desert, the harvester reliably produced 0.7
liters per kilogram of MOF per day—nearly three cups of water – over three days. Most
significantly, the operation of the harvester is driven solely by solar power and a battery.
Since the original tests, the MOF capacity has been improved to produce 10 liters of
water per kilogram.

8

University of California Berkeley: “Water Harvesting Makes It Easy to Drink Water From Thin Air,”
https://www.universityofcalifornia.edu/news/water-harvester-makes-it-easy-drink-water-thin-air
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Figure 5:

Practical atmospheric water harvesting in the Mojave Desert. (a) Diagram displaying the water harvesting productivity
after each water harvesting cycle (WHC), the ambient relative humidity and temperature, and the corresponding dew
point. The productivity of the first WHC (*) is higher because the experiment started with a fully saturated MOF bed.
All data was measured over the course of three continuous days of operation in the Mojave Desert. The dotted, red
line indicates the 5 °C dew point, representing the lower limit for the operating range of direct condensation
technologies.(9) (b) Photograph of the water harvester with labeled parts. Close-up views of the MOF exchanger (c)
9
and the water collected under continuous operation (d).

The characteristics of MOF technology enables rapid adsorption and desorption cycles
while minimizing energy use to create water.
Water Harvesting Inc. incorporated in 2018 to take the MOF-based water-from-air
technology to market. The company negotiated an exclusive commercial rights
agreement with UC Berkeley. It plans to address the demand for potable water through
distributed water systems ranging in size from one gallon to 5,000 gallons in production
per day. Water Harvesting secured the judges' vote for the most promising technology
at the 2019 Water Environment Federation Technical Exhibition and Conference (Figure
6). To date, the engineering testbed system has run more than 6,000 cycles with no
performance degradation of the MOF.
“We are optimistic about this technology as it suggests we may be able to deliver water
where no water exists at all, and at a lower cost than bottled water,” said Paul
O’Callaghan, CEO of BlueTech Research, a global provider of water technology market
intelligence, and sponsor of the Innovation Pavilion at WEFTEC.
BlueTech Research has recently released its Horizon Scan: Atmospheric Water
Capture, an in-depth study of the science, benefits and participants in the atmospheric
9

Rapid Cycling and Exceptional Yield in a Metal-Organic Framework Water Harvester, Nikita Hanikel,
Mathieu S. Prévot, Farhad Fathieh, Eugene A. Kapustin, Hao Lyu, Haoze Wang, Nicolas J. Diercks, T.
Grant Glover, and Omar M. Yaghi, ACS Central Science 2019 5 (10), 1699-1706, DOI:
10.1021/acscentsci.9b00745, https://pubs.acs.org/doi/abs/10.1021/acscentsci.9b00745
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water capture arena. The report notes “strong potential for growth for providing drinking
water in emergency response situations, rural communities and for residential use.” 10

Figure 6: Water Harvesting, Inc., received the water industry judges’ vote for the most promising
technology at the WEFTEC 2019 Innovation Pavilion. Pictured left to right: Paul O’Callaghan,
BlueTech Research; Christine Foss, Evoqua; Frank Slovenec, Water Harvesting Inc; Judith
Herschell Cole, Cerahelix; Jodi Glover, RealTech Water; and Barry Liner, Water Environment
Federation.

PURE WATER AT THE POINT OF USE
A significant advantage of taking water from the atmosphere is that it can provide pure
water at the point of use, bypassing the supply and infrastructure issues facing our
cities. For utilities who are serving less than 100% of the population in their service
region, Wahlgren sees an opportunity to achieve 100% service by offering the
distributed water systems in places where adding piped infrastructure would be
uneconomical or where the existing piped distribution system is seriously deteriorated or
contaminated. The need for drinking water continues during service interruptions and
emergencies, so water from air solutions provide resilience to citizens and cities
weathering extreme weather events and emerging contaminants.
Following the distributed system model created for on-site water reuse by San
Francisco’s Public Utilities Commission (Figure 7) 11, water from air offers a means to
deliver pure drinking water off-grid, eliminating the transportation cost and plastic
pollution associated with bottled or tanked water. This is perhaps the reason the U.S.
Army recently announced plans to invest in this new frontier. A Broad Agency
Announcement cited the value of water from air as a strategic defense mechanism,
10

“Horizon Scan: Atmospheric Water Capture,” BlueTech Research, October 2019,
http://www.bluetechresearch.com
11
San Francisco Public Utilities Commission:
https://sfwater.org/Modules/ShowDocument.aspx?documentID=11629
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freeing troops from having to rendezvous for water deliveries. The financial and
environmental savings are reason to consider adding water from air to any location
where trucking or bottled water has become the default water resource.

Figure 7: A water-from-air system on top of a building or in the boiler room of a building could complement the
existing stormwater, grey and blackwater systems described in the Non-potable Water Systems Guidebook,
published by the San Francisco Public Utilities Commission. SOURCE:
https://sfwater.org/Modules/ShowDocument.aspx?documentID=11629
.

RETHINKING WATER SERVICES
Air-derived water provides an opportunity to rethink water services. Before constructing
substantial civil works to meet the needs of a community, water providers might
consider water from air as a means to deliver safe drinking water to the point of
need. ASSE International and IAPMO (The International Association of Plumbing and
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Mechanical Officials) are in the process of creating a performance and efficiency
standard for products that deliver water “using air as a source.” Standards legitimize an
industry and should also make it easier for regulators and government officials to
assess solution providers.
Using the services model, water from air delivers on the core pillars of water:
•
•
•
•

Security – augmenting existing water sources with a potable water source to
address the volatility of the water cycle, including short- and long-term drought
response, flooding and contaminants.
Availability—providing a redundant source of drinking water that is capable of
delivering water 24/7 where no energy or infrastructure exists.
Affordability—For less than the cost of bottled water or the cost of a lead-lateral
replacement program, consumers can access safe, reliable drinking water.
Sustainability—Atmospheric water is regenerated through nature’s evaporation
process, ensuring a continually renewable supply.

Water industry investor and serial entrepreneur Mike Reardon, former chief executive of
Culligan Water, is enthusiastic about the prospects for this new technology. He
believes it presents an “exciting new frontier that could dramatically change the
approach to solving the world’s water problems with, in effect, a fresh “source” of
water.” He compared the potential of renewable clean water from air, to the promise of
unlimited, renewable electricity from solar cells. “While the rest of the world works with
conventional technologies on treatment and conveyance of the existing water supply to
where it is most needed, atmospheric water offers a virtually unlimited new resource
through the conversion of air into good clean water.” And this water is available
everywhere all around us!
ADDITIONAL READING
Global Water Works CONNECT: “Water from Air: A Force Multiplier,”
https://www.gwwconnect.com/posts/water-from-air-a-force-multiplier
Co-Authors:

Graham Symmonds
Water Industry Expert
GlobalWaterWorks

Mary Conley Eggert
Chief Innovation Officer
GlobalWaterWorks

Mary Conley Eggert is the digital marketing
strategist and chief innovation officer for
GlobalWaterWorks, and Graham Symmonds,
is the author of SmartGrid for Water, and a
water industry expert. GlobalWaterWorks
aims to accelerate the adoption of smart water
technologies to ensure the availability of clean,
fresh water for future generations. Attendees at
Water and Waste Management (WWM) can find
similar stories and meet those who are making
water work through GlobalWaterWorks’ online
CONNECT platform, www.gwwconnect.com.
Water Harvesting Inc., www.wahainc.com, is a
client of GlobalWaterWorks.
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Introduction
Since the beginning of civilization and the rise of cities there has been an issue of managing
human waste, both in terms of aesthetics and disease prevention. From ancient times the
practice was developed of utilizing water to transport and treat human waste. One of the
earliest systems of urban drainage and sanitary engineering was developed by the civilization
of the Indus Valley. Later flowing water systems were deployed in the middle east and Greece
and were engineered on a massive scale in the ancient Roman Empire; where flowing water
was available to all citizens to move waste out of cities and transport it to nearby rivers where
dilution, natural degradation, assimilative processes and further transport served to treat it
(Lofrano and Brown, 2010). This practice has continued to the modern era with the addition
of engineered treatment systems. Initially, engineered systems were primarily developed to
reduce aesthetic degradation of receiving waters, to reduce oxygen demand of wastewater
for aquatic life protection and to minimize water borne disease transmission to potable water
supplies.
As the United States (US) industrialized and the variety and quantity of manufactured
chemicals rapidly increased, industrial and municipal wastewaters seriously deteriorated
aquatic ecosystems. The focus of wastewater treatment expanded to provide protection of
aquatic ecosystems from toxic chemicals. In the US these were broadly referred to as Priority
Pollutants and included pesticides, solvents, petrochemicals, combustion byproducts, PCBs,
dioxins and heavy metals among others (EPA, 1982). At the same time interest grew in using,
rather than disposing of, the residuals from wastewater treatment (sewage sludge, now referred
to as biosolids). By the 1970s, regulatory goals were being established in the US Clean Water
Act to reduce aquatic ecosystem toxins in wastewater discharges, and secondary treatment
was implemented on a more widespread basis to address regulatory requirements, thereby
increasing the quantity of wastewater residuals which became a growing focus of POTWs.
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Establishing Sustainable Recycling of Wastewater Residuals
Through Land Application
During the 1980s the Environmental Protection Agency (EPA) formulated a policy of encouraging
reuse (recycling such as land application) of sewage sludge rather than disposal (i.e. ocean
disposal, landfilling, incineration). Wastewater Residuals were seen as a potential resource with
fertilizer and soil conditioning properties, and optimizing their quality and usefulness became
an important consideration of treatment design and operation. While the nutrient content
and soil conditioning properties of sewage sludges were recognized it was also realized that in
order for their land application to be made sustainable they would have to be made safe with
respect to toxic pollutants and pathogenic organisms and have nuisance properties such as
odor minimized.
The new emphasis on reuse of sewage sludge through land application practices brought
attention to and concern over the Priority Pollutants, many of which tend to accumulate in
wastewater residuals. For many pollutants (e.g. heavy metals), the greater the POTW’s removal
efficiency, the more concentrated the pollutant will become in the sewage sludge. Since the
Priority Pollutants were predominately of commercial and industrial origin, being discharged
from chemical or manufacturing facilities, it was recognized that the most effective means of
reducing these toxics in both the wastewater and sewage sludge was through source control. To
implement this policy in the US the EPA developed a national industrial pretreatment program
(EPA, 1981). Development and implementation of industrial waste pretreatment is a necessary
element in successful improvement of water quality and wastewater residuals recycling on
land. POTWs with National Pollutant Discharge Elimination System permits (operating and
discharge permits) in the US administer and enforce the industrial pretreatment program.
Industries that are classified as significant users and/or categorical users receive permits
that limit the volume of discharge and the concentration of pollutants that are allowable in
their discharge. Significant Industrial Users are defined by EPA as being categorical users or of
discharging 25,000 or more gallons/day of process water or 5 percent or more of the POTW dry
weather hydraulic or organic capacity. The EPA has determined that in the US over 1600 POTWs
operate pretreatment programs that regulate 23,000 significant industrial users. Categorical
users are classified based on operating an industrial process that falls under a defined category
(there are currently over 35 categories) for which specific effluent limits and requirements have
been established. In addition, all commercial and industrial users are subjected to general
local discharge limits. The limits are based on a service basin wide assessment of the impact
of the various pollutants on the wastewater treatment process and the quality of the sewage
sludge or wastewater effluent that result after treatment. The local limits are set to ensure
that toxicity to the treatment processes does not occur, that significant pass through does
not occur and that the pollutants do not significantly deteriorate the quality of the sewage
sludge. The industrial pretreatment program has resulted in industries installing and operating
systems to treat their wastewater prior to its discharge to the municipal sewerage system (a.k.a.
pretreatment systems) and has brought about a significant improvement in the consistency
and quality of wastewater treatment processes (through protection of biological organisms
from shock loading of toxics) and sewage sludges (EPA, 2011).
In the US, the practice of land application became formally endorsed by the EPA in the 1990’s
with the development of their Standards for the Use or Disposal of Sewage Sludge (40 CFR Part
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503; EPA, 1993). Wastewater residuals or sewage sludge that meets the quality standards of the
Part 503 regulations for chemical pollutants, human pathogenic organisms, and stability are
considered suitable and safe for land application and are henceforth referred to as biosolids.
The EPA Part 503 regulation places maximum concentration limits on As, Cd, Cu, Hg, Mo, Ni,
Pb, Se and Zn that must be met for biosolids to be land applied with cumulative loading limits,
and more stringent limits for these pollutants that, if met, allow for unrestricted application
of the biosolids with respect to the cumulative loading of these pollutants. The regulation
is based on a preliminary hazard assessment screening for toxic chemicals followed by a risk
assessment using 14 terrestrial exposure pathways that are protective of humans, animals,
crops and ecosystems.
The regulation also requires pathogen reduction and vector attraction reduction
(stabilization). The standards for pathogen reduction and stability are operational standards
that have been demonstrated to be effective. The highest quality biosolids with respect to
pathogen reduction are referred to as Class A and can be achieved by testing or by putting the
biosolids through a Class A process. Testing requires biosolids to meet the following:
-Fecal Coliform < 1000 most probable number/g dry solids or Salmonella < 3 most probable
number/4 g dry solids
-Enteric Viruses < 1 plaque forming unit/4 g dry solids
-Helminth Ova < 1 viable ova/4 g dry solids
The pathogen reduction processes that are recognized to produce Class A biosolids include:
-Composting to 55oC for 3 days (in vessel or static aerated pile) or for 15 days with 5 turnings
for windrows
-Heat Drying to moisture content <10% and temperature >80oC
-Heat Treatment to >180 oC for >30 minutes
-Thermophilic Aerobic Digestion held at 55-60 oC for >10 days in presence of air or oxygen
-Pasteurization at >70oC for >30 minutes
The practice of beta ray or gamma ray irradiation are also recognized to produce Class A
biosolids as is alkaline stabilization and lagoon aging with air drying. (EPA, 2003).
Vector attraction reduction is also required to ensure biosolids stability. Most commonly
this requirement is met by achieving greater than 38% volatile solids reduction (usually through
aerobic or anaerobic digestion). Composting, drying and alkaline stabilization can also achieve
the vector attraction reduction requirements (EPA, 2003).
The National Research Council of the US National Science Foundation has conducted two
reviews of the risk assessment and standards, and practice of land application in the US and
have deemed the practice safe (National Research Council, 2002).

Anaerobic Stabilization Processes Facilitate Energy Recovery
from Wastewater Residuals
In the US, POTWs are now being considered as resource recovery facilities and this perspective is
permeating planning, design and operational decisions. A major consideration of sustainability
is reduction of energy utilization and carbon footprint. The reduction of carbon footprint is
advanced, in part, through reduction of energy consumption and development of renewable
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energy alternatives to fossil fuels. Since wastewater treatment constitutes a significant
component of urban energy utilization (EPA estimates water and wastewater treatment account
for approximately 4% of the total US energy usage; EPA, 2013), efforts undertaken at wastewater
facilities will make a significant contribution to overall societal progress towards building a
sustainable future. This initiative complements the economic challenge that wastewater
treatment plants face in expanding and intensifying or improving treatment to meet ever more
demanding water quality goals. In order to stay financially healthy while keeping up with
more stringent discharge requirements POTWs are seeking to reduce energy costs. Currently,
electrical power accounts for as much as 40% of US POTW cost of treatment. POTWs have
opportunities on two fronts to address saving on energy costs. These being to become more
energy efficient thereby reducing energy footprint and to optimize energy recovery from
carbonaceous resources in the wastewater thereby reducing the need to purchase outside
generated energy. Because the carbon in wastewater is renewable its use reduces the POTWs
carbon footprint, as does any reduction in overall energy utilization. Increasingly, POTWs are
beginning to set future goals of achieving energy neutrality as a standard of excellence in
advancing sustainability.
Throughout the US, wastewater residuals are being used to recover energy through
anaerobic digestion. The original impetus for installing anaerobic digestion into US POTWs
was to provide solids reduction, sludge stabilization and pathogen reduction. However, the
process generates methane gas which can be cleaned and used to fire boilers for generation
of steam, or to power microturbines for generation of combined heat and electrical power.
POTWs are striving to optimize biogas production from anaerobic digestion of sludges. In
instances where facilities have excess capacity in digestion facilities, the practice of co-digestion
is being pursued by importing high strength carbonaceous industrial waste or slurryized food
wastes as additional feed to the digesters. This biogas is being used to heat the digesters and
facility physical plant as well as to generate electricity. Anaerobic digestion is estimated to
produce 0.75 to 1.12 m3 of gas/kg of volatile solids reduction with 65-70% of the gas being
biogas (methane) and 30% being carbon dioxide (Metcalf and Eddie, 2014). The energy
produced from burning this biogas can offset energy needs for heating mesophilic digestors
and/or a portion of wastewater aeration energy demand. Various technologies are also being
deployed to thicken and condition the residuals prior to feed into the digestors to enhance gas
production. Thickening is achieved through gravity settling, filter presses, and centrifuging
among others. Conditioning can include cell lysis using sonication or thermal shock, as well
as others. Even after maximizing digestor gas production, an organic rich residual will still be
available for land application.

