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Water, Energy, and Food: Mutual Security through a Nexus Approach

Water, energy, and food systems are
interconnected in a nexus because
they draw from common stocks

of natural resources and require
connected infrastructures to provide
essential inputs to society. Their
nexus is the shared set of spaces
where they are interdependent and
where management decisions cause
cascading effects on security of these
vital resources. Effective management
is required to anticipate the
interactions and feedbacks that occur
across the water-energy-food nexus
as it responds to drivers of growth,
climate change, and natural disasters
in a world of growing complexity.

The mutual security of these systems
and lessons from U.S. experiences
were studied at a June 23-24, 2014
workshop in Golden, Colorado.
Colorado State University in
partnership with the U.S. Army Corps
of Engineers Institute for Water
Resources and the U.S. Department
of State convened the workshop.

The main question to workshop
participants was how to plan and
manage jointly and effectively

across the nexus for the range of
contextual situations of resources and
institutional capacities found in the
U.S. The workshop built on outcomes
of previous forums to contribute to
the international dialog by studying
lessons drawn from U.S. experiences
during decades of development,
discovery, and challenges.

In addition to lessons learned

about management across the

nexus in a nation with diverse
climate and cultures, insights were
sought about core international
goals such as security, justice and
equity, poverty alleviation, and
sustainable development. The U.S.
has experiences ranging across more
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than 50 states and territories and tens
of thousands of local governments
and special purpose organizations, as
well as a dynamic private sector that
includes both for-profit and not-for-
profit organizations. On top of these,
think tanks and thought leaders
contribute substantially to the rich
knowledge base that has been built
about water management experiences.
To draw from this reservoir of
knowledge, the workshop focused on
case studies to frame specific lessons
about governance, infrastructure

and technology, financing, and
public-private partnerships. It probed
interconnected issues such as irrigated
crops for biofuels, multi-purpose
hydropower reservoirs, lease of
agricultural water for electric power
generation, and inland navigation.

While the number of cases reviewed
was limited, common elements
occurred across them, such as that
water-energy-food nexus issues are
complex and meaningful only when
the scale and context are defined. No
matter the level of complexity, there is
a clear need to understand the nexus
through study of the flows and stocks
of resources and interdependencies
among systems, but even more
importantly, to find successful paths
to shared governance to strengthen
resilience of the linked systems.

Infrastructure management is a
critical issue for security across the
nexus, both in renewal of aging
infrastructure with a triple bottom
line approach and preparing for
climate change and new thresholds
of extreme events. As society
modernizes, advanced planning
before disasters is needed to provide
the opportunity and blueprint for
rebuilding more resilient and efficient
infrastructure. This means that
managers in the water, energy, and

food sectors must coordinate their
future infrastructure plans with the
disaster preparedness sector, which
has its own set of nexus issues.
Competition for resources is another
recurring theme. For example,
agriculture faces competition for
limited water and land resources
from the growing urban, energy, and
industry sectors. Joint governance
of these sectors offers possibilities to
develop shared uses and decisions
about common property resources.

The clearest picture of nexus
interactions is normally at the local
level, where players and issues can
be better defined than at higher
systemic levels. The cases showed
most potential for success through
actions where stakeholders can forge
cooperation directly, but scaling

the lessons to higher policy levels

is critical to provide a supportive
enabling environment for them.
However, no matter what happens

at higher governance levels, success
or failure in crosscutting problem
areas is determined mainly at these
local levels where multiple variables
and mixtures of players and goals
define the problems. As groups
confront their issues locally, problem
identification and solutions should
be bottom-up and not top-down. It
is especially important that flexibility
of conflicting regulations and policies
at higher levels is increased. For
example, one grass-roots case showed
negative consequences of on-farm
regulation, but co-benefits occurred
from a cooperative and flexible team
approach. On the other hand, failure
occurs in complex higher-level cases
where there are tight regulations and
weak incentives for parties to stay
engaged. An important challenge to
confront is to achieve cooperation
across the nexus, especially



considering the imbalance among
water user needs, as for example the
large water consumption for irrigation
compared to the small consumptive
use of energy production.

To motivate such local actions,

the cases showed a clear need for

a catalytic force such as a crisis or
regulatory deadline to stimulate
action to identify a convening
authority, confer authority to make
decisions, create a process to work
within, and provide leadership to
steer the process. In any of these
situations, flexible processes are
needed to provide for the highest and
best use of shared resources and that
stakeholders perceive a fair process so
they are willing to share risks.

While nexus action mainly occurs

at the local level, broad policy is
determined at higher levels of
governance. Given that water users
may be suspicious of the motives

of government, agencies without
regulatory mandates can be involved
with beneficial results to enable
success. They make contributions

to capacity building and serve as
convening authorities to bring in
models and other decision resources.
For example, the U.S. Army Corps of
Engineers and its involvement in river
basin planning and management and
management of the Inland Waterway
System exhibit critical governmental
roles across the nexus and show the
role of the federal government in
systems ownership and operation, as
opposed to a purely regulatory role.

Policy barriers are formidable,
especially the loss of flexibility

and added constraints through
regulatory controls and stovepipe
approaches among the stakeholders.
In confronting these, national-level
water, energy, and food policy choices
should identify tradeoffs between
economic, social, and environmental
strategies that work across the

nexus and result in improved and
shared security. To promote this,

governments and policy scientists
should encourage synergies and
innovation among sectors by
coordination, providing data and
funding for technology development,
and providing incentives and
partnership forums when neither

the market nor regulation achieve
the desired goals. Governments

and policy designers can encourage
synergies among sectors and
innovations that accelerate nexus
security by policies that promote
tradeoffs and co-benefits across
economic, social, and environmental
systems. In many cases, the most
effective role for government is
helping coordinate across sectors and
with entities at regional and local
levels, providing data and funding
for technology development, and

a combination of incentives and
disincentives where market forces run
counter to desired goals.

In many cases, the federal
government must be careful to be
policy informing but not policy-
prescriptive, recognizing sovereignty
of state, tribes, and allowing the right
entity to make decisions and have
enforcement authority when needed.
Federal and state support programs
can undermine incentives, but water
users are also highly dependent on
some federal water programs such as
reservoir operations. Business and
the non-governmental entities also
play important roles in addressing
the resource challenges faced by the
world today.

The identification of strategies will
vary with the context and determine
the shades of governance needed,
whether by regulation or enablement.
A key to governance success is
involvement of willing participants.
Creating non-coercive incentives

for participation can increase their
willingness. These should be based
on common regional goals. Parties
should also trust each other and
have an unbiased administrative or
mediating entity. Governance should

have appropriate and manageable
scales and processes, and roles and
responsibilities must be specified
clearly with flexibility in the
arrangements. It is also important

to identify when the government
should play a role at all. A structured
mechanism for conflict resolution

is required to facilitate groups, and
it might increase the chance of
collaboration if participants perceive
that an external entity might make
the decision in the absence of their
consensus.

While shared governance processes
are essential for the nexus, they add
time and cost requirements, and it is
important that stakeholders perceive
the outcomes as being worth their
investments in mutual planning and
problem solving. Working on shared
issues can involve multiple players
who enter and leave the problem-
solving process without consequences
to themselves, and patience and
persistence are required.

Given the extensive funding
requirements of infrastructure,
finance is a main driver of the nexus.
Single-sector projects with limited
partners may seem more accountable,
but partnerships to build and operate
infrastructure systems are needed to
pool resources. New organizational
structures to take advantage of the
public and private sector approaches
are needed. Again, local projects

and partnerships will normally work
better than large-scale programs.

Articulating a U.S. vision for water,
energy, and food security that
highlights the potential synergies

of the nexus approach will help
encourage policy initiatives at

all levels of governance and is
recommended as a next step. This
vision may also help inform our
outreach initiatives with international
partners, with consideration of their
unique contextual situations and
realization that U.S. experiences
have sometimes worked against

U.S. Perspective on the Water-Energy-Food Nexus



integration. Aspects of this vision
include infrastructure development
and management, disaster resilience,
sustainable development, water and
energy efficiency, public-private
partnerships, and responsibilities for
implementation.

The challenge to be confronted in
formulating a vision applies in the
U.S. as it does to other nations: how
can non-coercive collective action

for water resources management

be marshaled to increase security
across the water-energy-food nexus?
Intergovernmental and public-private
cooperation is required no matter the
context, and across the globe many
cultures and governance systems are
at play. The conclusion of this point,
and the starting point for the next
step, would be to ask: What specific
institutional changes should be made
to take advantage of lessons learned

about water resources management
in the U.S. and to provide incentives
to overcome barriers to success such
as lack of cooperation, inflexible
structures, and stovepipe decision-
making? These questions apply
directly to the water-energy-food
nexus, but they also apply to broader
questions of managing resources and
infrastructure to serve the economy;,
society, and the environment better.
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Water, Energy, and Food: Mutual Security through a Nexus Approach
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U.S. Nexus Workshop

June 23-24, 2014; Golden,
Colorado

Given the many pressures on

water, energy, and food systems,

it is essential that national and
regional strategies for development
and sustainability recognize the
interdependencies among them

and not plan for isolated sectors.

To address this need, a U.S. Nexus
Workshop was convened in

Golden, Colorado by Colorado

State University in partnership with
the U.S. Army Corps of Engineers
Institute for Water Resources and

the U.S. Department of State on June
23-24, 2014. The goal of the workshop
was to draw from U.S. experiences

to identify useful lessons about the
nexus approach to management

of water-energy-food systems.
Building on previous forums about
policy and public sector issues, the
workshop focused on cases relating to
technology, financing, public-private
partnerships, and governance.
Twenty-three experienced
practitioners and scholars met in
Golden to share case studies and their
perspectives on food, energy, and
water management and security. The
workshop outcomes are designed to
contribute to the ongoing dialogues
about the water-energy-food nexus
with sets of U.S. examples, assessment

of current practices and challenges,
proposed methodologies to improve
management and governance, and
identification of best practices and
selected case studies to present in
international forums such as World
Water Week, the Nexus Dialogue, and
the World Water Forum.

Definitions and Clarification

The water-energy-food nexus focuses
on the intersection among the three
systems shown in the figure below.
The nexus approach requires us to
consider tradeoffs and goals when
making decisions involving all three
systems, with emphasis on security,
reliability, and access for all three
sectors.

The linkages among the systems
exhibit feedbacks as water, food, and
energy are managed. As the natural
environment and infrastructure work
together to provide water supplies,
which nourish food and energy
systems, these in turn create health
and prosperity for society at the same
time that food and energy impact
water and natural systems. Society,
the economy, and the environment
are the action arenas for the nexus
and determine levels of sustainability,
which are driven by the global trends
shown. The nexus approach using
finance, governance, infrastructure,
and technology provides the positive

outcomes shown in the figure on the
following page.

The water-energy-food nexus is one
of many systems involving resources
and society, and its effects cannot

be addressed in isolation from other
systems. The nexus approach implies
co-management, such as through
the concept of Integrated Water
Resources Management (IWRM).
These concepts recognize that water
is the key resource underpinning
energy and food security, especially in
the developing world where poverty
cannot be reduced without physical
security from the ravages of floods,
droughts, and other extreme events.
The complexity of these interacting
issues can make concepts such as
IWRM difficult to understand, and
underscores the need to explain the
nexus approach clearly, especially its
feedback and adaptive features.

Workshop Background

As background for the June 23, 2014
U.S. Nexus Workshop, the team
reviewed the literature about U.S.
water management experiences and
outcomes from previous international
forums that addressed security of
water-energy-food systems. The
evidence to show need for the

nexus approach was compelling.

For example, in the U.S., thermal
plants produce about 80% of electric
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power and use 41% of total water
withdrawals for cooling, returning
most of it to streams and reservoirs
with elevated temperatures that
impact water quality and ecosystems.
A significant fraction of the energy
generated is used for water handling,
including wastewater, pumping,
desalination, and water treatment.
Another 37% of U.S. freshwater
withdrawal is for irrigation, and
pumping water for agricultural
production (28% of surface water and
67% of groundwater withdrawals)
also requires a great deal of energy,
which is projected to increase
substantially by 2030.

Given the evident interdependences
between water, energy, and food
systems, the nexus approach is
required to integrate management
and governance and help maximize
benefits. While expecting to find only
win-win-win solutions is unrealistic
in a federal system with many
players, it should help identify the
best tradeoffs between conflicting
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objectives and produce benefits across
sectors through cooperation where

all sectors are improved and one
sector does not gain at the expense

of others. A top-down approach
based on theory may not lead to the
needed integration and a broad-
based dialogue and engagement of

all stakeholders is required, often
requiring considerable time and
effort. It is important to realize, of
course, that the U.S. federal system is
different from that of nations that lack
extensive local government and rely
on a national water ministry.

The main question addressed at the
workshop was how to plan jointly
for resilient water, energy, and food
security while considering contextual
situations of resource endowment
and development status. Presently,
the institutional capacity for effective
management of water lags behind
technologies in many nations,
hampered as managers are by lack of
resilient infrastructure, transparency;,

and adequate skills to manage the
delivery of services to the populace.

A number of national and
international conferences and
symposia have identified general
aspects of water-energy-food issues.
These recognize, for example, that
water, energy, and food systems are
interconnected, interdependent, and
rely heavily on water infrastructure.
Also, they have identified different
structures and mixes of public and
private involvement in the water,
energy, and food sectors, such as the
cases posted by the Global Water
Partnership from around the world.
The emphasis on national-level and
public sector solutions shows that
the dialogue about the water-energy-
food nexus can benefit from more
emphasis on partnerships with local
governments, non-governmental
organizations (NGOs,) and the private
sector, but this need has not been
high on the agendas of international
NGOs or donor organizations.

U.S. Perspective on the Water-Energy-Food Nexus



Workshop Outcomes

The workshop featured general presentations about the nature of the problems and the nexus approach, and participants
presented cases to highlight U.S. lessons learned and transferable concepts. To illustrate the range and conclusions of the
case studies, their key points are shown in the following table*.

Case Study

Corporate Water/Food/
Energy Goals (Coca-Cola
North America)

Location

International and
national

Issues

Sustainable agriculture

Key Points relating to the nexus

Requires multi-stakeholder
involvement, common goals,
incentives, long-term vision, public
engagement, and sufficient data.
Upscaling from pilots is challenging.

Decision Making at the
Energy-Water Nexus

energy generation

Columbia River Treaty Nexus [ International USA Trans-boundary Requires flexibility, advance planning,
and Canada governance, planning, | collaborative approaches, effective
and operations governance and dispute resolution
mechanisms, with shared data, and
models to manage uncertainty.

Agricultural Water Nationwide, Securing water supplies | Municipalities, industries, and energy

Conservation especially in the West | in stressed river basins | sectors can partner with irrigation
districts to buy conserved agricultural
water, especially during droughts
when food production is inefficient.

Constructed Treatment Nationwide Energy saving Energy can be saved in treating water

Wetlands by taking advantage of the pollutant
removal capability of wetlands.

Critical Infrastructure Nationwide Protection of the Requires cross-government and

Partnership Advisory Council Nation’s critical public-private partnerships,

infrastructure collaboration and trusted information
sharing, and private-sector
participation.

Defining, Measuring and Nationwide Sustainable corn This resulted in 53% reduction in

Improving Corn Sustainability production irrigation water (energy savings as
well) and 28% decrease in irrigated
land. Can mitigate drought effects.

Energy Conservation Nationwide Energy saving Holistic water and energy approach
is demanded. Energy implications of
water decisions should be addressed.
Conservation options through
enhancing pumping technology.

Recycled Water Nationwide Water and energy Can create locally-controlled water

saving, environmental | supply, decrease diversions from

enhancement ecosystems, decrease wastewater
discharges, reduce pollution, enhance
habitats, and save energy.

Recycling Materials Nationwide Energy saving Recycling materials significantly
reduces energy consumption (e.g., up
to over 70% for recycling steel).

Research Implications for Nationwide Water availability for Challenges are resiliency of power

plants to climate change, population
growth, and lack of data. Both short
and long-term water supply for energy
generation must be considered.




Case Study Location Issues Key Points relating to the nexus
Green Infrastructure Nationwide Energy saving Natural ecosystems can be an energy-
efficient treatment option.
The Nexus and the Inland Nationwide Energy saving Public Private Partnerships to
Navigation System increase reliability of inland
navigation, which can conserve
energy for transportation. Waterways
managed by multiple Districts with
compatibility of models a problem.
Thermoelectricity Generation | Nationwide Energy sector’s water Technology can help to decrease water
(TG) efficiency use, discharges, and vulnerability to
water shortages. Hybrid cooling is
promising in some regions.
Infrastructure Sustainability [ Nationwide Promoting water Keys are asset management, water

Policy

sector’s sustainable

and energy efficiency, infrastructure

infrastructure financing and pricing water services,
as well as alternative technologies.
Integrated Energy-Water Western and Texas Water supply security [ Keys for success: convening electric
Planning in the Western and for electricity transmission and water planners
Texas Interconnections generation to develop long-term plans and

incorporating competing demands for
water energy sector Decision Support
System tools.

Catawba-Wateree River Basin | North and South Water supply security in [ Long-term, basin-wide strategies

Water Supply Master Plan Carolina the future developed by engaging stakeholders
to share resources and responsibilities.

Fossil Fuel Exploration and Wyoming Putting produced water | Water from coalbed methane can

Production Nexus in use; Hydro-fracking | supply irrigation and environmental

water supply demands. Hydro-fracking demands

large volumes of water for short-term
use. Temporary transfer law enabled
shift of use under existing rights.

Xcel Energy Water-Energy- Colorado Energy sectors water A blackout can leave other sectors out

Food Nexus

supply

of water. Water and energy efficiency
should be balanced. Arrangements
address core needs with flexibility and
diversity through partnerships.

CALFED Program

Northern California

Resolving conflicts;
enhancing ecosystems,
water quality, and

Agreements require key stakeholders,
increasing public awareness, and
guaranteed political and financial

reliability support. Initiative with government
funding requires successful
governance to endure.
Geysers Geothermal Power Northern California | Water supply for Low quality water, such as municipal

Plant Municipal Wastewater
Recharge

cooling geothermal
facilities

wastewater, brackish or saline
groundwater, can be used for
geothermal energy generation.

U.S. Perspective on the Water-Energy-Food Nexus




Case Study Location Issues

Opportunities at the Northern California | Understanding energy
California Water-Energy intensity of water
Nexus delivery (EIWD)

Key Points relating to the nexus

To develop a system-based
understanding of EIWD requires data
with good resolution and compatible
for different sectors, tools to handle
the data, and integrated data.

Southern CA Ag-Urban
Transfer

Southern California

Agricultural water
conservation to supply
urban demand

Substituting Water Project supply
with less energy intense water, Water
Authority saves energy but with
environmental and food security
consequences.

Navajo Generating Station

Central Arizona

Sustainably securing
energy supply of water
transfer

Energy utilities should consider

water impacts. Water utilities should
consider their future energy demands.
Stakeholders and government
agencies have disparate interests and
priorities.

Supplying Southern Nevada:
Challenges and Solutions

Southern Nevada

Assuring secured future
water supply

Conservation, partnerships, flexible
water use agreements, alternate
supplies, and diversified portfolios
help secure future water supply.

NEWBA “Grass-Roots”
Approach

Colorado

Agricultural water
conservation

Practical ideas and grower-to-grower
education encourages participation.
A grass-roots approach is more
powerful than traditional research or
legislative approach. Cost sharing is
effective.

Facing the Challenges: Water-
Energy Nexus in Austin, Texas

Austin, Texas

Optimizing water sector
energy efficiency and
energy sector water
efficiency

Water and energy utilities can
integrate policies to meet demands.
Utilities can collaborate to employ
renewable energy. Conservation
should be practiced on demand-side
and supply-side

*More detail on each of the case studies can be found online at http://www.cwi.colostate.edu/workshops/NEXUS2014/

U.S. Experiences

These cases and water policy in the
U.S. offer useful lessons about water
governance and technology, with
attention to governance for food
and energy insofar as it relates to
the nexus. As the connector, water
extends into the other policy areas
and is a logical focus for discussion.
The nation has achieved rising levels
of safe water service, cleanup of
wastewater, development of a national
stormwater program, focus on green
infrastructure, reduced levels of per
capita urban demand, improved
energy efficiency, development

T} T

WATER
ooo | NEXUS
EMERGY | BAees worrimnr

of water recycling systems, and
operating water infrastructure to meet
environmental, energy, water supply
and flood risk management demands.
At the same time, difficult challenges
remain, especially at the regional scale
such as in achieving sustainable water
solutions.

Conventional water management
practices in the U.S., which roughly
though imperfectly converge toward
the principles of IWRM, have led to
improvements in water use efficiency
despite steady population growth.
Freshwater demand has leveled oft
since 1975 despite a 33% increase in

population. Farm efficiencies have
increased in terms of yield per acre
and reduced water demand, as has
energy efficiency, which is driven

by regulations, subsidies, and new
technologies. Despite this progress,
economic and locational factors
indicate that higher water scarcity
and stress will be experienced in the
future, especially in the western states,
and significant challenges remain.

For example, agricultural production
imposes loads of nutrients and
sediments to waterways, presenting

a significant environmental policy
issue and linkages of water and energy



require study and policy development,
most recently in the case of hydraulic
fracturing.

The U.S. has experienced many
challenging large scale situations, such
as the California Bay-Delta and its
CALFED program, Atlanta’s difficulty
in obtaining an increased water
supply for its growing population,
regional groundwater depletion in the
Ogallala Aquifer, and growth of the
Gulf of Mexico hypoxic dead zone.
However, notable successes have

also occurred in water and energy
conservation, recycled water systems,
desalination, agricultural water
efficiency, green infrastructure, and
good quality of drinking water.

While the number of cases studied at
the workshop was limited, common
elements occurred across them.
These include the need for a catalytic
force such as a crisis or regulatory
deadline to stimulate action involving
a convening authority, conferring of
authority to make decisions, creation
of a process model to work within,
and the emergence of leadership

to steer the process. An archetype

of this sequence of elements might
involve a pending regulatory or legal
action, appointment of an arbitrator
or referral of the issue to a judicial
panel, an order for the parties to
work out their issues, appointment of
stakeholders to represent the parties,
and emergence of citizen leaders to
catalyze and lead the solution process.
This model has been evolving in the
U.S. for decades as demonstrated

by the national estuary program,
negotiation of treaties such as the
Columbia River Treaty, and resolution
of the Platte River relicensing issue
involving energy, hydropower, and
environmental values.

Potential U.S. contributions to nexus
solutions include many experiences
across water-energy-food systems,
but one over-arching lesson emerged
from the workshop: No matter what
happens at higher governance levels,
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success or failure in cross-cutting
problem areas is determined mainly
at local levels. Based on scale, the
local level is the venue for a range of
problem types. It can involve a small
village seeking to work out water
supply and energy issues, but the
urban scale can also be gigantic, as for
example with the case involving the
challenge of water supply to the Las
Vegas area. The local level can also
extend to relatively large watersheds,
as for example with the case involving
CALFED and to regional levels,
where problems of river basins occur,
such as the Catawba-Wateree River
relicensing case.

A common element is that water-
energy-food nexus issues are complex
and only meaningful when the scale,
context, and mixture of players and
issues are defined. At local levels,
multiple attributes of time, space, and
mixtures of players and goals define
the problems, but effective problem
identification and solutions should

be bottom-up and not top-down. It is
also important to reform conflicting
regulations and policies at higher
levels. An example of success at the
grass roots level is the NEWBA case.
Given the negative consequences

of attempts to regulate on-farm
activities, the bottom-up approach

is preferable when it can be made to
work to the benefit of all parties. The
case demonstrated that by showing
the added benefits of a team approach
in a real-time situation, cooperation
and success can result. Failure is
exemplified by complex cases such as
CALFED where there are no apparent
benefits at the bottom-up level for the
parties to remain at the table.

While water management is multi-
scale, many issues can be resolved

at the local level where stakeholders
can interact directly and negotiate
tradeoffs and co-benefits. This may
create scale conflicts when local
water issues involve regional or
national energy or food issues, or
when local food or energy producers

deal with policies from higher levels.
Agricultural issues scale from the
local field to international commerce.
Likewise, watersheds often span state
boundaries. Energy production,
generation, and transmission tend

to have regional implications but
water and land decisions made by
energy companies have very localized
impacts on water and agriculture.
Getting involvement at the right scale
will be key to nexus participation.

Once problem scale and context

are defined, nexus solutions require
identification of incentives or
regional benefits and getting the
right players involved. An effective
and successful approach should have
detailed plans that include clear
management goals; advance planning
to reduce uncertainty of future water,
energy, and food requirements;
incorporation of flexibility in
planning to increase its adaptability
to changing conditions (for example
when there is high flood or drought,
the water is correspondingly taken
out of or stored in a reservoir);

and employment of a collaborative
approach to increase the efficiency
of implementation, oversight, and
issue resolution (for example, in

the Columbia River Treaty, Canada
stored 1,000,000 AF of water in
their reservoirs to meet the U.S.
endangered species problems, a
win-win situation).

Knowing that problems must be
solved at local levels is necessary but
not sufficient to explain use of the
water-energy-food nexus approach.
The catalyst and especially leadership
are needed to forge successful
partnerships, seek out winning
solutions that bridge conflicting
objectives of the players and persevere
across the many barriers and
disappointments that inevitably occur
in the long term processes that the
water-energy-food nexus requires. An
example of the required leadership
was when Pat Mulroy, the director of
a local water agency, took initiative

U.S. Perspective on the Water-Energy-Food Nexus



to extend the interests of water
supply in Las Vegas to a regional

and international level. Institutional
arrangements are also needed to
provide the venue for leadership, such
as the formal International Boundary
Water Commission and the informal
Seven Basin States working group.

Leadership takes on a catalytic role,
working within a framework defined
by a convening authority that can
provide the roles of independent
facilitator toward a consensus-
building process. An example was the
appointment of a facilitator by Duke
Energy to work independently with
stakeholders on the Catawba River
relicensing program. In this situation,
a Supreme Court case was settled and
success achieved as a result of the
facilitated process.

In any contextual situation, it is
critical to identify flexible processes,
such as water sharing, where the
highest and best use for shared
resources occurs and stakeholders
perceive a fair process worthy of
their support and participation. No
matter what brings them to the table
in the first place, they require these
co-benefits to remain there and to
be willing to share risks. CALFED
illustrates the consequences of lack
of co-benefits, whereas the Columbia
River and the Catawba relicensing
cases illustrate situations where
stakeholders remained engaged.

Education is a major area for a U.S.
contribution, particularly when
international university students
come to the U.S. and are taught nexus
thinking. However, education is
needed at all levels, particularly when
a project or infrastructure upgrade
will affect people’s lives, recreation,

or utility rates. Involving the public
in energy and water conservation or
efficiency programs requires a definite
educational process. In many cases

in the U.S,, energy or water efficiency
tends to involve a systems or smart-
building approach. Educational
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programs have demonstrated the
propensity for people to conserve
when they see how their uses compare
to neighbors. Real life demonstrations
of promising and practical ideas
encourage participation and adoption
of winning ideas.

Disaster preparedness planning
should include provisions to rebuild
water-energy-food infrastructure
based on smart systems for the
future. Additionally, disasters or
extreme events can help encourage
participation that was previously
lacking. For example, in the case

of Catawba-Wateree River Basin, a
record-setting drought helped people
to realize they are not going to always
have water.

Governance, Infrastructure,
Financing, and Partnerships
Across the Nexus

Drawing from the goal to improve
security of water-food-energy
systems with an integrated approach,
the workshop participants were
asked to determine major lessons
learned about the nexus in regard
to governance, infrastructure

and technology, financing, and
partnerships.

Case studies that showed successful
governance include: Duke Energy
(Catawba-Wateree River Basin
Water Supply Master Plan), Western
Resource Advocates (Navajo
Generating Station Case Study),
USACE (Columbia River Treaty
Nexus Presentation), and SNWA
(Supplying Southern Nevada:
Challenges and Solutions). They
illustrated governance across

the nexus that extends to policy,
regulation, institutions, and
enablement where the nexus provides
a shared space to work out issues
involving multiple players. The
application of governance will vary
by the issue, as for example from
the NEWBA grass roots approach to
the Navajo Generating Station case,

involving incentives and regulation
over a vast region. The importance of
enablement is shown when initiatives
such as CALFED fail when they see
government funding withdrawn
without a successful governance
structure in place.

A key to governance success is
involvement of willing participants,
and creating non-coercive incentives
for participation based on common
regional goals can increase their
willingness. Parties should also

trust each other and an unbiased
administrative or mediating entity.
Governance should have appropriate
and manageable scale and process,
and roles and responsibilities must be
specified clearly with flexibility in the
arrangements. It is also important to
identify when the government should
play a role. A structured mechanism
for conflict resolution is required.

It might increase the chance of
collaboration if participants perceive
that an external entity might make
the decision in the absence of their
consensus.

Often, the time and expense of
shared governance processes seem
formidable and it is important that
stakeholders perceive the outcomes
as being worth the time to spend on
mutual planning and problem solving.
Working out shared issues takes a
long time and can involve multiple
players entering and leaving the
problem solving process. An example
of a long term process required is the
transfer of water from the Imperial
Irrigation District to San Diego,
which has taken years to complete.

While the local level is where nexus
action mainly occurs, policies are
normally determined at higher

levels of government. Given that the
motives of regulatory agencies may
be inherently suspect by water users,
agencies without regulatory mandates
can be involved with beneficial results.
These agencies make contributions

on capacity building and serving as
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convening authorities as well as to
bring in models and other decision
resources. The U.S. Army Corps of
Engineers and its involvement in river
basin planning and management is

an example, and the Inland Waterway
System case provides an example of a
governmental role across the nexus.

While governance is critical,
infrastructure and technology are also
required for security across the nexus,
especially to recognize the need for
flexibility to make systems more
robust and resilient against shocks.
The cases show many examples of
nexus interactions where efficiencies
can be realized by infrastructure

and technology development and
management. It is important to
consider their flexibility towards
changing conditions such as climate
and diverse portfolios help to develop
flexible and resilient systems, such

as illustrated by the Xcel Energy and
SN'WA cases.

