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John Venn (circa 1880)




John Venn (circa 1880)
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Description Resources to | Resources to

Environmental | Public Health
Protection Efforts

Frontier No realization of Health

Phase synergy; low $ $
commitment.

Epidemic Acute effects

Phase recognized; $$ $$$$$

synergy
awareness; Public

pressure & health
costs rise.

Wellness Life spans increase;

Phase acute & chronic
e SSSSS 555555555
impacts begin to
be understood.

Synergy  Distant future? A ?

Environmenital Publ

?
Conscious legacy to wipe out
Phase (or up)? The only $$?$$ $$$?$$$ Protection Healf

chance to reduce

SS.



Hunter-gatherer phase

FOOD

Even in the most
primitive times, man
moved where all three
were present: food
(wildlife & plants) +
fuel (to cook) and
water to support

wildlife and man.



Agrarian phase

Started moving where
water was available to
increase production of food
stores and diverted water
to agricultural locations.

FOOD




Early Industrial phase

ENERGY

Water becomes a source
of energy; we move
water to former
arable land expanding
food production and
increasing the
importance of water as
population begins to
grow more rapidly.

FOOD




Modern Industrial phase

ENERGY FOOD

and food to paqpuls
centers. The three
phases and society
becomes dependent ©
the efficient movement
of resources to people.




Environmental-Industrial phase

ENERG

With larger pop
we start to unde
the interdependence of
the resources and the

destructive interfere
one of the other if there
over exploitation of one.

FOOD




Tennessee Today (2)

Greenhouse Gases Population
Transportation challenges Decreasing Arable Land
Distribution disparities Distribution disparities
Finite resources Fertilizer Availability
Waste Waste

FOOD

All areas of the world have
many of the same
challenges but to a

Waste .

1&| different degree.

Pollution Awareness of the scarcity
Population

& interdependence is

T t t ° . .
ransportatio different in different areas.

Climate change
Distribution losses

Distribution disparities
TN




Tennessee Today for F-W(?)

FOOD

Howeve FOOD N WATER =

and groWwi Smaller impact
appre ¢ Relative abundance
energy costs to move of groundwater and
food and water and surface waters
maintai i  Primarily livestock
availabilit impact during short

WATER term droughts

population centers.




Tennessee Today —> F-W Research needs

FOOD n WATER NEEDS:
e-.Shift from nutrient removal
to nutrient recovery
Public'health impacts from
use of reclaimed water on
food crops

Implementation of
different levels of
treatment from single
WWTP for different reuses.
Societal acceptance of
reclaimed water as drinking
water source.




Tennessee Today for F-E (2)

ENERGY n FOOD = Large impact
Mechanized Farming

Aortation

ENERQ
FOOD




Tennessee Today —> F-E Research Needs

ENERGY n FOOD NEEDS:
Qevelopment of local food

ENERG fielg” \FOOD




Tennessee Today for E-W (2)

FOOD

ENERGY \WATER = Largelmct
e Mechanics ici

e Wastewater Optimization
 Water loss and infiltration reduction




Tennessee Today —> Research Needs for E-W

FOOD

(denitrification)




Wastewater Treatment Efficiencies &
Optimization = Savings

Hiiibaide Naslz'l:ille Laf:y:tte Coal::ville iv..ri;-.gﬁ2 B Cras e aFollette Bail;yétun
2.6 \ N5 N l o /S 35 / 1875/ 0.

.' ( )
Millingt }x lierville Chattansega .,  Athens \ 6
5.8 [ ton Rd) 140 (Morth Mouse Creek City
25 1.2 (Flant Design Flow in Million Gallons Per Day {MGD]})
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. . . . # Round2(
reduction and/or optimization...so far ©. €7 coumy Boundanes

Far more in mechanical energy reduction.



Resources Needed for WWTP
Optimization

Scientific curiosity
Professional pride
Respect for ratepayers
Instant data
Adjustable equipment
Automated controls
Executive champion
Regulatory support

MONEY IS NOT THE LARGEST
RESOURSE REQUIRED!



Tennessee Today for F-E-W (?)

FOOD
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A Successful Example of F-E-W
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A Successful Example of F-E-W
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A Successful Example of F-E-W
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A Successful Example of F-E-W
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Another way to be green...

- =

! MWS Central WWTP Legend

Biosolids--=Anaerobic Digestion --» (Methane Gas --=fuel for heating digester and kiln to dry) --= marketable pellets for soil augmentation

Kilns and
Pelletizers
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Tennessee Today —> Research for F-E-W?

FOOD

distribution and collection systems.




US-China FEWSTERN Process

Food-Energy-Water Systems Transdisciplinary Environmental Research Network

\ D

Identify challenges < stakeholders = Politics &
Policy 2 Governments




US-China FEWSTERN Process

Food-Energy-Water Systems Transdisciplinary Environmental Research Network

Identify challenges < stakeholders = Politics &

‘ Policy 2 Governments

Implement Research & industry + Foundations +
Governments




US-China FEWSTERN Process

Food-Energy-Water Systems Transdisciplinary Environmental Research Network
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US-China FEWSTERN Process

Food-Energy-Water Systems Transdisciplinary Environmental Research Network

Identify challenges < stakeholders = Politics &

: " ‘ Policy 2 Governments

Implement Research & industry + Foundations +

‘ Governments

Deliver Real World Solutions <& Academia + Industry +

23? Research Agencies

» ‘ (Scientists + Engineers +
_s Government Agencies
ﬁ] Implement the Solutions < Industry + Agriculture +

Utilities + Regulatory

Agencies




Thoughts on Research

 |ntegration is critical for overall productive solutions that minimize sub-
optimization.
 Inthe USA (with its profit-driven economy) academia and government are

the drivers for integrated thinking. (We probably can learn from China’s
naturally top down approach which lends itself more easily to integrated

thinking.)

Sustainability

Planet




Contacts? Questions?

Tennessee Department of Environment and Conservation:

Policy and Sustainability Department
Kendra Abkowitz, PhD, Director 615-532-8689
kendra.abkowitz@tn.gov

Division of Water Resources
Tisha Benton, Director, 615-532-0789
tisha.calabrese@tn.gov
George Garden, Chief Engineer, 615-253-9934
george.garden@tn.gov
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