Anaerobic Processes Produce Supplemental Substrate for
Biological Nutrient Removal from Wastewater Residuals
Increasingly the emphasis of wastewater treatment in the US is focused on advanced nutrient
removal which remains as one of the leading causes of impairment of surface water bodies.
Biological Nutrient Removal processes may require supplemental feedstock to provide optimal
substrate for the biological organisms (phosphorus accumulating organisms or denitrifying
bacteria) responsible for the nutrient removal processes. The enhanced feedstock (volatile
fatty acids, or VFAs, such as acetate, propionate, butyrate, valerate for enhanced biological P
78

Water & Waste Management

removal or methanol for denitrification) may be acquired from sources outside the POTW or
may be generated wholly or in part using residuals generated by the treatment process.
The enhanced biological P removal process requires roughly 8-20 g VFA/g P removed.
Generally POTWs have an opportunity to utilize primary sludge, return activated sludge or
waste activated sludge as a feed source for fermentation to generate VFAs where needed. Of
course generating these VFAs will reduce the methane biogas yield in the digestors due to
the consumption of organic matter in fermenters. The biosolids resulting from enhanced
biological phosphorus removal processes will be richer in plant available P and require more
careful management to minimize surface water pollution following land application.
The varied opportunities for resource recovery from residuals require site specific analysis
to guide sound sustainability decisions. The analysis will be dependent on water quality and
permit requirements, choice of nutrient removal and recovery options, influent wastewater
characteristics (e.g. ratio of P to cBOD), existence of excess tankage capacity or space to expand
the plant, capacity of the POTW to polish and utilize biogas, cost of feedstock, etc.

Demonstrated Success of Use of Biosolids for Soil Improvement
and Increased Fertility
There are an array of approaches to land application in the US. The most basic practice entails
direct application to agricultural land. In the US, agricultural land application is most commonly
practiced for fertilization of crops such as corn, wheat, oats and other grains and soybeans.
Land application has also been used to top dress pasture land, to fertilize and replenish soil
at turf sod farms, and to fertilize nurseries and managed forest lands. Application rates are
determined based on type of biosolids (e.g. liquid, dewatered cake, heat dried, lime stabilized,
etc) and application method (e.g. surface broadcast, broadcast with incorporation, subsurface
injection), soil texture, crop type and anticipated crop yield.
Typically for crop land, biosolids are applied as a liquid or a dewatered biosolids cake. The
agronomic loading rate is calculated by multiplying a target grain yield kg/Ha by it’s typical
or expected N content (mg N/kg grain). The resulting kg N/ha becomes the target N loading
rate. Biosolids N is supplied from two pools – the inorganic ammonia form which is readily
bioavailable and the organic form which provides a slow release assumed to be approximately
20% bioavailable in the first year and declines for the next four years. These assumptions
are adjusted based on the biosolids type, application method and soil type. Using these
assumptions and the inorganic and organic N concentration of biosolids, the application rate
can be calculated. Typical agronomic rate for biosolids applied to corn in the midwestern US
ranges from 10-25 Mg/ha.
Because biosolids are rich in organic carbon, they also provide soil conditioning benefits
in addition to providing fertility. For this reason, biosolids have been used extensively for
land reclamation in the US on many types of degraded lands. Successful reclamation of land
impacted by surface strip mining, spoil piles from underground mining, mine tailings, metal
smelting sites, steel mill slags and degraded urban lands have all been observed in the US (EPA,
1995). For this purpose dewatered biosolids cake or dried biosolids have been most typically
deployed. Application rates are determined based on the properties of the soils in need of
reclamation and the intended post reclamation land use and are typically on the order of
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10-100 times those of agronomic based rates, which are delivered as one-time applications or
in several heavy annual applications. Typical post reclamation land use ranges from ecological
restoration to restoration of agricultural productivity to creation of recreational land such as
golf courses. The biosolids provide organic carbon that immediately builds soil organic matter,
improving soil tilth, nutrient and moisture holding capacity and biotic health. Biosolids also
provide binding capacity for many toxic or hazardous pollutants such as metals, pesticides and
hydrophobic chemicals. Research conducted by the Metropolitan Water Reclamation District
of Greater Chicago (MWRDGC) has demonstrated that land reclamation using biosolids is very
effective in restoring land to productive agricultural, ecological or recreational use and provides
long term carbon sequestration. Over a 34 year period at its 6,000 ha strip mine reclamation
site, the MWRDGC observed net soil C sequestration of 0.54-3.05 Mg C/ha-yr resulting from
cumulative applications ranging from 455 to 1654 Mg biosolids/ha (Tian et. al., 2009).
More recently there has been a push to develop even higher quality biosolids that can be
used by nonprofessional land managers such as homeowners. Biosolids are being developed
into commercial products via blending, composting, and pelletizing. One of the earliest such
products, Milorganite (heat dried pelletized biosolids from Milwaukee, Wisconsin) has been
in use for nearly 100 years. Among the properties that limit the value and demand for these
products are stability/odor potential, excess nutrient content, and salinity. These properties are
addressed through composting and blending with materials such as sand and sawdust. Today
biosolids are used at golf courses and other athletic facilities for topdressing turf for fertility;
they are used to construct top soil in situ from degraded urban soils for construction of athletic
fields, golf courses and parks (a 7.5 to 15.0 cm layer of highly stabilized air dried biosolids
are surface applied and mixed into the top 7.5-15.0 cm of degraded soil); and they have been
used over caps on slag dumps and municipal solids waste, or construction debris landfills to
establish final vegetative cover including golf courses. They have also been used to enhance
landscaping along road construction projects and as fill to create berms and other contour
relief in landscape projects. Hundreds of such projects have been successfully completed
over five decades in the Metropolitan Chicago Region and the practice is now common across
the US. The practice recycles a valuable resource and diminishes the depletion of agricultural
top soil and non-renewable resources such as rock phosphate.
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Introduction
Fresh water is less than one percent of all the water present on earth, and is located in lakes,
rivers and swamps. Men and animals have contaminated over eighty five percent our lakes,
rivers and streams as a conduit for the disposal of organic and chemical waste. Perhaps, there is
not a single freshwater body in India that can be claimed as pristine and without contamination
by living organisms such as bacteria and chemicals that are used by humans. A large portion of
the population of the earth uses that contaminated water for drinking, cooking, and cleaning.
The result of the ingestion of contaminated water is sickness, disability, and even death.
It has been reported that pollution of water bodies across the world is responsible for the
following:
•

23 percent of all deaths

•

24 percent of the total disease burden in all ages and both sexes

•

~33 percent total disease burden in young children

Collectively, infectious diseases are the second leading cause of global death behind
cardiovascular disease. However, among people under the age of 50, especially children,
infections are overwhelmingly the leading cause of death.
Historically, efforts have been made to prevent waterborne diseases, and treat them when
they occur. The supply of safe drinking water either from groundwater or surface water sources
has always taken the priority in any country because of its importance and necessity for human
beings to lead a healthy life. The treatment of wastewater generated has also become important
as the connection between the disposal of untreated wastewaters into receiving waters and
the consumption of contaminated water from such waters is established to cause waterborne
disease and even epidemics of diseases such as cholera, etc.
With the development of industries around the world, pollution of waterbodies with
industrial wastes from various manufacturing industries containing different inorganic and
organic compounds has become a serious problem, because of the health hazards, including
cancer, that they are known to cause. Pharmaceuticals, personal care products, endocrine
disruptors, pesticides, heavy metals, and numerous anthropogenic compounds synthesized
every year are examples of chemical contaminants that have the potential to adversely affect
the health of people and animals.
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Emerging Infectious Disease Concerns in 2019
The world of infectious disease evolves constantly with an infection considered a national
or global threat one year replaced the next year by one even more virulent. The possibility
of a previously unknown pathogen emerging at any given time has caused the World Health
Organization to include Disease X (a yet unknown disease) on its 2018 list of Blueprint priority
diseases.
The list of the concerns needs to include the following:
•

contagious organisms that propagate disease through consumption of contaminated water

•

human behavior patterns

•

national crises and other risk factors that make an outbreak possible.

Habits that spread disease like open defecation, lack of hand washing, traditional and cultural
styles, wars, economic downturns, political corruption, myths and fears, etc., all needed to be
added to our list of disease promoting behaviors.
The list of concerns varies with economic status of a community and location. Pollution
of waterbodies by the discharges of untreated sewage and industrial wastes is a major health
concern in terms of diseases caused by pathogenic bacteria, helminths, protozoa, and viruses
and those caused by chemical contaminants that include, fluoride, arsenic, and numerous
other anthropogenic compounds.
In countries where open defecation is still practiced and untreated domestic sewage is
discharged into freshwater resources, diseases are caused by pathogenic bacteria such as
cholera, typhoid, polio, and other agents such as hookworm, ascaris, cryptosporidium, guniea
worm, etc. At times, epidemics of waterborne diseases like occurred. They are still endemic
in some countries.
Where antibiotics are misused or overused for perceived medical or veterinary requirements,
the development of antibiotic resistance is an important public health threat. The American
Center for Disease Control is currently updating a list of antibiotic resistance threats. These
include:
•

multidrug resistant Candida auris,

•

Clostridium difficile,

•

Carbapenem resistant Enterobacteriaceae,

•

drug resistant Neisseria gonorrhoeae, Methicillin resistant Staphylococcus aureus, and

•

extended spectrum beta lactamase producing Enterobacteriaceae, among others.

The use of antibiotics in factory animal farms, the disposal of drugs in wastewater systems,
and the consumption of drug containing water and food has ecosystem implications including
hormonal effects on human and animal populations.
The hesitancy to vaccinate children is a problem as a collective behavior that has been a
growing problem in the United States. This has led to the re-emergence of previously eliminated
infectious diseases in the USA. In Afghanistan and Pakistan as well as other countries plagued
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by war, natural disasters or political strife, the limited ability to vaccinate all children results in
disability and death. Vaccines for waterborne diseases like typhoid and cholera are available
but underused.
Ebola has re-emerged in the Democratic Republic of the Congo. Cultural traditional practices
of bathing of the dead, funding issues and questions about the long-term efficiency for the
deployed Merck vaccine all combine to stoke re-emergence of the disease. Of concern, one
species of Ebola has been found in Philippine pigs raising concerns regarding animal health
and the safety of food. Pigs raised in unhygienic conditions in developing countries such as in
India, that consume human feces and garbage as food can transmit diseases such as tapeworm
and other enteric diseases to human beings through polluting water bodies with their excreta
and consumption of their meaty human beings.
Other hemorrhagic fevers like the Lassa fever outbreak in Nigeria and Marburg, a zoonotic
disease and cousin of Ebola, have caused concern. The emergence of these diseases reveals that
climate change, deforestation, changes in the geographic, political and cultural environment
all combine to result in the emergence of new and the re-emergence of old infectious diseases.

Emerging and Re-emerging Infectious Diseases
Several classifications of emerging diseases are recognized. A newly emerging disease is one
that has never been recognized before. Examples of these include HIV/AIDS, severe acute
respiratory syndrome (SARS), Nipah virus encephalitis, variant Creutzfeld-Jakob disease and
Acute Flaccid Paralysis in children.
Reemerging diseases are those that have been around for decades or centuries but have
returned in a different form or new location. Examples are West Nile virus in the Western
hemisphere, monkeypox in the United States and dengue returning in Brazil and South
America into the Caribbean. Deliberately emerging diseases are those intentionally introduced
as agents of war or bioterrorism such as anthrax.
The top emerging diseases recognized by WHO include Crimean Congo Hemorrhagic
fever, Marburg hemorrhagic fever, Lassa fever, Middle East respiratory syndrome coronavirus,
Severe acute respiratory syndrome (SARS), Nipah virus disease, Rift Valley fever, Chikungunya,
Severe fever with thrombocytopenia syndrome and Zika fever. The on-going scare due to
Corona virus is zoonotic in nature in that the virus is transmitted between animals and human
beings. A novel Corona virus (nCoV) strain is new in the sense that it has not been previously
identified in humans.
At one time or another, all the diseases have been emerging disease. But after a while they
become part of the background. We have eradicated smallpox and are nearer to eliminating
polio but inevitably another disease emerges to take their place.
What factors contribute to the emergence and reemergence of infectious diseases? Among
the multiple factors we find lack of economic development and land use, human demographics
and behavior, international travel, and commerce to name a few.
We live in a delicate balance and web of relationships with microbial species and there is
always a tension in our codependence. If we change the balance the microbes almost always
adjust to counterbalance the effect. Lyme disease emerged as we move our homes into forests.
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Social structure and human behavior changes contributed to the HIV/AIDS epidemic. The
adoption of exotic pets like Gambian rates resulted in monkeypox emergence in the United
States. Yellow fever and malaria were once prevalent in even the northern parts of the United
States when socioeconomic conditions were poor. Currently, despite the large number of
imported cases of Zika or chikungunya virus infections, few local cases have been reported
except in areas where the Ae. aegypti mosquitoes are present. Improved socioeconomic
conditions with screened, air-conditioned homes, increased indoor entertainment, potable
water, sanitation and changes in social lifestyles. No need to store water in indoor containers
where mosquitos breed.
All these changes in living conditions reduced the opportunity between man and mosquito
reducing the transmission in disease dependent on a human host for their amplification. Large
scale natural disasters with their destruction and displacement of populations on a large scale
could reverse this improvement. These pathogens are called anthroponoses, diseases where
humans are the principal vertebrate host. Thus, in the USA diseases such as malaria, yellow
fever and dengue have mostly disappeared. Malaria, yellow fever and dengue are rare and
recently introduced chikungunya and Zika have not become established.
However, when animals other than humans play a major role in the transmission cycle the
same beneficial effects of improved living conditions do not apply. These diseases are caused
by zoonotic viruses and they include West Nile Virus, St Louis encephalitis, eastern equine
encephalitis, western equine encephalitis and La Crosse encephalitis. Since these viruses are
maintained in natural transmission cycles through various mosquito and bird or rodent species
they are not greatly affected by changes in improved housing. Since humans are not involved
in the cycle of transmission they persist in the environment and as a consequence continue
to be a cause of disease. Thus, West Nile Virus has spread throughout the continental United
States and southern Canada and most of Central and South America. Other zoonotic viruses
as Japanese encephalitis and Rift Valley fever have similar potential. Sadly, other even more
exotic zoonotic viruses could be introduced and become established leaving devastation in
their wake. Thus, the health of all countries is important to us all. There is no barrier against
the mosquito or the zoonotic diseases they carry.
Why are microbes so successful in avoiding our control of them? The answer lies in the
ability of microbes to rapidly replicate and mutate with each cycle. Thus, by rapidly changing
they circumvent our control interventions. They develop resistance to drugs, vaccines and
other public health measures. A cooperative effort with governments, academia, industry,
researchers and clinician’s involvement is required to control these diseases.

Water and Disease
“No Water, No Life. No Blue, No Green “- Sylvia Earl, marine biologist
“Thousands have lived without love, not one without water” – W.H. Auden poet and writer
Water is our most important, essential natural resource, sustaining life, reshaping the land,
providing transport and geopolitical intrigue. Most all civilizations began near water. Many
disappeared in its absence. Water has also been responsible as a source for infections of
international and local importance. Vibrio cholerae, when present in water and in the absence
of access. to clean water and sanitation systems, has been responsible for 7 pandemics since
the 19th century, killing millions. It is still endemic in many countries. Legionella pneumophila,
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transmitted by inhalation of contaminated aerosols emanating from cooling towers, fountains,
hot water tanks and large plumbing systems has killed and sickened many. Biofilms of infectious
organisms like Pseudomonas aeruginosa, one of the many antibiotic resistant organisms can
live on many water-associated sources including living tissues, implantable medical devices and
natural aquatic systems. Antibiotics discharged from drug manufacturing companies through
their wastewater discharges confer drug resistance to bacteria found in river sediments.
Cryptosporidiosis results from inadequate treatment of water supplies, increased international
travel and contamination in childcare centers.
Diseases caused by unsafe water and sanitation can be classified as:
•

Water-borne diseases caused by the ingestion of unsafe water causing diarrheal diseases like
rotavirus, cholera, shigella and cryptosporidiosis and viral diseases such as Hepatitis A and E,
and polio

•

Water-washed diseases caused by poor hygiene due to lack of water such as trachoma and acute
respiratory infections.