Aging infrastructure is a large

issue in the U.S. experience. With

a replacement value exceeding one
trillion dollars, the issue ranges
from local water pipes to giant
dams, such as those managed by the
U.S. Army Corps of Engineers and
Bureau of Reclamation. Whereas
much of the larger infrastructure
was built with federal funding and
the capital resources of private
electric power utilities, now the
upkeep and renewal has become the
major issue. A case in point is the
system of Inland Waterways that is
managed by the Corps and the large
Bureau of Reclamation reservoir
and hydroelectric systems, including
those requiring retrofits to achieve
environmental benefits.

Technology choices should be
evaluated with a systems approach.
For example, where hydropower
generates a region’s electricity
demand, if wind energy generation
is planned, it might be in excess of
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total energy demand. This is the case
in some places such as Oregon. Since
different entities/utilities provide
these two sources of energy, each of
them prefers to continue generating
energy (even in excess of actual
demand) to increase revenue.

It is also important to remember
that “one size fits all” does not
apply. Geography, climate, existing
infrastructure, resource availability,
and culture influence selection of
practical solutions and supporting
infrastructure and technology
choices.

Integrative technologies are helping
to create the utility of the future to
jointly manage energy, water, and
environmental residuals. The best
example was at Disney World, where
they operate under a goal of zero
waste and full integration across
sectors. Technology can support

the nexus in the food sector, but
investment payback is most favorable
for high value products. To achieve
food security in many cases, subsidies
are required. In Saudi Arabia, for
example, fruits, vegetables, and

dates can easily pay for the cost of
desalination, pumping, and water
transfer, but subsidies are required for
alfalfa, wheat, and other commodity
Crops.

Renewable resources tend to be less
energy dense and require more land
area, potentially impacting the food
sector. Renewable energy benefits
from a nexus approach, as it impacts
food production, water, and land.
The challenge is to optimize or find
a balance between water use and
land use for renewables. Optimizing
systems through reducing water and
energy use simultaneously should be
the goal. Co-location of energy and
agricultural activities can be achieved
as in the case of wind turbines and
cattle grazing but large solar facilities
co-located with crop production
presents a greater challenge.

Distributed energy, drinking water
and wastewater systems offer promise
of greater resilience and reliability

in campus-based systems, island
systems, disaster recovery areas,
military bases, and similar isolated or
contained areas. However, distributed
systems tend to be energy-intense or
water-intense. Optimizing distributed
systems to be most efficient on the
limiting resource while gaining
efficiencies in both water and

energy use and production is a key
consideration. Utilizing waste streams
as sources of water and energy can
help achieve triple bottom line
considerations.

Low quality water, such as municipal
wastewater effluent, brackish, or
saline groundwater, can sometimes
be used in energy generation,

e.g., for geothermal generation.
However, co-location of a power
plant and wastewater plant can be
challenging. Also, the negotiation and
administration process may take a
long time.

Technology can be employed to
share real-time data with users

and stakeholders to increase their
awareness and participation.
Decentralized data can be collected
and integrated with centralized

data. For example, in the Tri-State
Generation & Transmission case
study (NEWBA “Grass-Roots”
Approach), they used decentralized
and centralized data as well as a

data sharing approach to increase
engagement. Similarly, integrating
high-resolution energy and water
utility data allowed researchers at UC
Davis to map the energy intensity of
water delivery at the neighborhood
level for a large urban area east of the
San Francisco Bay.

Water infrastructure has also evolved
to support the food and energy
sectors as well as the environment.
Multipurpose reservoirs support
water supply for agricultural

and municipal purposes as well
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as hydropower as a renewable
energy resource. Additionally,
navigation systems are important
for maintaining food and energy
security. The inland water system

is often the most fuel-efficient way
to transport goods, and in the U.S.
most of these goods transported are
energy and agricultural products.
Inland waterways are underutilized
for shipping in many developing
countries, which constrains economic
growth. Increasing efforts in the
U.S. to operate these systems to
meet ecological demands enable
water infrastructure to support the
nexus with minimal effects on the
environment.

Finance is a main driver of the

nexus and future funding should
maximize funding tradeofts between
sectors across the nexus. In the U.S.
a financing gap of about $27 billion
annually has been projected by the
U.S. EPA to meet required clean water
and drinking water capital needs and
satisfy operations and maintenance
costs. Likewise, aging infrastructure
remains an issue throughout the
United States. Climate change

effects may escalate these costs, and
adaptation strategies need to be
developed.

Federal and state subsidies for

large energy and water projects,
particularly in the West, have

created resource inefficiencies in the
water-energy nexus. These subsidies
have promoted inefficient and energy-
intensive water use by hiding the true
resource costs. Government funding
for energy and water projects should
target sustainable development and
efficient use of financial resources.

The U.S. Army Corps of Engineers

is working to increase public-private
partnerships on inland navigation
infrastructure projects, and currently
50% of new projects are funded

from the inland navigation trust
fund, based on taxes at pumps. The
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challenge is to incorporate the costs
of infrastructure improvements and
ongoing maintenance.

General financing tools available to
public entities include rates, fees,
bonding, pay-as-you-go, subsidies,
and taxing. Ideally, subsidies should
be implemented in a way that
directs behavior toward sustainable
production. Rates and fees can be
establishes to discourage inefficient
consumption. Public-private
partnerships and watershed based
budgeting are other financing options,
as in the case of inland waterways.
Tradeoffs among different options
(e.g., taxing and subsidies, different
sectors, etc.) should be considered.

The public may or may not choose

to pay for more sustainable products
(as mentioned in the Coca-Cola
case). Geography, economics,
environmental and social justice may
impose rate increases to the users (as
in the SNWA case). Another effective
financing approach is cost sharing

as presented by Tri-States GTE
(NEWBA “Grass-Roots” Approach),
where the energy sector, agricultural
vendors, and growers participated in
sharing the costs.

In system finance, management
organizations may encounter conflicts
among objectives. For example, water
conservation helps greatly with both
water as a resource and with energy
conservation. Yet, lower water sales
result in lower revenues and can
create hardship or the need for rate
structure modifications for utilities.
Opposition to government spending
results in lower maintenance budgets
for federal facilities and puts the
water-energy-food nexus at risk in
some cases.

The interaction between sectors of
the nexus implies the importance of
developing partnerships to involve
all different stakeholders and sectors
in problem solving. Local, regional

and cross-sector partnerships are key
to managing conflict and disaster
responses. Flood and drought are
significantly more challenging if
response and recovery efforts are
implemented piecemeal or in isolated
portions of an impacted river basin.
Implementation of monitoring and
data sharing programs greatly benefit
from partnerships to support data
collection.

An example of an effective
partnership is cost sharing at the
USACE, where federal entities

find local partners to share

planning and construction costs.
Non-federal sponsors can be sought
to build generating units on existing
reservoirs, where development has
been planned. Case studies that
provided good examples included:
Duke Energy (Catawba-Wateree River
Basin Water Supply Master Plan),
Western Resource Advocates (Navajo
Generating Station Case Study),
USACE (Columbia River Treaty
Nexus Presentation), and Argonne
National Laboratory (Geysers
Geothermal Power Plant Municipal
Wastewater Recharge).

NGOs and donor organizations can
be critical partners in providing a
catalyst or resources to bring nexus
thinking to a local or regional
problem. NGOs often serve to provide
a voice in the decision making
process for dispersed or those not well
represented communities but tend to
focus on certain issues and sectors.
NGOs often work in an advocacy
manner and bring a unique view to
problems that can be very useful.

Public-private partnerships build
social capital and local understanding
of issues. Creating new relationships
where people can understand what
utilities and food producers are

doing can move solutions along more
rapidly, particularly when engagement
occurs early in the process rather than
after a project is in the construction
phase. Water and energy conservation
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initiatives can also benefit greatly
from partnerships between water
utilities and energy utilities in a
given region, as the two types of
organizations are often serving the
same households. Identifying and
effectively engaging a broad array of
stakeholders early requires effective
public-private partnerships and
ongoing relationships.

Policy barriers are challenges to a
nexus approach. National water,
energy, and food policies must find
tradeoffs between environmental
sustainability and economic
affordability. For this purpose,
governments and policy designers
should find ways to encourage
synergies among different sectors and
implement innovations that accelerate
nexus security. In many cases, the
most effective role for government

is helping coordinate across sectors
and entities, providing data and
funding for technology development,
and a combination of incentives and
disincentives where market forces run
counter to desired goals.

In many cases, the federal
government must be careful to be
policy informing but not policy-
prescriptive, recognizing sovereignty
of state, tribes, and allowing the right
entity to make decisions and have
enforcement authority when needed.
Federal and state support programs
can undermine incentives for crop
producers and water and wastewater
services to make cost-effective
decisions. Examples include the lack
of regulatory requirements where
government funding has resulted

in some utilities often waiting until
direct and indirect costs become
unbearable before they rehabilitate
infrastructure. The lack of federal
legislation for wastewater recycling
has slowed its development, even
though the development of recycled
water is very promising. The only
national guideline on non-potable
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water reuse provided by the U.S.
EPA is partially based on a review
and evaluation of current state
regulations, not on rigorous risk
assessment methodology. Hydraulic
fracturing is not completely regulated
under federal legislation, creating
uncertainties associated with the
type of chemicals used in the process
and their impact on water and the
environment.

The business or private sector also
plays an important role in addressing
the resource challenges faced by the
world today. For example, companies
can directly impact resource
management within their businesses
and indirectly help by encouraging
their product users. Through a
collaborative partnership between
the United Nations Global Compact
and the Government of Sweden, the
CEO Water Mandate was created
and launched at the Leaders Summit
in July 2007. As a private-public
initiative, it concentrates on creating
strategies and solutions to contribute
positively to the emerging global
water crisis. There are currently 530
UN Global Compact participants
from the U.S. (http://www.
unglobalcompact.org), out of which
19 companies have endorsed the
CEO Water Mandate. One difficulty
observed for the private sector is
maintaining a long-term consistent
vision as CEOs and market conditions
change.

In many situations in the U.S., public
utility commissions and municipal
utilities are empowered as the
decision-maker and policy setter.
Local government and the private
sector often work effectively together
and can be a catalyst for bringing
together sectors and stakeholders

for collaboration. One factor noted
in the U.S is the changing role of
government. As public values and
national funding priorities shift, there
has been increased emphasis placed
on government agency engagement
with sector actors and stakeholders.

International Application of
the Nexus

The need for the nexus approach

has been studied in international
conferences over the past forty years,
although using different terminology.
As a result, Millennium Development
Goals were established in 2000, with
several focusing on water-related
issues involving poverty, hunger, and
sustainability. To address these, secure
water, energy, and food production
systems and corresponding
infrastructure are required, but the
stovepipes of sector-based approaches
hinder achievement.

One example where the energy-water
nexus is needed is in India, where
blackouts, partially caused by
subsidies for unrestricted agricultural
pumping, combined with delayed
monsoons, rapid urbanization, and
aging infrastructure resulted in six
million people without electricity

for days. In China, development

of unconventional gas resources is
moving rapidly, revealing problems
of where energy reserves and
thermoelectric power generation

are located versus where water is
available. Energy demand for water
desalination is increasing in arid
places, and regions such as the UAE
are actively pursuing renewable
energy powered desalination.

Inland waterways are underutilized
for shipping in many developing
countries, which constrains economic
growth.

As it seeks to identify its relationships
to other nations, the U.S. has made
water a foreign policy priority,
especially to build multi-level capacity
in developing countries. It has
developed Principles for Advancing
Food Security and a Feed the

Future Initiative. It has developed a
Blueprint for a Secure Energy Future
with a strategy using conventional
and unconventional sources. The

U.S. is the largest bilateral donor

to international humanitarian
organizations, including water-related
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services and it is also a major donor
to multilateral development banks,
which contribute heavily to water
sector financing. The U.S. also
provides support for project financing
through loans and loan guarantees,
risk insurance, and export credits.

The U.S. State Department works
through partnerships to achieve

a water-secure world. These
partnerships seek to build political
will and support national level
planning processes, leverage
expertise, technology and resources,
and promote water security. In

2011, the Secretary of State signed

a Memorandum of Understanding
with the World Bank on cooperation
toward a water-secure future.
Potential activities include new
technologies for access to safe
drinking water, rehabilitation of
watersheds and wetlands, promoting
water efficiency through improved
irrigation, remote sensing to improve
water resources management,
public-private partnerships for water
infrastructure and development,

and knowledge sharing. The State
Department works to develop
cooperation and partnerships on
these issues at all scales (local,
regional, international). The water-
energy-food nexus can offer an entry
point for international exchanges
leading to bigger transboundary water
issues.

Nexus Challenges and
Opportunities

Moving into the future, the main
challenge is how to plan and

manage for water, energy, and food
security in different cultural and
political contexts. These sectors have
traditionally been separated by policy
boundaries, as well as by different
academic and managerial cultures.
When they intersect, it is usually

a dual sector interaction: energy/
water, food/water, food/energy.
Occasionally, all three sectors interact,
such as in the case of reservoirs
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that serve irrigation, hydropower,
environmental, and drinking water
needs. Biofuel production that
competes with the food sector for
water and land resources is another
example, as is the transportation

of food and energy via navigable
waterways. Theses interactions
involve a complex web of issues
that need collective action. Policy
is difficult to formulate, and many
reports gather dust on the shelf.
New challenges of urbanization,
public health, and even civil disorder
threaten programs of improvement.

Sustainable development requires
both technological and institutional
innovation. At present, the
formulation of institutions for the
effective management of water lags
behind engineering technologies in
many regions. Effective management
is lacking throughout the developing
world, hampered as they are by lack of
transparency, corruption and lack of
adequate skills to manage the delivery
of services to the populace.

The nexus approach may challenge
the way state and local governments
are organized and approach
regulatory roles. The complexity of
the nexus approach may make it easy
to miss a major issue. The nexus in
and of itself is not a selling point but
it may help regions address issues
such as jobs or other economic or
environmental goals.

While much of the international
dialog on the water-energy-food
nexus centers on meeting the

U.N’s Millennial Development

Goals and forthcoming Sustainable
Development Goals in the post-2015
agenda, the perspective within the
U.S. differs markedly, particularly

at the local and regional levels, as
they do not need to pursue poverty
reduction goals and are at a much
different level of development. At the
provider level, the economic reality
facing those in the food or energy or
water sector is to provide the product

to the end consumer in a reliable,
cost effective way that minimizes
externalities such as environmental
pollution and maximizes social
values. Incorporating water and
agriculture concerns into an energy
provider’s mandate, for example,
complicates an already difficult set of
responsibilities. A changing mindset
within private companies and public
utilities to incorporate consideration
of when a nexus approach may
provide cross-sector benefits and
larger social gains is underway in
the U.S., particularly where water or
other resources are under pressure,
but much remains to be done. Policy
initiatives that provide non-coercive
incentives to optimizing cross-sector
tradeoffs are needed to accelerate
progress.

Articulating a compelling U.S. vision
for water, energy, and food security
is recommended as a next step to
highlight potential synergies of

the nexus approach. This may also
help inform our outreach initiatives
with other international partners.
Aspects of this vision include disaster
resilience, sustainable development,
water and energy efficiency,
public-private partnerships, and
responsibilities for implementation.
Issues such as aging infrastructure,
development of competitive
renewable energy, and advances in
water treatment and reuse provide
opportunities to rethink operation of
our water, energy, and transportation
systems for triple bottom line
objectives. In particular, advanced
planning before disasters occur will
provide the opportunity and blueprint
for rebuilding more resilient and
more efficient infrastructure after
the disaster. Catalysts other than
natural disasters, such as endangered
species, resource conflicts, and

plant relicensing will also provide
opportunities for rethinking
infrastructure and operations, but
will require leadership that is ready
and willing to consider more than
solving the immediate problem
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and a willingness to incorporate
consideration of multiple uses and
benefits. These leaders must have the
vision to maximize up-front local
engagement with the goal of gaining
local and regional benefits across
sectors and stakeholder groups.
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International goals for poverty
alleviation and equity invoke the
water-energy-food nexus but often
without recognition of the role
infrastructure must play. Adequate
water, energy, and food infrastructure
is a large component of U.S. success
in securing these basic human

needs and cannot be overlooked.
Many transferable lessons can

be learned from U.S. failures and
successes in infrastructure planning,
evaluation, stakeholder engagement,
construction, governance, and
operations.
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1. Water/Food/Energy Nexus Case Study (Coca-Cola)
Presented by Jonathan Radtke, Director of Water Resource Sustainability, Coca-Cola North America

The Coca Cola Company’s
sustainability framework-called “Me,
We and the World”-is about three
things: people, communities, and the
environment. As a company, we are
committed to achieving ambitious
goals in each of these areas. Within
this framework, we are hyper-focused
on three priorities that have the
biggest impact on our business and
for the people and communities

we serve: Well-Being, Women, and
Water. In the water stewardship
space, our goal is to balance our
water use, or in other words, achieve
“water neutrality” We work to safely
return to nature and communities

an amount of water equivalent to
what we use in our beverages and
their production. This is performed
through reduction, recycling,
replenishment, and risk management.
They also actively promote sustainable
agriculture to:

« Enhance brand by improving
social and environmental
outcomes at the farm

 Increase continuity and
resiliency of their agricultural
supply chains through more
strategic supplier relationships

o Support required top line growth
through increasing yields

o Protect their license to operate
in developing geographies
dependent on agricultural
economies

For their Sustainable Agriculture
Replenish Projects, which include
treatment wetlands, variable rate
irrigation, and no-till farming, they
partner with farmers, WWE NRCS,
CSU, MSU, Walmart, etc. Based on
their nexus approach studies, the
followings are concluded: a nexus
approach needs multiple stakeholders,

Water/Food/Energy
Nexus “Case Study”

Coca-Cola North America

Water Energy Food Nexus Dialogue Workshop
June 23-24, 2014, Golden, CO

Jonathan Radtke

Dir. Water Resource Sustainability,

Coca-Cola North America

who understand common goals; it
is challenging to upscale from pilot
to wide-spread adoption; incentives
are required to get stakeholders
involved; a long-term vision is
required. They also identified gaps
as: not all sectors are engaged;
government policies/subsidies don’t
align with sustainability strategies
and goals; there is a lack of public
engagement/understanding. They
believe that contribution of corporate
sector can influence supply chain,
leverage political clout, influence
peer companies, and promote
communication with consumers.

For more information:

http://www.coca-colacompany.com/

sustainabilityreport/world/water-
stewardship.html

http://www.coca-colacompany.com/
water-stewardship-replenish-report/
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Our ag supply chains are critical to achieving
our revenue goals and protecting our brands

Exhikit 1.7: Corn Grain Acres Harvested by County (2012)

* TCCC system ag system spend over $12.5 billion
annually

* Primary Ag ingredient in US is corn

» “Sustainable sourcing” based on our SAGP

40% Tarve PR, Mabongd Bgrogiterd Tt s Sevioe. Corn A Craen 000 Ransted Acves by County o S’ SEates
o

35% NIM Original 01
Florida/Casta Rica

Share Of 30% Sugarcane
TCCC B —

b Green
annual . i
Ag spend
(%)* 20%

§f5

Wane 1 Tiaptpriots e ameme et el on corrparies o
Bagint undentiand water s Hasoghoart the wisply

Paper
10%
Orange]

Coffee Tea

5%

Grape Mango Palm
0% o "emm‘. . Apple T

Sustainability risk/opportunity - 5

Sustainable Agriculture Replenish Projects
(Partners: Farmers, TNC, WWF, NRCS, FtM, CSU, MSU, Walmart, etc.)

P
gON |\

No-Till Farming

Treatment Wetlands VRI

WATER
FOOD

EMERGY
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Innovative Tool - Fieldprint Calculator

| 2012Com | 2011 Soybean | | | 2012Com | 2011 Soybean |
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Field Print Calculator is a handy “farmer recruiting tool”. Fieldprinting helps producers’ farm
management decision-making to ultimately increase agricultural efficiency, water quality and
source water quantity protection across the watershed

Preliminary Results from Nexus Case Study on Corn

* Lessons Learned from Nexus Approach
* Need multiple stakeholders — understand common goals
* Pilot scale to wide-spread adoption
* Incentives
* Need long-term vision

* I|dentified Gaps
* Not all sectors are engaged
* Government policies/subsidies don’t align with sustainability
strategies and goals
e Lack of public engagement/understanding — more data?

* Contribution of Corporate Sector
* Influence supply chain
* Leverage political clout
* Influence peer companies
* Communicate to consumers

* Global Application
* Technology transfer

24
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The energy-water nexus is an
important issue for the United States
domestically and internationally

as we strive to strike a balance
between energy access and supply
and sustainable development of our
natural resources. By 2050, 80% more
energy, 55% more water, and 60%
more food will be required to supply
population demands. To overcome
this global challenge, governments
and industry should work together
and use innovative technologies and
policies and also share experiences in
what works and what doesn't. Solving
the problem requires new ways of

cooperating and coordinating across
sectors from local to international
scales. Sufficient data acquisition,
technology development and
employment, increased synergies,
and incentivizing conservations are
keys to solve the problems associated
with this global challenge. We need
to better understand the problem,
the connections, and the impacts

by generating, using, and openly
sharing improved sources of data. We
can implement existing, innovative,
oft-the-shelf technologies that
promote energy and water efficiency,
use non-traditional sources of water

Kelly A. Kryc, Ph.D.
Energy and Water Advisor
U.S Department of State

2010 BLACKOUTS
600 MILLION WITHOUT ELECTRICITY

| NEXUS

for energy production and generation,
or create water and energy from
waste. Energy and water decision-
makers must work together to ensure
that decisions made by one sector
don’t impact the other. We can help
by strengthening institutions and
establishing mechanisms for joint
planning and development across
sectors. Incentives are an effective tool
to encourage conservation of water
and energy. We can start working

to create policy and regulatory
frameworks that strengthen local
capacity and enable businesses to
serve as a catalyst for change.

INTERNATIONAL PERSPECTIVES ON THE
ENERGY-WATER-FOOD NEXUS
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MORE WITH LESS

The energy/water nexus is an important issue for the United States
domestically and internationally as we (and others) strive to strike a balance
between energy access and supply and sustainable development of our
natural resources.

By 2050, there will be 9 billion people on earth requiring 80% more energy,
55% more water, and 60% more food than today.

This is a global challenge, but there are solutions.

Governments and industry working together can overcome these challenges
using innovative technologies and policies and sharing our experiences in
what works and what doesn't.

Solving the problem requires new ways of cooperating and coordinating
across sectors at local, national, regional, and international scales.

NEXT STEPS

Get data. We need to better understand the problem, the connections, and
the impacts by generating, using, and openly sharing improved sources of
data.

Deploy technology. We can implement existing, innovative, off-the-shelf
technologies that promote energy and water efficiency, use non-traditional
sources of water for energy production and generation, or create water and
energy from waste.

Work together. Energy and water decision-makers must work together to
ensure that decisions made by one sector don’t impact the other. We can
help by strengthening institutions and establishing mechanisms for joint
planning and development across sectors.

Use incentives. Incentives are an effective tool to encourage conservation
of water and energy. We can start working to create policy and regulatory
frameworks that strengthen local capacity and enable businesses to serve as
a catalyst for change.




NEXT STEPS

* Internationally, the State Department is supporting nexus dialogues to share
best practices that can help countries address their energy and water

challenges.

The United States is committed to finding and implementing solutions to
these problems and welcomes the opportunity to partner with other
governments in this effort.

CHARGE TO PARTICIPANTS

Summarize current practices
Identify key challenges
Propose new methodologies to improve management and governances

Define best practices and select case studies to communicate internationally

NEXUS DIALOGUE ON WATER
INFRASTRUCTURE SOLUTIONS

7*" World Water Forum 2015




3.Columbia River Treaty Nexus Presentation
Presented by Jim Barton, U.S. Army Corps of Engineers, Northwestern Division, Chief, Columbia Basin Water

Management Division

This case study involves the
implementation of the Columbia
River Treaty (Treaty) between the U.S.
and Canada. The Columbia River
System is a very large and diverse
river system that is comprised of
close to 100 different water resource
projects that are operated by many
different entities to achieve a number
of different objectives. Approximately
15% of the basin is in Canada, but on
average about 38% of the river flow
originates in Canada. The U.S. and
Canada signed a Treaty in 1964 that

is focused on flood risk management
and hydropower. This Treaty provides

an excellent framework for trans-
boundary governance, planning, and
operations that can be used to address
water and energy security.

Some of the key lessons that can be
learned from this Treaty are that

it: (1) provides good processes and
procedures for trans-boundary

water management planning and
operations; (2) incorporates flexibility
and advance planning to help manage
the uncertainty in river operations;
(3) is based on a collaborative
approach with an effective governance
structure and dispute resolution

mechanisms that can be used if
needed; and (4) incorporates shared
data, models, and analysis.

For more information:

http://www.nwd-wc.usace.army.mil/
PB/PEB 08/crt.htm

http://www.crt2014-2024review.gov/
Default.aspx
http://www.crt2014-2024review.gov/
files/10aug hyde treatypastfuture
finalrev.pdf

Columbia River Treaty Nexus Presentation

Jim Barton, P.E.
U.S. Army Corps of Engineers, Northwestern Division

Chief, Columbia Basin Water Management Division

Columbia River and Treaty Summary

= Large international river basin, managed

Columbia River system

framework

for hydropower, flood risk, ecosystem,
navigation, other purposes
= 15% of river basin in Canada, 38% of
average river flow originates in Canada
= Very successful trans-boundary treaty
between Canada and U.S. for managing

= Treaty focused on hydropower and flood
risk management, but improves overall
management for many river uses

= Treaty provides effective governance
structure, planning, and operations

BUILDING STRONGg

oo |NEXUS  Case Studies
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Key Lessons Learned

Treaty provides clear water management plans and
procedures: improves ability to achieve goals and objectives,
reduces chances for miscommunication

Treaty requires advance planning: reduces uncertainty about
meeting future energy and water requirements, etc.

Treaty incorporates flexibility: adaptable to changing conditions

Treaty involves collaborative approach: encourages innovative
solutions to new requirements and challenges

Treaty utilizes effective governance structure: enables effective
implementation, oversight, and issue resolution

Treaty requires shared data, models, and analysis: ensures
transparency, use of latest technology

BUILDING STRONGg

Gaps

= Treaty primarily focused on hydropower and flood risk
management, does not formally include other purposes
such as ecosystem as a primary focus

» Funding available for some water resource projects in basin
inadequate for increasing operating demands being placed
on aging infrastructure

BUILDING STRONG,

U.S. Perspective on the Water-Energy-Food Nexus



Contribution to Water Energy Food Nexus

= Provides good model for international water management
collaboration in a complex river system

= Allows both U.S. and Canada to achieve changing energy,
water, and related objectives through advance planning and
analysis

B

BUILDING STRONGg

Other Examples

» Pacific Northwest Coordination
Agreement: Regional agreement
among public and private
hydropower owners in Pacific
Northwest to plan and coordinate
operation of their projects as if they
were one utility, optimizing energy
production

Pacific Northwest "} /,7. |

Reservoir System -V

il

BUILDING STRONG,
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4. Water, Food, and Energy Nexus

Presented by William Bellamy, Fellow and Senior Vice President of Water Technologies, CH2MHILL; Professor

of Practice, University of Wyoming

This case is based on balancing water,
power, and agricultural needs in Saudi
Arabia. It analyzes food security based
on cost of water by desalination of

sea water with renewable energy;, i.e.
solar energy. They used an integration
of salt management technologies to
supply agricultural water. For water
source, they used desalinated water,
groundwater, treated groundwater,

Main lessons learned from this study
include:

Each case has specific needs and
different drivers that must be
considered

Dynamic simulation provides a
tool to consolidate information
for assessment and decisions
making

Today’s technologies are effective
and can be integrated into a full
energy, water, food program

Costs are high but economically
achievable

Policy and governance must lead
to initiate change (e.g., secure
loans, subsidies, policy changes,
etc.)

and treated pervaporation water. The
irrigation system was equipped with
standard spray or drip irrigation,

and pervaporation system. They also
used hydroponics to grow plants.

» A wide range of expertise is
necessary to integrate technol-
ogy’s involved (water, energy, ag,
modeling)

Water, Food and Energy Nexus

June 23, 2014
William Bellamy
CH2M Hill

1g/andfApplied s

Modeling Energy Water and
Agriculture Needs in Arid Regions

Energy

Agriculture Source Water

Renewable
Nuclear

Desalination
Reuse

Urban
Demand

Fossil Fuel
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Agriculture Water Use in Saudi Arabia

Rain Fed
41,849 ha
11%
Flood
125,248 ha
15% ,
Center Prvot
A ® 542,743 ha
rp 65%
75,149 ha

9%

3 : %-‘
Department of

College of En: e

Balancing Water Power and Ag Needs in
Saudi Arabia

Other Crops

Fruits and 0.73 Fruits and
Vegetables “éh::t Vegetables
1.94 ' 1.94
Alfalfa
2.22
Dates Dates,
7.84 7.84
Full Cost of Water Subsidies Required

Analysis of food security based on cost of water
Desalination of sea water with renewable energy

WATER
FOOD
EMERGY
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Solar Project Experience and Modeling
from US Companies

MED and RO Desalination Technologies

Department'of, ind Architec nsering S 7 o Departmentiof,

College,of,‘Eh inglandiAp e, |/ College of Eng| :

Integration of Salt Management Technologies

F4P N*

e \Water sources Irrigation waters e Water discharge or drain

e}

Standard spray or drip irrigation (1) Discharge from greenhouse drainage (D1)

Desalinated water (F1)

(e]

RO brine to evaporation pond (D3)

O

o Ground water (F2)

o Treated ground water (F3)
o

o
Pervaporation system (12) o Tail water from pervaporation (D2)
o
o

Treated pervaporation water (F4) RO brine to evaporation pond (D4)
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Pervaporation Research with High
Salinity Water — University o Wyoming

Contact: Satish Muthu, smuthu@uwyo.edu, or Dr. Jonatha

B S e A T
A

el sy
J.andiApplied science

Hydroponics and drip irrigation in Saudi Arabia
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36

Dynamic Simulation Balancing Energy
Water and Agriculture

Al-Riyadh Development Authority
Strategic Water Supply Project

Lessons Learned

Each case has specific needs and different drivers
that must be considered

Dynamic simulation provides a tool to consolidate
information for assessment and decisions making

A wide range of expertise is necessary to integrate
technology’s involved (water, energy, ag, modeling)

Today’s technologies are effective and can be
integrated into a full energy, water, food program

Costs are high but economically achievable

Policy and governance must lead to initiate change
(e.g., secure loans, subsidies, policy changes, etc.)