•

Water-based disease like schistosomiasis.

•

Water-related diseases caused by insects which breed in the water include malaria and dengue
fever.

The impact of just the diarrheal diseases is immense. One and a half million yearly deaths,
with one in ten a child under 5. That is about a thousand deaths a day. Diarrhea is second only
to respiratory infections among infectious diseases. Fifty six percent of diarrheal deaths are
attributed to consumption of contaminated water and poor sanitation and hygiene. Simple
interventions such as providing safe drinking water by conventional treatment of water supplies,
practicing hygienic sanitation, hand washing, eliminating open defecation, and appropriate
wastewater treatment will reduce it waterborne diseases to a significant extent in developing
countries.

Climate Change and Disease
There is little time left to alleviate the adverse effects of climate change on not only on public
health but also on the ambient environment. Warming of the climate has already produced
an increase in extreme weather events. Diseases that commonly occur in tropical climates will
slowly spread to colder climate regions as they warm up. Vector born disease incidence will
rise in areas with appropriate climate and rainfall changes. Food and water borne-diseases
rates will change in areas effected by drought. Productivity of cropland will be reduced in
previously fertile areas. Nutrition of the populace will be affected. Increasing heat with
reduce worker productivity. Mental health, occupational health and social stresses increase
violence. As populations move across countries due to immigration or refugee settlement, new
infectious diseases are likely to emerge in regions where they were not prevalent before and
old ones will continue to cause damage to public health in developing countries. Increasing
temperatures are likely to support the growth of various species, which otherwise were not
present before in colder climates.
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Water Treatment Technologies for Preventing Waterborne
Diseases
Conventional water treatment technologies include unit processes of bar screens, grit
chambers, flocculation, coagulation, sedimentation, sand filtration followed by disinfection
by chlorine to destroy pathogenic organisms to produce safe drinking water. However,
health concerns have been reported due to the consumption of disinfection byproducts
formed by chlorination. This has led to the disinfection of water supplies at various locations
predominantly by ozonation and UV. Other technologies using membrane systems such as
reverse osmosis also are capable of removing pathogenic organisms and viruses. However, the
consumption of reverse osmosis water is not good for health because it removes dissolved
solids, which are needed to maintain osmotic pressure balance in the cells of the human body.
The consumption of drinking water containing a low concentration of dissolved solids is not
conducive to good health according to WHO.

Emerging Chemical Contaminants
The Safe Drinking Water Act (SDWA) has established primary standards for drinking water
that need to be complied. There are secondary drinking water standards as well, but they are
not enforceable. However, health concerns were raised about consuming water containing
chemical contaminants such as pesticides, personal care products, pharmaceuticals,
endocrine disruptors, and numerous organic compounds synthesized every year for use in
manufacturing industries, etc. These compounds have either already found or likely to find
their way into drinking water supplies. A major requirements of the Safe Drinking Water Act
(SWDA) amendments of 1996 is that United States Environmental Protection Agency develop
a list of unregulated chemical and microbial contaminants and contaminant groups every five
years that are known or anticipated to be present in public water systems that may pose a
public health risk. The first such list, called the Drinking Water Contaminant Candidate List
(CCL), was published in March 1998. The CCL’s primary function is to provide the basis for
deciding whether to regulate at least five new contaminants from the CCL every five years.
The National Academy of Sciences in a report listed the universe of potential drinking
water contaminants under various categories. (National Research Council 1999. Identifying
Future Drinking Water Contaminants. Washington, DC: The National Academies Press. https://doi.
org/10.17226/9595).
Naturally occurring substances
Arsenic, hydrogen sulfide
Microbial agents: 			
Naturally occurring agents in water: Legionella, toxic algae, agents associated with human
feces Enteric viruses, coxsackie B viruses, rotavirus, agents associated with human and animal
feces Enteric protozoa and bacteria, Cryptosporidium, Salmonella, agents associated with
human and animal urine Nanobacteria, microsporidia, agents associated with water treatment
and distribution systems biofilms, and Mycobacterium.
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Chemical agents
Commercial chemicals: Tetrachloroethene, liquid fuels Pesticides Atrazine, alachlor
Pharmaceuticals
Estrogen, diclofenac (antirheumatic), carbamazepine (antiepileptic), chloramphenicol

(antibiotic)
Cosmetics
Musk xylenes, boron
Food additives
Propylene glycol, dyes
Water additives, including impurities:
Aluminum
Water treatment and distribution system leachates and degradates
Vinyl chloride
Environmental degradation products of chemical agents:
Dichlorodiphenyldichloroethylene, trichloroacetic acid
Reaction byproducts:
Polycyclic aromatic hydrocarbons, 2,3,7,8- tetrachlorodibenzodioxin, trihalomethanes
Metabolites in the environment:
Metabolites of pharmaceuticals (e.g., clofibric acid, fenofibric acid)
Radionuclides:
Tritium, uranium, strontium-90
Biological toxins
Mycotoxins, aflatoxins
Fibers:
Asbestos
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USEPA’s Candidate Contaminant List (CCL) of Chemical
Contaminants
The chemicals listed in the 1st CCL published in 1998 are : 1,1,2,2-tetrachloroethane,
2,4-trimethylbenzene, 1,1-dichloroethane, 1,1-dichloropropene, 1,2-diphenylhydrazine,
1,3-dichloropropane, 1,3-dichloropropene, 2,4,6-trichlorophenol, 2,2-dichloropropane,
2,4-dichlorophenol, 2,4 dinitrophenol, 2,4-dinitrotoluene, 2,6-dinitrotoluene, 2-methyl-Phenol
(o-cresol), Acetochlor, Alachlor ESA & other acetanilide pesticide degradation products, Aldrin,
and Aluminum.
The 4th CCL published by the USEPA in 2016, which is the latest one, contains 97 chemicals
and they are as follows:
1,1,1,2-Tetrachloroethane, 1,2,3-Trichloropropane, 1,3-Butadiene, 1,4-Dioxane, 1,7,
alpha-estradiol, 1-butanol, 2, Methoxy ethanol, 2, Propane-1-ol, 3-hydroxycarbifuyran,
4,4’-methyleneduianiine, Acephate, Acetaldehyde, Acetamide, Acetochor ethane sulfonic
acid (ESA), Acetochlore Oxanilic acid (OA), alpha,Hexachlorocyclohexane, Aniline, Acrolein,
Bensulide, Benzyl Chloride, Captan, Chlorate, Chloromethane (Methyl chloride), clethodim,
Cobalt, Cumene Hydroperoxide, Cyanotoxins, Dicrotiophos, Dimethipin, Diurn, Equilenin,
Equilin, Erhtyromycin, Estradiol, Estriol, Estorne, Ethinil Estradiol, Ethoprop, Ethylene glycol,
Ethylene oxide, Ethylene thiourea, Formaldehyde, Germanium, HCFC-22, Halon 1011,
Hexane, Hydrazine, Manganese, Mestranol, Methamidophos Methanol, Methyl bromide,
Perflorooctanesulfonic acid (PFOS), Perfluorooctonoic acid (PFOA), Methyl tert-butyl ether
(MTBE), Metolachlor, Metalochlor oxanilic acid, Molybdenum, Nitrobenzene, Nitroglycerine,
N-Methyl-2-pyrrolidone, N-nitrosodiethylamine (NDEA), N-Nitrosodimethylamine (NDMA,
N-NIroso-di-n-propylamine
(NDPA),
N-Nitrosodiphenylamine,
N-nitrosopyrrolidine
(NPYR), Nonylphenol, Norethindrone (19-Noethisterone), n-propyl benzene, 0-toluidine
Oxirane Methyl, Oxydemeton-methyl, Oxyfkuorfen, Perfluorooctanesulfonic acid (PFOS),
Petfluorooctonoic acid (PFOA), Permethrin, Quninolene, RDX (Hexahydro-1,34,5-trinitro-1,3,5triazine, sec-Butylbenzene, Tebuconazole, Tellurium, thiodicarb, thiohanate methyl, Toluene
Diisocyanate, Tribufos, Triethylamine, Triphenyltin hydroxide,(TPTH), Urethane, Vanadium,
Vinclozolin, Ziram. 1,1-Dichloroethane, 1,1,1,2-Tetrachloroethane, 1,2,3-Trichloropropane,
1,3-Butadiene, 1,4-Dioxane .

Water Treatment Technologies to Mitigate Emerging Microbial
and Chemical Pollutants
Conventional water and wastewater treatment technologies followed by disinfection with
chlorine, UV, and ozonation are effective to destroy microbial pathogens. However, these
technologies will not be effective to treat chemical pollutants particularly that are not
biodegradable or recalcitrant. Hence, other treatment methods need to be used. Technologies
that are effective to remove chemical pollutants. These include, 1) adsorption using activated
carbon, biochar, carbon nano tubes, clay minerals, 2) membrane processes using micro, ultra,
nano, and reverse osmosis membrane technologies, 3) biological processes followed by
adsorption and membrane processes, and 4) advanced oxidation processes.
The use of the above technologies is likely to yield different performance efficiencies in
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removing various chemical contaminants. Laboratory testing needs to be done to remove a
particular chemical contaminant or a mixture of them. A combination of the above technologies
may be needed to achieve high efficiencies of removal of chemical contaminants.

Epilog
Contamination of drinking water supplies by emerging microbial and chemical pollutants is a
major concern. Although any disease incidence due to emerging microbial pathogens can be
easily discerned by the occurrence of diseases or epidemics, the adverse effects of emerging
chemical pollutants may take time to show their impact on public health. Immunodeficient
people perhaps are more vulnerable and exhibit disease symptoms sooner than people with
strong immunity. Some chemical contaminants may trigger diseases at very small concentrations
for which analytical measurement techniques need to be developed. Toxicological studies need
to be conducted for many such chemical contaminants to determine and establish standards.
Organizations such as the USEPA have been developing analytical methods and minimum
concentration limits for drinking water after conducting toxicological studies. As new chemical
compounds are synthesized and used by industries, chances of their entering into the water
cycle exist. Hence, USEPA is required to develop CCLs every five years and develop standards
for a few compounds every year. Cautionary measures such as passing drinking water from a
public water supply through an activated carbon filter at the point of use should minimize the
risk to the health of the residents of a household.

Water and Wastewater Management
The Conference and Expo in Hyderabad is an opportunity for scholars, administrators, business,
volunteers, and government to address the issues presented in this paper. There may be little
time left to change the momentum by recognizing we a part of a great interrelated web of the
environment and acting to play a better part in its maintenance.
Water and Waste Management Conference and Expo
February 18-20, 2019
Please turn off your cell phones during presentations.
They might wake the person sleeping next to you.
Conflict of Interest Statement
I am a volunteer coordinator of this Conference receiving no reimbursement from any
business associated with this event
Although I am listed as a Rotarian, Rotary International has not sanctioned my appearance
and the RI is mentioned only to encourage you to join your local Rotary or to donate to its fund
for the Elimination of Polio in the World. Over a billion children have been immunized as the
result of its coordinated efforts with the Gates Foundation. We hope you will participate.
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THE U.S. HUB OF MINORITY CONTRACTORS,
SUBCONTRACTORS, AND SERVICE PROVIDERS.
The purpose of USMCA is to provide unique professional, educational, technical and
consultive services to both the membership and the community at large. We endeavor to
provide the best consultive services possible in the construction, environmental, building
maintenance, architectural engineering design, hospitality training and general service
industries. We will serve as the advocacy agency for minority contractors and subcontractors in
the suburban community.

The USMCA has launched a Science, Technology, Engineering and Mathematics (“STEM”)
Educational Foundation curriculum for under-represented minority students currently
attending Chicagoland schools. The STEM program will inspire students to ask questions,
identify challenges, probe new techniques and create solutions in these disciplines. Access
to Science, Technology, Engineering and Mathematics education by these students is
sorely needed throughout the United States. The USMCA STEM program will help advance
access by students in targeted communities to courses by utilizing professionals within the
USMCA to offer educational and training opportunities that will guide local youths towards
pursuing advanced degrees and careers in the Science, Technology, Engineering and
Mathematics fields.

ARCHITECTURAL, ENGINEERING & TECHNOLOGY DIVISION
The USMCA offers a wealth of contracting information and
networking opportunities for our member firms through the AEI
network of prime firms. As the HUB for minority Engineering &
Architectural Firms that are MBE\WBE\DBE Certified, we
interact with our member firms and leverage our strategic
relationships with the some of the largest non-minority firms in
America. Joining us helps build your capacity as well. This
division is proudly operated and ran by Mr. Chetan Kale, P.E.,
President of the AEI Division, USMCA.
Mr. Chetan Kale is the founder and principal of Kaletech, LLC.
Before starting his own company Mr Kale has worked
extensively on major civil engineering projects in Chicago land
area. Mr. Kale has over 16 years of experience in all facets of
Civil Engineering (Environmental Engineering and
Transportation engineering).

Water & Waste Management

95

Chicago’s Answer to
Flooding and Public
Health: Then and
Now
Reed Dring, P.E
Operations manager, MWRDGC

96

Water & Waste Management

Chicago’s Answer to Flooding and
Public Health: Then and Now
Reed Dring, P.E
Operations manager, MWRDGC

Reversing the Chicago River

The Metropolitan Water Reclamation District of Greater Chicago (MWRD) has been improving
the environment and protecting public health since its inception in 1889. While operations
expanded and missions evolved, the MWRD is proudly delivering the same excellent service
that protects the public health and environment and promotes a thriving economy. The work
of the MWRD continues to evolve and benefit the planet, but the Chicago region was in dire
need for its services when the MWRD was formed. There was a sense of urgency to create a
sanitary district due to a booming population, the fear of waterborne illness, the quality of the
drinking water supply in Lake Michigan and a contaminated river.

Chicago is situated in the middle of the United States, the breadbasket of the US if you will.
With the completion the Illinois & Michigan (I&M) canal in 1848, a limited quantity of goods
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could be transported from the great lakes, through inland waterways, and eventually to the
Gulf of Mexico. In addition, the I&M canal was used to direct waste away from the city. In fact,
a large pumping station was constructed in 1871 to increase conveyance away from the city,
but the city grew too fast for this to have enough effect. Following close behind the I&M canal
were railways which further focused on Chicago as an important center of commerce. With
this comes people and industry which has its associated wastes and in particular, the wastes
from the stockyards. Chicago was once referred to as “The hog butcher to the world”. Sewers
were constructed that discharged into the Chicago River and thence into Lake Michigan. Lake
Michigan was the primary source of drinking water and therefore, water intake cribs were
built far into the lake as the means of obtaining clean water. City leaders were concerned
about this means of sanitation and finally decided to act following a storm on August 2, 1885.
This intense storm flushed an inordinate amount of wastes into Lake Michigan threatening
Chicago’s drinking source. Luckily for the city, a rare wind from the east held the wastes on
shore and away from the intake cribs. But the city took note!

Following this realization, the city created the Commission on Drainage and Water Supply.
After numerous years of topographic surveys and hydrographic and hydraulic studies as well
as legislative efforts, the Sanitary District of Chicago (presently the MWRD) was established
on May 29, 1889. This “District” would be its own taxing body and not affiliated with the city
or county, because the City of Chicago would not be the only municipality to benefit from
this effort. It was decided to reverse the flow of the Chicago River away from Lake Michigan
and into the Des Plaines River which eventually connects to the Gulf of Mexico. September 2,
1892 was the official construction start date of the canal. The entire project was divided into
multiple sections which ranged from 4,700 to 6,000 feet in length with no direction as to the
means of construction. Each contractor was left to their own means and methods to fulfill their
contractual obligation. Approximately half of the canal was solid rock and the other rock/soil.
Approximately 42,230,000 cubic yards of rock and soil were removed at the cost of $33,530,000.
On January 2, 1900 a berm was removed, and the canal began to slowly fill. On January 17,
1900, the governor’s approval was received via telegram and at 11:16 am, the bear trap dam was
lowered allowing the canal to flow into the Des Plaines river, officially connecting the Great
Lakes to the Gulf of Mexico. The effects of reversing the river were immediate, however, it
wasn’t until 1907 when the Lockport Powerhouse and Dam were constructed that shipping
would be able to make the trip from the Great Lakes to the Gulf of Mexico. An additional two
canals were constructed, Northshore Channel (1910) and Calumet-Sag Channel (1922), which
completely eliminated wastes flowing into Lake Michigan.
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Water Reclamation Plants (WRP)
Reversing the Chicago River was basically “the solution to pollution is dilution”, in fact in the
early 1900’s it was referred to as the “dilution plan”. During planning stages in the late 1880s
there were no means of wastewater treatment. However, in 1914 the MWRD built its first small
water reclamation plant (WRP). The 1920s saw the construction of three large wastewater
treatment plants, which were expanded and enhanced throughout the decades. The original
treatment plants utilized rudimentary systems like trickling filters and Imhoff tanks. A decade
and a half later saw the introduction of activated sludge systems, which are still in service today.