U.S. Perspective on the Water-Energy-Food Nexus



5. Agricultural Water Conservation

To secure water supplies in stressed
river basins, especially in the West,
water conservation agreements have
been gaining attention over the

last decade. In 2008, the Western
Governors’ Association in their
publication, Water Needs and
Strategies for a Sustainable Future:
Next Steps, identified that “...states,
working with interested stakeholders,
should identify innovative ways to
allow water transfers from agriculture
to urban use while avoiding or
mitigating damages to agricultural
economies and environmental
values.” In Southern California,
municipalities partner with irrigation
districts and pay for agricultural water
conservations to use the conserved
water. The conservation methods
typically practiced are enhancements
in irrigation delivery system, on-farm
irrigation efficiency improvements,
land fallowing programs, and
environmental conservation [1].

Among different water conservation
methods, fallowing agreements have
largely been practiced in Southern
California [2]. Although there

are concerns that these types of
agreements may ultimately result

in redirecting agricultural water to
the other users, in several cases, the
parties have successfully become to
an agreement to leave agricultural
lands for fallowing and transfer

the corresponding water to the
municipal sector. Examples include
the consensus between the Imperial
Irrigation District and San Diego
County Water Authority in 2003,
where they agreed to transfer 200,000
acre-feet of water per year from

the irrigation district for a 45-year
period subject to be renewed for
another 35-year period. The district
must fallow agricultural lands for the
first 15 years and then implement
efficiency-based conservation
practices [3]. Another example is
the agreement between the Palo
Verde Irrigation District and the
Metropolitan Water District in 2004.
They agreed to transfer 25,000 to
118,000 AF/year from agricultural
water to urban Southern California
for 35 years. This water is saved

by fallowing 7% to 28% of each

agricultural land [4, 5]. Yuma Mesa
Irrigation and Drainage District and
the Central Arizona Groundwater
Replenishment District (CAGRD)
have also signed a 3-year pilot
agreement, effective as of January
2014, to save about 9,000 acre-feet per
year water, through fallowing 1,500
acres of agricultural lands. This water
will initially be used to conserve water
in the Colorado River system to be
maintained in Lake Mead. It is also
seen as a supply acquisition strategy
for groundwater replenishment by
CAGRD [2]. However, while planning
for agricultural water conservations,

it is important to assure that these
practices will not reduce crop yield, as
food deficit is going to be a problem
for the growing population.

For more information:

http://cwi.colostate.edu/publications/
sr/22.pdf

https://wrrc.arizona.edu/
arizona-land-fallowing

http://agwaterconservation.colostate.
edu/
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6. Constructed Treatment Wetlands

As natural water filtration systems
wetlands play an important role in
removing water pollutants, such

as nutrients and sediments. The
pollutant removal capability of
wetlands would save a considerable
amount of energy that would
otherwise be used to treat water.

38

Wetlands can also help flood control
and groundwater recharge. The “no
net loss” wetland policy in the United
States requires rebuilt of wetland
destroyed for development in the
same size and watershed. However,
artificial wetlands require more
energy.

Link(s) for more information:

http://water.epa.gov/type/wetlands/
restore/cwetlands.cfm

http://www.epa.gov/owow/wetlands/
pdf/ ConstructecTWpdf

http://water.epa.gov/type/wetlands/

constructed/upload/guiding-
principles.pdf

U.S. Perspective on the Water-Energy-Food Nexus



7. Critical Infrastructure Partnership Advisory Council

The U.S. Department of Homeland
Security (DHS) is responsible to
protect the Nation’s diverse and
complex critical infrastructure.

In 2006, DHS issued the National
Infrastructure Protection Plan
(NIPP), which was updated in 2009,
as a unifying framework to integrate
efforts that improve the protection
of the Nation’s critical infrastructure.
In February 2013, Presidential Policy
Directive 21: Critical Infrastructure
Security and Resilience (PPD-21)
was declared as: “proactive and
coordinated efforts are necessary

to strengthen and maintain secure,
functioning, and resilient critical
infrastructure—including assets,
networks, and systems—that are vital
to public confidence and the Nation’s
safety, prosperity, and well-being”
NIPP is currently under revision as
part of implementation of PPD-21.

The Critical Infrastructure
Partnership Advisory Council
(CIPAC), established by the DHS

Secretary, and national critical
infrastructure partnership structures
aim to enable the collaboration

and trusted information sharing
required to enhance the protection
of the Nation’s critical infrastructure.
CIPAC is an advisory council

which promotes coordinating,
communicating, and sharing effective
practices across critical infrastructure
sectors, jurisdictions, or specifically
defined geographical areas. It values
the private-sector participation in

the critical infrastructure mission as
an essential planning strategy. As an
effective entity that has increasingly
enabled cross-government and
public-private partnerships, CIPAC’s
general achievements include [6]:

« Member institutions increased
from 962 in 2012 to 1,130 in
2013.

» In 2012, 60 working groups held
a total of 199 meetings and in
the first half of 2013, 42 working
groups held a total of 100

meetings under CIPAC. These
meetings aimed for information
sharing, training and exercises,
research and development,
program evaluation, strategic
planning, risk management,
and sector-specific metrics
development.

o For the third yearin a
row, through the Regional
Partnership Engagement effort,
CIPAC convened more than 300
participants, representing 257
critical infrastructure owners
and operators from almost
all sectors. The participants
discussed steps that DHS can
take to better satisfy owner/
operator security and resilience
goals and to strengthen the value
of the public-private partnership.

For more information:

http://www.dhs.gov/sites/default/files/
publications/CIPAC 2013 annual

report.pdf
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8. Defining, Measuring, and Improving Corn Sustainability

Presented by Jon Holzfaster, Farmer, National Corn Growers Association

Field to Market is a diverse alliance
working to create opportunities
across the agricultural supply chain
for continuous improvements in
productivity, environmental quality,
and human well-being. The group
provides collaborative leadership
that is engaged in industry-wide
dialogue, grounded in science, and
open to the full range of technology
choices. As part of the national Field
to Market sustainability initiative, the
National Corn Growers Association
and its partners are working to define,
measure and promote sustainability
overall - including water use.

In Field to Market’s first report,
released early in 2009, they looked
at environmental resource indicators

in five areas including: water use and
quality, land use and biodiversity, soil
loss, energy use and climate change.
This report helped establish trend in
corn’s impacts over the past 20 years
and established a baseline for future
work. In 2012, a second report was
released that updated the timeframe
for the measurement and included
socioeconomic indicators as well.
According to this report, irrigation
water used per-bushel has decreased
by 53% from 1980 to 2011. Volume
per irrigated acre also decreased 28%
during this period. Average per-acre
water use (per irrigated acre) was 12.0
acre inches in 2011 compared with
16.8 acre inches in 1980.

\Incea

Defining, Measuring
and Improving
Corn Sustainability

Jon Holzfaster, June 2014

Irrigation and Corn

e Lessthan 15% of corn

acres are irrigated. _' P Gl B By

* Irrigated corn W B " Eauw!
accounts for less AW G -
than 20% of total s t

irrigated cropland SN
acres in the United States.

In 2012, corn growers experienced
the worst drought in years, a drought
that cut four billion bushels from
overall production. In spite of this,
production per-acre overall was
phenomenal in the states most
impacted by drought. Conservation
practices, precision farming and
better hybrids and biotech all played a
role and will continue to do so in the
future.

http://www.fieldtomarket.org/
news/2012/field-to-market-releases-
national-report-on-agricultural-

sustainability/

http://www.fieldtomarket.org/report/

national-2/PNT SummaryReport
Al17.pdf
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Through evapotranspiration, corn returns more
water to atmosphere than is used in irrigation.

U.S. Perspective on the Water-Energy-Food Nexus



Field to Market 2012 Report

* Looked at five
environmental indicators
125 from 1980-2011

Field to Market

* Including irrigation

* Added specific
Environmental and Scioeconomic SOCioeconomiC indicato rs

Indicators for Measuring
Outcomes of On-Farm 1 1
Agricultural Production in the for the fl rSt tlme aISO
United States

\INcaa

Corn’s Impacts, 1980-2011

Land Use Soil Loss Irrigation Climate

Amount of land Soil loss per N Energy used to
Irrigation water
to produce one bushel, above a use per bushel produce one
bushel of corn tolerable level P bushel

99

30% 67% 53% 43% 36%

GHG emissions
per bushel

\Icaa
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Corn Growing in Times of Drought

120 In 2012, several factors helped
corn farmers harvest more corn

per acre compared to other bad
drought years. Examples:

e Practices that are more
sustainable, such as
conservation tillage

e Mapping technology so
farmers can meet their fields’
specific challenges better

Bushels per Acre During e Stronger plants due to better

Similar Drought Years hybrids and biotechnology

\INcaa

Improving Ethanol Production

2012 2008
Corn Ethanol | Corn Ethanol

Yield (gallons/bushel) 2.82 2.78
Thermal Energy (Btu/gallon, LHV) 23,862 26,206
Electricity Use (kWh/gallon) 0.75 0.73
DDG Yield (dry basis)
) ) ) 15.73 15.81
including corn oil (Ibs/bu)
Corn Oil Separated (lbs/bushel) 0.53 0.11
Water Use (gallon/gallon) 2.70 2.72

\Icaa
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9. Energy Conservation

Energy conservation can be
effectively practiced in water supply
and treatment. Due to their high
energy demand, enhancing and
updating the technology of pumps

is one of the most straightforward
energy conservation options [7, 8].

In early ‘90s, it was estimated that
880 million kWh (30% of total use)
can be saved in treatment plants by
load shifting, variable frequency
drives, high-efficiency motors and
pumps, equipment modifications,
and process optimization [7]. The
energy crises in 2000 and 2001 forced
a number of California water agencies
to join an energy and conservation
campaign. In one year, they reduced
their energy use by up to 15% by
employing some techniques such

as: adjusting operation schedules,
increasing water storage, utilizing
generators, optimizing cogeneration
and installing efficient water system
equipment, variable frequency drives,
and advanced equipment controls [7].

A range of approaches for energy
savings are also emerging in the water
sector. These include [9]:

« A holistic water and energy
management approach to:
develop local water sources
instead of transferring water

great distances; use advanced
transport and treatment
management systems; employ
energy efficient water system
products (e.g. premium
efficiency pumps and motor
systems, new types of low
pressure membrane filtration,
more energy efficient ultra-
violet disinfection technology,
advanced aeration equipment,
and energy recovery systems for
desalination)

Research and development on
innovative and energy efficient
water treatment technologies
such as: membranes to desalt

at much lower pressures,

with higher yields; ultraviolet
disinfection with less energy
demand; real-time monitoring
systems for raw water quality

to control and optimize instan-
taneous treatment process; and
decentralized treatment systems
to improve the water and energy
use efficiency

Behavioral changes through the
incorporation of sustainability
considerations and new design,
management and operational

philosophies

o Identify and address energy
implications of water policy
decisions through better
coordination among resource
management agencies

o Using lessons learned from
other industries, such as the oil
industry, in terms of exploring
alternative ways of operating

For more information:

http://www.energy.
ca.gov/2005publications/CEC-700-
2005-011/CEC-700-2005-011-SEPDF

http://www.gao.gov/new.items/
dl 1225.pdf

http://www.johnsonfdn.org/
sites/default/files/conferences/
whitepapers/10/05/13/Johnson
Foundation Environmental Forum

Examining U.S. Freshwater
Systems and Services Nov16.pdf
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10. Recycled Water

Water recycling has numerous
benefits. It can create dependable,
locally-controlled water supply,
decrease the diversion of water

from sensitive ecosystems, decrease
wastewater discharges, reduce
pollutions, enhance wetlands and
riparian habitats, and save energy
[10]. As the leader of other countries
in terms of volume of recycled water,
United States reuses 7% to 8% of its
treated municipal effluent [11]. Some
countries, however, have set vigorous

targets to reuse their treated effluents.

For example, Australia has planned
to increase its water reuse to 30%
by 2015. Israel currently reuses 70

44

percent of its municipal wastewater
effluent [11]. Water reuse is rapidly
growing in California [12], especially
for large users in industry (refineries,
agriculture), commercial irrigation
facilities (golf courses), groundwater
recharge, and landscaping [13].

With current recycling rate of about
500,000 AFY, the 2020 and 2030
targets of using recycled water are

1.5 and 2.5 million AFY, respectively
[14]. To meet these goals, numerous
projects are being funded at the
federal (Bureau of Reclamation),
state ($1.25 billion through the Safe,
Clean and Reliable Drinking Water
Act of 2010) and local (Metropolitan

U.S. Perspective on the Water-Energy-Food Nexus

Water District and others) levels.
The State Water Resources Control
Board issued a mandate to increase
wastewater reuse levels from 2009
by 200,000 AFY in 2020 and by an
additional 300,000 AFY in 2030.

For more information:

http://water.epa.gov/infrastructure/
drinkingwater/pws/

http://www.epa.gov/region9/water/
recycling/brochure.pdf

http://www.water.ca.gov/
groundwater/casgem/

http://water.epa.gov/infrastructure/
drinkingwater/pws/




11. Recycling Materials

In 2009, 34% of waste generated in
the United States was recovered.

It included recycling 25% of all
electronics at the end of their

useful lives, 25% of all produced
glass, 7.1% of all plastics, 28% of all
plastic bottles, and 66.2% of all steel
containers produced. With the highest
recycling rate, more than 50% of the
steel produced in this country over
the past 50 years has been recycled
[15]. In addition, in 2010, 58.1% of all
aluminum beverage cans and 63.5%
of U.S. papers (89% increase since
1990) were recycled [15].

Recycling aluminum also creates

97% less water pollution than making
new metal from ore [16]. The energy
that is saved by not producing one
aluminum can be used to recycle
twenty cans. In 2010, an energy
equivalent of 17 million barrels of
crude oil was saved in the U.S. just
from recycling cans [15]. Forty
percent less energy is consumed by
producing recycled paper rather

than producing new paper, and 84%
energy can be saved by manufacturing
recycled PET instead of making it
from raw material. Recycling steel

may also consume 60% to 74% less
energy than producing it from virgin
materials [15].

For more information:

http://www.kab.org/site/

PageServer?pagename=recycling
facts and stats

http://www.cancentral.com/funFacts.
cfm
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12. Research Implications for Decision Making at the Energy-Water Nexus

Presented by Kristen Averyt, Associate Director for Science, Cooperative Institute for Research in
Environmental Sciences; Former Director of the Western Water Assessment, University of Colorado at Boulder

Electricity sector is responsible

for about 35% of total US GHG
emissions, 41% of total withdrawals,
and 5% of total consumptive use.

On the other hand, water sector
accounts for approximately 13%

of the US electricity supply. Main
water challenges of the energy sector
include insufficient water availability,
too warm incoming and outgoing
water. While the West is currently
experiencing water stress due to
lifecycle energy intensity of water,
exacerbated situations are projected
in the future (2041-2060) and water
stress will spatially be expanded to
the Midwest and to some extent to
the East. As for the future, projected
changes in water stress will simply
be as a function of climate driven

r Assessmerd CIRES

changes to water supplies. As
populations grow and environmental
requirements become more stringent,
demand for electricity at drinking
water and wastewater utility plants is
expected to grow by approximately
20%. It is critical to assure the water
security of energy generation due

to climate change and population
growth. During planning, not just
short-term, but long-term water
availability for energy generation
should be taken into account. Other
main concerns that need to be
addressed include:

o Are power plants resilient to
future extreme weather?

@j’ Linwersity of Coiorado Boulder

« Will there be enough power to
get clean water where it needs to
be when it needs to be there?

« Do we have enough data with
acceptable quality?

For more information:

http://iopscience.iop.org/1748-
9326/8/3/035046/pdf/1748-
9326 8 3 035046.pdf

http://www.pnnl.gov/main/

publications/external/technical
reports/PNNL-21185.pdf

http://iopscience.iop.org/1748-
9326/8/1/015001/pdf/1748-

9326 8 1 015001.pdf

http://wwa.colorado.edu

Research Implications for Decision Making
at the Energy-Water Nexus

June 23, 2014

Kristen Averyt, PhD
University of Colorado Boulder

Associate Director for Science
Cooperative Institute for Research
in Environmental Sciences

(Former) Director

Western Water Assessment
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The Energy-Water Nexus
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& RE: @] Universsty of Golorado Boulder http://wwa.colorado.edu

Water Stress (1999-2007)

Water Supply Stress Index (WaSSl) - Withdrawal
All Demands, Average Surface Supplies 1999-2007

| S - 23
L EF PGS ,<:'°°,é§° Averyt et al., 2013;
F P AT S National Climate Assessment, 2014
£ o - ‘._ .I* Acsossrmen] T RE S @] Uriversity of Golorado Bolilder http://wwa.colorado.edu
Water for Energy: Water Stress (1999-2007)

Resolution in Support of Water-Smart Energy Choices

WHEREAS, Long-term, reliable supplies of electricity and water are fundamentally necessary
for public health, economic activity and the environment; and

WHEREAS, Our nation’s electricity generation infrastructure is vulnerable to a variety of
water-related risks as demonstrated by recent droughts, heat waves and other weather-induced
impacts that have reduced water supplies, raised cooling water temperatures, and reduced
production of thermal and hydroelectric power plants; and

WHEREAS, Such energy-water conflicts are projected by water and climate experts to increase
with further warming of the global climate and increased weather variability; and

WHEREAS, Power plant cooling water needs can affect power plants, water resources, and
other water users, through water withdrawals, water consumption (evaporation), water
temperature effects, and other water quality impacts; and

WHEREAS, Water-related constraints to generation plants can reduce electricity
supplies, threaten reliability and increase costs; and

5 o
¥ oF oF AF S .S S Averyt et al., 2013

L
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Discrepancies

ElA-Reported Freshwater Withdrawals
versus Calculated Withdrawals

B Zero

[ Less than Minimum

[T Between Minimum and Maximum
B Greater than Maximum

I Greater than 2x Maximum

.%

Withdrawals

Consumptive

Averyt et al. 2013a
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13. Green Infrastructure

Natural ecosystems have the
capability of cleaning water without
using any energy. These systems

can be seen as an energy-efficient
treatment option. For this purpose,
protected areas need to be maintained
and used to help avoid significant
costs and associated energy demands
of traditional treatment works [17,
18]. New York City (Catskills region),

52

San Francisco (Hetch Hetchy) and
Portland, Oregon (Bull Run) currently
take advantage of these systems and
rely on watershed protection and
management for their potable supply
treatment [13, 19].

For more information:

http://water.epa.gov/type/wetlands/

methods index.cfm

http://waterinthewest.stanford.edu/

sites/default/files/Water-Energy Lit
Review.pdf

http://www.ncbi.nlm.nih.gov/
pubmed/17195871

http://pubs.acs.org/doi/abs/10.1021/
€s071594%2B

U.S. Perspective on the Water-Energy-Food Nexus



14. The NEXUS and the Inland Navigation System
Presented by Kristin Gilroy, Institute for Water Resources, US Army Corps of Engineers

Inland waterway systems support
water, energy, and food security by
conserving energy during food and
energy transportation and therefore
by minimizing greenhouse gas
emissions. Floods, droughts, and
infrastructure failures threaten the
function of these systems, which
may result in consequences such

as stockpiled products, ceased
operations, switched to overland
mode, and altered production to
shippers as well as delay costs, lost
revenue, and logistical expenses

to carriers. Appropriate uses of
governance, technology, and
financing methods are required

to operate and maintain a reliable
navigation system.

Proper governance should balance
uses between navigation, water

supply, hydropwer, flood risk
management, and the environment
across states and countries.
International Joint Commission
makes decisions on applications for
projects, such as dams and diversions
that affect the natural level and

flow of water across the boundary.
Changing water levels can affect
drinking water intakes, commercial
shipping, hydroelectric power
generation, agriculture, shoreline
property, recreation, fisheries,
wildlife, wetlands and other interests.
Technology can be used for planning.
Decision-making support tools can
be developed to plan operations and
maintenance, e.g. operating reservoirs
in series to meet multi-objectives. In
addition, technology can be used to
enhance equipment, e.g. sliding gates

to minimize unplanned outages, etc.
Financing influences the reliability
of infrastructure component. The
challenge associated with financing
is to come up with a way to manage
system of deteriorating infrastructure
without increasing the budget.
Some solutions could be to develop
watershed-based budgeting plans,
and to share risks and revenues
with private sector along the inland
waterways system, would likely still
require an increase in taxes to create
revenue for private sector.

For more information:

http://www.corpsnets.us/docs/
other/05-NETS-R-12.pdf

Kristin Gilroy, PhD

USACE Institute for Water Resources

23 June 2014

EXUS Case Studies
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The NEXUS

Inland waterway systems support water, energy, and food security by...

(1) conserving energy

Maloskme
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e
Petroleum & Petroleum Products

Trusei « tmser

® Food and Farm Products

Lgrey + tegilar

Lgary

B Chemicals & Related Products

B Crude Materials

M Primary Manufactured Goods

3

m Other

(2) to transport energy and food products. .. - I

(3) and minimizing greenhouse gas emissions

to mitigate climate change and, therefore, i

i

K its effects on water resources. '

2008 Closure of  __ gusmmenmanss Governance
Upper Mississippi River

Interstate International
* Major flood event caused closures from Mississippi River Basin Commission * Boundary Waters Treaty (1909)
formed in 1879 * Provides general principles for
Threats to the success of the system: Congress charged the MRC with the proventing and esolving transboundary
Floods Drouhts and mission to develop plans to improve the ) o .
’ . o ) q condition of the Mississippi River, foster ‘ Ir;t;]r;auonal Joint Commission
Infrastructure Reliability (i.e., failures) navigation, promote commerce, and (1912)

prevent destructive floods ® Regulate shared water uses

® Investigate transboundary issues &

We need to combine appropriate use of Today’s mission s to lead sustainable recommend solutions
. - management and development of water
governance, tech n0|ogy5 and financi ng methods related resources for the nation’s benefit * 2007HC Great Lakes Study.
to operate and maintain a reliable system and the people’s well-being . rT up“ﬂﬂtc 30-yr old rclfléulatw" plan
or outtlows to meet all water use

¢ Communication between public and oo objectives

private sector
were essential to minimize effects

Q‘p 1 Fsvww v usace.army.mil/ About/ J hutpe/ /ije urg/u.,/uc,u.au,q/
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Technology

® Systems modeling through
Corps Water Management
System (CWMS)

e World Association for

Waterborne Transport
Infrastructure (PIANC)

Financing

U Challenge: How to manage system

of deteriorating infrastructure
without increasing the budget?

® Potential Solutions

:
—
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Public-Private Partnerships
Watershed based budgeting

International Applications

Inland waterways are under utilized in many developing

countries, which constrains economic growth

The United States can assist through
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15. Thermoelectricity Generation

Open-loop cooling facilities use
substantially more water than
close-loop or dry cooling facilities.
In 1972, the Federal Water Pollution
Control Act and Section 316(a) of
the Clean Water Act, which regulate
intake structures and thermal
pollution discharges, established
restrictions on open-loop cooling
systems. It resulted in a declining
trend in the construction of
open-loop cooling power plants and
only 10 of these plants have been

56

built since 1980 [20]. Closed-loop
cooling plants, with less water
requirements, lower discharges, and
less vulnerability to water shortages,
have been the main substitute of
open-loop system since then. Hybrid
cooling technology, which uses both
wet and dry cooling components
that can be used either separately or
simultaneously is in its early phases
of development. These systems

may reduce water requirements of
wet systems by up to 80%, while

U.S. Perspective on the Water-Energy-Food Nexus

they do not have the disadvantages
of dry cooling systems. Therefore
hybrid cooling technology can be
seen as a promising way to secure
energy generation in the future
while imposing less stress on water
resources.

For more information:

http://www.sandia.gov/energy-
water/docs/121-RptToCongress-
EWwEIAcomments-FINAL.pdf




16. Infrastructure Sustainability Policy

To promote sustainable infrastructure
within the water sector, the U.S.

EPA has issued its Clean Water

and Drinking Water Infrastructure
Sustainability Policy [21]. Guided

by this policy, EPA has developed

the Water Infrastructure: Moving
toward Sustainability program,

which provides technical support

and financial resources to states to
increase water and energy efficiency
in water, wastewater, and stormwater
infrastructure. The agency works with
partners across the water sector and

a broad group of stakeholders to help
implement practices on three levels
[22]:

o Sustainable Water Infrastructure:

To sustain infrastructure that
is used for the collection and
distribution systems, and

treatment plants in water-related
services

» Sustainable Water Sector
Systems: To sustain any aspect
of the utilities and systems that
provide water-related services

 Sustainable Communities:
To promote the role of water
services in extending the broader
goals of the community

EPA has identified the following

four key areas of action to assure
sustainability of water infrastructure:
asset management, water and energy
efficiency, infrastructure financing
and the price of water services, as
well as alternative technologies and
assessment. To promote and maintain
sustainable water systems, EPA

has two management frameworks:

Effective Utility Management
Initiative and the Safe Drinking Water
Act’s Capacity Development Program.
In addition, to advance community
sustainability, EPA is collaborating
with the states of New York,
Maryland, and California to identify
ways in which projects that promote
smart growth and other sustainable
practices can be incentivized [22].

For more information:

http://water.epa.gov/infrastructure/
sustain/Clean-Water-and-Drinking-

Water-Infrastructure-Sustainability-
Policy.cfm

http://water.epa.gov/infrastructure/
sustain/
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17. Integrated Energy-Water Planning in the Western and Texas Interconnections
Presented by Vincent Tidwell, Sandia National Laboratories

While long-term regional
electricity transmission planning
has traditionally focused on cost,
infrastructure utilization, and
reliability, issues concerning the
availability of water represent an
emerging issue. Thermoelectric
expansion must be considered in
the context of competing demands
from other water use sectors

balanced with fresh and non-fresh
water supplies subject to climate
variability. An integrated Energy-
Water Decision Support System
(DSS) is being developed that will
enable planners in the Western and
Texas Interconnections to analyze
the potential implications of water
availability and cost for long-range
transmission planning. The project

Exceptional service in the national interest

brings together electric transmission
planners (Western Electricity
Coordinating Council and Electric
Reliability Council of Texas) with
western water planners (Western
Governors’ Association and the
Western States Water Council).

For more information:

http://energy.sandia.gov/?page id=1741

Sandia
National
Laboratories

Integrated Energy Water PIannlng in the Western and
Texas Interconnections

Vincent Tidwell

Sandia National Laboratories

the U.S. Department of Energy'

mutiprogram labaratory managed and operatod by Sandia

June 2014

owned subsidiary of Lockheed
 DE-ACO4-94AL85000.

Technical Support Team

= Sandia National Laboratories Sandia

= Vincent Tidwell
= Barbie Moreland
= Howard Passell
= Katie Zemlick
=  Barry Roberts
Argonne National Laboratory
= John Gasper
= Eugene Yan
= Chris Harto

National _
Laboratories

(g |

= Electric Power Research Institute
= Robert Goldstein

= National Renewable Energy Laboratory “.9 ’rla:_
National Renewable Energy Laboratory

= Jordan Macknick
= Kathleen Hallett
= |daho National Laboratory
= Gerald Sehlke
= DanJensen
= Chris Forsgren

= Pacific Northwest National Laboratory

= Mark Wigmosta
= Ruby Leung

= University of Texas
= Michael Webber
= Carey King

A
Argonne

NATIONAL LABORATORY

ELECTRIC POWER
RESEARCH INSTITUTE

—
."I_ Idaho Nationol Laboratory

\\::f-/

Pacific Northwest
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Integrated Planning

Western Electricity Coordinating Council
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o2 Western States Water Council
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Energy for Water Services

Agricultural Pumping  Agricultural Pumping

Large-Scale Conveyance (Groundwater) (Surface Water)

b @
Municipal Wastewater
RUT 0 A N,

Perspectives

= Did approaching the case from the perspective of water, energy and food together
as a nexus affect the results? Yes, results forthcoming.

=  What are the main lessons learned from the case, with emphasis on the nexus
approach? Big need to change planning culture and communication.

= Did these lessons learned identify important gaps in governance, public/private
partnerships, data, financing, or infrastructure/technology? Gaps in appreciation
of competing sector and communication.

=  What does the business sector you represent contribute to the Water Energy Food
Nexus approach? What can be transferred globally? Improved understanding,
data, modeling tools and technology.

= Are there other examples in your sector of wider adoption of best practices to
advance water, energy, and food security? What can be done to encourage wider
adoption? DOE Water Energy Tech Team (WETT) along with interagency
cooperation.

WATER
FOOD
EMERGY
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18. Catawba-Wateree River Basin Water Supply Master Plan
Presented by Jeff Lineberger, Director - Water Strategy and Hydro Licensing, Duke Energy

Communities along the hardest
working river in the Carolinas have
an approaching problem. Without
significant effort to manage water
consumption and improve supplies,
this generation could see a time
when there will not be enough water
flowing in the Catawba-Wateree
River to support more people moving
into the heart of North or South
Carolina, new industry and jobs,
more electricity production and
maintenance of the quality of life we
currently enjoy.

The non-profit Catawba-Wateree
Water Management Group has
worked with stakeholders for
more than four years to address
this complex issue. Through much

collaboration, they have designed

a basin-wide Water Supply Master
Plan that can help ensure the region’s
shared water supply will fully support
growing needs into the next century.