The Stickney Water Reclamation Plant (as seen above) is presently the largest secondary
treatment plant in the world, providing maximum secondary treatment up to 1,440 million
gallons per day (MGD), basically one million gallons per minute. Today the MWRD has seven
treatment plants, all providing secondary treatment with three providing tertiary treatment via
sand filtration. Five of the treatment plants also disinfect via either chlorination or ultraviolet.

Tunnel and Reservoir Plan (TARP)
The Tunnel and Reservoir Plan (TARP), also known as “Deep Tunnel,” is a system of deep, large
diameter tunnels and vast reservoirs designed to reduce flooding, improve water quality in
Chicago area waterways and protect Lake Michigan from pollution caused by sewer overflows.
TARP captures and stores combined stormwater and sewage that would otherwise overflow
from sewers into waterways during rainy weather. The tunnels are approximately 8 feet to 33
feet in diameter and 150 to 350 feet below ground and flow to reservoirs for storage during
rain events. Following a precipitation even this stored water is pumped from the tunnels and
reservoirs to water reclamation plants (WRPs) for treatment prior to being released to the
waterways. These tunnels and reservoirs have a capacity of 14 billion gallons and the system
will have a capacity of 20.55 billion gallons when complete in 2029.
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Combined Sewer Overflows
Chicago has a combined sewer system in which sanitary sewage from homes, offices and
industries drain into the same pipes as stormwater. As mentioned above, these sewers were
built in the mid 1800’s and their sole purpose was to convey waste and storm water from homes
and industry to the Chicago River and thence to Lake Michigan. The MWRD built large sewers
along the waterways to intercept the city sewers prior to their discharge into the rivers. These
large sewers called “interceptors” convey these wastes to WRPs as previously discussed for
treatment prior to discharge into the waterways. The WRPs have capacities two to three times
the average dry weather flow, however, during significant storm events the WRPs can’t handle
the increased flow which results in combined sewer overflows (CSOs) to the river, impairing
water quality and contributing to flooding. It was recognized that this impairment was not
acceptable and the MWRD needed to act.

Planning TARP

As development spread through the Chicago area in the early 20th century, paved surfaces
directed increasing amounts of stormwater runoff into the combined sewer system. By the
1960s, Chicago area sewers were overflowing to the river more than 100 days a year and
flooding had become a persistent issue. In 1967, officials of the MWRD, the State of Illinois,
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Cook County and the City of Chicago formed the Flood Control Coordinating Committee to
find a solution to the region’s flooding and water pollution problems caused by combined
sewer overflows. The committee considered 50 alternatives and selected TARP as the most
cost-effective approach to providing maximum benefits with minimal negative impacts. The
most obvious solution, replacing combined sewers with separate storm and sanitary pipes,
was determined to be too costly, disruptive to communities, and unable to provide flood relief.
The MWRD officially adopted TARP as the area’s plan to comply with federal and state water
quality standards in 1972.

Construction and Status

TARP tunnel construction began in 1975. Construction was planned so that completed portions
of the system could be put into operation as work continued elsewhere. The scale and depth
of the project was unlike anything previously undertaken and required innovative approaches
to tunneling. Newly developed tunnel boring machines were used instead of traditional
blasting to minimize vibrations, expedite progress, reduce damage to surrounding rock and
lower costs for long sections of tunnels. To protect groundwater from leakage and protect the
tunnels from water infiltration, cracks in the limestone were sealed with grout and the tunnels
were lined with concrete. The Upper Des Plaines Tunnel System, located near O’Hare Airport,
went online in 1981 and the entire tunnel system was operational in 2006. The smallest of the
TARP reservoirs, Gloria Alitto Majewski Reservoir was completed in 1998. Thornton Reservoir
was completed in 2015 and yielded nearly instant benefits. The first stage of McCook Reservoir
was completed in 2017. Partnering with commercial quarries has allowed these huge reservoirs
to be completed economically and efficiently.

Benefits
TARP has been extremely successful in preventing flooding and pollution caused by combined
sewer overflows and will be more effective when Phase 2 of the McCook reservoir is completed.
Since the tunnels became operational, CSOs have been reduced from an average of 100 days per
year to 50. Since the Thornton Reservoir came online in 2015, CSOs have been nearly eliminated.
As water quality improved, our waterways have become home to increasingly healthy and
diverse fish populations and popular destinations for recreation. Other cities around the world
have taken note of TARP’s success and are now undertaking similar “deep tunnel” projects.
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Conclusion
The MWRD celebrated its 130th anniversary in 2019 and in those 130 years has received
numerous engineering achievement awards. During this period the MWRD transformed from
an entity whose sole purpose was the treatment of city waste by means of lake diversion, to
a municipality on the cutting edge of wastewater treatment. Each day the MWRD treats an
average of 1.4 billion gallons per day and in fact, its seven treatment plants have earned 99.71
percent or higher compliance since 2009. In its first year of operation in 2018, the McCook
reservoir (Stage 1) captured 27.2 billion gallons of water that would have made its way to the
waterways, or flooded homes and streets. It is estimated that when Stage 2 is complete it
will provide $143 million annually in flood reduction benefits. MWRD’s investment in green
infrastructure throughout the service area will help divert storm flows from local sewers, which
require treatment and replenish local water tables. As stated in it’s budget book, the MWRD’s
mission is to protect the health and safety of the public in its service area, protect the quality
of the water supply source, improve the quality of water in watercourses within its service area,
protect businesses and homes from flood damage, and manage water as a vital resource for its
service area. Mission accomplished!
*Information and excerpts have been garnered from “Building The Canal To Save Chicago”,
Richard Lanyon, 2012, 2020 MWRD Budget Book, and MWRD “TARP Fact Sheet”
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GWWConnect.com... Uniting drops of interest for waves of impact.
Raising awareness about global water challenges is important; solving those challenges is even better.
GlobalWaterWorks Connect showcases the experts, organizations and technologies that make water
work for the planet, people and profit. You are invited to Connect. Collaborate. Celebrate!

GlobalWaterWorks
salutes the
organizers,
contributors and
sponsors of

www.GWWConnect.com

The friendships start at WWM,
and the conversations
continue 24x7 on
www.GWWConnect.com
Join peers around the world in
making water work!
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Providing Comprehensive
Energy Solutions
to Ensure Business
Competitiveness, Reduced
Emissions, and Enhanced
Resiliency
While Training the Energy Engineering
Workforce of the Future
Cliff Haefke
Energy Resources Center
University of Illinois at Chicago
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The Energy Resources Center (ERC), located within the College of
Engineering at the University of Illinois at Chicago (UIC), was founded in
1973 as an organization dedicated to energy efficiency and the
environment. For over 45 years the ERC has served as an interdisciplinary
organization working in the fields of public service, research, and special
projects. Originally created to be a "fast response" team of experts, the
ERC currently provides technical assistance, sophisticated modeling
capabilities, educational outreach, and program implementation across
public and private sectors. The ERC is committed to providing the most
comprehensive and up-to-date solutions to the energy and environmental
problems affecting institutional, industrial, residential, and commercial
sectors. The ERC is staffed by a uniquely diverse and highly experienced
group of professional engineers, economists, architects, computer
scientists, educators, and public policy analysts. The ERC also provides a
valuable training atmosphere for student engineers as ERC professional
staff guide and lead student engineers on various programs and projects.

Figure 1: The University of
Illinois at Chicago (UIC) was
established in 1982 and is the
largest public university in the
City of Chicago. UIC traces its
history back to the Chicago
College of Pharmacy which
opened in 1859. Today, over
33,000 higher education students
are enrolled at the University.

For nearly 20 years, the ERC has partnered with the
United States Department of Energy (U.S. DOE) to
provide education, unbiased information, and
technical assistance on clean energy efficient
solutions, assisting industrial, commercial, and
institutional clients. Today, the ERC manages two
federal government funded programs, the U.S. DOE
Industrial Assessment Center (IAC) and the US DOE
Combined Heat and Power Technical Assistance
Partnership (CHP TAP).
Figure 2: IAC student engineers performing an energy
assessment. (Source: US DOE)

Faculty, Staff, and Students Provide Energy Efficiency Solutions to Small-to-Medium Sized
Manufacturing Facilities and Wastewater Treatment Plants
Water & Waste Management
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The U.S. DOE Industrial Assessment
Centers help small-to-medium sized U.S.
manufacturers and wastewater treatment
plants save energy, improve productivity,
and reduce waste by providing no-cost
technical assessments that are conducted
by university-based teams of engineering
students and faculty. The IAC teams
provide a comprehensive report with
specific details on all opportunities for
improving competitiveness identified
during the assessment, including
applicable rebates and incentives.
Today, there are 31 Industrial
Assessment Centers, located at
universities across the country (Figure 3).

Figure 3: Map of the 31 U.S. Industrial Assessment Centers located Across
the U.S. (Source: US DOE)

The IACs (formerly called the Energy
Analysis and Diagnostic Centers) were created
by the Department of Commerce in 1976 in
response to the oil embargo and rising energy
costs. The program was specifically focused
on helping small and medium-sized
manufacturing facilities cut back on unneces
sary costs from inefficient energy use. The
IAC program was moved to the U.S.
Department of Energy just after it was formed
in 1978 and was later expanded to include
evaluations of ineffective production
procedures, excess waste production, and
other production-related problems. More
recent additions to the IAC program scope
include improving cybersecurity awareness,
exploring smart manufacturing technologies,
and implementing comprehensive energy
management systems. Currently, the IAC
program is administered through the
Advanced Manufacturing Office under the
Office of Energy Efficiency and Renewable
Energy at the U.S. Department of Energy.

“It was a pleasure working with the U.S. Department
of Energy’s Industrial Assessment Center team from
the University of Illinois at Chicago. The energy
assessment team was insightful and brought several
ideas on energy measures that we had not considered.
We have already begun implementing several of these
measures and would recommend the team from UIC to
other manufacturing facilities in the area.”
Ralph Manno, Plant & Facilities Manager of Skyline Design

Since its inception, the US DOE IAC program Figure 4: The University of Illinois at Chicago’s US DOE Industrial
Assessment Center team and staff of Skyline Design on the energy
has conducted over 19,130 assessments with
assessment for Skyline Design. (Source: Energy Resources Center,
more than 144,284 associated
University of Illinois at Chicago)
recommendations across all universities, with
average recommended yearly savings per assessment of $137,197.
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The IAC at the University of Illinois at Chicago is managed by faculty within the Mechanical and
Industrial Engineering Department and staff from UIC’s Energy Resources Center. Since 2001, the
University of Illinois at Chicago’s IAC has conducted 235 assessments and trained 119 students. The
student led teams have providing technical assistance to metal manufacturing plants, food processing
plants, chemical plants, wastewater treatment plants, and more. The assessments provide a
collaborative atmosphere for the clients to discuss their energy concerns and for the faculty, staff, and
students on the IAC team to provide energy reduction, cost savings, and emissions reducing solutions.
Figures 3 and 4 highlight an example assessment that the University of Illinois at Chicago’s US DOE
IAC recently completed.
Promoting Clean Energy Efficient On-Site Generation through the U.S. DOE CHP Technical
Assistance Partnerships
Combined heat and power (CHP), also known as
cogeneration, is a type of distributed generation that
concurrently produces electricity or mechanical
power and useful thermal energy (heating and/or
cooling) from a single source of energy. Unlike
central station generation, CHP is located at or near
the point of consumption. CHP systems comprise a
suite of technologies that can use a variety of fuels
to generate electricity or power at the point of use,
allowing the heat that would normally be lost in the
power generation process to be recovered to provide
needed heating and/or cooling. Common CHP
Figure 5: CHP Process Flow Diagram compared to the
Traditional Method of Energy Delivery (Source: US DOE)
technologies include, but are not limited to: gas
combustion turbines, microturbines, reciprocating
engines, steam turbines, fuel cells, and absorption chillers.
CHP technology can be deployed quickly, cost-effectively, and with few geographic limitations. CHP
can use a variety of fuels, both fossil- and renewable-based. It has been employed for many years,
mostly in industrial, large commercial, and institutional applications. CHP may not be widely
recognized outside industrial, commercial, institutional, and utility circles, but it has quietly been
providing highly efficient electricity and process heat to some of the most vital industries, largest
employers, urban centers, and campuses in the United States. It is reasonable to expect CHP
applications to operate at 65 to 75% efficiency, a large improvement over the national average of
~50% for these services when separately provided. Combined heat and power systems can enable a
facility to more efficiently meet
their thermal and electrical
demands on-site that can save
energy and reduce energy
expenditures. In addition, CHP
can provide opportunities to
increase resiliency as these
treatment facilities often are
considered critical infrastructures.
The US DOE supports 10 regional
centers across the United States
Figure 6: U.S. Map Representing the 10 Regional CHP Technical Assistance
Partnerships (TAPs)
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called Combined Heat and Power Technical Assistance Partnerships (CHP TAPs) that promote and
assist in the transformation of the market for CHP, waste-heat to power, and district energy with CHP.
Utilizing a regional approach, the CHP TAPs can implement regional strategies and provide tailored
support. The Midwest and Central CHP TAPs, managed by the UIC’s Energy Resources Center, were
the first regional CHP centers established in 2000 and since then, nine additional CHP TAPs were
established to provide coverage to all 50 states providing the three main services of:
• End User Engagements partnering with strategic End Users to advance technical solutions
using CHP as a cost effective and resilient way to ensure American competitiveness, utilize
local fuels and enhance energy security.
• Stakeholder Engagements engaging with strategic Stakeholders, including regulators,
utilities, and policy makers, to identify and reduce the barriers to using CHP to advance
regional efficiency, promote energy independence and enhance the nation’s resilient grid.
• Technical Services working with sites to screen for CHP opportunities as well as provide
advanced services to maximize the economic impact and reduce the risk of CHP from initial
CHP screening to installation.
For nearly 20 years, the ERC, through the US DOE Midwest and Central CHP TAPs have educated
thousands discussing the concepts, technologies, and opportunities of CHP. During this same time the
ERC team also engaged with hundreds of clients providing technical and economic evaluations of
CHP, helping clients understand the feasibility of potential CHP system at their facility. Two
examples below highlight combined heat and power projects that utilize renewable fuels of biogas and
landfill gas that the ERC supported.
Cliff Haefke is the Director of the Energy Resources Center at the University of Illinois at Chicago. Mr. Haefke
serves as the Director of the US DOE Midwest CHP Technical Assistance Partnership and the US DOE Central
CHP Technical Assistance Partnership, and the Assistant Director of the University of Illinois at Chicago’s
Industrial Assessment Center. Mr. Haefke also serves as the President of the Midwest Cogeneration
Association
Project Snapshot: Wastewater Treatment Facility
Moving Toward Energy Neutrality
Glenbard Wastewater Authority
Market Sector: Wastewater Treatment
Wastewater design capacity: 60.1 million L (16 mgd)
Location: Glen Ellyn, Illinois
CHP Electric Generating Capacity: 750 kW
CHP Thermal Generating Capacity: 2.88 MMBtu/hr
Prime Movers: Two internal combustion engines
Fuel type: Biogas or Natural Gas
Thermal Use: Heat for digestion process
Estimated Payback: 6.5-8.5 years
Began Operation: 2016

Figure 7: 375 kW CHP Reciprocating Engine System
(Source: Energy Resources Center, University of Illinois
at Chicago)

Highlights:
The Glenbard Wastewater Authority, formed in 1977, today
provides wastewater collection and treatment services to
over 100,000 residents and businesses. In February, 2015
the Authority initiated a project to design and construct a
Figure 8: Biogas Conditioning System (Source: Energy
Resources Center, University of Illinois at Chicago)
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750 kW CHP system that would operate in conjunction with biogas
Increased Reliability and Resiliency
produced from the anaerobic digesters at their wastewater facility.
The project also included the addition of high strength waste
“The CHP project provides our
(HSW) from local businesses to the anaerobic digesters, doubling
wastewater facility a significant increase
the facility’s biogas output to approximately 288,000 cubic feet per
in operational reliability and resiliency.
day. The CHP system is capable of supplying more than 60% of the
The
CHP system is capable of operating
facility’s electric requirement and up to 96% of the facility’s total
on
either
biogas from our digesters or
heating requirements. Energy professionals from the ERC, through
natural
gas
supplied by our local utility.
the US DOE Midwest CHP TAP, assisted the project development
Electricity for the facility is provided by
process of this CHP system helping to identify and secure energy
the CHP system with backup provided
efficiency funding from the state energy office. The major driver
by
the local electric utility, and the heat
for this CHP project was the strong interest and commitment of the
required
by the digesters is supplied by
Authority to find innovative ways to improve and expand its
the
free
recovered
thermal energy from
wastewater facility’s operation. The CHP project provided the
the CHP system with backup, if required
Authority the opportunity to:
from the 2 existing dual fueled boilers.”
1. Move them closer to their operating goal of energy
neutrality
Matt Streicher – Executive Director,
2. Become more of an Energy Resource Recovery Facility by
Glenbard Wastewater Authority
utilizing its increased biogas production to fuel a CHP
system that makes their facility more operationally reliable
and resilient.
3. Educate their communities on the future of HSW as a renewable resource versus a costly hard to dispose
of waste. The HSW consists of fats, oils and greases from local businesses as well as other industrial biproducts.
4. Positively impact their communities by reducing the hauling and disposal costs associated with these
high strength wastes.