The Water Supply Master Plan is

the most significant water supply
management and planning endeavor
undertaken in the Catawba-
Wateree River Basin since original
construction of the eleven-reservoir
system by Duke Energy in the 1900s.
The Water Supply Master Plan
includes:

o Input and guidance from a
19-member public stakeholder
team representing environ-
mental interests, lake users,

various local governments and
state agencies

o Updated long-term water use
projections in the Basin (to the
Year 2065) and an updated,
complex water quantity model

« Evaluation of numerous options
to extend the available water

supply

o New long-term Basin-wide
strategies to increase the Basin’s
water yield by more than 200
million gallons per day, ensuring
sustainable water supplies
through 2100, decades beyond
current expectations.

http://www.catawbawatereewmg.org/

CATAWBA
WATEREE

S
A

Presented by:
Jeff Lineberger, PE

== Catawba-Wateree River Basin
Water Supply Master Plan

Water — Energy — Food Nexus Workshop
Golden, CO
June 23 - 24, 2014

Director - Water Strategy and Hydrokicensing, Duke Energy
Secretary / Treasurer — Catawba-Watw.anagement Group

£~ DUKE
e’ ENERGY.
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» Catawba-Wateree (CW) River Basin

CATAWSB
WATERE

* mansnr

» 11 interconnected reservoirs licensed by the Federal Energy Regulatory
Commission (FERC)
=  Completed 1904-1963 (spanning 225 river miles)
= 79,895 surface acres, 1,795 miles shoreline

» Modest water availability
=  Avg. inflow — 5,806 cubic feet per second (cfs)
= Avg. annual precipitation — 46 inches
% Usable Storage = 776,747 acre-feet = 252 billion gallons = 7% of
annual basin precipitation

» Duke Energy electric generation — 8,591 MW (25% of our Carolinas’
generation)

= 13 conventional hydro stations (845 MW)
= 2 nuclear stations (4,516 MW)
= 2 coal-fired stations (3,230 MW)

» Most densely populated river basin in NC

» Reservoirs serve as the drinking water source for 18 public water systems
(2 million customers)

» Several large industrial water intakes

]CATAWBA-WA'I’EHEE RIVER
BASIN

) K P (2]
»  Over 25,000 lake neighbors \._-‘-—7_‘.—_'_1'_,{12_

» 2 states, 17 counties, 30+ municipalities

»  Over 10 million recreation visits per year 2

.

Z

— - (_5 DUKE

CATAY ENERGY.
Water Supply Master Plan

o=
Em®™
m»> ¥

WALER

» Extends water yield by 200+ million gallons per day
(mgd) = 50 years
» |nstead of reaching modeled water yield in 2050, we’d reach it in 2100

= Sustains future basin growth potential
» Improves drought resiliency for vulnerable water intakes
» Prepares us for future climate change and population growth

» Promotes cooperation between water users and stakeholders
in the river basin

» Balance of strategies (supply, demand, drought response) for
enhancing water supply

WATER
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et Key Elements Driving the © kv,
Master Plan

» Cooperation
o 70-Party Comprehensive Relicensing Agreement (2006)
o CW Drought Management Advisory Group (CW-DMAG) (2006)
o CW Water Management Group (CWWMG) (2007)

» Conflict
o Growth and competing uses
Water withdrawal fee proposal (2005)
SC 401 Water Quality Certification (2009)
SC v. NC Supreme Court Case Settlement Agreement (2010)
Business impacts

O O O O

» Climate
o Drought of Record (1998 - 2002)
o New Drought of Record (2007 — 2009)

» CWWMG and CW-DMAG Approach — Shared Resource = Shared Responsibility

o Plan and manage like it’s “our water resource”
o If one Large Water Intake Owner fails, we all fail

4
— O Ny,
AR Lessons Learned

> Get the science and engineering right
o Good modeling tools with good data are essential to good decisions
o Know the state of the local practice versus what others are doing
o Focus on implementable solutions
o Consider the long-term

» Social and political factors are also very important
o Diversity of planners
o Water use priority setting is inevitable during severe droughts
o Careful not to under-estimate level of effort for broad, effective communications
o Health of the waterway and quality of life must balance economic development

> All users / uses aren’t equally capable of water conservation (every day) or water use
restrictions (drought)
o Individual utility investments can benefit entire basin

> Gaps
1) Funding to Develop Plan — filled by NC, SC and Duke Energy Foundation
2) Implementation Funding and Staff — TBD
3) Data - sedimentation impacts, tributary flows, water use

4) Governance Mosaic — Riparian (NC), Regulated Riparian (SC), Advisory (CWWMG, River Basin
Advisory Commission, others)

U.S. Perspective on the Water-Energy-Food Nexus
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Energy and Water Sectors

> Global Transfers

1) Both sectors contribute essential services
o Electricity / drinking water
o Public health and safety
2)  Managers of multi-use reservoirs need broad perspective
o We serve the same public
o Shared resource = shared responsibility
3) Science + engineering is only half of the job

4) Difficult to focus the public on long range (50+ years) plans

» Wider Adoption - Joint Integrated Resource Planning (IRP)???
% IRP (20-yr look ahead) required of electric public utilities

¢+ Public water systems
o Individual plans
o Local Water Supply Plans (NC), Permitting Limits (SC)

¢+ Is more formal joint planning in our future?

» More info — www.catawbawatereewmg.org
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19. Case study illustrating water energy food nexus

Presented by Larry MacDonnell

Substantial quantities of water are
produced as a byproduct of oil

and gas development. Most of that
water is unusable for other purposes
because of its poor quality; thus,

it is either reinjected or contained
in pits and evaporated. The large
volumes of water generated as a
byproduct of coal bed natural gas
development, however, often are

of a quality suitable for other use
such as for irrigation. Nevertheless,
states decided not to require its use.

Consequently, large volumes of usable
water either were simply discharged
into surface water systems or were
contained and evaporated. Despite
the view that water is scarce in states
such as Colorado, New Mexico,

and Wyoming, it has proved to be
uneconomic to find uses and cheaper
simply to discharge or evaporate it.
In this case the importance of energy
production clearly outweighed our
interest in careful use of our limited
water resources.

For more information:

http://energy.usgs.gov/Environmental
AspectsEnvironmental Aspectsof

EnergyProductionandUse/Produced
Waters.aspx#3822110-overview

http://capitolwords.org/
date/2007/04/18/S4672-4 more-

water-more-energy-less-waste-act/

https://www.govtrack.us/congress/

bills/110/s1116#summary

CBM produced water management
as a case study illustrating water

energy food nexus
Larry MacDonnell

Nexus Dialogue Workshop — June 23,

2014
Golden, Co

Produced water as a byproduct of

oil and gas production

* Large volumes of water are produced in association
with oil and gas production (15 to 20 billion barrels
(bbl; 1 bbl =42 U.S. gallons) generated each year in the
United States; equivalent to a volume of 1.7 to 2.3
billion gallons per day. Argonne, Produced Water

Volumes and Management Practices (2009))

* A “waste” product; management and disposal a major
concern

* Very little applied to beneficial use, such as irrigation
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Coalbed Methane Production

* Began in the 1990s

 Peaked in 2008

 Virtually all production from Colorado, New
Mexico, and Wyoming

Produced water in Powder River Basin
in Wyoming
e According to 2009 report:

since 1987, 4.784 billion bbl of water have been
produced from coal beds [more than 600,000 acre-feet].
Approximately 54% has been discharged to ephemeral
and perennial streams, 35% has been managed using off-
channel pits, 5% has been reused for irrigation projects,
3% has been managed through injection, and 3% has
been treated and then discharged into streams.

Argonne, Produced Water Volumes and Management
Practices
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Why so little beneficial use
of all this water?

* In some cases, water quality is a concern

e But, according to a National Academy of Sciences
panel:

“Even where CBM produced water is intentionally
put to beneficial use, the cost of implementation of such
use almost universally exceeds any realized economic
gain in the current regulatory and economic climate.”

Management and Effects of Coalbed Methane
Produced Water in the United States (2010)

Policy Choices

* Promotion of energy development outweighs
concerns about making beneficial use of water

e Without regulation requiring beneficial use of
produced water, not economic

* Tells us something about the relative
economic value of water

U.S. Perspective on the Water-Energy-Food Nexus



20. Xcel Energy Water-Energy-Food Nexus Case Study

Presented by Richard Belt, Senior Water Resources Analyst, Xcel Energy

Xcel Energy partners with agricultural
communities to buy their recharge
credits and contracts long-term with
them to use a portion of their excess
water. The water right remains under
the agricultural community’s own
enterprises. Using agricultural water
for energy generation is especially
more beneficial during a drought,
when there is not enough water for
agricultural production. If there is

a power blackout, all sectors may
remain out of water as well. Xcel
Energy pays substantial amount of
money to agricultural community

to use their water, because power
plants need substantially less water.
One criticism is that these water
transactions have high costs, but
they are easily affordable for energy
companies. Xcel Energy also trades
with municipalities. It has the right
to some high quality water sources,
which are good for domestic use. The

company trades this water with lower
quality water from municipalities,
which is good for energy production,
so water treatment costs are reduced.
This trade also reduces some capital
costs for both parties. In the case
when the government is involved in
energy supply (as in some countries),
if trades help the utility to make all
the water needs, it creates a great
Public-Private Partnership lesson. In
addition, some water conservation
practices at Xcel Energy include:
using recycled effluent at some plants,
installing a hybrid cooling plant at
Pueblo, and using their wastewater

to spray emission flows. From this
company’s experiences, they have the
following key conclusions:

o Private water markets work

o Natural “nexus” partnerships
may be location-based, quality-
based, or drought-based

o All water issues have a local scale

« When developing arrangements,
core needs should be addressed

o Water supply flexibility and
diversity enable partnerships

For more information:

http://www.xcelenergy.com/staticfiles/
xe/Corporate/ CRR2012/environment/

water—management/ conservation.
html

http://www.xcelenergy.com/staticfiles/
xe/Corporate/ CRR2012/environment/

water-management/supply.html
https://www.xcelenergy.com/
staticfiles/xe/Corporate/ CRR2013/

environment/water-management.
html
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21. CALFED Bay-Delta Program

Presented by Masih Akhbari, Research Assistant and Program Aide, Colorado Water Institute, Colorado State

University

California has been dealing with
serious conflicts over its water
resources management for decades.
Debates over whether or not to
transfer water from the Delta region
to users elsewhere, and how to
transport the water, have been the
root causes of the conflicts in this
state [23]. The conflicts became more
complex after more limitations were
imposed to the supplying system due
to new environmental regulations
enacted to protect the region’s
ecosystem.

To find a solution, a variety of
innovative ideas have been developed.
However, they lacked an overall
framework. California Bay-Delta
Program (CALFED) was initiated in
1995 as the most comprehensive effort
to resolve water resources conflicts

in the region and to address three
main areas: ecosystem health, water
quality, and water supply reliability.
The “problem area” was defined as

the Delta, and the “solution area”

as all areas hydraulically connected

to the Delta or relying on its water
supplies, mainly Sacramento and

San Joaquin Rivers [24]. CALFED

[

72

intended to respond to the conflicts
through a series of agreements and
revisions that have involved federal
and state legislation, and stakeholder
accords [25]. Early in the program,
the CALFED agencies decided the
program needed to engage the public,
particularly from identified interest
groups or NGOs. One of the best and
earliest achievements of CALFED
was public awareness and their
participation in water conservation
activities [23]. CALFED has not been
able to eliminate the zero-sum aspect
of the game through collaborations,
negotiations, and collective
decision-making by stakeholders
[23]. A review by the Little Hoover
Commission found CALFED to be
“costly, underperforming, unfocused,
and unaccountable” [26]. Elimination
of the strong support from the
political leadership in Washington
and Sacramento, after President Bush
was elected, caused the situation at
CALFED to begin a slow decline
[27]. New leadership who was less
supportive of CALFED, creation of
the California Bay-Delta Authority
(CBDA) without enough authority,

and depletion in external funding
secured earlier from Congress and the
state taxpayers were other reasons for
the decline of CALFED [28].

Based on the CALFED program
experience, it can be concluded
that an agreement may be reached
by involving all key stakeholders,
increasing public awareness, and
providing guaranteed political and
financial support. If you create an
initiative that requires government
funding, and if it is withdrawn
without a successful governance
structure in place, then the activity
will not succeed.

For more information:

http://calwater.ca.gov/content/
Documents/library/309.pdf

http://www.bvsde.paho.org/bvsacd/
encuen/calfed.pdf

http://www.sciencedirect.
com/science/article/pii/
S§1462901109000963

http://www.lhc.ca.gov/studies/195/
report195.html
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Masih Akhbari, PhD
Colorado Water Institute

Colorado Water Institute
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This case focuses on a decision about balancing water

food, cities, energy, and environment

The case emerged due to gridlock reaching back many years about
water allocation among the sectors for:

= Environmental purposes in the Bay-Delta area

= Supply irrigation water for agricultural activities

= Supply urban demands (in both Northern and Southern California)

= Hydropower generation in Northern California

® Most fertile soils in the United States
@ Significant agricultural activities (Central Valley)

® Several hundred aquatic species

= More than a hundred are threatened or endangered

WATER AND ENERGY USE

® 14.2% of total irrigated acres in the U.S.

17% Other _19% California

@ Produces half of the nation’s fruits and vegetables 13% Idaho

® The largest surface-water withdrawals 10% Colorado

7% Nebraska
7% Arkansas

T% Montana

@ The highest increase in total freshwater withdrawal by 2050
Source: Kenny, J.F., et al. 2009, EstilyladleNI=No]

water in the United States in 2005. [SNeRYNElo]ad
® About 2/3 of precipitation falls in the North

The Delta ® ~75% of Californians live in the South
® Federal, state, and local project supply ag water

® To meet water demands in Southern California,
-3 water is pumped and transferred through the

3,000 miles of pipelines, tunnels and canals

Water s and

T souther ntensive

-
= lapis & Fedes = ‘
-

http://aquadoc.typepad.com/waterwired/2009/04/the-baydelta-imbroglio.html
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@ Groundwater supplies ~30 to 46% of

the State's water

———

® Water sector accounts for an P ol -

Averags Required Energy
~— foe Agriceltaral Water
= KWRAY

estimated use of ~6.9% of the state’s —j .

L[N

electricity and 20% of the state’s total
energy use

= Settlement patterns, topography,

and climate patterns

Source: Burt, et al. 2003, California Agricultural {d<d
Electrical Energy Requirements, ITRC Report No. H

CALFED BAY-DELTA PROGRAM

The main subject of conflicts among stakeholders in California has been the limited

supply of water.

The most comprehensive effort to resolve the conflicts was the CALFED Program
= |nitiated in 1995

= CALFED Policy Group: 25 federal and state agencies

Intended to respond to the conflicts through a series of agreements and revisions

that have involved federal and state legislation, and stakeholder accords

Addressing three main problem areas in the Bay-Delta:
= Water supply reliability
= Water quality

= Ecosystem health in the Delta
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CALFED’S EFFECTIVENESS

@ CALFED was successful in the first decade of its implementation and
it gained an advanced scientific understanding of the Delta

@ One of the best and earliest achievements of CALFED was public
awareness and their participation into water conservation activities

® CALFED failed to:
= reverse the decline of the Delta ecosystem
= improve the reliability of water supply
= adopt new paradigms of governance

@ CALFED had no power to restrict diversions, set water quality
standards, levy charges, or make infrastructure investments

, Unfocused,

le”

Little Hoover Commission

DRIVERS OF FAILURE

@ Elimination of the strong support from the political leadership in

Washington and Sacramento
® Creation of the California Bay-Delta Authority without enough authority

® Depletion in external funding secured earlier from Congress and the

state taxpayers
® Fundamental opposition of interests
® Significant disagreements about the property rights

WATER

o NEXUS Case Studies

75



76

LESSONS LEARNED

Identify feasible, transparent, and coherent solutions, which can lead to
agreement among the competing parties

= Involve all key stakeholders in planning and decision-making processes

= Increase public awareness about the consequences of non-cooperation

= Provide guaranteed political and financial support

o The Bay-Delta region has been selected as one of the Critical
Conservation Areas and will receive increased attention and be
financially supported by the Regional Conservation Partnership Program
recently launched by the USDA

If you create an initiative that requires government fundin

withdrawn without a successful govern

U.S. Perspective on the Water-Energy-Food Nexus



22. Geysers Geothermal Power Plant Municipal Waste Water Recharge

Presented by Chris Harto, Energy/Environmental Systems Policy Analyst, Natural Resource Economics and
Systems Analysis Team, Argonne National Laboratory

Geothermal power plants utilize
condensed geothermal steam for
cooling. The majority of these plants
are located in water stressed regions.
Total water consumption of these
plants will potentially increase due to
growth in geothermal development
by 2030. In Northern California, high
value irrigated agricultural activities
(mostly vineyards) limit increased
water supply to energy companies.
Failure in water supply results in
reduced power production. To avoid
this problem, Argonne National
Laboratory has come up with the idea

of using wastewater for cooling. They
have built two large scale wastewater
injection projects totaling 20 million
gallons of waste water a day. These
projects have improved local water
quality, as low quality wastewater is
consumed in the geothermal power
plants and freshwater is remained in
the reservoirs. Although successful,
it is challenges to implement this
method in other locations since in
many areas municipal waste water
effluent is discharged into the local
watershed and provides in stream
flow and may be used by downstream

Argonne°

NATIONAL LABORATORY

Geysers Geothermal Power Plant
Municipal Waste Water Recharge

Christopher Harto
Argonne National Laboratory

users; pipeline projects can be

costly and sometimes challenging

to implement. The alternative
opportunity is to use brackish or
saline groundwater for supplementary
injection in many geothermal
systems.

Link(s) for more information:

http://www.geysers.com/numbers.
aspx

http://www.watereducation.org/
userfiles/Brostrom Peter.pdf

(@) ENERGY

WATER
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The Geysers Geothermal Field

= 75 miles north of SF CA in Sonoma and Lake
Counties

= 15 power plants with a total 725 MW
capacity
= Field covers 45 square miles

= Power plants utilize condensed geothermal
steam for cooling

= Qver time this results in reduced power
production due to reservoir drawdown

= Two municipal waste water pipelines have
been built to provided water to recharge
the reservoir and increase/maintain power
production

‘ http://www.geysers.com/numbers.aspx
o\ = 2

L T

Potential Increase in Water Consumption from
Growth in Geothermal Development by 2030

Water Consumption

AffYr

% o

o€ 1-1,000

@ 1,001-3,300
3,301 - 10,000

10,001 - 33,000
33,001 - 100,000
> 100,000
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Water Recharge Pipelines

gallons of waste water a day

= Southeast Geysers Effluent Pipeline
— Completed in 1997
— 29 mile pipeline (later extended to 40 miles)
— 9 million gallons per day of secondary treated wastewater
— First project of it’s kind in the world
— Resulted in 70MW increase in power output
— Project improved local water quality
= Santa Rosa Geysers Recharge Project
— Completed in 2003
— 42 mile pipeline
— 11 million gallons per day of tertiary treated wastewater
— Cost over $200M and took 10 years from planning to completion
— Resulted in 100 MW increase in power output

= Two large scale wastewater injection projects have been built totaling 20 million

Impact on Local Wine Growers

= California produces around 90% of the wine
produced in the US with a retail value of $23B

= Napa, Sonoma, and Napa counties surrounding the
Geysers Geothermal Field contain the largest
concentrations of wineries in the state
= The majority of Vineyards in CA are irrigated
— 1.7M acre-ft/year for irrigation?
= Advantages of Project to Local Agriculture:
— Preserves existing surface and groundwater sources
— Reduced pollutant discharges to surface water bodies

1 http://www.watereducation.org/userfiles/Brostrom_Peter.pdf
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Challenges, Alternatives, and Additional Examples
from the Energy Sector

= Challenges in Implementation in other Locations

— In many areas municipal waste water effluent is discharged into the local watershed and
provides in stream flow and may be used by downstream users

— Pipeline projects can be costly and sometimes challenging to implement, so it may not
be the optimum use of resources in all cases

= Alternative Opportunities

— Brackish or saline groundwater may be able to be used for supplementary injection in
many geothermal systems

= Additional Examples from the Energy Sector
— Palo Verde Nuclear Plant, 3.3 MW, Outside of Phoenix, AZ uses reclaimed waste water

— Growing use of recycled flowback and produced water from oil and gas production for
hydraulic fracturing of new wells

N — 6
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23. Opportunities at the California Water-Energy Nexus
Presented by Ned Spang, Program Manager, Center for Water-Energy Efficiency, UC-Davis

Using East Bay Municipal Utility
District in Northern California

as a case study, researchers at the
Center for Water-Energy Efficiency
(CWEE) at UC Davis developed a
methodology for calculating at a
high resolution the energy intensity
of water treated and delivered to
customers of a major metropolitan
water district. This method extends
previous efforts by using highly
granular data, including hourly
data from supervisory control

and data acquisition (SCADA)

system components, to produce a
system-based understanding of the
delivered water’s energy intensity. We
found significant variations in the
energy intensity of delivered potable

water within the service territory

due to seasonal and topographic
effects. This method enhances our
understanding of the energy inputs
for potable water systems and can be
applied to the entire water life cycle.
A nuanced understanding of water’s
energy intensity in an urban setting
enables more intelligent, targeted

water conservation efforts to secure
both water and energy savings that
take seasonal, distance, and elevation
effects into account.

For more information:

http://cwee.ucdavis.edu/projects/
accounting-for-waters-energy-

intensity
http://www.etccca.com/sites/
default/files/reports/ET12PGE5411

Embedded%20Energy%20in%20
Water 0.pdf

Opportunities at the California
Water-Energy Nexus

Ned Spang, Ph.D.
Program Manager

Center for Water-Energy Efficiency

WZ UCDAVIS

ﬁ CENTER ror WATER-ENERGY EFFICIENCY

University of California Davis
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The Information Bottleneck

« California’ active water-
energy agenda
— AB 32
— CPUC Guidance
— WET-CAT

« But limited by availability of
actionable data

Technologies

Saving Energy with Water
Energy Efficiency of Water System

5/ V4 —
) .4 »
" " .- Ed -, .
— — — L=

Energy Savings through Water Efficiency

- - -
_
— —_—
o . K2
o - — -y o -y

VZ UCDAVIS
B

CENTER ror WATER-ENERGY EFFICIENCY
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Energy Intensity (KkWh/MG

5 1500 -

‘@ 1250 -

1000 -

Case Study: East Bay MUD

Results:

* 10-12% monthly variation around the annual mean
« >12X difference across the distribution network

Year
——— 2006-2007
—— 2007-2008
—— 2008-2009
—— 2009-2010

—— 2010-2011

| | | l U | | l | | | l
June July Aug Sept Oct Nov Dec Jan Feb Mar Apr May

Month

Annual Mean
Energy Intensity

4000
3000
2000

1000

N
= UCDAVIS

CENTER ror WATER-ENERGY EFFICIENCY

V% UCDAVIS
o]

The Complexity

. mﬁjm

N

- Interstate and | :

| FederalData |

L]
L 3

* Multiple scales

CENTER ror WATER-ENERGY EFFICIENCY

» Multiple and overlapping jurisdictions

Ay A

EHE,

—

WATER
FOOD
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Opportunities

Ceprl':t?::;-g ANALYTICS

6IS Water Benefits
Data * Water Use Benchmarking
* Targeted Conservation
* Leak Loss Detection
* Monitoring and Verification
Energy Benefits

Energy Savings
+ Demand Response
» Peak Shaving/Shifting
» Energy Storage
* Monitoring and Verification

SCADA
Data

Energy
Data |

Water Meater
Data

Wz UCDAVIS
Y

CENTER ror WATER-ENERGY EFFICIENCYT

Next Steps

 Aligning Water and Energy Data

— Common data platform

— Security and privacy provisions
— Suite of analytics
— Funding (e.g., PGC)
— Stakeholder engagement

* Drive Innovation in Policy,
Technology, and Business
MOdelS ---Data & Information --

Business

Models

echnologies
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24. Southern California Ag-Urban Transfer
Presented by Michael Cohen, Senior Research Associate, Pacific Institute

The 2003 water conservation

and transfer agreement between
California’s Imperial Irrigation
District (IID) and San Diego County
Water Authority (SDCWA) is the
largest agriculture to urban water
transfer in the U.S. The transfer
agreement calls for an annual increase
in the volume of water effectively
moved from the Imperial Valley to
San Diego, from 10,000 acre-feet (AF)
in 2003 to almost 200,000 AF in 2020,
and 200,000 AF per year from 2023
to 2047, with a provision for a 30 year
extension. Through the year 2017, the
transfer agreement and supporting
authorization require the delivery

of ‘mitigation water’ to the Salton

Sea, to offset the direct impacts of
decreased inflows due to the transfer.
The delivery of the mitigation

water ceases at the end of 2017. IID
diverts Colorado River water at
Imperial Dam. Under the transfer
agreement, IID forgoes a prescribed
diversion volume, while SDCWA
diverts that same volume 142 miles
upstream, from Lake Havasu. The
transfer agreement has several clear
energy implications that have not
been studied to date: 1) IID receives
Colorado River water via gravity and

in fact generates a nominal amount of
energy from this water; 2) Colorado
River water flowing through Lake
Havasu and Parker Dam generates
about 70 kWh per AF per year; 3)
delivering Colorado River water to
SDCWA requires about 1900 kWh/
AF/y; 4) SDCWA'’s other major supply,
from California’s Bay-Delta via the
State Water Project (SWP), requires
about 3100 kWh/AF/y to deliver to
its service area. To the extent that
SDCWA substitutes Colorado River
water for its SWP supply, the transfer
generates a net energy savings. To
the extent that SDCWA is simply
augmenting its existing SWP supply,
the IID transfer represents additional
net energy consumption. Through

at least 2017, the transfer agreement
also affects crop production,

because the transfer agreement
requires that IID land be taken out
of production to generate water for
delivery to SDCWA. Currently, about
30,000 acres of land are taken out

of production in IID each year to
generate water for transfer. Most of
this land would otherwise have been
planted in alfalfa, potentially affecting
the availability of forage for southern
California dairies. After 2017, the

fallowing requirement expires, though
IID may not be able to generate
sufficient water from efficiency and
conservation practices by that time
and so may need to continue to
fallow land. In either case, after 2017
IID is no longer required to deliver
mitigation water to the Salton Sea,

at which point the Sea will begin

to experience profound ecological
changes. The IID-SDCWA transfer
agreement represents an interesting
nexus of water, energy, food, and
environmental changes that have not
been studied to date.

For more information:

http://www.sdcwa.org/
quantification-settlement-agreement

http://www.iid.com/
Modules/ShowDocument.
aspx?documentid=921

http://www.aquapedia.com/
quantification-settlement-agreement/

http://www.sdcwa.org/sites/default/
files/files/FifthAmendment-iid-sdcwa.
PDF

http://www.crb.ca.gov/Board%20
Folders/2011/8%20Aug/Tab%205/
IID%20Letter.pdf

Southern CA Ag-Urban

WATER
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Transfer

A potential nexus case study

Michael Cohen
June 23, 2014

Pacilic
Institute
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Reservoir volume (taf)

|| State project
State and federal project N g=100
o CEralPIOEt A 100-500
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< Flow direction == 00
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¢« Pump/storage facility c > 151-300
® Pumping facility 00 301-1,500

® Hydroelectric powerhouse (O 1,501-3,100

Increasing San Diego County's Water Supply
Reliability through Supply Diversification
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Gradual change Rapid change Elevation re-stabilizes, Salinity continues to rise
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Navajo Generating Station (NGS),

a 2,250 MW coal plant, provides
revenues to Navajo and Hopi

Tribes, and contributes to air quality
problems. It supplies power demand
of the Central Arizona Project (CAP),
which delivers Colorado River water
to Phoenix, Tucson, Tribal lands, and
agricultural lands. Excess power sales
contribute to the Lower Colorado
River Development Fund. In Feb.

5, 2013, the U.S. Environmental
Protection Agency issued a proposed
Best Available Retrofit Technology
(BART) rule for Navajo Generation
Station to reduce emissions of
nitrogen oxide (NOx) from the power
plant. This rule has the most stringent
NOx standard in the U.S. and requires
installation of Selective Catalytic
Reduction technology, which costs $
544 million, with the possibility that
costs exceed $1.1 billion if additional
air filters are required. CAP, along
with the other stakeholders, including
Gila River Indian Community, the
Navajo Nation, Salt River Project,

the Environmental Defense Fund,

the U.S. Department of the Interior
and Western Resource Advocates,
developed an alternative “Better than
BART” plan for NGS. This proposal
addresses EPA’s NOx emissions while
protecting the future of the NGS. The
plan has two alternatives and both
reduce NOx emission eve greater than
the EPA’s proposed rule. Based on this
plan:

o 1 Unit (or equivalent) will be
retired in 2020;

« Plant owners mitigate economic
impacts on local communities

o Department of Interior (DOI):
CO2 Reduction Commitment
(3%/year) for its unit, or 11.3
million metric tons by 2035

o DOI: Clean Energy
Development Commitment;

« DOI: Evaluate transition from
NGS to cleaner sources of energy

 Bureau of Reclamation: mitigate
impacts on cost of water

Main takeaways from this study are:

o Are energy utilities reporting -
and valuing - water use today?

o Are water utilities considering
future energy demands? Their
reliance on energy? GHG
emissions (and future costs)?

« Are we recognizing the positive
trends underway?

For more information:

http://www.ngspower.com/

http://www.cap-az.com/index.php/
public/navajo-generating-station/
twg-bart-proposal

http://www.ngspower.com/twg.aspx

http://webcms.pima.gov/UserFiles/
Servers/Server 6/File/Government/

Drought%20Management/LDIG/
Summaries/2013/9.11.13/CAP%20
Better%20than%20BART %20
handout.LDIG%20091113.pdf

Water-Energy-Food Nexus
Workshop: Navajo Generating
Station Case Study

| NEXUS

Stacy Tellinghuisen
Senior Energy/Water Policy Analyst
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The Challenge

* Navajo Generating Station —
2,250 MW coal plant

* Department of Interior owns
~25% of the plant

* Plant provides revenues to
Navajo and Hopi Tribes, and
contributes to air quality problems

Power pumps Central Arizona
Project water

« Water is delivered to Phoenix,
Tucson, Tribal lands, and
agricultural lands

* Excess power sales contribute to
the Lower Colorado River
Development Fund

Q)
I\A\ Western Resource Advocates

The Impetus

* NGS faced pending EPA
regulations (regional haze)

Several plant owners
terminating contracts

* President Obama
announced climate change
action

NN
IA\ Western Resource Advocates

o Flagstaff

~ Prescolty o Holbrack [

ARIZONA

PHOENIXe

Base map source: http://www.ezilon.com/maps/united-
states/arizona-geographical-maps.html

NGS
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states/arizona-geographical-maps.html




Solutions

Alternative to BART Agreement
Better than BART NOx reductions;
1 Unit (or equivalent) retired in 2020;
Plant owners — mitigate economic impacts on local communities

Department of Interior — CO2 Reduction Commitment (3%/year) for
its unit, or 11.3 million metric tons by 2035

DOI - Clean Energy Development Commitment;
DOI — Evaluate transition from NGS to cleaner sources of energy

Bureau of Reclamation — mitigate impacts on cost of water

NN
l&\ Western Resource Advocates

IELCEVWENS

» Stakeholders — and government
agencies — havg d_|§parate Gila River
interests and priorities (e.g. Indian
water costs, Trust obligations, el inliyy

CO2 reduction goals, etc.)
Central
Key #1: breaking the link Arizona

between energy, water, climate, Project
and money

Key #2: leadership at Bureau of
Reclamation

NN
l&\ Western Resource Advocates




92

IELCEVWEVS

» Are energy utilities
reporting — and valuing
— water use today?

Are water utilities UL

considering future LML
energy demands?
Their reliance on
energy? GHG
emissions (and future
costs)? 110,000 =

100,000

Are we recognizing the

140,000

130,000

million gallons

positive trends
underway?

SA

Western Resource Advocates

150,000 —

120,000 —

Estimated Water Use for Power
Generation in the Mountain West

estimated use —trend




26. Supplying Southern Nevada: Challenges and Solutions
Presented by Zane Marshall, Director, Water & Environmental Resources, Southern Nevada Water Authority

Southern Nevada’s population

is projected to increase by an
annual average of 1.2% through
2050. Nevada’s water share from
the Colorado River is 0.3 million
acre-feet, which is not enough to
supply urban water demands in
Southern Nevada. To address unique
water supply challenges, Southern
Nevada Water Authority (SNWA)
requires out-of-the-box solutions,
including:

o Aggressive conservation

» Forging partnerships
(Regulatory, public, private,
NGO)

o Developing flexible water-use
agreements

« Seeking alternate supplies

The SNWA has purchased and leased
Nevada surface water rights, which
were previously used for agriculture,
along the Virgin and Muddy Rivers.
These water transfer agreements

are mutually beneficial for both
parties. Resources help diversify
resource portfolio and SNWA

pays assessments, contributing to
long-term stability of the irrigation
company. These partnerships with
agricultural users can be beneficial
without impacts to food production.
The agreements also provide
environmental benefits to maintain
Lake Mead water elevations and to
keep water in the tributaries that
would have otherwise been used for

agriculture. SNWA has also planned
for in-state groundwater projects

as a water supply separate from the
drought-stricken Colorado River.
Modification of Nevada’s water law
allows for Intentionally Created
Surplus. These policy changes
required significant efforts and a lot
of time.

For more information:

http://www.snwa.com/ws/

cac_recommendations.html

http://www.snwa.com/ws/cac.html

SOUTHERN NEVADA WATER AUTHORITY*®

Zane Marshall

Supplying Southern Nevada:
Challenges and Solutions

Director of Environmental and Water Resources
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a SOUTHERN NEVADA WATER AUTHORITY*

Regional water
supply planning

What We Do:

Conservation Water Facility Operate Major
programming Quality construction  Regional Facilities

Nevada receives 300,000 acre-feet of
Colorado River water annually.

River Allocations
(in million acre-feet)
W Colorado

B Wyoming

O New Mexico
B Utah

B California

O Arizona

O Nevada

U.S. Perspective on the Water-Energy-Food Nexus



WATER

Lake Powell’s annual inflows continue to be below normal.
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In addition to dwindling supplies, Southern Nevada’s population
is expected to grow by nearly 1 million residents over the next 35 years.

—CBER 2014
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What We’re Doing:

Addressing Southern Nevada’s unique challenges requires
out-of-the-box solutions:

Aggressive conservation

Forging partnerships (Regulatory, public, private, NGO)

Developing flexible water-use agreements

Seeking alternate supplies

Water Right Leases/Purchases

_| The SNWA has purchased and
&1 leased Nevada surface water rights
along the Virgin and Muddy Rivers.

Water Rights pre-date Boulder
Canyon Project Act: pre-1929.

¥ These water rights were previously
x used for agriculture (forage crops).

7
7

U.S. Perspective on the Water-Energy-Food Nexus



Agricultural areas
experiencing urbanization

Muddy River purchases began
in 1997 through Requests-for-
Offers

Agreements with Irrigation
Companies facilitating leases/
purchases

The agreements have been
mutually beneficial for both parties.

Willing Seller

Individual shareholder’s decision
Irrigation companies agree to not divert SNWA water or leave in
ditch; SNWA becomes last turnout

Willing Buyer

The additional supplies help protect Lake Mead water elevations
Resources help diversify resource portfolio

SNWA pays assessments, contributing to long-term stability of
the irrigation company

WATER

oo [NEXUS  Case Studies
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SNWA Acquisitions

Own: ~15,000 afy
Lease:
* Long-term ~5,000 afy (>20 years)
* Short-term ~11,000 afy (1 to 3 years)

Acreage represented by owned/leased shares ~ 3,500 arces
* Roughly a third already out of production when acquired
* SNWA does not own land

Leases ranged from $250/af to $130/af as economy and SNWA need
for water has changed

Verification / Accounting process

Intentionally Created Surplus
Administered by Bureau of Reclamation

SNWA utilized 6-inch resolution aerial
photography acquired 3 times per year

Muddy River:

Total water budget to
demonstrate flows to
Lake Mead

Virgin River: acreage
verification

Checked and Certified
by Nevada State
Engineer and USBR

U.S. Perspective on the Water-Energy-Food Nexus



Beyond the benefits the
leases/purchases affords to the
parties, it is also provides
environmental benefits:

* Maintains Lake Mead water
elevations
* Keeps water in the tributaries that

would have otherwise been used for
agriculture

12

0 25 5 75 100
—— —

ARIZONA

Groundwater Development Project alighment

A water supply separate from the
drought-stricken Colorado River is
necessary to meet Southern
Nevada’s long term demands.

14

WATER

o NEXUS Case Studies
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To support future development of the project, the SNWA has
purchased several ranches in the project area:

e Support sustainable resource management
* Allows the SNWA to meet state and federal requirements
* Provides access to resources

* Promote community engagement

The properties also support
environmental monitoring efforts:

e >200 Hydrologic sites
* 15 Climatological sites
* 44 Biological sites

Pgp— e - 3

= ‘s ’ L
==y = el
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Safeguards are in place to protect existing water users:
* Nevada water law (prior appropriation)

Federal stipulations among affected federal agencies
* Stakeholder-led workgroups and management teams

* Extensive, state-approved monitoring and management plans

* An established history of managing watersheds and sensitive
environments (Las Vegas Wash)

WATER

inae NEXUS (Case Studies

Partnerships with agricultural
users can be beneficial without
impacts to food production:

Meets existing and anticipated
M&I demands

Beneficial to environment
Flexible in nature

Avoids future conflicts
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27. NEWBA “Grass-Roots” Approach
Presented by Laura Chartrand, Water Resources Policy Advisor, Tri-State Generation & Transmission

Traditional research approach would
start with research and development,
and then continue by test plots,
demonstrations/publications, and
widespread adoption. Traditional
legislative approach, on the other
hand, would start with problem
identification, and continue

with legislation, regulation, and
implementation. Nebraska Water
Balance Alliance’s (NEWBA)
Grassroots Approach, which is
believed to be more powerful than

and continues with “real life”
demonstration to engaging parties,
peer to peer sharing, and results in
accelerated widespread adoption of
winning ideas. This approach was
tested in a small scale in Nebraska and
was concluded to be very successful.
The main lessons learned from this
case were summarized as:

o “Real life” studies help shorten
learning and adoption curve for
new technologies

o Localized weather is required to
make good decisions

o Data must be “real time”

o Telemetry and flow meter must
be compatible

 Pressure Gauge readings should
be on dashboards

o Residue management is
especially important when water
is limited

the traditional research and legislative o Grower concerns with For more information:

approach, starts with specification technology must be addressed to http://www.nebraskawaterbalance.
of promising and practical ideas, gain confidence com/

’ NEWBA “Grass-Roots” Approach

Demonstration
/ Publications

Widespread
adoption

Traditional Research

Approach

Accelerated widespread
adoption of winning ideas

Peer to Peer sharing

“Real Life”
demonstration

Promising,
Practical
Idea

A

Legislation
Regulations

Implementation

Traditional Legislative
Approach
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Real Time Management
Water Data

1. Real Time Consumptive Water Use:

* Weather Stations record
Evapotranspiration (ET)

e Record planting and
emergence dates

* Record daily growth stages

e —

"~ Real Time Management
Water Data

2. Real Time Water Application:

Ag Sense
Crop Link

Comparing:

*  Flow meter

*  Power company
energy readings

Ag Sense *  Pressure gauges
Field Cross check for accuracy
Commander

o0 NEXUS 103



Real Time Management
Water Data

3. Real Time Water Availability in the soil

Soil Texture Triangle

¢‘l‘§; Soi Characteristics

Texture Class Silty Loam ~|
Wilting Point 129 % Vol

Field Capacity 31.2 %X Vol

Saturation 46.8 % Vol

Available \Water 219 in/ft

Sat. Hydraulic Cond 0.45 in/he
Matric Bulk Density 87.97 b/m3
Or Matter

AR W W )
S alinity
005/m ¢ & o 15 2

Gravel
_—
Ioxvd o om @@ &
Compaction
—————
10 oo HoaraalD v Flacti o e
Moisture Calculator
< . o o e
Capacitance Soil 37Vl 5 4o 70 30 4o 0 6o
M A P b Matric Potential llgba
b - A P P Matric + Osmotic 11.82 bar
oisture Probes 5 . 20 ! | Hyckouko Cond 261E-7 /e

What did we learn?

* “Real life” studies help shorten learning and
adoption curve for new technologies

* Grower concerns with technology must be
addressed to gain confidence

* Localized weather required for good decisions

e Data must be “real time”

* More study of nitrates is needed
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WATER

What did we learn?

e Telemetry and flow meter must be compatible

* Sprinkler package problems -- greater than

anticipated

* Pressure Gauge readings should be on dashboards.

* Nitrogen movement is higher than expected

* Residue management is especially important when

water is limited

Team Approach
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28. Facing the Challenges: Water-Energy Nexus in Austin, Texas

Austin, located near the center of
energy-rich and water-stressed Texas,
is one of the fastest growing cities

in the U.S., with 80% population
growth from 1990 to 2011 [29]. This
rapid growth has made it challenging
for the public electricity and water
suppliers to provide reliable and
affordable services while promoting
environmental sustainability.
However, Austin suppliers have
successfully integrated and strategized
programs and policies to sustainably
meet the public demands. Austin
Energy, as the 8th largest public
electricity utility in the U.S., serves
more than 400,000 customers and
Austin Water, as its 5th largest
consumer, which uses 210,000 MWh
electricity to pump and treat 200
million m3 water and 100 million m3
wastewater [30].

Energy and water conservation
initiatives are important aspects of the
city. Austin Energy initiated the Green
Building Program in 1990. A citizen
driven effort terminated a substantial
development over a local aquifer the
same year. This effort was followed

106

by the adoption of the city’s Save Our
Springs ordinance in 1992 to ensure
sustainable use of water resources
[31]. Austin Water and Austin Energy
continuously measure the amount

of energy used in providing water
services, water use in thermoelectric
generation, and the average water use
in water and energy services to use
these data in optimizing water and
energy use and keeping costs down.

Austin Energy has conserved 700
MW in demand-side and targeted
an additional conservation of 800
MW peak-day demand by 2020.
Meanwhile, Austin Water is making
comprehensive water conservation
efforts, such as a tiered rate structure
and weekly watering schedules

for landscaped areas, which has
reduced peak seasonal demand. In
addition, the two utilities collaborate
in generating renewable energy and
reducing greenhouse gas emissions
[31]. Additional demand-side energy
savings are practiced in the city

by distribution of high-efficiency
kitchen and bathroom aerators and
showerheads, as well as rebates to

buying high-efficiency dishwashers,
washing machines, auxiliary water
and irrigation system upgrades [32].
In addition, Austin Water employed
Green Choice, Austin Energy’s

100% wind energy program, in 2011
resulting in an 85% reduction in

the water utility’s greenhouse gas
emissions. The utility has also reduced
its surface water withdrawals through
its reclaimed water program and
supplies low cost water to energy
generation facilities operated by
Austin Energy and the University of
Texas [31].

For more information:

http://www.statesman.com/news/
news/local/austin-property-
taxes-jump-38-over-past-decade/

nRprf/

http://www.yumpu.com/en/
document/view/13766054/

austin-energy

http://unesdoc.unesco.org/
images/0022/002257/22574le.pdf

http://aceee.org/w-e-program/city-
austin-multifamily-energy-and-wat

U.S. Perspective on the Water-Energy-Food Nexus
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1. Introduction

Following the Millennium Summit
of the United Nations in 2000, eight
Millennium Development Goals
were established. Among them were:
to eradicate extreme poverty and
hunger, to ensure environmental
sustainability, and to develop a global
partnership for development [2].

To achieve these goals, secure water
supplies, energy generation, and
food production are required while
balancing environmental, social, and
economic issues [3]. The sectoral
approach might fail to recognize
important connections between
different systems and might find
suboptimal solutions for the entire
global system, while being optimal for
specific sectors [4].

A nexus approach that integrates
management and governance across
sectors and scales would help improve
water, energy, and food security [5].

Developments in one area will have
major effects on the other, and we

can no longer continue planning for
each sector independently. While
expecting to find win-win-win
solutions is unrealistic, a nexus
approach should help identify the
best trade-offs between conflicting
objectives [4]. The main question

here is how to sustainably plan for
water, energy, and food for a country
or a region. It can be achieved by
consideration of resource endowment,
development status, and resilient
thinking in the planning process [6].
Resource endowment accounts for the
natural resource wealth of the country
or region in relation to water and
energy sources and agricultural land
as well as the availability of human,
financial, and institutional resources
[6]. Co-management of water, energy,
and food resources helps increase
resource efficiency and productivity.
Different sectors of the nexus and

their relationships are discussed
below.

1.1. Nexus Definition of Water,
Energy, and Food

Water: “A water system supplies water
for human use, whether for drinking,
irrigation, or industry, [collects and
conveys wastewater and stormwater,
and treats wastewater to protect
public and ecological health. Pipes,
home faucets, water towers, treatment
plants, watersheds, and estuaries are
key parts of the water system” [7].

Energy: “An energy system includes
everything it takes to generate and
distribute electricity as well as steps
required to produce and distribute
fuels. Power plants, rooftop solar
panels, transmission lines, coal mines,
and oil refineries are all parts of the
energy system” [7].

Food: “A food system includes the
activities, resources, and people

Trends in total water withdrawals and population, 1950-2005
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Figure 1. 1950-2005 trends in total water withdrawals and population [11]
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involved in bringing food from the
farm to the table. Crops, feedlots,
trucks, fertilizers, markets, and even
our own kitchens are all part of the
food system” [7].

1.2. Integrated Water Resources
Management versus the Nexus
Approach

The nexus approach that integrates
management and governance across
sectors and scales has similarities

to the concept of Integrated Water
Resources Management (IWRM).
IWRM has been defined by the Global
Water Partnership as “a process
which promotes the coordinated
development and management of
water, land and related resources

in order to maximize economic

and social welfare in an equitable
manner without compromising the
sustainability of vital ecosystems and
environment [8]” Both IWRM and
the nexus approach focus on policy

and decision-making changes that
enhance human welfare, improve
social equity, help sustainable
growth, and protect environmental
resources. They are both based

on concepts that: sector-focused
planning and decision making are
unlikely to result in environmentally,
socially and economically
sustainable development; promotion
of greater coordination among
sectors is needed; and the potential
consequences of one sector’s
decisions on the other sectors must
be acknowledged [9]. In spite of
these areas of agreement, different
interpretations of broad concepts such
as IWRM and the nexus approach
will continue and attempts to reach
consensus definitions are unlikely to
survive from one sector to another.

While opinions about these broad
integrated approaches differ,
distinctions between IWRM and the

nexus approach can be drawn. With
the nexus approach, the broad goals
of IWRM are affirmed, but specific
actions are also sought to increase
security of water, food, and energy
systems. “The key difference between
the nexus and IWRM is that IWRM
starts with the water resource when
considering the interrelationships
between water, food and energy. In an
idealized form, the nexus approach
seeks to look at all three elements as
an interrelated system [9].” It could
be said, of course, that IWRM can

be used as a platform to consider the
nexus, but once again, it is a matter of
interpretation.

1.3. Water in the U.S.

Water is a critical limiting factor

in energy and food production

and security. Despite a population
growth of about 24 percent in the
U.S. from 1985 to 2005 [US Census
Bureau], total water withdrawals have
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Figure 2. Estimated U.S. water use in 2005 [12]
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almost remained constant (Figure

1). Total freshwater withdrawal in
2005 was about 410,000 Mgal/d, with
thermoelectric power sector having
the highest withdrawal rate (41%

of the total), followed by irrigation
(~37% of the total and about 62% of
the nation’s surface water withdrawals,
excluding thermoelectric power
withdrawals) [11]. California had the
largest surface-water withdrawals

to meet its irrigation demands. The
largest rates of fresh surface water
withdrawal for thermoelectric power
were in Illinois, Texas, and Michigan.
Sources of water supply for different
uses in the U.S. and where the
wastewater is discharged are shown
in Figure 2. Although thermoelectric
generation has the highest water
withdrawal rate, it only consumes
6% of the total withdrawal, while
irrigation accounts for 80% of total
consumptive water use in the U.S.

By 2050, the highest increase in
total freshwater withdrawal will be

expected in the western and eastern
parts of the U.S., mostly in California
and Florida. The Midwest will
maintain about the same freshwater
withdrawal rate, and there will be a
low-to-moderate increase) in the rest
of the U.S. (Figure 3a) [1]. However,
when compared with the available
precipitation, higher water scarcity
and stress will be imposed to the
western U.S. even if climate change
effects are ignored (Figure 3b). It

is anticipated that climate change
effects will intensify water scarcities,
especially in the Midwest (Figure 3c).

1.4. Energy in the U.S.

Fossil fuels are currently the main
source of energy in most parts of the
world. It is anticipated that the global
energy demand will grow about 40%
by 2030 [5] and biofuel demands
could grow by 100% by 2030 [13].
This 40% increase in energy demand
could result in a 165% increase in

freshwater demand in the energy
sector [14]. However, by effective
demand management, these growth
rates can be significantly reduced
[15]. Substantial reduction of carbon
emissions from the burning of fossil
fuels over the coming decades is
essential to the mitigation of climate
change. Renewable sources presently
supply about 13% of global energy
use [16], and in the U.S. the main
renewable is hydropower . The global
use of renewables is projected to grow
significantly [17], mainly through
expanding solar and wind energy
resources. For example, the European
Union, through its Renewable Energy
Directive, has planned to supply at
least 20% of its total energy from
renewables by 2020 [5].

The U.S., with about 5% of the total
world population, consumes 21.8%
of the total energy supply [18] and
more than 80% of this demand is
supplied from fossil fuels (Figure 4).
Energy development plans that do

U.S. Energy Consumption by
Energy Source, 2011

Total: 97.5 quadrillion Btu Total: 9 quadrillion Btu

Solar 1%
Geothermal 2%

Wind 13%
Biomass waste 5%

Biofuels 21%

Biomass

Petroleum 36% 48%

Wood 22%

Hydropower 35%

Source: U.S. Energy Information Administration, Monthly Energy Review,
Table 10.1 (March 2012), preliminary 2011 data.

Figure 4. U.S. energy consumption by energy source in 2011 [21]
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Figure 7. Historical and projected U.S. electricity demand, 1950-2050 [20]

not increase carbon emissions and
that minimize extra water demands
are needed [4]. To satisfy this,
although the total primary energy
production has risen (Figure 5),
there is a declining trend in fossil fuel
consumption in the U.S. since 2007,
which is mainly due to increased
energy efficiency in automobiles

and energy use at home. Increase

in generation of renewables (wind
and solar energy) has also supplied a
portion of the demand (Figure 6).

The U.S. Energy Information
Administration has anticipated
about a one percent annual growth
rate in energy use up to the year
2030 [19]. The Rocky Mountain
Institute extrapolated the energy
growth rates through 2050 and
defined four scenarios for the future
electricity system in the U.S. with
the same energy services but with
different end-use efficiencies (Figure
7) [20]. The Maintain scenario is a
“business-as-usual” projection of the
future based on the 2010 reference

120

case; the Migrate scenario imagines
coal plants equipped with carbon
capture and sequestration (CCS),
and new nuclear plants; Renew
assumes renewables—mostly at
utility scale— provide at least 80%

of 2050 electricity; and Transform
considers aggressive energy efficiency
adoption on the demand side and
substantial growth in renewables.
Details of each scenario can be found
at http://www.rmi.org/RFGraph-
Electricity scenarios. Depending on
which scenario is implemented, the
nationwide energy demand could be
cut by up to 1% annually.

1.5. Food in the U.S.

Agriculture is the world’s largest
and the U.S’s second largest
water withdrawer. In the U.S,, it
has the largest consumptive use
and many agricultural water use
practices are not sustainable.
Food production has impacts on
water quality and biodiversity,
and it depends on non-renewable

external inputs. Energy use, land

use change, methane emissions

from livestock and rice cultivation,
and nitrous oxide emissions from
fertilized soils produce about

one third of total greenhouse gas
emissions [24], making the food
sector a large contributor to these
emissions. To meet food demands

of increasing global populations,
agricultural growth has focused
mostly on intensification on

existing agricultural land [25], and
agricultural intensification and
efficiency has concentrated on food
production rather than the types of
food produced, resulting in excessive
inputs of water, fertilizers, and energy
without enhancing food security [4].
In planning for development in the
food sector and agricultural activities,
minimization of further pressures on
water, energy, and carbon emissions
has to be considered [4].

In 2005, about 37% of the total
U.S. freshwater withdrawal was for
irrigation purposes. This accounted

U.S. Perspective on the Water-Energy-Food Nexus
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withdrawa

for 28% of total surface water

and 67% of total groundwater
withdrawals. Approximately 85% of
the total irrigation water withdrawals
supplied agricultural water demands
of the 17 western states [11], which
contained 74% of irrigated acres

in the U.S. in 2007 (Figure 8).

The first three largest agricultural
water users, California, Idaho, and
Colorado, withdrew 19%, 13%, and

o0t | NEXUS

o | Branes wonn

Background Paper

s from 1950 to 2005 [11]

10% of the total U.S. irrigation water,
respectively (Figure 9a). Half of the
groundwater withdrawal for irrigation
was to supply demands in California,
Nebraska, Arkansas, and Texas [11].
Despite population growth, overall
irrigation withdrawals have stabilized
since 1985 due to substitutions,
advances in irrigation efficiency,

and higher energy costs (Figure 9b).
Conversion of agricultural lands to

urban or developed areas was another
factor affecting agricultural water
withdrawals. There has been a 12%
decline in agricultural lands from
1949 to 2007 [26].

1.6. Climate Change

Global climate change is projected
to decrease annual precipitation
and gradually increase temperature,
especially in much of the western
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U.S. [28, 29]. On a sub-annual scale,
more frequent and intense early
spring rain as well as less winter
snowpack are expected in many parts
of the western U.S., resulting in less
snowmelt in warmer seasons, altered
quantity and timing of associated
streamflow, and reduced late-season
reservoir storage. Climate change may
also lower mountain recharge rates
in the West, reducing water-table
levels [30, 31]. For example, if air
temperature increases by 4.5° E, the
Ogallala Aquifer’s recharge rate will

Ecodynamics, a New Ecological Reality:

be reduced by more than 20% [28]. In
the eastern U.S., where precipitation
usually supports rainfed crop
production, climate-induced changes
may shift normal growing-season
rainfall, increase the frequency and
severity of droughts, and force relative
returns to irrigated and dryland
production [32]. Climate change is
also expected to cause greater crop ET
for the southern-tier western states,
increasing irrigation water demands
in the region. All of these effects will
reduce water supplies for traditional

peak irrigation water demands during
the summer and fall growing seasons
[32]. To address the challenges that
the changing climate is imposing, an
integrated approach is required which
reflects a complex set of ecodynamics,
considers all potential players from
different levels of government

and other sectors, and identifies
mechanisms affecting change (Figure
10).

A complex set of factors influencing freshwater resources, systems and services and exacerbated by climate change

Death of
Stationarity

Impacted by
thresholds

Extreme
replace
averages

Human
impact
dramatic

Non-linear

Baselines
disappear

Loss of
species/
biodiversity

Delivery
mechanism
for climate

Players that affect change

Academia

Local * State * Regional * National * International

Mechanisms that make change and can make change difficult

Decisions Institutional: .
- .. Scenarios
made at one policies, . Crisis as a
. . Public . . . help us
level, impacts | regulations, . Politics Economics | Technology motivator
g . Messaging . explore and
and actions at decision and trigger Tlustrat
another tools tilustrate

Funders

Where do the problems manifest themselves?

What does the problem look like to most people?

AT Public Ecosystem
Infrastructure Energy food & health Development Ser\}/]ices Biodiversity Urban
energy

Figure 10. An integrated approach to address climate change problems [33]
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2. Water-Energy Nexus

Water and energy are closely bound
in consumption and production
patterns. Water is largely used for
cooling and other purposes in many
forms of energy production. Figure
11 shows the flowchart of embedded
water in energy. Only a small portion
of water that is used for energy
production is usually consumed. For
example, the thermoelectric power
sector, which uses 41% of the U.S.
total water withdrawals, consumes
only 6% the total water withdrawal
[34]. However, hydropower reservoirs,
another important energy source,
can have significant evaporative
losses. Instream hydropower plants
have much lower losses than those
fed by reservoirs [5]. Return flow
from energy production facilities

can have negative externalities

on the availability of clean water,
environment, and ecosystems, since it
affects water quality.

On the other hand, large quantities
of energy are usually used in water

supply and sanitation services

for pumping, desalination, water

and wastewater treatment, water
distribution and transfers, heating
and cooling, sewage disposal and
sanitation, etc. [4]. Irrigation,
especially drip and sprinkler
irrigation, is energy intensive [35].
Groundwater withdrawal is more
energy intensive than surface water,
with exponential energy demand
depending on the water depth. Other
highly energy intensive water sources
are non-conventional sources, e.g.,
reclaimed wastewater or desalinated
seawater.

Thermoelectric and hydropower
facilities generate approximately 80%
and 8% of the total U.S. net electricity,
respectively [34]. Fuel production has
mostly grown in areas where there

is intensifying water competition,
preexisting water concerns, or regions
with ecologically sensitive surface
water resources. To choose sources in
order to increase energy production,
complex tradeoffs exist between

water use and wastewater byproducts,
as well as low-cost reliable energy,
energy independence and security,
climate change mitigation, public
health, and job creation. Private
entities, subject to a myriad of local,
federal and state regulations that
constrain unfettered energy and water
exploitation, make the majority of the
U.S. energy sector water decisions,
but water use and allocation policies
and decisions are mostly authorized
through state entities, while federal
entities often lack the authority over
water allocation decisions [34], except
in watercourses that are navigable

or rivers which flow across state
boundaries. Policy-makers’ main
challenge at the federal, state, and
local levels currently is whether and
how to respond to satisfy the energy
sector’s increasing water demand.
After all, demand is generated by
consumer needs — both for water, and
energy. Maximum efficiency in the
use of water and maximum carbon
efficiency in the energy supply need
further consideration [4] , and that is

Resource
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(oil, natural gas)
Biomass
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Water Source
(e.g., lakes, rivers,
aquifiers, sea)

Raw Material
Refining
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natural gas,
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waterways
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Figure 11. Flowchart of embedded water in energy [38]
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one of the key criteria of most public
utility regulation commissions.

One of the reliable ways to sustainably
develop energy sources is to expand
renewables as a supplement to
current energy sources. The U.S.

has significantly expanded its wind
power generation as a renewable
source of energy since 2007 (Figure
6). Contribution of renewables to
total energy provisioning should rely
on both supply-side enhancement
and effective demand management
[5]. A key factor to consider

while developing renewables is

that although they seem not to be
over-exploited or depleted, they may
have negative externalities on other
nexus sectors. For instance, biofuels
and hydropower have higher water
demands per unit of energy produced
than fossil fuels; or energy production
from corn in the U.S. may require
more input calories than it eventually
produces - this is controversial
between different studies, though [36,
37]. Additionally, wind and solar are
intermittent power sources and need
to be subsidized to be profitable.

2.1. Energy Use for Groundwater
Withdrawal and Desalination
Generally, relatively little energy is
required to supply water demand
from surface water resources [39].

In comparison with surface water,
more energy is consumed to pump

or transfer groundwater, but its
treatment requires less energy since it
is typically cleaner than surface water
[40, 41]. Public supply systems are
estimated to consume about 1,800
kilowatt-hours (kWh) per million
gallons (MG) of water to supply from
groundwater resources [42]. However,
the amount of energy consumption is
highly dependent on depth of water
and the type of pumps, ranging from
solar-powered pumps to electric or
diesel-powered pumps. The energy
price influences the use of these
pumps. For example, high diesel
prices have forced the move to electric

124

and natural gas powered pumps on
the Ogallala aquifer [43, 44].

Desalination is the most energy-
intensive water option for utilities,
and is done by thermal or membrane
processes. Depending on the

volume and saltiness of water being
desalted as well as the technology
used to desalt the water, the energy
intensity varies [45]. The majority

of desalination facilities in the U.S.
have been designed for brackish
water, which has much lower total
dissolved solids (TDS) concentration
than the seawater and takes much less
energy to desalt. Only 7% of installed
capacity desalts seawater [38]. In
2005, about 2,000 desalination plants
larger than 0.3 MGD, with the total
capacity of 1,600 MGD, were operated
to provide less than 0.4% of total
water use in the U.S. [46]. Energy
intensities to desalt brackish water
range from 1,400 to 2,000 kWh/MG
[39] while it takes 9,500 to 38,000
kWh/MG to desalt seawater [47,

48]. However, the cost of desalting

a cubic meter of water (~ 30 cubic
foot, or about 225 gal of water) has
decreased to less than $1 per cubic
meter, including energy, operations,
maintenance, and capital costs over
the life of a desalting plant. This is
far less than the equivalent costs of
building a storage reservoir.