Project Snapshot: Gundersen Health System Achieving 100% Energy Independence
Market Sector: Healthcare
Facility Size: 350,000 square feet (32,500 square meter)
Location: Onalaska, Wisconsin
CHP Electric Generating Capacity: 1,137 kW
Prime Movers: Two internal combustion engines
Fuel type: Landfill gas
Thermal Use: Space Heating, Domestic Hot Water, and
Space Cooling
Total Project Cost: $4.1M
Annual Savings Projects: $400,000
Began Operation: 2012 (absorption chilling in 2016)

Figure 9: CHP Engine Generator (Source: Gundersen)

Highlights:
Gundersen Health System is a physician-led, not-for-profit healthcare system
headquartered in La Crosse, Wisconsin. Their integrated system serves 21
counties in western Wisconsin, northeastern Iowa, and southeastern
Minnesota. In 2008, with rising energy costs, Gundersen established their
Envision® program that made a commitment to improve the health of the
communities they serve and control rising energy costs. They would
accomplish this by reducing energy consumption throughout their campuses
through improving energy efficiency and by replacing fossil fueled generated
Figure 10: Landfill gas piping to
health clinic (Source: Gundersen)
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“The project (cost) is paying back quite nicely because it’s off-setting a
big portion of our electricity bill as well as our natural gas bill and we’re
providing a revenue stream for the county.”

“This is a good use of a previously unused natural
resource and it is an excellent example of what a publicprivate partnership can achieve in our community.”

Jeff Rich, Executive Director, GL Envision, Gundersen Health System

Hank Koch, Solid Waste Director, La Crosse County

energy, where possible, with clean renewable forms of energy. In October 2014, through a series of project
partnerships, Gundersen reported that they had reached their goal of becoming completely energy independent,
the first healthcare system in the U.S. to do so.
One of the energy projects the healthcare system implemented on their path to energy independence
incorporated a 1,137 kW landfill gas-to-energy CHP system, which was implemented through a partnership with
the local county landfill. A landfill gas collection system was already in place at the La Crosse County landfill,
located 1.5 miles (2.4 kilometers) from the clinic and was collecting an average of 300 cubic feet (8.5 cubic
meters) of landfill gas per minute that was subsequently flared. Recognizing an available resource, Gundersen
teamed up with La Crosse County to explore a public-private partnership to develop a landfill gas-to-energy
project. While the simpler and least expensive option was to install an engine/generator at the landfill and only
sell electricity to the grid, the partnership recognized the greater opportunity if the waste heat from the
engine/generator could be recovered and utilized in the clinic. To this end, the county chose to pipe the landfill
gas 1.5 miles (2.4 kilometers) from the landfill to the medical campus, where it could be used to fuel the engine
and the waste heat could be recovered.
The CHP system, installed in 2012, initially produced electricity while simultaneously providing space heating
and hot water to their Onalaska Medical Medical campus. Recognizing the opportunity to utilize more
recovered heat from the reciprocating engine CHP system in their facility, in September 2016, Gundersen
extended the original project by utility more utilizing more of the available waste heat from the reciprocating
engine to provide cooling the campus through a 140 ton absorption chiller, which further reduced their electric
consumption from the local electric utility. The ERC, through the US DOE Midwest CHP TAP, provided
technical support to Gundersen on the initial landfill gas CHP project, serving as a technical advisor, initiating
an economic screening analysis of piping the landfill gas to the clinic, providing a detailed analysis of the heat
recovery opportunities at the clinic, and reviewing the submitted proposals for Gundersen.
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WATER QUALITY MONITORING INSTRUMENTS
EFFLUENT QUALITY MONITORING SYSTEM
Online Efﬂuent Quality Monitoring System (EQMS) as per CPCB guidelines. EQMS is integrated with multi channel
analysers which accepts sensors like pH, TSS, DO, Temperature, Flow etc., & analyzers like TOC, TP etc. with all
options connected to data logging system and PC/client server.
TOC / COD / BOD
and TN Analyser
(2X 4-20mA) or Digital

TP Analyser
(2X 4-20mA) or Digital

Internet

From Outlet

From Inlet

Server in CPCB
pH
(4-20mA) or Digital

Server in SPCB
TSS
(4-20mA) or Digital

Data
Logger

A/D
Module

Ultrasonic Open
Channel Flow Meter
(4-20mA) or Digital
pH
(4-20mA) or Digital

Site Server

Display Boards

PC

TSS
(4-20mA) or Digital
Ultrasonic Open
Channel Flow Meter
(4-20mA) or Digital

WATER QUALITY MONITORING INSTRUMENTS
Complete set of lab / ﬁeld Water Quality Monitoring Instruments to monitor: TOC/BOD/COD, TN, TP, pH,
Cond., DO, TSS, Turbidity, TDS, E.Coli, Coliform, CTD, Flow etc.

TP, NH3, Ar, Cr
Analyser

pH/TSS/DO
Analyser

Lab TOC Analyser

BOD System

COD/TN/TP
System

L

SL

TOC/BOD/COD & TN
Analyser

Trimeters

Portable Water
Analysis Lab.

Pool/Spa
Water tester

Multiparameter
Benchtop Meter

Handheld pH /
Cond. / DO Meters
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Water Level
Loggers

SWAN ENVIRONMENTAL PVT.LTD.

Plot No: 922 & 935, Swami Ayyappa Co-op Society, Madhapur, Hyderabad, Telangana - 500081
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Water Smart Agriculture- An
Important Component of Climate Smart
Agriculture
Sarat Kannepalli, Ph.D.
Scientist, Climate Smart Agriculture, Environmental Defense Fund- India
Climate change is already having an adverse impact on agriculture and food security as a result
of increased prevalence of extreme events and unpredictability of weather patterns. This can
have a serious impact on vulnerable communities such as smallholder farmers and pastoralists
in developing countries. To achieve food security and agricultural development goals,
adaptation to climate change and lower carbon emission intensities per unit of produce will be
necessary. Climate smart agriculture (CSA) as defined by FAO is an approach to developing the
policy, technology, and investment conditions to achieve sustainable agricultural development
for food security under climate change. It integrates the three dimensions of sustainable
development (economic, social and environmental) by jointly addressing food security and
climate challenges (1). It is composed of three main pillars:
i. sustainably increasing agricultural productivity and incomes;
ii. adapting and building resilience to climate change;
iii. reducing and/or removing greenhouse gases emissions, where possible.
Achieving the transformations required for CSA and meeting these three objectives require
an integrated approach that is responsive to local conditions. Coordination across agricultural
and allied sectors (e.g. crops, livestock, forestry and fisheries) as well as related sectors, such
as energy and water sector is essential to capitalize on potential synergies, reduce tradeoffs and optimize the use of natural resources and ecosystem services (1). It is commonly
acknowledged that most of the impacts from climate change will relate to water (UN-Water,
2010). This is particularly true in the agriculture sector, where water plays a critical role in crop
and animal production. Scarcity and competition for water are expected to be exacerbated
by climate change, as rainfall amounts are projected to decline and rising temperatures will
increase crop evapotranspiration rates and hence water demand by irrigation. At the same
Water & Waste Management
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time, irrigation contributes to climate change, for example through greenhouse gas (GHG)
emissions from fossil fuel powered water pumping and use of farm machinery, intensive use of
mineral fertilizers, and from the cultivation of crops through to the final phase of value chains.
Water smart agriculture (WSA), which is an important component of climate smart agriculture
(CSA) is a practical starting point for successful implementation of climate smart agriculture.
Many of the challenges facing farmers to adapt and increase resilience to a changing climate
within landscapes either directly or indirectly are water-related, from capturing and storing
uncertain rainfall and managing declining aquifers to support better soil moisture retention
and crop use efficiency (2). Water smart agricultural practices can help successfully drive the
three primary goals of climate smart agriculture in the following ways:

1) Increased Agricultural Productivity And Incomes
Through best agricultural management practices water use efficiency (WUE) can be improved
which has a positive impact on agricultural productivity and net profits. Water Use Efficiency
(WUE) is the ratio between effective water use and actual withdrawal (3). Some important water
management practices that have a positive impact on agricultural productivity include effective
weed control, early crop establishment for ground cover, matching the cropping season to the
rainfall season, selecting cultivars that improve yields and water productivity, using organic
and inorganic mulches, and implementing conservation agriculture practices. Effective weed
control in agriculture prevents water usage by competing plants such as weeds and herbs. Weed
control also allows for better root penetration by the intended plants. Early crop establishment
for ground cover during rainy seasons reduces non-beneficial evaporation and improves water
infiltration. It also reduces soil erosion and nutrient leaching. Growing annual crops during
rainfall season when the evaporative demand is lower and growing annual crops in regions
with longer rainy seasons or with lower evaporative demand results in improved water use
efficiency better productivity . Selecting cultivars that improve yields and water productivity
and well matched to local agroclimatic conditions is another way to improve yields and farm
profits along with proper water management. Through precision agriculture and utilizing
sensors and big data water use can be maximized by monitoring a plant’s vegetative/generative
stages when water requirement is maximum.
Optimizing water inputs is just one half of the solution, Just as important is ensuring this
moisture stays in the soil long enough for plants to take advantage of it. If soils can stay moist
for longer, irrigation times and frequency can be significantly reduced. This can be achieved
by using either organic or inorganic mulches. Inorganic mulches such as plastic mulches and
perlite (a volcanic glass) reduce evaporation and improve weed control. Inorganic mulches
are cost effective and easy to maintain but add to the waste and carbon foot print. However,
organic mulches such as crop residues and peat moss are more environmental friendly and help
improve water storage capacity of the soil and improve soil texture and structure. Whatever
smart water management practice is used its main purpose is to increase yields and net profits
while improving water use efficiency.

2. Adapting And Building Resilience To Climate Change
Innovative and sustainable water management practices and technologies derived from
applied research, combined with appropriate policies and strategies, will help in the mitigation
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of and adaptation to climate change. Many water smart adaptation options at field, farm, or
local scales are variants of well proven climate risk management or irrigation related policies
and practices. These include:
•

Modernizing irrigation systems to improve irrigation efficiency and uniformity.

•

Adopting improved irrigation scheduling technologies and practices.

•

Altering cropping systems with a view to reducing non-consumptive water uses, thereby
improving water productivity.

•

Altering the timing or location of cropping activities and systems to, for example, reduce
consumptive water use and make more effective use of rainfall.

•

Diversifying towards rotation systems, including adding cover crops and shelter belts for
improved soil-water retention and reduced erosion.

•

Increasing use of real-time and seasonal weather forecasting to reduce production risks
and improve irrigation efficiency and crop productivity.

•

Building resilience of irrigated cropping systems based on seasonal climate forecasting.

•

Increasing on-farm water storage and/or groundwater recharge through, for example, construction of farm ponds, reservoirs or percolation tanks.

•

Constructing or enlarging flood relief or protection measures, e.g. enlarging reservoir spillways or drainage canals.

•

Adopting supplemental irrigation that includes in situ soil and water conservation practices.

•

Using surface and groundwater conjunctively to improve the resilience of water supplies to
irrigation schemes.

•

Applying irrigation deliberately for cooling and frost protection to mitigate the impacts of
more severe weather extremes.

In order to be effective, water smart adaptation options should be matched to specific
biophysical and societal contexts and challenges, and adapted over time on the basis of lessons
learned and evidence gathered by appropriate monitoring systems.

3. Reducing And/Or Removing Greenhouse Gases (Ghgs) Emissions
GHG emissions occur at all stages, from the source of irrigation water to the cultivation of
crops. GHG emissions are enhanced as a result of unsustainable water resource use, and poor
farming practices. Carbon dioxide (CO2) emissions result from land use changes and tillage
practices. CO2 emissions can also result from the use of fossil fuels to pump and pressurize
water, power machinery used during in-field operations, to transport goods and labour to and
from a farm and during irrigation. Nitrous oxide (N2O) emissions result from applications of
organic and inorganic nitrogen fertilizers to agricultural fields. Methane (CH4) is emitted from
flooded paddy rice cultivation.
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Agriculture and, more specifically, irrigation in agriculture, has an important role to play in
climate change mitigation by adopting ‘whole system’ policies and practices. These include
reducing emissions through better and/or more efficient management of carbon and nitrogen
flows. Reducing GHG emissions by improving energy use efficiency or replacing fossil fuel
energy with clean energy. Another important way to reduce emissions is by enhancing
soil carbon sequestration above and below ground, and by increasing the land area under
conservation agriculture, permanent pasture, agroforestry and/or forestry.
Various water management practices in the agriculture can lead to reduction in GHG
emissions. One of the important factor is duration and frequency of irrigation. Adoption
of controlled irrigation can drastically reduce the evolution of CO2 and N2O. Intermittent
irrigation and drainage will further reduce CH4 emission from rice paddies by 28% to 30% as
per the findings by Indian Agriculture Research Institute. Flooded rice is a major contributor
of CH4 emissions from agriculture. Reduced or no tillage (NT) in wheat and direct seeded rice
(DSR) is currently being promoted in rice-wheat systems of Indo-Gangetic plains (IGP). With
this system, direct-drill seeded rice does not require continuous soil submergence, thereby
reducing or eliminating CH4 emissions for lowland rice. Gaihre et al., (2011) reported that in
China farmers who drain their irrigated rice fields mid-season reduce methane emissions by up
to 50% and water needs by up to 30% without compromising yields. Saving on diesel by reduced
and judicious use of water pumps can also result in major reduction of GHGs. Gupta et al.,
(2016) observed that ZTW-DSR and ZTW + RR (crop residue retention)-DSR showed the lowest
global warming potential (GWP) and GHG intensity during experimentation. Adoption of these
systems in the Indian-IGP can reduce global warming potential (GWP) of the conventional ricewheat cropping systems (RWCS) by 44–47% without any significant loss in the system yield.
This was mainly due to significantly low CH4 emission (82.3–87.2%) in Direct Seeded Rice (DSR)
as compared to Transplanted Rice due to prolonged aerobic condition under DSR.
Water smart greenhouse gas reduction measures differ according to regional characteristics
and farming systems. Since there is great diversity in natural conditions and farming systems,
the selection of the most appropriate mitigation practices varies according to context, and
depends on specific agronomic, environmental, and climatic conditions.