2.2. Energy Use for Water
Conveyance

Water conveyance is one of the

main challenges where local water
resources cannot satisfy the growing
population water demands such as
the western U.S. For example, 75%

of Californians live in the south,
while 75% of precipitation falls in

the north. To meet water demands in
Southern California, water is pumped
up and over hilly terrain through
4,800 kilometers of pipelines, tunnels
and canals [49] of the Central Valley
Project (CVP), the State Water Project
(SWP), the Colorado River Aqueduct,
and others. Assuming 100% pump
efficiency, about 1.5 MW of energy is

required to raise 100 cubic meters of
water per minute by 100 meters [43].
The terminal city for the SWP is San
Diego, which has an energy intensity
of 6,900 kWh/AF (2040 kWh/AF for
source and conveyance, 20 kWh/AF
for water treatment, 330 kWh/AF for
distribution, 3900 kWh/AF for end
use, and 540 kWh/AF for wastewater
treatment) [50, 51]. The energy
intensity for farmers in the Central
Valley is about 1,300 to 3,100 kWh/
AF [52].

2.3. Water Treatment and
Distribution

Approximately 170,000 water
treatment plants supply potable water
to about 90 percent of Americans,
while the remainder use private
groundwater wells [40]. Treating

and distributing potable water to
end-users is highly energy intensive.

. Supplying treated water and
wastewater management consume
3% of the total energy use by cities

in the USA [53], but in some states
such as California it can be as high

as 20% [54].Size, elevation, system
age, and configuration of the system
affect energy intensity. Distribution
of treated water is much more energy
intensive than its conveyance [55].
Using high-pressure pumps to
distribute potable water to end-users
is the most energy intensive step

in water distribution, consuming
about 83 percent to 85 percent of the
electricity embedded in potable water
in California [45, 56]. About 80 kWh/
MG to 150 kWh/MG of energy may
be used by water treatment facilities
depending on their size, with larger
facilities consuming less energy [42].
However, the total energy intensity
for water treatment and distribution
may be around 1,400 to 1,800 kWh
per MG, consuming about 0.8%

of the nation’s energy [42, 45, 57].
Newer regulations requiring higher
levels of water and wastewater
treatment are likely to increase

the energy intensity of treatment
plants [38]. Electricity consumption

U.S. Perspective on the Water-Energy-Food Nexus



for water supply, treatment, and
distribution is projected to increase
by approximately 50% from 2000 to
2050 [58].

2.4. Energy Use for Wastewater
Treatment

Energy is consumed for both
wastewater collection and treatment.
Wastewater pumps are generally

less efficient, as they pump both
liquids and solids. Aged wastewater
collection systems have higher
pumping and treatment costs. Based
on U.S. Environmental Protection
Agency (EPA) estimates, $54.1
billion was needed in the early 2000s
to improve sewer and wastewater
collection and conveyance systems
[59]. To treat wastewater, there are
approximately 16,000 Publicly Owned
Treatment Works [60] and 23,000
privately operated treatment facilities
in the U.S. [58].

Wastewater is discharged to surface or
groundwater sources after treatment.
More than 50% of treated effluents
receive advanced treatment. If the
effluent receives tertiary treatment, it
can be used for irrigation, residential
and commercial use, groundwater
recharge, thermoelectric generation,
direct or indirect potable water, or
may be discharged to surface water
[38]. However, advanced and tertiary
treatments are often very energy
intensive. It is possible to reduce

the energy intensity by optimizing
aeration and pumping, which may
help wastewater treatment plants save
500 million to 1,000 million kWh
annually.

2.5. Energy Intensity of Water
Recycling

Depending on the quality of the
wastewater being recycled and the
use of it, energy intensity of recycled
water may vary. In California,
recycled water is the least energy-
intensive source [56]. Low TDS
concentrations and high nutrient
levels are acceptable for agriculture.
To be used for drinking water supply,
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recycled water should meet high
standards. Industry can use recycled
water that is very pure to less pure,
depending on the application. Energy
intensity is directly related to the
amount of treatment. However,
distribution of recycled water requires
more energy cost than potable water,
since wastewater facilities are often
located at lower elevations to take
advantage of gravity and, thus, the
recycled water often must be pumped
to higher elevations. On average,

it can take up to 1,130 kWh/AF or
3,460 kWh/MG to recycle water

[39], which, in comparison with

costs related to collecting, treating,
disinfecting, and distributing
drinking water for non-potable uses,
saves energy. Net energy savings of
recycled water have been estimated by
the U.S. EPA at 3,000 to 5,000 kWh/
MG [61].

2.6. Water for Energy

Water use for extraction, processing,
and generation of different types

of energy sources including coal,
natural gas, oil, uranium, hydropower,
thermoelectric, and biofuel is
discussed in this section.

The U.S. has the world’s largest
reserves of coal [62] and can produce
it at the current rate for the next

214 years. During the 19th and 20th
centuries, coal played a major role in
the economic success of the U.S. by
fueling trains, factories, and power
plants. In 2011, coal accounted for
21% of the U.S. primary energy
consumption and 45% of the
electricity generation [63]. In 2005,

an estimated 50% increase in coal
extraction by 2025 was projected,
mostly for electricity generation [64].
However, climate change, air emission
rules, and increased sources of natural
gas may mitigate this increase.

Coal extraction and processing
may have substantial impacts on
the quantity and quality of water
resources. However, there is no

accurate estimation of water use for
coal extraction, as coal mines are not
required to report water usage. Water
is used during mining, processing,
and electricity generation. Mining
requires large water inputs, and it
consumptively uses approximately
30% of the total withdrawn [38].
Both underground and surface
mining, with 30% and 70% of the U.S.
production, respectively, require water
to cool and lubricate equipment and
manage dust [65]. During processing,
western coals are seldom washed, but
approximately 80% of Appalachian
coal needs to be washed [66], which
is a water intensive process [43]. Coal
washing degrades the quality of the
wastewater discharged, which is a
major concern of coal mining. Coal
mining tailings are exposed to wind
and rain and may threat air quality,
leach into water bodies, or impact
groundwater quality [67].

The U.S., as the world’s largest
producer and consumer of natural
gas, has 272.5 trillion cubic feet (TCF)
of proven natural gas reserves and a
reserves-to-production ratio of 12.6
years [62]. The Energy Information
Administration, however, has
estimated that the U.S. possesses the
potential of 2,500 TCF [63], which
allows it to produce natural gas at
current rates for the next 100 years.
Twenty four percent of U.S. electricity
is generated from natural gas. Natural
gas demand has been projected to
increase about 12% by 2035 [63].

Water is used during drilling and
extraction of natural gas, and

water intensity is relatively low

in comparison with other energy
sources. Therefore, there are fewer
concerns about the impacts of
natural gas production on water
quantity, but it may degrade water
quality. Extraction from conventional
reservoirs requires relatively modest
amounts of water, but the drilling
and development of unconventional
reservoirs (such as shale and sand
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gas reservoirs), which is done by
hydraulic fracturing, may demand
up to millions of gallons of water
per well. About 11,000 new wells are
hydraulically fractured every year
(U.S. EPA, 2012). Besides high water
intensity of the fracking practices, it
may degrade water quality if fracking
chemicals reach water resources.
Debates about the overall impacts of
fracking continue across the U.S.

The U.S., as the world’s first consumer
and third producer of oil [62], meets
a quarter of its energy demand by oil,
mostly consumed in transportation
and industrial use. One-fourth of

the world’s oil production (twice as
much as China) is used in the U.S.
[62]. There are about 500,000 active
oil wells in the U.S. [38] and Gulf of
Mexico, California, and Alaska are
main oil-producing areas in the U.S.
The U.S. has the largest reserves of oil
shale in the world (about 77% of the
world’s total reserves), mostly located
in Colorado, Utah, and Wyoming.
These oil shale resources can supply
U.S. demand for the next 500 years at
current levels of consumption [70].
As a result of increased domestic
production, the oil imported to the
U.S. has been reduced by 11% since
2005 and is projected to be reduced
by about 24% by 2035 (Figure 12).
However, shale resources are mostly
located in the driest and already
water-stressed parts of the country,
and supplying water is one of the
challenges facing this industry.

In comparison with natural gas,
coal, and uranium, oil drilling

and processing from conventional
resources uses more water

and generates more produced
waters, which affects surface and
groundwater quality and quantity.
Drilling does not use a lot of water,
but drilling wastes may contain
chemicals that can impact water
quality [66]. Extraction, however, is
a water intensive practice, and this
water use is entirely consumptive
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Figure 12. U.S. liquid fuel supply from 1970 to 2035 (million barrels per

day) [63]

[38]. In addition, the water that is
extracted with oil from oil reservoirs,
produced water, may contain
hydrocarbon residues, heavy metals,
hydrogen sulfide and boron, and
have high salinity [38]. In some cases,
produced water is discharged into

the environment, but now is mostly
re-injected back to the oil reservoir or
other underground formations.

In nuclear electric generation large
quantities of water are used to cool
the power plant, besides impacting
the quantity and quality of water
resources in the extraction and
processing of uranium. In 2011, about
800 billion kWh of nuclear energy
was produced in U.S., the world’s
largest producer of nuclear energy
[65]. Approximately, 1,660 tons of
uranium per year is produced in the
U.S., providing 9% of demand [63].
About 80% of uranium reserves are

located in New Mexico and Wyoming.

All uranium mining operations are
located in water-scarce regions of the

West, and securing a reliable water
source is a big challenge, especially
in the future. Since the ore has very
low uranium concentrations (0.06%
to 2.71% [71]), massive stockpiles

of radioactive and toxic waste rock
and sand-like tailings are left behind,
threatening water quality of surface
and groundwater resources in the
vicinity of uranium mines. Uranium
mines may also generate 3 to 5 MGD
of polluted wastewater [66].

The U.S. is the fourth largest
hydroelectricity producer after
China, Canada, and Brazil [72].
Despite many advantages of
hydroelectric generation, it can

be curtailed by water availability
issues, such as regional drought, low
flow, endangered species, or intense
competition for water. It might also
be vulnerable to seasonal, annual,
and multi-year drought conditions,
with the latter being the most harmful
to generations in large reservoirs
[34]. The Pacific Northwest is the
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most vulnerable region in the U.S. to
drought due to its heavy reliance on
hydroelectric generation [73].

“Qualified energy resources,”
including some hydroelectric,
received a 1.1 cent per kWh tax
credit through Dec. 31, 2013. This
provided incentives to finance over
120 facility upgrades, resulting in an
average of 10% generation increase
since 2005 [74]. Expiration of this
law raised concerns about upgrading
hydropower facilities. In April 2014,
the Senate approved a bill, called the
Expiring Provisions Improvement
Reform and Efficiency Act (EXPIRE),
which extends the production and
investment tax credits for hydropower
and other renewable energy
technologies for two years [74].

In thermoelectric generation,
high-pressure steam drives a turbine
generator to produce electricity.
Heat is required to boil water into
steam, which should be cooled at
the turbine exhaust. A variety of
sources such as coal, natural gas

and oil, nuclear energy, biomass,
concentrated solar energy, and
geothermal energy provide heat
[38]. The water requirement for
extraction and processing of these
fuels was explained above. During
thermoelectric generation, water

is used and consumed for cooling.
Three main thermoelectric generation
technologies include: open-loop
(once-through), closed-loop
(recirculation) and dry cooling.
Hybrid cooling is another technology;,
combining closed-loop and dry
cooling.

As mentioned earlier, the
thermoelectric power sector has

the highest withdrawal rate among

all water users. This sector is also

the largest discharger of thermal
pollution, which in consequence
reduces dissolved oxygen and elevates
metabolic rates, resulting in higher
oxygen and food demands [38].
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Table 1. Water intensities of different steam turbine thermoelectric

facilities (gal/kWh) [38]

Open-Loop Closed-Loop Dry
Coal, Gas, Biomass
Withdrawal 34.98 0.64 0.01
Consumption 0.25 0.56 0.01
Nuclear
Withdrawal 41.97 1.25 0.03
Consumption 0.31 0.86 0.02

Return flow of the once-through
(open-loop) cooling technique is
100C to 200C warmer. Their water
consumption rate is very low, and
they return about 99 percent of the
water to the source. These systems,
which account for about 31% of

U.S. generating capacity, are highly
dependent on water availability and
extremely vulnerable to droughts
and high temperature [75]. Closed-
loop cooling systems use much less
water but consume much more. The
operation costs in these systems are
50% higher than open-loop cooling
systems [75]. Dry cooling systems
use air to cool the circulating cooling
fluid and use and consume much
less water compared to the other
techniques. However, plant efficiency
is much lower, especially in the peak
of summer when demand is highest
(U.S. DOE, 2006) and their capital
cost is about 10 times more that of
an open-loop system [75]. Table 1
presents water intensities of different
thermoelectric facilities.

With about 60% of worldwide biofuel
production, the U.S is the largest
producer of biofuel, followed by Brazil
(30%) [38]. Any fuel produced from
biological materials is called biofuel.
It is mostly used in transportation
and produced from food crops (e.g.,
corn, sorghum, sugar cane, soybean),
crops for energy (e.g., switchgrass

or prairie perennials), crop residues,
wood waste and by-products, and
animal manure [38]. As an oxygenate
fuel additive, bioethanol has replaced

methyl tertiary butyl ether (MTBE)

in gasoline to reduce harmful tailpipe
emissions from motor vehicles

[76]. This replacement was forced

by the Renewable Fuel Standard
(RFS) mandated by the 2005 Energy
Policy Act and the 2007 Energy
Independence and Security Act [38].
Bioethanol production increased
tenfold in a decade to achieve the
E-10 (10% ethanol, 90% gasoline)
goal. The increased bioethanol
production has depleted water quality
due to nutrient runoff and erosion
and increased water demands for crop
irrigation. In addition, bioethanol
production is highly energy intensive
with the energy intensity (the ratio

of produced energy over energy
investment) of 43% to 53% [77].

Almost all biofuel currently produced
in the U.S. is from corn. A gallon of
ethanol requires almost 20 pounds

of corn [78, 79]. Forty percent of

all corn grown in the U.S. is used to
produce bioethanol [78], and the
waste is used for feeding livestock,
which moderates the de facto amount
of corn used by the industry to 25% of
produced corn. Approximately 95% of
the corn used in ethanol production

is produced in the Corn Belt (USDA
zones 5, 6 and 7, Table 2). Water use
for corn ethanol production may vary
depending on climate conditions and
related annual rainfall (Table 2) [80,
81]. While most of the corn grown is
rainfed, much of the irrigation water
in these three regions is withdrawn
from groundwater aquifers.
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Table 2. Water consumdpt7ion rate for corn ethanol production in

USDA Regions 5, 6, an

(adopted from [82])

USDA Regions Corresponding States Water consumption

Regions 5 Iowa, Indiana, Illinois, Ohio, | 0.76 (gal/bushel)
Missouri

Regions 6 Minnesota, Wisconsin, 1.48 (gal/bushel)
Michigan

Regions 7 North Dakota, South Dakota, |34.45 (gal/bushel)
Nebraska, Kansas

Under irrigated conditions, 250 to
1,600 gallons of water is required to
produce one gallon of ethanol [80],
and almost 3% of irrigation water in
the U.S. is used for the bioethanol
industry’s corn production [11],

of which 71% is consumed [82].
However, irrigation water use for corn
has declined by 27% over recent years
despite consistent corn yield increase
over the past 20 year [82].

Biodiesel is another biofuel, which is
biodegradable with very low quantity
of sulfur and aromatics, while
providing fuel economy, horsepower,
and torque similar to conventional
diesel [79]. It is a substitute for
traditional diesel fuel and is mostly
produced from vegetable oil from
soybeans in the U.S. About 50% of
the U.S. feedstock for biodiesel is
provided from soybean [83]. With a
national average of 0.8 AF/A of water
use, soybean production may take
0.2 acre-feet/acre (Pennsylvania) to
1.4 acre-feet/ acre (Colorado) [66].

A gallon of biodiesel needs almost
7.5 pounds of vegetable oil [78, 79].
Currently, 1.1% of all irrigation in the
U.S. is used for soybean production.
This could be increased to 18%

of 2005 irrigation in the U.S. if
production of soy biodiesel reached
the 1.5 billion-gallon limit [38].

3. Water-Food Nexus

Food production processes have the
largest global water consumption of
any sector [84]. Water availability
with proper quantity and quality at
the right time, on the other hand,
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significantly affects food production
rate. More than 75% of the Earth’s
ice-free land surface has been altered
by humans for food production

[85]. To meet the 70% higher food
demands of the increasing global
population, agricultural land has

to expand by 10% by 2050 [86].

Even the most optimistic scenarios
of improvements in productivity
through technological development
anticipate at least 20% increase in
global agricultural water demand

by 2050 [5]. Therefore, significant
changes toward more sustainable
production and consumption patterns
are inevitably required.

3.1. Agriculture in the U.S.

Agriculture accounts for 80% of total
consumptive water use in the U.S.
This water is consumed either by
crops or through water lost to the
environment by evaporation. Irrigated
agriculture is mostly practiced in

the West; while in the more humid
East, irrigation usually complements
growing-season precipitation as
necessary. The share of irrigated crops
in the eastern U.S. has increased by
almost 20% from 1998 to 2008 and by
15% since 2003 [87]. This increase is
mainly due to increases in commodity
prices and yields, increased risk
aversion due to recurring drought
conditions, and access to cheap
groundwater supplies due to shallow
aquifer pumping depths [88-91].

In the U.S., population growth and
climate change are expected to
increase current agricultural water

demands. In addition, the switch to
growing feedstock as first-generation
biofuels increases pressure on water
resources [92]. On the other hand,
Native American water rights,
instream (environmental) flow
requirements, and an expanding
energy sector are imposing more
limitations on agricultural water
supply. Native American reservation
water rights, confirmed by the U.S.
Supreme Court in 1908, reserves
Native Americans’ water rights based
on the amount of water necessary

to maintain and survive on the

land granted to their reservation.
These water rights are quantified

as the water needed to irrigate all
“practicably irrigable acreage,”

and since the priority date of these
rights is equivalent to the date the
reservation was established, they

are generally superior to the other
rights [93, 94]. Native American
water-right claims are estimated to be
approximately 46 MAF per year [95],
affecting water resources availability
for competing uses in the future.

E’JZS Irrigated Agriculture in the

Irrigated agriculture, accounting

for about 40% of U.S market sales,
makes a great contribution to the
value of the nation’s agricultural
production. In 2007, it contributed
$118.5 billion to the total of $297.2
billion of the market value of all
agricultural products. The average per
farm value of irrigated farms products
was nearly 2.5 times higher than that
of all farms ($344,413 vs. $143,835)
and 3.3 times the average value for
non-irrigated (dryland) farms [32].
Out of 56.6 million acres irrigated
lands across the U.S., about 75%
were in the 17 western states in 2007
[32]. Twelve leading irrigation states
that contained 77.3% of all irrigated
acres in 2007 are shown in Figure

13, and an illustration of the spatial
distribution of irrigated acres in the
U.S. in 2007 is shown in Figure 14.

U.S. Perspective on the Water-Energy-Food Nexus
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Irrigated acres in the U.S. increased
from 1982 to 1997 and started a
decline afterwards. Since 1997,
irrigated acres expanded mostly in
the Northern Plains, Delta, and Corn
Belt regions, with more moderate
expansion across the eastern

U.S., except Florida (USDA’ farm
production regions are illustrated in
Figure 15). There was a net increase
of nearly 1.3 million irrigated acres
across the U.S. from 2002 to 2007.
About one million of these acres
were added in Nebraska, followed

by Arkansas, Colorado, Mississippi,
Missouri, and Georgia. Availability of
water supplies, improved irrigation
economics, increased demand for
corn, recurring regional drought

conditions, and the prospect of
future restrictions on new irrigation
development were the main drivers
of the expansion in the irrigated
acreage [32]. In 2007, irrigated
acreage accounted for 36% and 22%
of cropland in the warmer Delta
and Southeast regions, respectively.
Less than 4% of cropland acreage

in the middle- and northern-tier
regions was irrigated. The Pacific and
Mountain States together accounted
for 65% of total agricultural water
applied across the U.S. [32].

3.3. Agricultural Water, Its Source,
and Cost

Based on the 2008 Farm and Ranch
Irrigation Survey [98], 74.2 MAF

water was applied to the irrigated
agricultural lands across the western
U.S.. Approximately 52.4% of this
water was supplied from surface
water sources and the rest from local
and regional aquifers. Surface water
originates from on-farm or off-farm
sources. These sources account

for about 15% and 38% of total
agricultural water applied in the West,
respectively. In eastern states, almost
79% of irrigated water was pumped
from shallow aquifers, and less than
4% came from off-farm water sources.
Off-farm sources might have higher
water loss and demand more energy
to be transferred into the farms, and
they are usually used to supply the

Northern
Plains

Southern
Plains

"The 17 Western States include those within the Morthemn Plains, Southern Plains,
Mountain, and Pacific regions. The 31 Eastern States include those within the Lake,
Corn Belt, Northeast, Appalachia, Delta, and Southeast regions.

?

Mortheast

Figure 15. USDA farm production regions [32]
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demand for higher valued, more
water-intensive crops. Based on 2008
data, variable irrigation costs across
the West averaged about $91 per acre
for on-farm surface water, $129 per
acre for pumping groundwater, and
$144 per acre for pumping purchased
surface water and using contract labor
[98]. Average variable irrigation costs
in the 31 eastern states ranged from
$65 to $75 per acre — lower costs

are because groundwater pumping
depths are generally shallower, and
purchased water from off-farm
sources costs averaged less than $10
per acre, compared with $66 per acre
in the West.

3.4. Irrigation Water Efficiency

Prior to early 1980s, gravity
irrigation was practiced in the U.S.

as the traditional irrigation system.
Between 1984 and 2008, there was a
substantial shift from the traditional
to pressurized irrigation systems
across the western states, resulting in
a decline in use of gravity irrigation
systems from 71% in 1984 to 48% in
2008 and an increase of 23% in using
pressurized irrigation systems [32].
Over the period of 1984 to 2008,
although the irrigated lands in the
West increased by 2.1 million acres,
the total agricultural water applied
declined by almost 100,000 acre-feet.
This was mainly due to the use of
more efficient pressure irrigation
systems including drip, low-pressure
sprinkler, or low-energy precision
application systems. Table 3 presents
irrigation system improvements
from 2003 to 2008 and key barriers

to making system improvements.

In 1998, more efficient irrigation
accounted for approximately 49% of
irrigation in the West. Traditional
gravity or less efficient pressure-
sprinkler systems still comprise more
than 50% of irrigated acres, leaving
significant room for improvement in
farm irrigation efficiency in the West.
Almost similar conditions exist in

the eastern U.S., where more efficient
pressure systems embrace only 52% of
total farm irrigated acres. Therefore,
there is a substantial potential in the
entire country to improve agricultural
irrigation and adopt more efficient
systems, which is necessary for the
sustainability of irrigated agriculture
[99-101].

Achieving a more sustainable future
for irrigated agriculture through

Table 3. Irrigation system improvements and key barriers to making system improvements, 2003-08 [32]

17 Western States 31 Eastern States UsS.
Number of farms implementing irrigation system 62,189 11,926 74,846
improvements (since 2003)
Effect of system improvements: Percent of Responses
Improved crop yield/quality 58.7 67.6 60.2
Reduced energy costs 43.6 56.5 45.6
Reduced water applied 60.6 54.1 59.4
Reduced labor costs 42.6 34.7 41.2
Reduced fertilizer/pesticide loss 18.3 16.1 17.9
Reduced soil erosion 29.8 25.9 29.1
Reduced tailwater runoff 23.6 11.5 21.5
Farms identifying barriers to energy and/or water 107,796 22,626 131,988
conservation improvements (since 2003)
Barriers to making irrigation system improvements: Percent of Responses
Investigating improvements was not a priority 34.6 39.6 35.5
Risk of reduced yield or poorer crop quality 14.2 13.5 14.1
Physical field/crop conditions limit system 17 10.4 15.8
improvements
Improvements will not reduce costs enough to cover 26.3 22 25.6
installation costs
Cannot finance improvements 29.6 23.1 284
Landlord will not share costs of improvements 4.5 8 5.2
Uncertainty about future availability of water 17 4.8 14.8
Will not be farming long enough to justify new 13.4 11.3 13.1
improvements
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agricultural water conservation
requires three elements [102, 103]:
continue promotion of adopting
high-efliciency irrigation application
systems; place greater emphasis on
adoption of the systems that decrease
water use at the field level, while
improving farm profits; and integrate
on-farm water conservation with
watershed-scale water management
mechanisms to optimize allocation
of limited water supplies among
competing demands. However, based
on a holistic view, on-farm water
conservation through improving
irrigation efficiency may or may

not conserve water within the
watershed or river basin [99-101,
104-106], as it might be consumed
somewhere else or by other sectors.
Water conservation programs at

the watershed or river basin level
may emphasize on-farm irrigation
efficiency enhancing the viability
and sustainability of the regional
agricultural economy, improving

the quality and availability of water
supplies locally, improving the
quality of return flows, providing
water supply for other sectors, e.g.,
urban, and reducing environmental
degradation of existing regional
supplies [32].

3.5. Sources of On-farm Irrigation
Investment Funding

In the U.S., on-farm irrigation
investment is generally financed
privately, with public financial
assistance only accounting for

6% of investment [98]. This may
reduce challenges associated with
participation in public funding
programs, such as limited funding
allocations, administrative
requirements for program enrollment,
and payment limits to farm operators.
Many farmers, however, rely on public
programs as an important source of
funding to support adoption of more
efficient irrigation systems.

As the nation’s primary agricultural
conservation program for working
farms and ranches, the Environmental
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Quality Incentives Program (EQIP),
administered by USDAs NRCS,
provides technical and financial
assistance for eligible conservation
practices under short-term contracts
(typically 1-10 years). This program
provides financial support to cover
50 to 75% of installation of structural
and vegetative practices costs. It also
provides annual payments for the
adoption of conservation-compatible
management practices. EQIP
provided financial support to 58%
and 54% of farms reporting public
financial assistance for irrigation
investments across western and
eastern states, respectively [32].
Other USDA financial assistance
programs, including Conservation
Stewardship Program and Wetlands
Reserve Program, accounted for 25%
of farms reporting assistance, with
the remaining funding provided by
non-USDA programs, such as U.S.
Environmental Protection Agency,
Bureau of Reclamation, and state and
local water management and supply
district programs [32].

3.6. Resilient Water Systems for
Food Production

About 40% of food production is
typically wasted. Part of this food

is wasted when harvested crops

spoil during transport, storage,
processing, and packaging. Another
part is wasted when retailers, food
companies, and customers throw food
away [107]. To reduce these losses

in the food chain, a combination of
policy measures should be employed,
including: science-based regulation of
crop-protection products, investment
in postharvest technologies,
investigation into the role of the food
processing industry and retail stores,
and pricing mechanisms to educate
the public on reducing food waste
[108].

In September 2009, the Johnson
Foundation convened a group of
eminent scientists, policy makers,
and practitioners of diverse
perspectives at an Environmental

Forum Working Session to discuss
“Examining U.S. Freshwater Systems
and Services — Agriculture and Food
Production.” The group focused on
defining a resilient freshwater system
that addresses our needs for food
production and considered different
elements of the system including
governance, institutions, technology,
agricultural practices, environmental
impacts, and ecosystem services.
Based on their conclusions, a resilient
freshwater agriculture system should
[109]:

o Be able to adapt to an unpre-
dictable and complex set of
circumstances

o Support the nation’s ability to
reliably and securely supply food
and assist other nations to do the
same

¢ Protect and restore critical
natural infrastructure and
sustain a drinkable, fishable, and
swimmable water supply

» Provide a variety of ecosystem
services that balance agricultural
production and environmental
conservation

 Sustain terrestrial and aquatic
wildlife and their habitats

o Consider groundwater and
surface water interactions

o Sustain the economic and
cultural viability of rural agricul-
tural communities

o Acknowledge the compatibility
of agricultural production and
environmental outcomes

4. Energy-Food Nexus

Mechanization and application of new
technologies have helped increase
yields and ease agricultural labor.
Applications of these practices are,
however, usually energy intensive,
especially for land preparation,
fertilizer application, and irrigation.
Energy is used in growing, processing,
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preparing, packaging, storing,
distributing, serving, and disposing
of food. About 30% of the global
energy demand is used for the full
food production and supply chain
[5]. In the U.S., use of energy along
the food chain has increased more
than six times higher than the rate

of increase in total domestic energy
use between 1997 and 2002 [110].
This accounts for over 80% of energy
flow increases nationwide over the
same period. Half of this increase in
energy consumption is due to the use
of more energy-intensive technologies
throughout the U.S. [110]. Food
production, on the other hand,

can also be impacted by the energy
sector. For example, mining for fossil
fuels reduces agricultural land or
production of oil and gas can result in
temporary disruption of agricultural
activities [5].

4.1. Energy Use in U.S. Food
Production

Although there was a 1.8% decline in
per capita energy use in the U.S. from
1997 to 2002, per capita food-related
energy use increased by 16.4% [110].
About half of this increase was
associated with a shift from human
labor toward a greater reliance on
energy services. The highest food
related energy use was in household
operations, while food processing had
the largest growth in energy use. Both
of these stages of the U.S. food supply
chain increasingly outsourced manual
food preparation activities to the
manufacturing sector, which relied on
energy-intensive technologies [110].

Fossil fuels are consumed in
agricultural activities for fertilizer
production, irrigation, farm
equipment, as well as processing,
packaging, and transportation. Huge
quantities of synthetic fertilizers,
requiring significant energy inputs
for production, are used in industrial
farms. Other types of fertilizers such
as potassium and phosphorus are
obtained through mining, requiring
even more energy [111]. Crop
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irrigation accounts for about 37% of
all water withdrawals in the U.S. [11],
which also has implications in the
energy sector as pumping, treating,
and moving such large volumes of
water require a great deal of energy.
Modern agriculture also uses tractors,
combines, etc. that uses gasoline

and diesel fuel as well as equipment
that uses electricity, such as lights,
pumps, fans, etc. Due to consolidation
and centralization of production,
agricultural products often have

to be packed and transported long
distances, requiring more energy
consumption [111].

Industrial scale livestock operations
produce most meat, eggs, and

dairy products in the U.S. At these
operations, thousands of animals
are grown in confined conditions
without access to pasture and
grazing, requiring the operations

to use substantial quantities of

feed produced by energy-intensive
industrial crop farms. Confined
livestock production has in the past
contributed pollution to ground and
surface water resources, imposing
more treatment requirements at
municipalities, which consume
additional energy [111].

Current agricultural schemes,
however, have significant potentials
toward energy sustainability. Energy
efficiency of food production can be
improved by shifting from energy-
intensive industrial agricultural
activities to less intensive methods,
such as pasture-raised livestock,
non-synthetic fertilizers, no-till
crop management; utilizing more
efficient machinery, equipment, and
transportation methods; lowering
food processing and packaging,
decentralizing food production,

and improving the efficiency of
transportation. In addition, farms can
also produce their own clean energy
by installing solar systems, biogas
generation, or wind turbines [111].

4.2. Food-Related Household
Operational Energy Use

In addition to food production
processes, household food-related
operations also consume energy.
These operations may include [110]:

o Electricity for cooking (electric
range, oven, microwave, toaster
oven, and coffee makers),
cleaning, and food storage

o Natural gas, or liquid petroleum
gas for cooking

« Auto fuel for grocery shopping

o Energy embodied in purchases
of equipment for food storage,
preparation, and serving

o A portion of energy embodied in
purchases of automobiles, parts,
and auto services

Based on the Residential Energy
Consumption Surveys [112], cooking
accounted for 6.6% and 6.5% of total
household electricity consumption

in 1997 and 2001, respectively.
Assuming households require similar
amount of energy for cooking
regardless of energy source, 2.1% and
3% natural gas as well as 1% and 1.6%
petroleum were spent on cooking

in these years. In the same years,
refrigeration was responsible for 13%
and 14%; freezing, 3.6% and 3.4%;
dishwashers, 2% and 2.5%. Together,
these sources consumed 25% and 26%
of the total energy use of households
in 1997 and 2001, respectively.

4.3. Changes in Food System
Energy Technologies

Population change, per capita food
budget increases, and product mix
changes accounted for about half

of total increase in energy use from
1997 to 2002. These increases were
mainly in five categories: frozen,
canned, and snack foods; food-related
household operations; poultry; fresh
vegetables; and baking products.
Fresh vegetables, eggs, and poultry
products were responsible for the
largest increases in food-related
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Figure 16. Change in U.S. energy consumption by stage of production from 1997 to 2002

energy flows [110]. The average

time per day spent on cooking and
cleaning at home by adults between
ages 18 and 64 was reduced from 65
minutes to 31 minutes between 1965
and 1995 [113]. This reduction in
food preparation time is concurrent
with a substantial growth in demand
for convenience foods, which require
more energy-intensive processing,
preparation, and packaging services
than household prepared food.

In agriculture, there is an ongoing
trend of replacing manual labor with
the use of technology, resulting in a
30% decrease in farm labor inputs
and a 10% increase in services

from durable farm equipment from
1996 to 2006. Although the use of
technology significantly increases
energy consumption, there has been
a significant decrease in agricultural
energy use from 2002 to 2006, which
is mainly a response to increases in
energy prices [110].

Another energy-intensive food system
process in the U.S. is freight services.
Domestic food is mostly shipped by
trucks and to a lesser extent by rail.
Over the past decade, the intensity of
freight service used by the U.S. food
system has considerably increased.
From 1997 to 2002, food commodities
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shipment distances increased about
5 to 15 miles annually and for some
commodities, the shipment distance
increase was about 10 to 16 miles
between 2002 and 2007. Due to the
large volume of food related freight
services, these distance increases
result in significant growth in energy
use [114].

4.4. Change in U.S. Energy
Consumption

The USDA Economic Research
Service performed a supply chain
analysis on the entire food system
[110] and indicated the changes in
energy consumption in different
stages of food preparation, including
production, processing, packaging,
transportation, wholesale, food
services, and households. Among
these stages, food processing, food
services, and households had the
highest rate of increase from 1997 to
2002 (Figure 16). These three stages
accounted for 55% and 60% of total
1997 and 2002 food-related energy
flows, respectively.

4.5. Factors Affecting Future
Energy Use in the U.S. Food
System

U.S. DOE’s Energy Information
Administration has projected changes
in energy use through 2030 [115].

Based on their projections, energy use
for refrigerators, freezers, cooking,
and dishwashers will increase by

12% between 2009 and 2030. With
22% projected increase in the U.S.
population over this same period
[116], the rate of increase in energy
use indicates significant efficiency
gains for household food related
operations. However, the 12%
increase is still substantial. Energy
use by food retailers and foodservices
is also projected to increase by about
20% from 2009 to 2030. Therefore,
per capita energy use of these
industries will stay the same. In the
food processing and agriculture
stages, energy use is projected to
increase by 27% and 7%, respectively.

Among several factors that could
influence the outlook of energy flows
in the U.S. food system, three are
considered key to reduce the rates of
growth in food-related energy flows
[110]:

o Adoption of energy-efficient
food system technologies

« Food expenditure trends
(the quantity of food-related
purchases)

o Food and energy prices
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5. Water Footprint Accounts
in the U.S.

In a report prepared for the
UNESCO-IHE Institute for Water
Education [117], national water
footprint accounts were studied

in the period 1996-2005. This

section summarizes the U.S. related
discussions in this report. The water
footprint of an individual is defined as
“the total volume of freshwater used
to produce the goods and services
consumed by the individual,” and the
national water footprint is the water
footprint of all inhabitants of a nation
[118].

China, India, and the U.S. jointly
have about 38% of the global water
footprint. China, with a total footprint
of 1,368 Gm3/yr, is the largest,
followed by India and the U.S. with
1,145 and 821 Gm3/yr, respectively.
With the focus on water footprints
related to industrial production,
China and the U.S. are the top two
countries, with 22% and 18% of the
global water footprint related to
industrial production, respectively.
The total population of the U.S.

is about 23% and 25% of the total
population of China and India,
respectively (based on 2012 statistics).

Therefore, when the total footprint
of these countries are averaged over
their total population, U.S. citizens
have the largest water footprint per
capita—2,842 m3/yr—followed by
Chinese, 1,071 m3/yr, and Indians,
1,089 m3/yr.

In terms of virtual water, or water
embedded in food or other products
[119], the major gross exporters of
virtual water are the U.S., China,
India, Brazil, Argentina, Canada,
Australia, Indonesia, France, and
Germany. These countries together
account for more than half of the
global virtual water exports. The
major gross virtual water importers
are the US, Japan, Germany, China,
Italy, Mexico, France, the UK, and the
Netherlands. In both virtual water
exports and imports, the U.S. is the
leading country, with 314 Gm3/yr of
virtual water export and 234 Gm3/
yr of import. Therefore, U.S. has a
negative virtual water balance, which
means that it has net virtual water
export (Figure 17).

Figure 18 shows the global water
footprint of U.S. citizens related to
the consumption of crop and animal
products and industrial products in
the period 1996-2005. An important

issue to consider while planning to
increase dependency on imported
virtual water is the fact that three of
the world’s top ten food exporters are
water scarce, and three of the world’s
top ten water importers are water rich.
Due to the groundwater overdraft

as well as salinity and water quality
problems in developing countries,

the world could face annual losses

in grain crops production equivalent
to 30% of global cereal consumption
by 2025; while the global demand is
projected to increase by about 42%

in the same period [92]. Therefore,
increasing dependency on supplying
demands through international trades
requires planning for water supply.

In addition, current international
arrangements do not take account of
water issues in international trades. “It
is unclear under the rules and rulings
of the World Trade Organization
when, and to what extent, water itself
can become a product, a commodity
of subject to the rules of trade... if

a price or a label must be placed in
water to improve global water use...
what are the implications under WTO
rules?” [92]
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6. The Water, Energy, and
Food Security Nexus

The inter-connected reciprocal
interactions between all sectors of
the nexus implies the importance
of developing nexus-based
approaches and policies, increasing
understanding of the nexus,
developing nexus-based decision
support tools, and enhancing
partnerships to involve all different
stakeholders and sectors in problem
solving [3]. It is also important to
identify the barriers and obstacles to
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optimization of solutions for water,
energy, and food security and to find
practical ways to overcome these
obstacles [120].

Water, as a non-substitutable
substance, is a control variable
centrally located in the nexus
(Figure 19). Global trends toward
urbanization, population growth,
and climate change are forcing
the implication of a nexus-based
approach. Society, economy, and
environment are the main action
fields in the nexus, but finance,

governance, and innovation are
the main incentives and create
opportunities to improve water,
energy, and food security.

A nexus approach fosters system
efficiency, rather than segregated
focus on the productivity of
individual sectors [5]. Therefore,

all nexus sectors must be evaluated
simultaneously to avoid enhancement
in one sector at the cost of other(s).
For example, energy intensive
development solutions or the ones
that require large amounts of water
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may be inappropriate in certain
settings, and energy/water efficient
scenarios should be desired. To
increase total resource use efficiency,
opportunities and synergies need to
be promoted, and co-optimization
is a key. A top-down theoretical
analysis may not appropriately lead
to the integration of objectives.
Instead, a broadly-based dialogue
and engagement of all stakeholders
is demanded [4]. Civil societies

and business leaders can support
governments in a comprehensive
nexus reform through [92]:

 Sharing and developing
knowledge among stakeholders

o Creating innovative new
business models that address
challenges

» Engaging in policy dialogue with
other stakeholders

 Increasing collaboration with
other stakeholders

« Establishing leadership
commitment to create market-
based solutions

7. Infrastructure

A diverse group of experts
representing municipal, federal,
NGO, private sector, and academic
perspectives from all regions of the
country convened in a meeting at the
Johnson Foundation in May 2009
and outlined the specific problems
associated with water infrastructure
and the built environment as
following [121]:

o Surface runoft is the primary
root of freshwater pollution in
many parts of the country. From
failing sanitary sewer infrastruc-
ture, untreated sanitary sewage
leaks storm sewers cause public
health concerns tied to storm
events.

o There are significant infiltration
and exfiltration challenges
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Figure 19. The water, energy, and food security nexus [5]

associated with aging water
infrastructure.

o Local hydrologic and ecologic
regimes have been altered by
stream and channel modification
efforts (e.g., channel lining), and
public access to surface waters
in most urban settings has been
eliminated.

o The capacity of existing systems
(such as combined sewer
overflows) is exceeded by more
frequent and intense floods,
potentially due to climate
change.

o Long-term financial plans are
compromised by short-term
financial concerns.

o Institutional barriers usually
block innovative solutions.

o Old standards are still used in
many cities and towns to design
renovation and expansion of
their water infrastructure. An
example is large-scale central-
ization of sewage treatment
facilities, which is energy
intensive, capital intensive,
and frequently transfers water
downstream or into saltwater
estuaries, destabilizing the local
hydrologic regime.

o There are inadequate source
controls at the manufacturing
level to prevent potential
harmful compounds that threat
the environment and human

health.

 Climate change is adding
complexity to decision-making
about water systems as it is
associated with high levels of
uncertainty.

o Water-intensive power
generation is a big issue in many
parts of the country.

In the following, infrastructure issues
specifically related to aging dams,
drinking water and wastewater,
energy, and levees are discussed
followed by suggested paths to move
towards sustainable communities.

7.1. Dams and Problems with
Aging

There are approximately 84,000 dams
in the U.S., with the average age of
52 years. By 2020, 70% of the total
dams in the U.S. will be at least 50
years old [122]. In 2012, there were
4,000 deficient dams including 2,000
deficient high-hazard dams (dams
in which failure or mismanagement
is expected to result in loss of life
and may also cause significant
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economic losses). The total number of
high-hazard dams was about 14,000,
which has increased from 10,118
over the course of ten years [122].
Population increase and development
downstream of dams re-categorizes
more dams as high-hazard dams

and increase their numbers. A U.S.
population increase of 130 million
people has been estimated by the U.S.
Census Bureau by 2050, which may
result in more development in areas
below aging dams.

An estimate by the Association of
State Dam Safety Officials claims
that the total rehabilitation cost for
the nation’s federal and non-federal
dams is more than $57 billion and if
only the high-hazard dams are to be
rehabilitated, it would cost the about
$21 billion. These costs will increase
by delaying the maintenance, repair,
and rehabilitation [123]. The U.S.
Army Corps of Engineers, which
owns a total of 694 dams in the U.S.,
estimates that over $25 billion is
required to address dam deficiencies
for its dams and would take more
than 50 years to complete these
repairs if the rehabilitation is done
with current investment rates [123].

The Federal Energy Regulatory
Commission regulates only 2,600
dams in the U.S. The remaining dams
are inspected through state dam
safety programs, which have primary
responsibility and permitting,
inspection, and enforcement
authority for 80% of dams in the U.S.
However, many of these programs
have been found to be ineffective due
to the lack of sufficient resources,
and occasionally lack of enough
regulatory authority. Alabama is

the only state without a dam safety
regulatory program.

The federal government provides
grants to states through the National
Dam Safety Program, administered
by the Federal Emergency
Management Agency (FEMA), to
improve programs through training,
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technical assistance, and research.
This program, however, expired in
September 2011. The U.S. also lacks
a national dam rehabilitation and
repair program, which would fund
the repair, removal, or rehabilitation
of the nation’s publicly owned,
nonfederal, and high-hazard dams
[123]. Additionally, the criteria

for prioritizing dam rehabilitation
funding across agencies and

the extent to which the federal
government should fund inspection
and rehabilitation activities at
nonfederal dams are still unclear
[124]. Further, Congress is yet to
establish criteria for prioritizing
funding among nonfederal projects
[124].

To improve dam safety, the following
solutions have been suggested by
ASCE [125]:

o Reauthorize the National Dam
Safety Program (expired in 2011)

« Establish a national dam
rehabilitation and repair funding
program

o Develop emergency action plans
for every high-hazard dam

o Implement a national public
awareness campaign to educate
individuals on the location and
condition of dams in their area

« Encourage incentives for
governors and state legislatures
to provide sufficient resources
and regulatory authorities to
their dam safety programs

o Require federal agencies that
own, operate or regulate dams to
meet the standards

7.2. Aging Agricultural
Infrastructure and Inland
Waterways

Aging agricultural infrastructure

can affect both water quality and
availability. High volumes of water
can be lost in irrigation systems due
to aging infrastructure and antiquated
technologies. Infrastructure

maintenance has not been paid
enough attention for decades in many
regions. In addition to aging problems
associated with on-farm and off-farm
infrastructure, some USDA research
facilities also suffer from aging
infrastructure.

USDA’s Agricultural Research Service
(ARS) operates an extensive network
of 122 federally-owned major
research facilities. These facilities
require regular maintenance and
periodic upgrades during their 35 to
40 year lifetime. Major renovation,
modernization or replacement is also
eventually required. Twenty one of
ARS research facilities are currently
in greatest need of improvement

and require recapitalization over

the next decade. As these facilities

are upgraded and improved, other
facilities in need will move to a higher
priority position for improvement. To
maintain and upgrade these facilities
in order to support agricultural
science, approximately $150 million
is annually demanded in capital
investments [126].

Additionally, over 44% of the inland
waterway facilities are at least 50 years
old. Many of them are undersized for
modern commercial barge tows [127].
By 2020, more than 80% of the U.S.
locks will be functionally obsolete
[128]. Approximately 95% of U.S.
agricultural exports and imports are
transported through these waterways
and these activities support more than
400,000 jobs [128]. The undersized
facilities need to be dissembled and
reassembled at each lock, which
prolongs transit time, increases
operating costs, and decreased
efficiency. It also advances operational
energy demand and may result in
wastage of at least a portion of the
food by the time it is transported.
Nationwide, a total of 550,000 hours
queuing delays are responsible for

an estimated annual $385 million in
increased operating costs imposed

to shippers, carriers, and consumers
[127].
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7.3. Drinking Water and
Wastewater Infrastructure

After the adoption of Clean Water Act
in 1972 and over the last four decades,
several hundred billion dollars were
invested by federal, state, and local
governments to improve water and
wastewater infrastructure [60]. Now,
almost similar levels of investment
as 1972 are again needed and the
nation faces as significant funding
gap for public water and wastewater
infrastructure to store, transport,
treat, and distribute water supplies to
growing cities [129]. This is mostly
because of population growth,
urbanization, increasing percentage
of the nation’s population served by
municipal treatment systems (from
71% in 1968 to 88% in 2025), stricter
water quality requirements, and
infrastructure aging. Climate change
will also significantly alter regional
patterns of water supply and demand
and exacerbate our demand for
water and wastewater infrastructure,
while these infrastructures also
contributes to climate change due to
their significant rate of energy use
[49]. Failure in meeting improvement
demands of water supply and
treatment systems and wastewater
infrastructure may result in serious
public water shortages, public health
concerns, and water quality problems
as severe as it experienced before the
1972 Act [130]. According to EPA
estimations, ultimate biochemical
oxygen demand discharge levels in
2016 will resemble those existing in
the mid-1970s and will be similar to
those existing before the 1972 Act in
2025 [129].

To invest on water and wastewater
infrastructure, pipes represent the
largest capital need (more than 75%
of total needs). Treatment plants
account for 15%-20% of total capital
needs, which is subjected to increase
due to new regulatory requirements.
By estimation, over 1,000,000 miles
of water mains and about 700,000 to
800,000 miles of public sewer mains
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are in place in the U.S. [131, 132]. As
these pipes are buried underground
out of sight, and owned and operated
by various local entities, their
conditions are unknown. Many of
these pipes are approaching the end
of their useful life. The U.S. annually
faces about 240,000 water main
breaks, forcing the utilities to replace
4,000 to 5,000 miles of drinking water
mains annually, which is projected

to increase to replacement rate of
16,000 to 20,000 miles of pipes in
2035 [131]. One of the main concerns
associated with aging pipes is directed
toward combined sewer overflows
(CSOs), which may affect more than
700 American cities and towns by
discharging a mixture of storm-water
and sanitary wastewater to rivers and
streams. As a national priority since
2007, the federal government has
required cities to invest more than
$15 billion in new pipes, plants, and
equipment to eliminate combined
sewer overflows [132].

EPA has recently estimated the costs
for publically owned treatment works
(POTW), CSOs corrections, and
stormwater management facilities and
programs to be $298.1 billion over
the next 20 years [60]. In a parallel
report, EPA estimated drinking water
infrastructure needs, which summed
up to about $334.8 billion in capital
improvements from 2007 to 2026,
with the highest capital needs for
distribution and transmission pipes
and treatment and storage facilities
[133]. According to these two EPA
reports, capital needs for both

water and wastewater infrastructure
improvements total $632.9 billion
over the next two decades (about

$32 billion annually). However,

both of these reports underestimate
the required financial investments,
because: 1. They do not account

for climate change, which increases
drinking water, wastewater, and
stormwater collection and treatment
demands; 2. Only those portions of
the public water supply system eligible
for Drinking Water State Revolving

Fund (DWSRF) were considered

in the EPA’s drinking water supply
and treatment cost estimates and
additional costs were ignored, such
as the ones associated with dams and
raw water reservoirs [133] as well as
long-distance conveyance systems
and construction of new dams or
reservoirs [129]; 3. Based on the
American Water Works Association
estimations, national costs for
replacing, restoring, and expanding
only buried water delivery mains (and
excluding water supply and storage
infrastructure, treatment facilities,
and local delivery pipes), over $1
trillion is needed in capital costs over
the next 25 years, exceeding $1.75
trillion by 2050 [134].

Significant progress in reducing
municipal pollution has been
achieved through Title II of the
Clean Water Act over the past forty
years. There are, however, critics
arguing subsidies for municipal
sewage treatment systems promoted
urban development, as they provided
incentives increase capacity without
sufficient consideration of efficiency
[129]. The massive secondary
wastewater treatment infrastructure
has been built without an explicit
legislative mandate to consider energy
demand [129]. As an alternative
remedy, there was a shift from a
federal grants program to a revolving
loan program in 1987. Although
Congress has adopted several
provisions to the Title II program

to require states and cities to pay

for their own water and wastewater
infrastructure costs [135], these
provisions have not been adequately
effective and failed to promote
sufficient public investment in water
and wastewater infrastructure [57].

It can be learned from the

Clean Water Act construction

grant program that: 1) federal
infrastructure subsidies are likely to
have unintended effects on fiscal and
energy costs; 2) providing federal
funding to encourage recycling
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and reuse of sewage effluent and

the elimination of surface water
discharges appear to have been
unsuccessful. One or a combination
of several reasons may have caused
the latter, including a) the incentive-
based, rather than mandatory, nature
of provisions; b) the pressure to
immediately address severe water
quality problems; c) lack of public
acceptance and concerns associated
with the health and environmental
effects of wastewater recycling and
reuse; d) the desire of short-term
cost-effectiveness over long-term
sustainability [129]. Therefore,
although technologies are currently
available to construct a more
sustainable infrastructure path for
the next forty years, finding the legal,
policy, and financing tools needed
to support and promote them is
essential.

The aforementioned lessons and

their potential reasons must be
considered in new federal water and
wastewater infrastructure funding
programs. We need to switch to

clean water-energy nexus from the
current approach of transferring
substantial amounts of water over
long distances, treating all of it to
drinking water quality regardless

of end use, and collecting and
treating resulting wastewater to meet
receiving water standards. Learning
from these lessons, one strategy
would be to return to a former

set of mandates requiring more
sustainable infrastructure alternatives,
as envisioned by Congress. This
strategy would require significant

and controversial federal rulemaking
and likely result in legal challenges.
Another approach is to renew federal
financial commitments, with fixed
conditions, to help communities meet
their infrastructure needs. The federal
government would only subsidize
investments that move away from the
energy-intensive, water-intensive, and
water quality-risking policies of the
past [129].
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Delay in initiating change to our
approach will result in more adverse
effects associated with energy use and
climate change. However, changing
the approach and implementing

it is a time consuming process. In

a comprehensive study on water
and wastewater infrastructure in

the U.S., Adler has suggested the
following principles to guide future
infrastructure policy [129]:

1. Reduce the use of energy-
intensive, fiscally expensive, and
inefficient water conveyance
systems and avoid long distance
water transfers unless that water
is necessary for potable uses as
opposed to outside watering and
other non-potable uses [136].

2. Abate treating all public water
to drinking water standards
whether or not it is intended for
potable end use.

3. Avoid discharging wastewater
to surface waters if it can receive
alternative end uses in the
community, e.g. groundwater
recharge.

4. Principle of cascading water
use can be adopted to use each
gallon as many times as possible,
with water quality requirements
and descending costs for accom-
panying treatment according to
the end use [137].

5. System users should be charged
based on full costs of construc-
tion, financing, and O&M, as
well as environmental costs to
promote efficient water use.
Strategies such as differential
fees, lifeline rates, or ascending
block pricing can be employed in
this approach.

In addition, the ASCE has suggested
the following solutions to improve
water and wastewater infrastructure
through its 2013 Report Card for
America’s Infrastructure [138, 139]:

o Raise awareness of the true cost
of water

» Reinvigorate the State Revolving
Loan Fund (SRF) under the
Clean Water Act

 Eliminate state caps on private
activity bonds for water
infrastructure

« Explore the potential for a
Water Infrastructure Finance
Innovations Authority (WIFIA)

o Establish a federal Water
Infrastructure Trust Fund

o Separate potable and nonpotable
water

7.4. Energy

To meet increasing electric

power demands in the U.S., new
transmission lines have to be added
to the almost 400,000 miles of
existing lines, which suffer from aging
problems. Aging equipment causes
increasing numbers of intermittent
power disruptions and increases
system vulnerability to cyber-attacks.
There has been an increasing trend
in significant power outages from 76
in 2007 to 307 in 2011 [140]. These
congestions increase concerns about
distribution, reliability and cost of
service, may lead to system-wide
failures and unplanned outages, and
put public safety at risk [141].

In addition to electricity
transmission lines, the 150,000

miles of crude oil and product
pipelines and over 1,500,000 miles

of natural gas transmission and
distribution pipelines, mostly buried
underground, are responsible to
supply energy demands in the U.S..
This energy infrastructure, which is
typically owned by private industry,
has experienced a series of failures
leading to deaths, injuries, significant
property damage, and environmental
impacts since 2008. Therefore,
greater pipeline management

and maintenance programs are
increasingly needed. In 2011, new
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federal safety requirements were
adopted to address the problems
and concerns relative to aging
infrastructure in energy sector.

In the 2000s, capital investment in
electricity infrastructure averaged $63
billion per year. This includes more
than $35 billion in generation, $8
billion in transmission, and almost
$20 billion in local distribution

lines. These investments were

funded by government agencies,
regulated utilities, private companies
and developers, and nonprofit
cooperatives [142]. Despite these
investments, there will still be an
investment gap of $57 billion for
distribution infrastructure and of $37
billion for transmission infrastructure
by 2020. Further, adoption of new
technologies, (e.g., smart grid
technologies, computer-based,
automated systems) has increased
investment demands in recent years.
Modernizing and automating the
energy infrastructure may increase
system vulnerability to cyber-attacks,
which can demand extra funding for
system security.

The U.S. Energy Information
Administration predicted an 8% to
9% increase in electricity demand
from 2011 to 2020. It was also
projected that electricity supply
capacity will increase about 10% by
2016. This increase is mostly to be
accomplished through new natural
gas-fired and renewables generation
to meet enhanced environmental
regulations. For this purpose, an
additional 17,000 circuit miles of
high-voltage transmission lines will
be added to the system [143]. Due
to capacity constraints in refineries
and oil and gas transmission systems,
the main challenge in capacity
expansion will begin after 2020, when
the sufficiency of energy pipelines
and related operations becomes an
additional concern [141].

Suggested solutions to improve
energy infrastructure and alleviate
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concerns about capacity and aging
issues include [144]:

» Adopt a national energy policy
that accounts for adaptation
to future energy demands and
sustainable energy sources and
energy conservation

o Minimize the timing of planning
to operation by timely approval
of transmission lines

o Identify and prioritize risks to
energy security

o Design and construct additional
transmission grid infrastructure

o Create incentives to promote
energy conservation

« Find innovative ways to enhance
the nation’s transmission and
generation infrastructure

7.5. Levees

U.S. has approximately 100,000
miles of levees mostly built in the
mid to late 19th century as critical
infrastructures that reduce the risk
to public safety from floods and
protect farmland. For examples,
levees protected the Midwest from
more than $141 billion in flood
damages in 2011. The federal
government only funds levees
maintained and operated by the
USACE through the Civil Works
budget and therefore, almost 85% of
the nation’s levees, which are locally
owned, operated, and maintained,
rely on state and local governments
for investment. USACE operates the
National Levee Database (NLD),
which is an inventory of most of the
levees it has designed, maintained,
and inspected. The average age of
levees in the NLD is more than 55
years and on average each levee
protects approximately 14 million
people who live or work behind

the structures. Only 8% of levees

in this database are in acceptable
condition, while approximately 69%
are minimally acceptable, and 22%
are in unacceptable conditions [145].

The U.S. levees system currently needs
more than $100 billion for repair

and rehabilitation [146]. These costs
are subjected to increase as more
floods occur. Only the USACE’s levee
and flood control facility damages
average $4.2 billion per year, and
annual damage to the entire nation’s
levees system is estimated to be
approximately $15 billion [146].

Several aspects associated with the
levees system increase the risk of
people and property damage from
flooding, including: the lack of formal
federal, state, and local government
oversight; adequate technical
standards; and lack of effective
understanding about the risks of
living behind a levee [145]. Although
Congress has created the National
Levee Inventory in 2007, legislation
which creates a National Levee Safety
Program is still missing [145]. In
order to increase awareness of people
living and working around levees,

the USACE and Federal Emergency
Management Agency (FEMA) have
invested in coordinated efforts and
work collaboratively while involving
local, state, and other federal agencies.
The ASCE has suggested the following
solutions to improve the U.S. levees
system:

« Establish a National Levee Safety
Program

o Complete the National Levee
Inventory

o Adopt a levee hazard potential
classification system

o Complete levee mapping as
outlined in the National Flood
Insurance Program reform bill

o Increase funding at all levels of
government and leverage private
funds

o Require insurance where
appropriate

o Ensure that operation and main-
tenance plans cover all aspects of
a complex levee system
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o Evaluated the effects of urban-
ization and climate change on
levees

7.6. Water Infrastructure to

Guard against Drought and Crop
Damage

Climate change may have some
positive aspects, such as longer
growing seasons; however, more
flooding and extreme events

are expected. These events have
associated impacts on infrastructure,
buildings, and public health.
Therefore, more communities

are expected to be placed at risk

of property damage, regulatory
liabilities, and uncertain access to
drinking water. As an extreme event,
drought has considerable economic,
environmental, social, and political
impacts. An extensive system of
water supply infrastructure, including
reservoirs, managed groundwater
basins, and inter-regional conveyance
facilities, helps mitigate the effect of
short-term (single year) dry periods.
However, managing longer-term
events is more complicated. So far, we
have developed our water resources
plans based on the observed historical
hydrological data recorded over a
little more than a century. However,
paleoclimatologists have recently
shown that the last century does not
represent the full range of the climate
systemy’s natural variability, which can
be far greater than that observed in
the historical record. According to
their findings, the last 150 years have
been among the wettest hydrological
periods, and droughts prior to the
historical record were far more
severe than today’s water institutions
and infrastructure were designed to
manage [147].

To minimize adverse impacts of
drought, investments in infrastructure
and using existing natural and built
infrastructure and institutions can
increase the options for adaptive
behavior. Some adaptation

options include: water banking,
conjunctive use of groundwater and
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surface water, storage for instream
flow maintenance, and regional
interdependence [148]. American
Water Resources Association
(AWRA) comprehensively researched
successful cases in the U.S. where
proactive flood and drought
management were implemented.
Their major findings in evaluating
these cases were [149]:

Driven by Disaster: In all cases,
drastic floods or droughts of record
were among the driving forces, which
increased public and institutional
willingness to design and implement
proactive approaches in order to
mitigate future impacts.