Conclusions
Climate change and w
 eather fluctuations are multi-faceted problems which r equire various
different approaches. But water-smart i rrigation s olutions can help growers be better equipped
for unpredictable scenarios, whether it’s excess rainfall or too little water. Benefits associated
with Water smart irrigation practices completely align with the Prime Minister’s goal of
achieving “More Crop per Drop” which is the main objective of central government’s scheme
on irrigation “Pradhan Mantri Krishi Sinchai Yojana”. 
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Transforming the Community in Thailand with Groundwater Bank Project

Thanet Natisri, American Groundwater Solutions (AGS)

By Thanet Natisri, American Groundwater Solutions (AGS)
Introduction:

“Without water, there is no life”. There is no argument that water availability is an important factor for all
living things on Earth. According to the U.S. Geological Survey, 90% of the water on Earth is salt water and
only 3% is fresh water. Slightly over two thirds of that freshwater is frozen in glaciers and polar ice caps. The
remaining unfrozen freshwater is found mainly as groundwater, with only a small fraction present above
ground or in the air.
Freshwater is a renewable resource, yet the world’s supply of groundwater has been decreasing and many
parts of the world are experiencing depleted water resources.
Depleted aquifers are often the result of heavily pumping for agricultural use and over-consumption. The
rate that water is withdrawn from the aquifers is faster than nature can replenish back to the aquifers.
The most widely used solution to help nature putting water back into the aquifer is through an artificial
recharge technique. This will also help restore the natural springs, river flow, and ecosystem in the area.

Groundwater Bank Project in Thailand.
In 2014, American Groundwater Solutions (AGS) received a request from the Siripanyo Foundation, a
non-profit organization in Thailand, to help solve the problem of water shortages in rural areas of North
Eastern Thailand. Many of these areas are outside of the irrigation system of the central government, so
groundwater is the only source of water during the dry seasons. However, due to extensive pumping in the
past 30 years, the groundwater table in the region has decreased tremendously. The aquifers in some areas
have been depleted for years. The Sirapanyo Foundation and AGS started a project to help replenishing
rainwater during the monsoon season into the aquifer, the project is called “Groundwater Bank” (figure 1).
The idea behind the name “Groundwater Bank” is, to put it simply, for the local
people to gain an understanding of the workings of groundwater. Due to the
lack of education in many areas, technical terms in engineering and geology
have made understanding for the locals difficult. Like a traditional bank, people
deposit money in the bank and withdraw it to use when they need. In this case,
money is the excess rain water during monsoon season and will be kept in
aquifers. In dry seasons, people can withdraw water from aquifers by pumping it
out to use for irrigation and consumption. We also created learning centers to
educate local people to understand the impact of their actions to the
environment and keep their water resources clean through a watershed
protection program.

Figure 1 Pra Nitedsasanakun The founder of Groundwater Bank Project
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Conceptual Model of Groundwater Bank
Groundwater bank project aims to help replenish aquifers and water resources from rainwater through
various artificial recharge techniques. The water storage can later be withdrawn to use for irrigation and
support industrial development of the community. The following figure shows how Groundwater Bank can
be implemented to existing water management plans supplementing agricultural development and
economic growth. (figure 2)

The project has shown great results within four years. Many villages experiencing dry wells have had their
water replenished. It has become so successful in North Eastern Thailand that in 2018 the Thailand
Department of Local Administration raised the project to a national level with supplemental funding for
7,852 sub-districts over a three years period. In late 2019, the Office of the National Water Resources
(ONWR) became interested in the project and have planned to include a groundwater recharge project for
the next 20 years of the national water reform policy. The ONWR also requested for the Department of
Groundwater Resources and the Department of Local Administration to work together to achieve the
maximum result on a nationwide scale by creating and implementing groundwater recharge guidelines.
The success of the project comes mainly from the participation of the locals. They are the key to driving and
expanding the project. We have simplified the techniques to make it more practical for locals to apply and
educate neighboring communities. This has resulted in a rapid expansion to other areas throughout the
country. The process of Groundwater Bank technique that AGS set up for local government consists of 8
basic steps as shown in figure 3.
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Figure 3 Basic 8 steps of groundwater banking process
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Case Study in Thailand
Recharge Ponds Project in Banphueng Sub District, Nakhon Phanom Province, Thailand.
In 2017, the Siripanyo Foundation and AGS received a request from Banphueng Sub District to help solve
water problems in the area. Despite being located in the Nakorn Province, which has the highest rainfall in
the country of 2,245mm per year, they face many water problems including water shortages during the dry
season and heavy flooding during the monsoons. In some villages the aquifers were depleted during the dry
season, this prompted the local government to supply them with water via water trucks. The geology of the
area is made up of siltstone type aquifers (the local people call them Kam Takla Aquifers). The impermeable
thick clay layers block the rain water from percolating into the ground and creates a flash flood during the
monsoon season, especially in low lying areas. The water having nowhere to go; the area was flooded for
many months. Due to the lack of a large reservoir system in the area, people rely on simple shallow ponds
and groundwater. There are a total of 92 groundwater wells in the sub district. However, due to the limited
capacity of the aquifers, the wells only produce an average of only 2 cubic meters of water per hour.
Solution
Recharge ponds (basins) were built to help percolate flooded water in low lying areas of the district. This
helps by reducing the flood water quicker than normal and by raising the groundwater table in the area. The
recharge basins were constructed by excavating the soil past the clay layer to the permeable layer of
siltstone to collect the runoff water in the area. A total of 9 recharge ponds were built in the first phase of
the project. The size of the ponds range from 1,000-2,070 square meters and 7-11 meters deep. The average
permeability rate is between 1.37-2.79 meters per day. The construction costs roughly 5 million Baht
($165,000 USD). The ponds being very deep, safety fences were installed around the perimeter. (figure 4)

Figure 4: Recharge ponds in phase 1 in Banphueng sub-district
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Result
According to the conclusion report and collected data from the local government team, during the past 2
seasons of the monsoon (2018-2019), in the area where recharge ponds were constructed (these areas are
normally heavily flooded for over 2-3 months) flood waters have receded and percolated into the ground
approximately 30% faster than normal. And the water table level in the groundwater well is raised by an
average of 7 inches around the project sites. The flood time had been reduced by 30% this also reduces the
damage to the crop in the area such as rice paddy fields. According to reports from 2018, the damage to the
agriculture sector in the area was reduced by 60% compared with 2017, and in 2019 the number had risen
to 90%. The local governments also have a maintenance plan in place to ensure the efficiency of the
recharge ponds by removing water from the ponds every 3-5 years and removing sediment build up.
In addition, during the 2019 dry season most of the recharge ponds held water whereas the normal
irrigation ponds had mostly dried (figure 5).

Figure 5: Normal irrigation pond, left, built by the central irrigation department compared to a recharge
pond we built in a nearby area. Both photos are from the same dry seasons.

This has greatly benefited farmers in the nearby area as they can pump water directly from the ponds to
irrigate their fields.
Due to its success, the Banphueng Sub District government also expanded a 2nd phase with 6 additional
ponds in 2018 and 3rd phase which will involve 15 additional recharge ponds in 2020.
This is just one example of the Groundwater bank project and local government participation. According to
our report on 2019, there are more than 60 local governments throughout the country that have also
initiated these projects on their own, with many more making plans as well.

Education center:
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In 2019, there are six major Groundwater Bank learning centers in Thailand. Three of those also have a
Memorandum of Understanding with AGS. These learning centers are key factors for the expansion of the
project. They serve as places where locals, farmers, private sector, and government agencies interested in
the project to visit for educational tours, ask for help and consultations. (figure 6)

Figure 6: Groundwater Bank Learning centers in Thailand (left). Activity and education course at Bangphueng
Learning Center (right).

The utilization of drainage infiltration trench to help reduce flooding in the villages, Chaing Kruea, Sakorn
Nakorn Thailand
The drainage infiltration trench is another technique that is involved in the Groundwater Bank project.
Simplified term “closed system” (figure 7) as the technique is not visible from the surface as it is constructed
on the subsurface and covered with materials over top. The recharge ponds we call an “open system” as it is
visible on the surface in a reservoir form.
Due to many villages in rural Thailand facing problems with runoff drainage (resulting from the heavy rain
during monsoon season), the water in low lying areas in some places in these villages has had nowhere to
go, flooding the roadways for many days. Some problems also had to do with runoff planning, inefficient
drainage infrastructure, and new developments that block the waterways. Standing water also affects
sanitation and the health of the people who live nearby. Besides an odor problem this water being left for
many months has become a breeding ground for disease carrying mosquitoes and other insects.
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Figure 7. Drainage infiltration trench designs
In 2018, the Chaing Kruea Municipal government requested help from the AGS team to find solutions for
their problems. Together we came up with the design of drainage trenches that can be installed on the
roadside in the areas where standing water occurs due to flooding (figure 8). The design was based on a
simple yet practical techniques that anyone can understand. It also involves the use of local materials to
reduce costs of construction. According to the Chaing Kruea Municipal government reports, the cost of a
drainage trench is 697 baht ($23 USD) per 1 meter compared to traditional concrete drainage system at
2,550 baht ($84 USD) per meter. The drainage trench will allow rain water on the roadside to percolate into
the ground. In addition this helps in solving the odor problem and decreasing disease carrying insects by
minimizing standing water on the surface.
Due to the success of the roadside drainage trench (figure 9, 10), the Municipal government also came up
with various designs for the residential dry well. This is constructed by digging a trench or hole in the
ground approximately one meter deep, filling it with gravel and stone creating pore space allowing water to
temporarily store and slowly percolate. Villagers are then encouraged to construct a closed system (dry well)
to help fix a similar problems at the household level. According to the municipal report on January 10, 2020
there are 3,400 residential dry wells in the municipal area that were funded and built by the local people
with guidance from the Municipalities. This has resulted in greatly improved sanitation in the participating
villages, reducing residential runoff, and lowering the chances of contamination in waterways, canals and
rivers. (figure11)
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Figure 8 Flood water in low lying area in the village, results from drainage infrastructure inefficiency. and the
new development is blocking the waterway.

Figure 9 the construction of the drainage filtration trench

Figure 10 comparison before and after the program.
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Figure 11: Residential dry well to help percolate standing water in the resident homes to avoid flooding and
prevent the standing water from becoming a breeding ground for disease carrying mosquitoes and insects.
Summary:
Groundwater Bank concepts are being used to solve water problems in Thailand, Myanmar, and Malaysia.
The Recharge Ponds (open system) help farmers store excess water during the monsoon season and use
during the drought season. The Drainage Infiltration Trenches and Dry Wells (closed system) are used in
residential areas where water has flooded due to poor infrastructure and heavy rain, these techniques
improve sanitation by reducing standing flood water. On the educational side, Groundwater Bank provides
the know-how for artificial recharge preventing aquifer depletion.
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Zero Waste
Ruth Abbe, Chair
Zero Waste USA President
Zero Waste International Alliance:
http://zwia.org
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Zero Waste
Ruth Abbe, Chair
Zero Waste USA President
Zero Waste International Alliance: http://zwia.org
All over the world, in some form or another, a pollution prevention hierarchy is incorporated
into recycling regulations, solid waste management plans, and resource conservation programs
that include recovery prior to landfill. Many organizations focused on this 4th R instead of the
top of the hierarchy resulting in costly systems designed to destroy materials instead of systems
designed to reduce environmental impact and properly manage resources. Because of this,
along with other resource destruction systems that have been emerging over the past few
decades, the Zero Waste International Alliance adopted the only internationally peer reviewed
Zero Waste Hierarchy that focuses on the first 3 Rs Reduce, Reuse and Recycle (including
Compost).

Purpose of Hierarchy
The Zero Waste Hierarchy describes a progression of policies and strategies to support
the Zero Waste system, from highest and best to lowest use of materials. It is designed to
be applicable to all audiences, from policy-makers to industry and the individual. It aims
to provide more depth to the internationally recognized 3Rs (Reduce, Reuse, Recycle); to
encourage policy, activity and investment at the top of the hierarchy; and to provide a guide
for those who wish to develop systems or products that move us closer to Zero Waste. It
enhances the Zero Waste definition by providing guidance for planning and a way to evaluate
proposed solutions.

Zero Waste Definition
“Zero Waste: The conservation of all resources by means of responsible production,
consumption, reuse, and recovery of products, packaging, and materials without burning and
with no discharges to land, water, or air that threaten the environment or human health.”
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International Zero Waste Hierarchy of Highest and Best Use

Purpose


The Zero Waste Hierarchy describes a progression of policies and strategies to support the
Zero Waste system, from highest and best to lowest use of materials. It is designed to



be applicable to all audiences, from policy-makers to industry and the individual. It aims to
provide more depth to the internationally recognized 3Rs (Reduce, Reuse, Recycle);



to encourage policy, activity and investment at the top of the hierarchy; and to provide a
guide for those who wish to develop systems or products that move us closer to Zero



Waste. It enhances the Zero Waste definition by providing guidance for planning and a way
to evaluate proposed solutions.

Rethink
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Support and expand systems where product manufacturing considers the full life-cycle
of their product in a way that follows the Zero Waste Hierarchy and moves toward more
sustainable products and processes. Producers take back their products and packaging in a
system that follows the Zero Waste Hierarchy.
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Identify and phase out materials that cause problems for Closed Loop Systems*



Facilitate and implement policies and systems to encourage and support Local Economies*



Re-consider purchasing needs and look for alternatives to product ownership



Provide information to allow for informed decision-making



Be aware of and discourage systems that drive needless consumption

Redesign


Design and purchase products from reused, recycled, sustainably harvested renewable, or
non-toxic materials to be durable, repairable, reusable, fully recyclable or compostable, and
easily disassembled



Shift funds and financial incentives to support a Circular Economy** over the harvesting/
extracting and use of virgin natural resources



Enact new incentives for cyclical use of materials, and disincentives for wasting



Facilitate change in how end users’ needs are met from “ownership” of goods to “shared”
goods and provision of services

Reduce


Plan consumption and purchase of perishables to minimize discards due to spoilage and
non-consumption



Implement Sustainable Purchasing** that supports social and environmental objectives as
well as local markets



Minimize quantity and toxicity of materials used



Minimize ecological footprint required for product, product use, and service provision



Choose products that maximize the usable lifespan and opportunities for continuous reuse



Choose products that are made from materials that can be easily and continuously recycled



Prioritize the use of edible food for people



Prioritize the use of edible food for animals

Reuse


Maximize reuse of materials and products



Maintain, repair or refurbish to retain Value**, usefulness and function



Remanufacture with disassembled parts; dismantle and conserve “spare” parts for repairing
and maintaining products still in use
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Repurpose products for alternative uses



Support deposit/return systems for containers and other hard to recycle products

Recycle/Compost


Support and expand systems to keep materials in their original product loop and to protect
the full usefulness of the materials



Maintain diversion systems that allow for the highest and best use of materials, including
organics



Recycle and use materials for as high a purpose as possible



Develop resilient local markets and uses for collected materials



Provide incentives to create clean flows of compost and recycling feedstock



Support and expand composting as close to the generator as possible (prioritizing home or
on site or local composting)



Whenever home/decentralized composting is not possible, consider industrial composting,
or if local conditions require/allow, anaerobic digestion

Material Recovery


Maximize materials recovery from mixed discards and research purposes after extensive
source separation



If conditions allow, recover energy using only systems that operate at Biological Temperature
and Pressure**

Residuals Management
Examine materials that remain and use this information to refine the systems to rethink,
reduce, reuse, and recycle in order to prevent further discards



Ensure minimization of impacts by means of biological stabilization of fermentable
materials.



Encourage the preservation of resources and discourage their destructive disposal or
dispersal



Plan systems and infrastructure to be adjusted as discards are reduced and its composition
changes



Minimize Gas Production and Release** and maximize gas collection



Use existing landfill capacity and maximize its lifespan. Ensure it is responsibly managed**



Contain and control toxic residuals for responsible management
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Unacceptable


Don’t support policies and systems that encourage the destructive disposal of organics and/
or the destruction of recyclables



Don’t support energy recovery and/or destructive disposal systems that are dependent upon
the continued production of discards



Don’t allow the Incineration** of discards



Don’t allow toxic residuals into consumer products or building materials

**Definitions:
Biological Temperature and Pressure
The ambient temperature and pressure that occurs naturally without the use of added energy,
or in any case not above 100 degrees Celsius to change it, such as anaerobic digestion.

Circular Economy
An industrial economy that is, by design or intention, restorative and in which material flows
are of two types, biological nutrients, designed to re-enter the biosphere safely, and technical
nutrients, which are designed to circulate at high quality without entering the biosphere.
Materials are consistently reused rather than discharged as waste.

Closed Loop System
A system not relying on matter exchange outside of the system, as opposed to open loop
where material may flow in and out of the system.

Destructive Disposal
Discarded materials placed in a landfill or in an Incineration** facility

Diversion
An activity that removes a material from Destructive Disposal.

Incineration
Incineration is a form of Destructive Disposal via combustion or thermal conversion/treatment,
using temperatures above 100 degrees Celsius, of discarded materials into ash/slag, syngas,
flue gas, fuel, or heat. Incineration includes facilities and processes that may be stationary
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or mobile, may recover energy from heat or power and may use single or multiple stages.
Some forms of incineration may be described as resource recovery, energy recovery trash to
steam, waste to energy, energy from waste, fluidized bed, catalytic cracking, biomass, steam
electric power plant (burning waste), pyrolysis, thermolysis, gasification, plasma arc, thermal
depolymerization or refuse derived fuel.

Minimize Gas Production and Release
This means keeping out source-separated organics and biologically stabilizing the materials
that go into landfill. For existing landfill cells that already contain un-stabilized organics, the
gas production should be minimized by keeping out rainwater and not recirculating leachate.
Minimize methane release by permanently capping closed cells with permanent covers and
installing gas collection systems within months of closure (not years). Maintain high suction
on collection wells and do not damp down wells or rotate off the wells to stimulate methane
production. Filter toxins in the gas into a solid medium that is containerized and stored on site.
Note that this is not considered a renewable energy.

Problematic for a Closed Loop System
Materials that make it hard to recycle or compost the materials themselves or other materials.
These may be contaminants for a material (like some forms of biodegradable plastics or stickers
on fruit and vegetables) or materials that clog processing systems (like plastic bags)

Responsibly Managed Landfills
Manage landfills to minimize discharges to land, water or air that are a threat to life on Earth.
This must include plans for closure and financial liability.

Sustainable Purchasing
The purchase of goods and services that take into account the economic value (price, quality,
availability and functionality) and the related environmental and social impacts of those goods
and services at local, regional, and global levels.

Value
The importance, worth, or usefulness of something that may be economic, social, environmental,
or sentimental.

Waste Deregulation
The act of removing environmental health and safety regulations from waste, often treating
it as if it is no longer waste. Such as the U.S. EPA’s Non-Hazardous Secondary Materials rule
which allows burning of waste in various applications, and as a consequence, no longer subject
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to stricter air pollution requirements associated with waste incineration. This also includes
allowing toxic or potentially toxic waste streams to be recycled, composted, or managed in a
way that is or would be a threat to planetary, human, animal, or plant health.
Further examples of waste deregulation include but are not limited to: using hazardous
waste, low-level radioactive waste, sewage sludge, or composted MSW residuals as soil
amendment or fertilizer, incorporating incinerator ash or coal power plant fly ash into cement
and artificial underwater reefs; incorporating radioactive metals and other toxic materials into
the general material stream and consumer products without any limitation or labeling, using
fly ash and sewage sludge as mine fill (filling in surface coal mines) without any liner systems
to protect groundwater; using incinerator ash, sewage sludge, construction/demolition debris,
auto shredder residue, and other hazardous waste streams as alternative daily cover at landfills.

*Guiding Principles
Precautionary Principle
When an activity potentially threatens human health or the environment, the proponent of
the activity, rather than the public, should bear the burden of proof as to the harmlessness
of the activity. Where there are threats of serious or irreversible damage, lack of full scientific
certainty shall not be used as a reason for postponing measures to prevent environmental
degradation.

Polluter Pays
Whoever causes environmental degradation or resource depletion should bear the “full cost”.
This encourages industries to internalize environmental costs and reflect them in the prices of
the products

Opportunity Costs
Consider opportunity costs of investments and ensure investments occur as high as possible
on the Hierarchy

Closed Loop Systems
Design systems to be closed loop rather than linear in their use of resources

Sustainable Systems
Develop systems to be adaptable, flexible, scalable, resilient, and appropriate to local ecosystem
limits
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Information & Improvement
Collect information on systems and use as feedback for continuous improvement

Materials Are Resources
Preserve materials for continued use and use existing materials before harvesting virgin natural
resources

Highest and Best Use
Creating and keeping materials and products for a use as high on the hierarchy as possible
and in the useful loop as long as possible. Keeping materials from being downcycled where
the number of future uses or options are limited. Source separate items and materials to the
extent necessary to ensure clean and marketable products and materials for reuse, recycling
and composting streams

Minimize Discharges
Minimize all discharges to land, water or air that may be a threat to planetary, human, animal
or plant health, including climate changing gases

Conservation of Energy
More energy can be saved, and global warming impacts decreased, by reducing waste, reusing
products, recycling and composting than can be produced from burning discards or recovering
landfill gases

Local Economies
Support the growth and expansion of local economies (production, repair, and processing) in
order to reduce greenhouse gases from transportation, improve accountability, and increase
repair and parts opportunities

Close to Source
Processes to occur as close to the source as practical

Engage the Community
Promote changes and systems that work with communities to facilitate meaningful and sustained
participation, increase understanding, and influence behavior change and perceptions
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Do Not Export Harm
Avoid the export of toxic or potentially toxic waste or materials to economically challenged
nations and avoid the export of materials with limited, undefined recycling markets that will be
either landfilled or incinerated in another region.

Souvenir Designed by

www.prowesspub.com
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Safe, accessible water is crucial to preserving life. In an increasingly water-stressed world, many
countries and regions face the risk of political instability or conflict over water. Currently, over
1 billion people lack access to water and over 2.4 billion lack access to basic sanitation. Access
to clean water is lowest in Africa, while Asia has the largest number of people with no access to
basic sanitation. Research shows water stress is an important factor driving social instability and
conflict around the world. A community’s risk of water stress depends not only on droughts
and floods, but also on its ability to govern fairly and be resilient in the face of these natural
hazards. For this reason, women’s lack of involvement in the water sector is troubling not only
for gender equity, but for peace and security as well.
Women and girls spend an estimated 152–200 million hours a day collecting water, yet they
are frequently shut out of decisions relating to water. In Asia, women and children walk an
average of 6 kilometres for water. Surveys from 45 developing countries show that women
and children bear the primary responsibility for water collection in most households (76%).
In some places, women can spend up to 5 hours a day collecting fuel for energy and water,
and up to 4 hours preparing food. The resulting time poverty can deprive them of an income
generating job, the ability to care for family members, or time to attend school. The economic
cost of women’s unpaid work as water collectors is enormous, with the figure for India alone
equivalent to a national loss of income of about $160 million.
It is increasingly accepted that women must play an important role in water management
and their position is vital in achieving equitable access to water for all, and for all uses. Water is
not owned by just one discipline of human existence, its multi-dimensionality needs to be put
in a holistic perspective facilitated by a dialogue among the stakeholders (including women)
having asymmetric knowledge contexts, capacities, beliefs, socio-economic backgrounds,
cultural and spiritual visions. Women and water are inseparable. In most developing countries,
water is “women’s business.” Women and girls fetch, carry, store, and manage household water.
They have intimate knowledge of water sources, water quality, and daily household water
requirements. Hence, women have a major stake in water matters and must be part of any
decision about water issues.
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Water is a women’s issue. And that’s not only because millions of women spend many hours
every day collecting water and bringing water home and using it for washing, cooking, or using
water when the health and education of their children is at stake, or when they need it for
building their businesses. It is also a women’s issue because how we manage water is part of a
decision that is critical for our future. Women in many places and decision-making situations
have often been known to take a better and a more holistic view of things; a view that integrates
and brings different perspectives to the fore.
There is a gender gap in water management leadership at all levels of government—national,
municipal, and local—and it encompasses water utilities, and water supply and irrigation
community governance groups. A growing body of evidence shows that water projects can
become more effective when women participate. A World Bank evaluation of 122 projects found
that water projects that included women were six to seven times more effective than those that did
not. Yet, women make up less than 17% of the water, sanitation, and hygiene labour force and a
fraction of the policymakers, regulators, management, and technical experts. Access to safe drinking
water and sanitation has far-reaching consequences for achieving equality and creating an
inclusive society. Internationally, India is a signatory to the Sustainable Development Goals
(SDGs). Goal 4, 5 and 6 enjoin it to quality education, gender quality and equitable access to
water and sanitation for all.
Working towards this cause is Water For People India, a non-profit which came into existence
with its initial operations in West Bengal in 1996 through an arsenic mitigation programme
in North 24 Parganas and Nadia districts. Water For People India is working to design and
implement high-quality water and sanitation programs that directly contributes to improved
health and well-being of people; expanding in its scope and geography (28 districts across five
states – West Bengal, Bihar, Maharashtra, Odisha and Assam) to ensure safe and sustainable
WASH services to households, communities, and public institutions. Water For People India
has committed to ‘leaving no one behind’ in attaining the Sustainable Development Goals
(SDGs) through its ‘Everyone Forever’ model with an aim to reach ‘Everyone’ in a district- even
the hardest to reach- with safe and reliable WASH services ‘Forever’- so that they are sustained
and managed by communities on their own.
To advance its commitment to the national drinking water and sanitation goals, Water
For People India believes in leveraging ground up and top-down approach i.e., empowering
communities and collaborating with the government and private sector so that the water
systems are protected, managing institutions are functional and funded, sanitation services
are available, and communities are self-reliant.
Approaching WASH with an inclusive lens is essential for achieving universal access. To
create robust and sustainable WASH infrastructure, community management of water and
formation of water users’ association can lead to success at grassroots level. Water For People
India programs are tailored to work with the most excluded and vulnerable population groups
– wards where the piped water supply is likely to implemented in the last phase; small and
marginal farmers, especially women and the vulnerable and excluded population. Organized
community interventions and capacity building, linkages to the government schemes and
provisions, generating evidence and influence to address specific needs of these population
groups are part of the program strategy. A community-based operation and maintenance
(O&M) system is established at each water facility. A Water User Committee (WUC) is formed
with 10-15 members (users) to ensure day-to-day maintenance of the water point. The Users
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contribute both financially and in kinds for installation of water points. They pay tariffs for
addressing O&M cost of the water point. Involvement of women in planning, operation and
maintenance management of water services (54% women are involved in overall management
the WASH infrastructures) influences the village women in playing the leadership role.
Additionally, WUCs are capacitated through regular training on O&M of water points. Water
For People India is now supporting gram panchayats (service providers) to develop village
water safety and security plans – aimed at estimation of water needs, water conservation,
support for community management of water facilities and access to government schemes and
provisions. At block level public health engineering departments, and other service authorities
are supported for structure, management, monitoring and financing needs for drinking water
facilities. In the creation of water points, during the feasibility study, engagement with women
users are considered in site selection and in their representation in Water User Committees
being constituted. Among the water user committees constituted, approximately 80% of the
members are women. During the trainings on village water safety and security plans (VWSSP)
at the block level, the representation of women from the community / members of Ward
Implementation and management committee was around 30%, so that the idea of VWSSP can
be imparted in every household through women’s participation as they understand the value
of water and its conservation and reuse.
Likewise, the locations of the water points are selected with mutual consent, to ensure that
they are accessible to all community members and specially to marginalized groups. Mahadalit,
minority communities and backward class communities are also in decision making for the site
of water point to provide equal opportunity to access drinking water.
Training and capacity building are an integral part of WASH management program of
Water For People India. By training 235 local youth/people as Jalabandhus (mobile handpump
mechanics), defunct water systems are repaired, and downtime is reduced from 24 days to
less than two days. Jalabandhus work intensively with Village Water Sanitation Committee
and Village Health Sanitation and Nutrition Committee and receive training for skilling and
enterprise promotion.
Water For People India promotes key behaviours for the usage of toilets, handwashing
practices at critical times, safe storage and water handling practices, and creating awareness on
conservation of water. In the development of Information, Education and Communication (IEC)
materials, in terms of content, illustration and demonstration, special consideration is given to
gender equity so that male and female participation is in parity and the gender stereotypes
are addressed. An integrated approach of ‘Inspire, Activate and Sustain’ has been designed for
continuous reinforcement of positive WASH behaviours, reaching 1.25 million people with use
of IEC materials and Behaviour Change Communication (BCC).
Under WASH in Schools, Water For People India has implemented strategies for ensuring
functionality of the toilets, engaging multiple stakeholders such as child cabinets/student
groups, School Development/Management Committees, local institutions and local government
officials, within the purview of Right to Education Act. Strengthening of child cabinets has been
done in all the intervention schools. Water For People India, in the process, improves skills
of masons and strengthens child cabinet, school management committee, mother teachers’
associations. In addition to working with girls, adolescents and women, the program initiatives
also engage with boys and men towards understanding WASH priorities and bringing about
changes in social norms and practices and addressing specific forms of exclusion, inequalities
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and power imbalances. So far, WASH retrofitting interventions have been facilitated in 40
schools, reaching out to more than 4,000 students and teachers with access to improved WASH
facilities in Birbhum district, West Bengal. Apart from this, it has organised awareness and
community triggering events in 26 locations covering five Gram Panchayats to communicate
the message on the importance of toilet usage. More than 1,000 mothers have been oriented on
critical hygiene messages like handwashing at critical times and the linkage between sanitation
and nutrition at Anganwadi centres.
Key efforts to ensure gender equity under the programs include implementing menstrual
hygiene management interventions which lead to increased school attendance and retention of
girls; ensuring representation and engagement of women in local institutions; and contributing
to women’s safety and dignity by improving access to toilets at home.
Likewise, in Farmers club about 70-80% of the members of the farmers clubs are women.
Moreover, incumbent of at least one of the three posts (President, Secretary and Treasurer)
are females. Joint Liability Group (JLGs) are formed to disburse loans from Micro Finance
Institutions (MFI). The JLGs are all female body with 10-15 members each. They are trained to
be financially sound and voice their opinion in financial matters by getting loans for sanitation
and livelihood.

SUCCESS STORIES
 “The interventions made by Water For People India and their partner organization were need-based
and qualitative. The ‘Forever’ approach is unique, ensuring long-term sustainability and empowerment
of the community”
-- Deputy Development Commissioner of Sheohar District, Bihar
 “We used to fetch water from a river two kilometers away. Though we have heard of deep tube well
but never imagined we would have one, and that too so close to our house”
--- Smt. Gouri Mahara, Amlachaturi Water user Committee member, Bhabanipur Gram Panchayat, Birbhum district
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 “Nobody in our village could imagine that we can have a tube well, that too so near to our house.
People here have been travelling to Jharkhand to fetch water, which is 500 meters away. During
scorching summers, we had to travel 6-7 times in a day”

			
--- Samrun Bibi, Cashier Kanmora Dangalpara Water User Committee,
					
Bhabanipur Gram Panchayat, Birbhum district
 “Five-years ago when I took admission in the Ashram school, I realized the importance of water in life.
As all students are girls, we faced severe water crisis. There was no cleanliness in the premises due
to shortage of water. To use toilets, we had to carry water in mugs or bottles and sometimes attend
classes without bathing for days. Thanks to Water For People India for providing us with 24x7 water
supply. By attending the introductive session on Ashram School Water Safety Security Plan we now
all have a sane understanding about the role of water in our lives and ways to manage it. “

			
--- Neha Sanjay Palve, student, Class XII in Tembrusonda Ashram school,
						
Amravati district, Maharashtra
 “The community is very happy with the robust hand pumps provided by Water For People India Trust
and NSEF. We look forward to jointly work through the panchayat development plans to install more
handpumps and soak pits. We all are very satisfied and proud of the work done so far.”
---- Archana Das, Pradhan, Khoyrasol Panchayat, Khoyrasol Block
 “Gone are the days when we had to walk miles to fetch water. Now we are so relieved to have a secure
water source closer to our home to meet our daily needs. We have been saved from a lifetime agony.
And Water For People India Trust made this possible.”
--- Ganga Das, Treasurer (Water User Committee), Khoyrasol Gas Godown, Khoyrasol Block
 “These initiatives have improved the knowledge of mothers on health and hygiene. I also learnt all the
steps of handwashing. Now mothers are taking more special care in maintaining hygiene of their children.”
--- Krishna Das, ICDS Worker, Sundarkhele ICDS Center, Gangmuri Joypur Gram Panchayat, Rajnagar Block
 “We are very happy that now we have access to clean toilets. Before the child cabinet was nonfunctional but now, we know our responsibilities and teach our fellow classmates about good health and
hygienic habits. We are also aware about health and hygienic issues regarding our family members.
Now we also know about critical times of hand washing and the techniques. Every Saturday, we
conduct a child cabinet meeting and discuss about how we can keep our school environment clean
as well take care of our health.”
--- Susmita Mal, Student, Kabilashpur Primary School, Bhabanipur GP. Rajnagar Block
 “The joint training for mothers and children organized by Water For People India Trust in Anganwadi
centers have educated us about what is right for all of us and our children. We never thought that
hygiene is such an integral part of our lives and that handwashing with soap is so important. Now we
can’t imagine a life without soap.”
--- Sabita Pal, Mother, Sundarkhele ICDS Center, Gangmuri Joypur Gram Panchayat, Rajnagar Block
 When Water For People India started recruiting Jalabandhus in my village, I was eager to join the
cadre of the hand pump mechanics. Being a married woman with children did not deter me from taking
on a “man’s job” as I always find ways to engage in community work
			

– Rina Paik Mondal, female Jalandhu, 24 Parganas district
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KEY LEARNINGS/ LESSONS LEARNT
Many anecdotes point to women’s potential as key players in water management. But in order
to spark action across more countries and regions, policymakers require more evidence—
especially impact evaluations. When governments and NGOs evaluate the effects of water
development and peace-building projects, they should make sure to measure the effects of
women’s participation. With this kind of evidence, we will better understand how women can
help solve the problem of water-related conflict. Increasing the number of women in local
water committees is a great first step, but women’s leadership nationally and internationally
would likely result in even greater benefits.
•

Since women are the primary users and managers of household water, they have a major stake in
water matters and must be involved in decisions about water issues.

•

Projects designed and run with the full participation of women are more sustainable and effective than
those that are not.

•

At the national level, there is a correlation between the number of women in elected positions and
the formulation of policies and legislation related to women’s issues, including water and agriculture
services, day care, etc.

•

Within local government, women’s participation and leadership have led to greater investment in
women’s issues, such as safe drinking water, sanitation, childcare services, drainage, and street and
village lighting.

•

Within communities, women’s leadership has led to improved water security and greater efficiency.
Women leaders are needed at all levels of society, in water utilities, government water agencies, and
international and regional water institutions to reduce the democratic gender deficit in water leadership.

RECOMMENDATIONS
Women leaders are needed not only in communities, utilities, and government agencies, but
also at the level of international policy making, and in international nongovernment agencies
so that gender-inclusive water policies can be translated to national levels.
•

Conduct robust research to evaluate the success of promoting women to leadership positions. Replicate
good practices.

•

Build the technical and managerial skills of women as professionals and technicians in the water sector
by developing their competency and expertise.

•

Build capacity for women through different modalities, such as traditional training, blended learning,
coaching, mentoring, and exchange programs.

•

Put women in leadership posts but note that this will not automatically make them good leaders.
Give them support in the form of technical knowledge of the water sector, management skills, and
the confidence to make decisions. This requires short and long-term investments from governments,
utilities, and agencies.

•

Continue gender mainstreaming and gender sensitization for all water-related institutions.
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•

Link governments and water agencies with universities and technical and vocational education and
training institutions to encourage more women into the water sector.

•

Train communities in gender equality so that they welcome and support women water leaders.
Strengthen Community based organizations (CBOs), irrigation groups, water user associations, and
women’s groups and increase the number of women leaders within them through the use of temporary
special measures, quotas, and targets.

•

Provide practical training, apprenticeships, internships to youth a part of skilling and enterprise promotion
(Jalabandhus) to give them practical experience and an overview of the sector.

•

Develop women’s leadership and decision-making skills through training, mentoring, and skills building.
It is not enough to simply increase the number of women in community water groups, although a critical
mass of women is important. Both quantity and quality are essential components of leadership.

WAY FORWARD: The Pathways For Gender Equity And Women’s
Leadership in Water Governance
Women’s leadership is new in water governance. As water resources have become scarce
or polluted women’s leadership is only more important as ethnic communities are rich
in knowledge of how to manage water resources and sustainability and should be able to
contribute to the conversation. Women’s leadership in the water sector matters since, as noted
above, water is “women’s business” and critical to the performance of their productive and
reproductive roles. The form that their leadership takes, however, is critical and it can only be
effective if women are empowered to shape and influence change. Leadership is not about
appointing women to token positions, but truly enabling them to influence decision making for
the benefit of women, as well as men. The overall purpose of leadership is to influence others,
and to ensure that the allocation of resources benefit people and advance development. Yet
at present women often lack social and political power and are systematically excluded and
marginalized from decision-making processes.
To overcome the challenges of gender equity and social exclusion, Water For People India
highlights the important role women play in addressing water and sanitation scarcities and in
the development process through our programmes. In addition to engaging with adolescents
and women, we look out for ways to engage men to address attitudinal and structural barriers.
As we embark on the next decade—the ten-year countdown to realize the Global Goals—2020
must serve as a springboard point wherein gender integration should be the top objective
rather than something to insert here or there.

Water & Waste Management

145

Binder Group is a German manufacturer of state-of-the-art aeration control valves, thermal mass flow
meter, and control systems for the biogas and wastewater treatment industry. Binder Group has been
helping the municipal community around the globe for more than 20 years to optimize the operation
and performance of the wastewater treatment plants while maximizing their power savings. While
providing German-designed and quality manufactured products, Binder Group supplies the most costeffective aeration control valves and systems worldwide. Besides this, we are experts in gas analysis
and gas flow measurement of biogas, digestor gas, landfill gas and syngas.
Binder’s product lines are; COMBIMASS® for biogas gas flow measurement & analysis, as well as the
VACOMASS® product line for aeration air control in wastewater treatment plants.
The COMBIMASS® thermal dispersion flow meter measures the gas flow unaffected by pressure and
temperature fluctuations, the integrated humidity correction enables determination of the dry gas
flow production in standard cubic meters according to DIN1343 standard in waterdamp-saturated
biogases.

COMBIMASS® portable and stationary analyzer systems for digester gas in sewage treatment plants
and landfill gas, biogas from agricultural anaerobic digestion plants, co-fermentation plants, solid
waste composting and waste gasification plants.
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COMBIMASS® system: The combination of both gas flow and gas quality brings significant advantages
in biogas process monitoring. Measured gas flow signal is compensated by changing gas composition
to increase accuracy and for direct determination of energy contents in the gas.
The VACOMASS® aeration control system is optimized for measuring, adjusting and control of air
supply into aeration tanks of wastewater treatment plants. It ensures, that the air is supplied according
to actual oxygen demand in various basins and aeration zones in the plant. All components are
designed and manufactured in Germany, therefore full system integration can be applied (one-stopshop).

All VACOMASS ® components are especially designed for use in aeration air in wastewater treatment
applications.
VACOMASS ® jet control valve is unique worldwide for air distribution and control of air it combines
aerodynamically optimized design with extra-ordinary 0.2% position accuracy and repeatability with
nearly linear characteristics over entire operating ranges, fully made in stainless steel and energy
savings due to extremely low pressure drop. It fulfills all requirements in the Advisory Leaflet DWA-M229-1 (September 2017) and the new “Handbook of Energy North Rhine-Westphalia” (January 2018).
VACOMASS ® elliptic diaphragm control valve air control valve with for precise control of air flow, is a
technically optimized sliding gate control valve to all with gas-tight shut off and an elliptical control
aperture, with a falling flow axis. It is designed according to DIN EN 60534-2-3 with an especial high
flow range capability for diffuser cleaning, high peak loads etc.
VACOMASS® square diaphragm control valve for air distribution in aeration tanks is sliding gate control
valve with a gas-tight shut off using a square shaped control aperture, for simple replacement of
butterfly valves to improve control performance with an acceptable pressure drop.
VACOMASS® thermal dispersion flow meters are used for precise measurement and monitoring of air
flow to the different aeration tanks or zones.
VACOMASS® flexcontrol is a modular electronic control panel to adjust the stroke of the air control
valves, to optimize air supply and nitrogen elimination, enabling energy efficient operation of the plant
thereby reducing operating costs. The open and configurable flexalgorithm contains all control
strategies for nitrogen elimination according German Advisory Leaflet DWA-A-268 and maintenance &
operation of FBDA-systems according to DWA-M 229.
In order to ensure the highest accuracy, best possible measurement and control precision each
components are precisely calibrated in CAMASS® Calibration Lab simulating real operational situation
component of COMBIMASS® flow meter and analyzer as well as VACOMASS® air distribution system

and conditions.
components are precisely calibrated in CAMASS® Calibration Lab simulating real operational situation
and conditions.
If you have any questions about our products please feel free to contact us directly.
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THE TRAGEDY OF
INDIAN ENVIRONMENTAL-DECISIONS
Prof. (Er.) Dr. Devendra Swaroop Bhargava
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35/201, Gandhar, Sahara-State, Jankipuram, LUCKNOW-226021, UP, INDIA;
m.+91-9412074331,
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The utter failures of environmental projects especially the mighty Ganga-Cleaning is well known
technically as well as politically despite severe and sincere efforts at all possible governmental
and religious levels particularly since mid-eighties when the Government liberally started
allocation of huge funds for Ganga-cleaning.
The right people not at the right places, the dominance of pseudo (quacks in medical
terminology) at significant levels of decision-making, total control by pseudos as judges/their
advisers/counsels in Indian judicial system, ignorance about literature on Ganga and its cleaning,
are some major causes that had been responsible for this great religiously significant tragedy.
In this paper, a discussion is made out to aware the government as well as the religiously
involved public in the hope of an optimistic reaction and solution from all concerned

INTRODUCTION
Environmental development/amendment, being almost zero in the past several decades, is
now not only an essential for India but is most needed for any kind of progress or decent living
or health or comforts of the citizens. There is great need to ensure that no further wastage of
time and money takes place.
India also got defamed for not being a merit-loving country manifested by the fact that right
people had not been available at the right places. In environmental matters, the greatest tragedy
had been the man-made faults and total disregard of/for Indian customs/habits/situations/
religious-rituals/etc that resulted in a highly diluted system of environmental education in
India. Such faults, perhaps intentionally created by the saboteurs of the country, gave birth to
pseudos for India’s environmental control.

ENVIRONMENTAL EDUCATION
An undergraduate 4-year degree in Civil Engineering is a prerequisite for admission into the
2-year master’s degree in Environmental (Public-Health or Sanitary) Engineering which also
included medical courses in Epidemiology, Bacteriology, etc. Thereafter, the 3-5 year (or
more, even 9 in IIT) for a PhD degree. In some countries, Chemical/Mechanical Engineering
Water & Waste Management
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undergraduates are allowed after completion of necessary prerequisite-courses. But, most
unfortunately in many Indian Universities/Institutes, even interdisciplinary/pure Science
(biological/chemistry/geology/etc) degree-holders (who are however, fit enough to only
monitor/test the environmental quality) were admitted into the Masters-level engineeringdegree course in Environmental Engineering and that too without clearing the needed
prerequisites. This resulted in numerous difficulties including in their teaching/understanding/
examination/etc and produced the highly-united/organized “quacks” who in India’s famous
non-merited whimsical-system occupied almost all key judging/decision-making positions in
the arena of environment. Failure to clean River Ganga (now very significantly polluted) despite
all possible efforts, court-hearings, money, etc at all levels is a highly glared example to support
the point. Gradually and Eventually, the poor cow-looking religious-minded Hindi-Speaking
Indians (who frequently do “aachman”, i.e. inhaling of holy Ganga river-waters as part of their
religious rites to ensure salvation) are getting/turning somewhat immune like animals who
survive/thrive on highly polluted drain waters.

SOLUTION
To evade the environmental tragedies that India is undergoing, some following strategies are
the most needed possible remedies:
__ Identify and black-list the bogus Institutes that are offering the highly-diluted
environmental-education. This will also save many students (also their disaster-prone careers)
who aspire to freely/easily become environmental-technologists without undergoing this
highly professional-training offered even in institutes of IIT-level
__ Make laws to severely punish the stated pseudos/impersonators who illegally indulge
in practicing consultancies/advises/teaching/etc related to the environmental-technologies/
engineering.
__ Ensure selecting the right people for the right jobs through a scientific-Index evaluation
based on geometric-integration of grades/marks awarded in duly-weighted essential
requirements of the job.
__ The Judiciary (including Counsels) duly classed and trained appropriately should
have (only “index-based”) real eminent-experts/advisors duly qualified as environmentaltechnologists (strictly not the ‘pseudos’).
__ There is great need to create some system like a CITIZENS-COUNCIL to rein/discipline/
remove/punish Indian-Judiciary and Environmental Courts (including Counsels who hobnob
with opposite parties for extra gains) who easily kneels-down before a mere IIT or is highly
illiterate or is very fond of ‘cash for judgment’ as apparent from Nainital HC WP 726/08 wherein
the Central Information Commission to the Supreme Court had repeatedly upheld RTI-answers
(by IIT Roorkee) that “information pertaining to 1994 was more than 20 years old in 2006”
__ Every Technologist/Engineer involved in Environmental Control/Technology must
regularly be trained/updated/evaluated in latest knowledge of environmental-researches
contained in quality-reviewed journals
__ The anti-nationals, anti-Hindi Hindus, unscrupulous types having no regard for the
religious-sentiments/rituals of Hindi Hindus must not be associated in any manner with
cleaning/maintaining the Ganga and other religiously significant Rivers
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__ The strategies for keeping Ganga and other rivers pollution-free should be made
keeping full regard of Indian situations/conditions/circumstances/finances such that not even
a drop of any wastewater (around 50% of any city’s generated wastewaters from slums etc is
not intercepted and flows directly towards and into the city-river to keep it highly polluted) is
able to get entry into the city-stretches of these rivers. As a ‘preventive-strategy’ of pollutioncontrol, this 50% portion of the total wastewater can be intercepted/prevented from entering
the river’s city-stretch by constructing a dam (or retaining-wall)-like structure on one or both
sides (depending on the city’s development) of the river along with a parallel covered-canal
(or huge sewer), between the river and the city, to carry this intercepted 50% wastewater
downstream such that it together-with the remaining 50% generated and collected (through
the city’s sewerage system) wastewater is taken some 2/3 km downstream of the city to be
given a zero or primary or primary + secondary treatment depending on the availability of
funds. A part of the treated effluent/wastewater rich in organic-manure can be pumped (and
even sold) to agricultural fields for organic-farming (a current craze as also such crops sell
at higher prices) and/or for supplementing summer-needs of irrigation during draught-times
(farmers’ suicide, a regular in India, will also thus, be prevented). The dams at each city can
be developed beautifully with resting-benches, flower-beds, “ghats” or bathing-steps, swings
(“Gujrati-jhoolas”), play-spots, etc to attract tourists/morning-walkers/children/etc and their
varied architecture/aerial-view would enable to identify the city. The Ganga or other rivers
would thus, get slightly polluted only on city’s downstream side and will get purified by the
time they reach the next downstream city along the river, thanks to the extraordinarily high
self-purifying abilities possessed by the holy-Ganga.
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We
invest
time
and
resources in identifying the
root cause of the problem
first and then devise
complete solutions.
MISSION
InNow is the catalyst that creates
value
for
its
portfolio/partner
companies and investors by providing
expertise and resources that span three
continents.
We identify critical and high growth
opportunities consistent with our
mission and develop relationships
with innovative technology providers
from USA/Australia/Israel who wish
to grow their business in the Indian
subcontinent.

VISION
InNow
creates
value and a
transformative positive social and
environmental impact by integrating
key
technologies
to
provide
sustainable water treatment and
management solutions.
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INNOVATIVE WATER & WASTEWATER
TECHNOLOGICAL SOLUTIONS
InNow India Pvt. Ltd. (wholly owned subsidiary of InNow LLC,
USA) specializes in providing integrated sustainable solutions,
products, technologies and services for the following segments
•

•

•
•
•
•

Drinking water treatment
o Disinfection using Hydrodis – a dual disinfection
technology that provides reliable and complete
disinfection of water without using chemicals
o Arsenic removal – NSF/NEERI approved
o Fluoride removal – NEERI approved
Sewage and Wastewater treatment using Advanced MBBR
o Meets the most stringent discharge standards
o Produces reuse or recycling quality treated water
o Utilizes 30-40% less electricity than traditional
MBBR
o Smaller footprint
Sustainable Rainwater Harvesting Solutions
o Cost-effective and ecological groundwater recharge
In-situ bioremediation & restoration of Lakes, Ponds, Nallah
and Rivers
Solid waste management and odour mitigation
TDS (Total dissolved salts) reduction by Capacitive
Deionization Technology
o Tuneable TDS reduction
o High recovery of water (>70% water recovery)
o Fully automated system

Tel: 0124-2370601

info@innowindia.com
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