Comprehensive Approaches:
Although all cases used conventional
approaches, such as dams and

levees for flood control and
water-use restrictions for drought
mitigation, they included science
and best practices in hydrology,
geomorphology, and land-use

management to increase effectiveness.

Creativity and Innovation in
Institutions: Instead of seeking a
single solution, they extended their
efforts beyond existing, conventional
institutions and regulatory authority.
As an example, the City of Easton
extended the national minimum
building and land-use restrictions
beyond the 100-year flood plain.

Multiple Benefits, Multiple Funding
Sources: They considered many
related water and environmental
objectives in effective flood and
drought mitigation. Clearly, more
costs are associated with a multiple
objectives project, but the benefits
regarding the elimination of financial
demands for separate projects that
would otherwise be needed justifies
those costs.

Regional Coordination: Regional
partnerships was a key as managing
flood and drought are significantly
more challenging if management
efforts are to be implemented in an

isolated portion of a basin or aquifer
system.

Ecosystem-Based Efforts: A
successful strategy in these cases
studies was the integration of
noninfrastructural, ecosystem-
based approaches in planning and
management.

Multi-Stakeholder Engagement:
Another critically important approach
that was taken in these studies was
coordination of local, state, and
federal agencies, as well as the input
of often competing interest groups.

Based on the aforementioned lessons
learned from the case studies, AWRA
has recommended strategies to
mitigate flood and drought effects.
These recommendations, which

have been categorized into enabling
proactive management, organizing
stakeholder feedback and outreach,
designing strategies, and continuing
efforts, include [149]:

Enabling proactive management:
Solicit support from politicians;
engage the local business community;
partner with state, federal, and
regional entities; seek assistance

and ideas from research centers; use
third-party facilitators; if needed,
create new authorities; dedicate

staff; pursue diverse and alternative
funding sources.

Organizing stakeholder feedback
and outreach: Assemble a
representative body; communicate
with local, state, and federal partners
early and often; create online tools for
public education and outreach; station
staff in the field.

Designing strategies: Base
management strategies on data;
integrate spatial analysis; manage
through local ordinances; plan for the
unexpected.

Continuing efforts: Evaluate and
update your strategy regularly;
monitor climate and precipitation;
share information regularly.
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7.7. Paths to Accelerate the

Pace of Change toward More
Sustainable Communities

To move towards more sustainable
communities, change in legal and
regulatory policies, institutional

and governance structures, financial
structure, business innovation,
natural systems, communities,
education, as well as monitoring and
assessment mechanism are inevitably
required. The following is a synopsis
of the Johnson Foundation meeting
on “Examining U.S. Freshwater
Systems and Services: Infrastructure
and the Built Environment,” which
summarized these suggested changes
[121]:

Legal and Regulatory Policy: Basin
level, area-wide and facility level
planning and decision-making should
be promoted. A new Sustainable
Cities Act is under consideration
which may provide agencies with

the legal opportunity to function

in a more integrated fashion.

Green infrastructure is now more
supported by EPA and environmental
advocates. However, more needs to be
accomplished at the local level. Local
codes and zoning ordinances should
be revised to allow implementation
of green infrastructure. Water reuse
strategies are facing significant
barriers in some states, where water
capture and reuse is considered
illegal. Many different federal
agencies are currently moving toward
integrated water and energy policy
decision-making; however, a central
coordinating body is required to
facilitate coordination and integration
across agencies.

Reforming institutional and
governance structures: Government
agencies, universities and professional
associations are still leaning toward
fragmentation between disciplines,
hindering implementation of
innovative approaches to freshwater
management. However, an integrated
approach is required to sustainably
design and plan for urban and
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water systems development. Water
resource engineering needs to
practice updated and integrated
multi-disciplinary approaches.
Federal agencies should also mitigate
barriers among the disciplines of
flood management, water supply, and
pollution control that are currently
operated independently. Integrated
strategies have the potential to
embrace significant co-benefits for
transportation, public health, energy,
and open space and environmental
quality, housing, and public works
departments. However, funding
barriers need to be removed.

Financial structures, pricing,

and economic factors: Current

water pricing structures do not
incentivize water conservation

as they do not employ full-cost
pricing, which is accounted for the
cost of infrastructure maintenance
and upgrades, water processing,
environmental externalities, as well as
social equity, access, and affordability
issues, the value of ecosystem services,
and the cost of their degradation.

Business Innovation: New business
opportunities, such as outsourcing
non-core activities of utilities, can be
practiced. Encouraging companies to
set up their own water systems could
also alleviate some of the capital strain
on municipalities.

Natural Systems: In designing or
redesigning freshwater infrastructure,
a principal goal should be to mimic
the pre-development condition of
natural hydrologic systems to the
greatest extent possible. This can be
incentivized through tax credits to
landowners, so that they conserve
ecosystem on their property.

Regionalism and Community:
Watershed-based planning in
community and/or regional planning
processes face local constraints

and challenges. Capacity building

is required at the community

level in areas such as adaptive
management, revising local codes,

and understanding the land use-water
use connection, the water and energy
connection, etc. Leaders should

help citizens explicitly understand

the impacts of land use decisions

on water resources so that they can
cross traditional boundaries and
envision a better future for their
communities. If citizens are involved
in establishing and evolving the vision
for their communities’ future, their
engagement in achieving that vision is
more likely.

Monitoring and Assessment:
Monitoring and assessment can help
specify effective strategies, techniques
and technologies. It is also required
for policy and regulatory reform.

The obtained data can also be used

to increase public awareness and
promote behavior change.

Education and Communication:
Scalable models of success stories

in pricing, governance, green
infrastructure, etc. should be
identified and disseminated. The
message should cover main concerns
that people may have, such as health,
clean air, and climate, and help them
understand what source water is and
how it can be polluted or protected.
Existing social networks and
communications channels, such as
schools, churches, master gardeners,
and community radio, can be used as
different alternative ways to transport
the message.

8. Nexus Challenges

To focus on potential achievements
through the nexus approach, it is
important to differentiate between
what is or is not the nexus. A nexus
framework is only efficient when there
is a strong linkage between sectors
and may not work for independent
sectoral analysis. The linkages must
be understood clearly, and their
interactions should be managed.

In addition, it must be assured that
the nexus dialog is science-based,
so that clear definitions, well-tested
methodologies, and well-designed
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integrated models are created [4].
Other nexus challenges can be
categorized as lack of scientific data,
information, and literature; policy;
finance; public perception; water
rights; and urbanization. These are
discussed next.

8.1. Lack of scientific data,
information, and literature

The main data gaps in the water sector
relate to groundwater and recycled
water. There is an absence of enough
data about actual groundwater use,
which has led to inaccurate energy
requirement data for groundwater
extractions [38]. In addition, the end
uses and volumes of recycled water
are not well documented nationally,
and there is no inventory of water
recycling plants and their capacity
[38]. Among all states, California and
Florida are the only ones that publish
reports on their reclaimed water use.
The U.S. Geological Survey’s 1995
report is the last comprehensive
survey of reclaimed water reuse [150].

In comparison with data availability
on water resources per se, the lack of
data about the effects of the energy
sector on water resources is more
substantial. Some of the main gaps in
data availability include [38]:

o The long term effects of
coal mining, especially on
groundwater, are not yet fully
understood;

o There is not enough peer-
reviewed literature analyzing
effects of natural gas extraction
on water and environment;

o There is little understanding
about the impacts of new
technologies and the exploration
of new energy deposits;

o The majority of documents
evaluating the impacts of oil
and natural gas extraction and
processing are now outdated
due to the development of
unconventional oil and natural

144

gas sources and rapid change in
technologies;

o Uranium mining, especially
in-situ leaching, has not received
enough academic attention

o There is a need for federal
quantitative data on biofuel
production water consumption;

o There are high uncertainties
associated with the precision of
historical data on average annual
rate of water withdrawals for
thermoelectric generation [151];

o There is no comprehensive data
on nuclear power plants water
use as they were exempted from
reporting their water use to the
EIA since 2002 [41];

« False water use reporting from
water-cooled natural gas and
coal power plants and no data
about nuclear plants water use
has left 27% of all freshwater
withdrawals and 24% of all
freshwater consumption unac-
counted for [152].

Most information about the water
intensity of oil and natural gas
extraction and processing are
reported by industry, and federal
regulation exempts declaration of
some chemicals used in the process.
Gleick’s work in 1994 [43], which is
based on data from the 1970s and
1980s, is the main source of data

for the majority of the literature
discussing the effects of coal, natural
gas, oil, and uranium on water [66,
71, 153]. The lack of comprehensive
information on the energy sector’s
water use has created an incomplete
picture of the impacts this sector has
on water resources. The policymakers
need more accurate data to regulate
operations and development of these
resources.

8.2. Policy and Governance

Policy barriers are among the main
challenges to moving toward a nexus
approach. National water policy

choices have to find the tradeoft
between environmental sustainability
and economic affordability. For

this purpose, governments and

policy designers should find ways to
encourage synergies among different
sectors and implement innovations
that accelerate nexus security. Some
existing policy gaps and shortcomings
are discussed below.

Federal and state supports, such as
state revolving funds for wastewater
treatment, loan and grant programs
of the USDA’s Rural Utilities Service,
and the Community Development
Block Grants from the Department

of Housing and Urban Development,
undermine incentives for water

and wastewater services to make
cost-effective decisions [154]; the

lack of regulatory requirements and
government funding has resulted in
the fact that utilities wait until direct
and indirect costs become unbearable
before they rehabilitate water pipeline;
the lack of federal legislation for
wastewater recycling has substantially
slowed its development down,

even though the development of
recycled water is very promising;
promotion of water-recycling projects
is affected by water rights laws;
specific requirements for treatment

or monitoring for recycling have

not been stated in the Safe Drinking
Water Act [155]; the only guideline on
non-potable water reuse, documented
by the U.S. EPA [40], is partially based
on a review and evaluation of current
state regulations, not on rigorous risk
assessment methodology [40, 155];
hydraulic fracturing was exempted
under the federal Safe Drinking Water
Act, creating substantial uncertainties
associated with the type of chemicals
used in the process and therefore their
impact on water and the environment.

A set of regulations for the oil and
natural gas industries was issued

by the U.S. EPA in 2012. These
regulations were under the Clean
Air Act and addressed emissions,
leaks and spills [40]. However, more
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regulations are demanded under the
Safe Drinking Water Act to address
pumping chemicals underground
[38]. For the fracking industry,

a Fracturing Responsibility and
Awareness of Chemical Act was
proposed in Congress twice in 2009
and 2011, but it was never passed.

8.3. Finance

Finance is one of the main drivers

of the nexus. Future funding should
maximize funding tradeofts between
different sectors [4]. Over the next 20
years, a gap of $534 billion, about $27
billion annually, has been projected
by the U.S. EPA to meet required
clean water and drinking water capital
needs and to satisfy operations and
maintenance costs [156]. Climate
change effects may escalate these
costs, and adaptation strategies need
to be developed to mitigate these
effects.

Most of the wastewater treatment
plants were built 40 to 50 years ago
[59, 60, 154]. To install secondary
and advanced wastewater treatment,
$105.2 billion should be invested
[60]. It has also been estimated that
for water infrastructure, between
$13.0 billion and $20.9 billion should
annually be invested for wastewater
systems and between $11.6 billion
and $20.1 billion should be invested
for drinking water systems from 2000
to 2019 [154]. In addition, significant
capital investments are required for
development and use of recycled
water, as the current rates do not
usually return the full treatment and
distribution costs [155].

Federal and state subsidies for energy
and water in large water transfers,
especially for irrigation in the West,
have created resource inefficiency

in the water-energy nexus. These
subsidies have promoted inefficient
and energy-intensive water use by
hiding the true resource costs [52].
Government funding for energy

and water projects should target
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sustainable development and efficient
use of financial resources.

8.4. Water Pricing

Prices of a majority of agricultural
inputs are typically influenced by

the demand and scarcity of the
commodity. Clearly, high demand
and short supply increase the costs,
encouraging more efficient use.
However, among agricultural inputs,
irrigation water prices often reflect
only the cost of supplying water and
are not set in a market. Irrigation
water costs generally reflect different
combinations of type of water sources
(surface water or groundwater),
distance to water source, suppliers,
distribution systems, and other
factors, such as topography,
underlying aquifer conditions, energy
source, etc. [157]. In addition to full
costs of construction, financing, and
O&M, pricing mechanism should be
refined to reflect environmental costs,
social equity, access, and affordability
issues [121, 129].

Water pricing in the U.S. is often
based on acreage served rather than
volume of water delivered. This

is mainly because there are lower
administrative costs for a land-based
charge. Users pay a fixed cost per acre
to receive a specified water allotment.
This pricing structure, which

charges regardless of the amount of
the water allotment used, reduces

the financial incentive to conserve
water [157]. Due to the increasing
urban and environmental water
demands, water pricing reform can
be consider as a potential means of
reducing agricultural water demand.
Volumetric pricing may somehow
promote water conservation. Other
strategies such as differential fees,
lifeline rates, or ascending block
pricing can be employed in this
approach can also be employed to
promote environmental conservation
[129]. Refined pricing mechanisms
can also target educating the public
on reducing food waste [108].
However, significant barriers exist and

have to be overcome in developing a
comprehensive pricing policy. These
barriers include [157]:

« Existing water costs have a
nonmarket nature

o State laws governing withdrawals
and instream uses vary among
different states

o Water management institutions
and delivery organizations vary
across the U.S.

o Institutional and administrative
restrictions to water market
development

The Bureau of Reclamation has
developed new legislation in the
Central Valley Project, California,
that requires increase in water prices
as contracts are renewed and water
delivery charges are collected on a
per-acre-foot basis. This reforming
legislation could be used as a model
for future pricing adjustments to
promote water conservation and also
be implemented in other basins where
competition for limited water supplies
exists [157].

8.5. Climate Change and Energy

During droughts and warm summer
months, when energy demands and
water deficits are high, water-energy
conflicts may be exacerbated [158].
Climate change may increase the
intensity and frequency of these
extreme weather conditions [159].
These hot weather conditions not
only negatively affect power plant
efficiencies and increase energy
demand for cooling purposes, they
might also force thermoelectric power
plants to shut down in order to supply
water to the other demands with
higher priorities, i.e., domestic and
environmental, which would cause
major blackouts [41, 152, 159].

8.6. Climate Change and Food
Production

Climate change is expected to
increase water demand even in
northern-tier states. The timing of
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irrigation is expected to become

a more critical on-farm water
management issue. In the eastern
U.S., where adequate precipitation
usually occurs to support rainfed crop
production, changes in precipitation
patterns may shift the normal
growing-season. Increases in the
frequency and severity of drought
may force shifts in irrigated and
dryland production. In addition,
rising temperatures cause greater
evaporation rates, making high-
pressure sprinkler and traditional
gravity irrigation systems even less
efficient. Reduced water supply will
also expand groundwater use for
irrigated agriculture, depleting aquifer
water levels, and increasing pumping
costs (and saltwater intrusion near
coastal regions) [32]. The situation

is exacerbated in the West, which is
likely hit harder by climate change
and where water resources are already
over-allocated and water demands
are highly increasing. Therefore,
increased agricultural competition
across the country may underscore
the importance of managing
irrigation applications. However,

a more sustainable future requires
widespread adaptation of more
efficient irrigation systems, coupled
with intensive field-level water
management practices across the U.S.
and especially in the West [32].

Besides climate-induced challenges
imposed on agricultural activities,
other challenges associated with
freshwater use and management in
the U.S. agricultural sector include
[109]:

o Incomplete and unreliable water
data

o Artificial distinction between
groundwater and surface water

o The actual price of water is
not reflected in the cost to
consumers
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o Deficiency of an integrated
national legal framework for
water rights

o Lack of robust institutional
frameworks

o Absence of an integrated water
management strategy for rural/
agricultural and urban areas

o Opverlapping water management
and regulatory jurisdictions

» Incompatibility in political
boundaries and watershed
boundaries

« Willingness of existing
economic, political and market-
based forces in keeping the
status quo

o Absence of political will on the
issue

8.7. Public Perception

Change causes resistance. One of the
environmentally sound methods for
stretching limited water supplies is
through the use of recycled water.
However, concerns associated

with the risks to public health,
consequences of using reclaimed
water, the chance of failure of the
system and combination of potable
and reclaimed water may create
public resistance to accept the use of
recycled water. An extensive public
education and involvement program
can help to gain public trust and
acceptance of water reuse.

In addition, in implementation of
agricultural conservation practices,
there are concerns that conservation
agreements open a way towards
reallocating agricultural water to
other users, transferring agricultural
water rights to the others, and it is
perceived that farmers may lose their
water rights over time. Coming to
these agreements is hard, especially
when it involves farmers giving

up water, regardless of whether

this water is demanded or not. It

requires conversations, clarifications,
strategizing, trust, and collaboration.

8.8. Water Rights and Energy
Production

The western U.S. has some of the most
fertile soils in the nation. California,
as the nation’ largest agricultural
producer , produces half of its fruit
and vegetable crops. Arizona’s Yuma
Valley, known as “America’s Winter
Vegetable Capital,” produces 90% of
all leafy vegetables produced from
November through March in the U.S.
[160]. On the other hand, the biggest
U.S. oil fields are also located in the
West (Southern California, western
Texas, Utah, Colorado, Wyoming)
[38]. The agricultural practices and
production of crude oil in these
areas require large quantities of
water. However, these areas are some
of the driest places of the nation,
making water unavailable in desirable
volumes to meet all demands.
Complicated water rights provisions
exist in the West, and obtaining
water rights, which is essential for
production, can be seen as one of
the biggest challenges for energy and
agricultural development.

8.9. Urbanization

Another important nexus challenge

is urbanization, which concentrates
energy and water use while producing
more waste [5]. In 2010, 80.7% of
Americans lived in urban areas, which
was 12.1% higher than 2000, while
the nation’s overall growth rate was
9.7% for the same period [161]. The
global ratio of urban population over
the total population is just over half.
Sustainable urbanization requires

a strong management between

urban and rural development,

which engages both urban and rural
communities to configure future
settlements and living patterns in

a sustainable way. However, in the
current paradigm, jurisdictions
compete between urban and rural
areas and among urban areas, which
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increases inefficiencies in land, water
and energy use [4].

8.10. Public Health

The World Health Organization
(WHO) defines health as being “a
state of complete physical, mental,
and social well-being and not merely
the absence of disease or infirmity”
[162]. An example of water-related
physical health is the fact that
human fecal matter still gets into the
U.S. water supply through leaking
sewers. Another emerging threat to
physical health is the introduction
of pharmaceuticals and endocrine
disrupting chemicals through
wastewater discharges to receiving
waters and potentially to downstream
drinking water supplies. A healthy
environment capable of satisfying
one’s basic human needs is required
for human mental health. Stress
associated with human inability to
access a sufficient amount of clean
water for drinking, cooking, bathing
and/or recreating can affect mental
health. As water stress could create
water supply conflicts or migration
in extreme cases, it will affect social
health [163].

Audrey Levine, National Program
Director of the U.S. EPA Drinking
Water Research Program,
summarized threats to the quality of
freshwater supplies at the Johnson
Foundation Freshwater Forum on
Public Health Threats and Solutions
as [163]: inadequate or inappropriate
stormwater management, water
reclamation and reuse, groundwater
pumping and recharge practices,
climate-induced stressors, and
outdated and inadequate water
infrastructure. In addition,
insufficient water supply, which
affects the reliability of supply, is an
emerging public health concern in
many parts of the U.S.

Current public health protection
efforts lack a holistic view of what
is important for human health.
They are typically based on a
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contaminant-by-contaminant
approach or illness-centric
conceptions and do not consider

the synthesizing effects of multiple
contaminants. In addition, although
contaminations of water supplies are
recognized threats to public health,
the public health risks associated with
freshwater supplies are not as fully
understood. There is a demand for
developing better tools that evaluate
and measure water-related variables
impacting human health among
other variables. It is also required

to develop tools to analyze the
effectiveness of new water treatment
technologies [163]. Developing
these tools demands epidemiological
research and adequate funding to
support it. Public education about
the relation between water and
public health needs to be improved,
as public unawareness about risks

or rewards related to water quality
or quantity may reduce political will
to address them. A more holistic
view of freshwater and public health
that considers physical, mental, and
social health and integrates water
availability and quality, environmental
relations, and social science needs

to be established. The country also
needs more robust water quality
monitoring, modeling, and mapping
systems, continued improvement

of treatment technologies, and
enforcement of and compliance with
policies and regulations [163].

9. Examples and Case
Studies

Given the broad nature of the nexus,
examples can be cited from the policy
level through operating programs and
at scales from local to trans-national.
The following examples include two
planning examples at the regional

and urban scales and a few policy and
programmatic initiatives that focus on
nexus activities.

9.1. Infrastructure Sustainability
Policy

To promote sustainable infrastructure
within the water sector, the U.S.

EPA has issued its Clean Water

and Drinking Water Infrastructure
Sustainability Policy [164]. Guided
by this policy, EPA has developed

the Water Infrastructure: Moving
toward Sustainability program,

which provides technical support

and financial resources to states to
increase water and energy efficiency
in water, wastewater, and stormwater
infrastructure. The agency works with
partners across the water sector and

a broad group of stakeholders to help
implement practices on three levels
[165]:

o Sustainable Water Infrastructure:
To sustain infrastructure that
is used for the collection and
distribution systems, and
treatment plants in water-related
services

+ Sustainable Water Sector
Systems: To sustain any aspect
of the utilities and systems that
provide water-related services

« Sustainable Communities:
To promote the role of water
services in extending the broader
goals of the community

EPA has identified the following

four key areas of action to assure
sustainability of water infrastructure:
asset management, water and energy
efficiency, infrastructure financing
and the price of water services, as
well as alternative technologies and
assessment. To promote and maintain
sustainable water systems, EPA

has two management frameworks:
Effective Utility Management
Initiative and the Safe Drinking Water
Act’s Capacity Development Program.
In addition, to advance community
sustainability, EPA is collaborating
with the states of New York,
Maryland, and California to identify
ways in which projects that promote
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smart growth and other sustainable
practices can be incentivized [165].

9.2. Critical Infrastructure
Partnership Advisory Council

The U.S. Department of Homeland
Security (DHS) is responsible to
protect the Nation’s diverse and
complex critical infrastructure.

In 2006, DHS issued the National
Infrastructure Protection Plan
(NIPP), which was updated in 2009,
as a unifying framework to integrate
efforts that improve the protection
of the Nation’s critical infrastructure.
In February 2013, Presidential Policy
Directive 21: Critical Infrastructure
Security and Resilience (PPD-21)
was declared as: “proactive and
coordinated efforts are necessary

to strengthen and maintain secure,
functioning, and resilient critical
infrastructure—including assets,
networks, and systems—that are vital
to public confidence and the Nation’s
safety, prosperity, and well-being.”
NIPP is currently under revision as
part of implementation of PPD-21.

The Critical Infrastructure
Partnership Advisory Council
(CIPAC), established by the DHS
Secretary, and national critical
infrastructure partnership structures
aim to enable the collaboration

and trusted information sharing
required to enhance the protection
of the Nation’s critical infrastructure.
CIPAC is an advisory council

which promotes coordinating,
communicating, and sharing effective
practices across critical infrastructure
sectors, jurisdictions, or specifically
defined geographical areas. It values
the private-sector participation in
the critical infrastructure mission as
an essential planning strategy. As an
effective entity that has increasingly
enabled cross-government and
public-private partnerships, CIPAC’s
general achievements include [166]:

« Member institutions increased
from 962 in 2012 to 1,130 in
2013.
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« In 2012, 60 working groups held
a total of 199 meetings and in
the first half of 2013, 42 working
groups held a total of 100
meetings under CIPAC. These
meetings aimed for information
sharing, training and exercises,
research and development,
program evaluation, strategic
planning, risk management,
and sector-specific metrics
development.

o For the third year in a
row, through the Regional
Partnership Engagement effort,
CIPAC convened more than 300
participants, representing 257
critical infrastructure owners
and operators from almost
all sectors. The participants
discussed steps that DHS can
take to better satisfy owner/
operator security and resilience
goals and to strengthen the value
of the public-private partnership.

9.3. Agricultural Water
Conservation

To secure water supplies in stressed
river basins, especially in the West,
water conservation agreements have
been gaining attention over the

last decade. In 2008, the Western
Governors’ Association in their
publication, Water Needs and
Strategies for a Sustainable Future:
Next Steps, identified that “..states,
working with interested stakeholders,
should identify innovative ways to
allow water transfers from agriculture
to urban use while avoiding or
mitigating damages to agricultural
economies and environmental
values.” In Southern California,
municipalities partner with irrigation
districts and pay for agricultural water
conservations to use the conserved
water. The conservation methods
typically practiced are enhancements
in irrigation delivery system, on-farm
irrigation efficiency improvements,
land fallowing programs, and
environmental conservation [167].

Among different water conservation
methods, fallowing agreements have
largely been practiced in Southern
California [160]. Although there

are concerns that these types of
agreements may ultimately result

in redirecting agricultural water to
the other users, in several cases, the
parties have successfully become to
an agreement to leave agricultural
lands for fallowing and transfer

the corresponding water to the
municipal sector. Examples include
the consensus between the Imperial
Irrigation District and San Diego
County Water Authority in 2003,
where they agreed to transfer 200,000
acre-feet of water per year from

the irrigation district for a 45-year
period subject to be renewed for
another 35-year period. The district
must fallow agricultural lands for the
first 15 years and then implement
efficiency-based conservation
practices [168]. Another example

is the agreement between the Palo
Verde Irrigation District and the
Metropolitan Water District in 2004.
They agreed to transfer 25,000 to
118,000 AF/year from agricultural
water to urban Southern California
for 35 years. This water is saved

by fallowing 7% to 28% of each
agricultural land [169, 170]. Yuma
Mesa Irrigation and Drainage District
and the Central Arizona Groundwater
Replenishment District (CAGRD)
have also signed a 3-year pilot
agreement, effective as of January
2014, to save about 9,000 acre-feet per
year water, through fallowing 1,500
acres of agricultural lands. This water
will initially be used to conserve water
in the Colorado River system to be
maintained in Lake Mead. It is also
seen as a supply acquisition strategy
for groundwater replenishment

by CAGRD [160]. However, while
planning for agricultural water
conservations, it is important to
assure that these practices will not
reduce crop yield, as food deficit is
going to be a problem for the growing
population.

U.S. Perspective on the Water-Energy-Food Nexus



9.4. CALFED Program

California has been dealing with
serious conflicts over its water
resources management for decades.
Debates over whether or not to
transfer water from the Delta region
to users elsewhere, and how to
transport the water, have been the
root causes of the conflicts in this
state [171]. The conflicts became
more complex after more limitations
were imposed to the supplying system
due to new environmental regulations
enacted to protect the region’s
ecosystem.

To find a solution, a variety of
innovative ideas have been developed.
However, they lacked an overall
framework. California Bay-Delta
Program (CALFED) was initiated in
1995 as the most comprehensive effort
to resolve water resources conflicts

in the region and to address three
main areas: ecosystem health, water
quality, and water supply reliability.
The “problem area” was defined as
the Delta, and the “solution area”

as all areas hydraulically connected
to the Delta or relying on its water
supplies, mainly Sacramento and

San Joaquin Rivers [172]. CALFED
intended to respond to the conflicts
through a series of agreements and
revisions that have involved federal
and state legislation, and stakeholder
accords [173]. Early in the program,
the CALFED agencies decided the
program needed to engage the public,
particularly from identified interest
groups or NGOs. One of the best and
earliest achievements of CALFED
was public awareness and their
participation in water conservation
activities [171]. CALFED has not
been able to eliminate the zero-sum
aspect of the game through
collaborations, negotiations, and
collective decision-making by
stakeholders [171]. A review by

the Little Hoover Commission

found CALFED to be “costly,
underperforming, unfocused, and
unaccountable” [174]. Elimination
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of the strong support from the
political leadership in Washington
and Sacramento, after President Bush
was elected, caused the situation at
CALFED to begin a slow decline
[175]. New leadership who was less
supportive of CALFED, creation of
the California Bay-Delta Authority
(CBDA) without enough authority,
and depletion in external funding
secured earlier from Congress and the
state taxpayers were other reasons for
the decline of CALFED [176].

9.5. Energy Conservation

Energy conservation can be effectively
practiced in water supply and
treatment. Due to their high energy
demand, enhancing and updating

the technology of pumps is one of
the most straightforward energy
conservation options [41, 56]. In
early ‘90s, it was estimated that 880
million kWh (30% of total use) can
be saved in treatment plants by load
shifting, variable frequency drives,
high-efficiency motors and pumps,
equipment modifications, and process
optimization [56]. The energy crises
in 2000 and 2001 forced a number

of California water agencies to

join an energy and conservation
campaign. In one year, they reduced
their energy use by up to 15% by
employing some techniques such

as: adjusting operation schedules,
increasing water storage, utilizing
generators, optimizing cogeneration
and installing efficient water system
equipment, variable frequency drives,
and advanced equipment controls
[56].

A range of approaches for energy
savings are also emerging in the water
sector. These include [177]:

o A holistic water and energy
management approach to:
develop local water sources
instead of transferring water
great distances; use advanced
transport and treatment
management systems; employ
energy efficient water system

products (e.g. premium
efficiency pumps and motor
systems, new types of low
pressure membrane filtration,
more energy efficient ultra-
violet disinfection technology,
advanced aeration equipment,
and energy recovery systems for
desalination)

o Research and development on
innovative and energy efficient
water treatment technologies
such as: membranes to desalt
at much lower pressures,
with higher yields; ultraviolet
disinfection with less energy
demand; real-time monitoring
systems for raw water quality
to control and optimize instan-
taneous treatment process; and
decentralized treatment systems
to improve the water and energy
use efficiency

o Behavioral changes through the
incorporation of sustainability
considerations and new design,
management and operational
philosophies

o Identify and address energy
implications of water policy
decisions through better
coordination among resource
management agencies

o Using lessons learned from
other industries, such as the oil
industry, in terms of exploring
alternative ways of operating

9.6. Recycled Water

Water recycling has numerous
benefits. It can create dependable,
locally-controlled water supply,
decrease the diversion of water

from sensitive ecosystems, decrease
wastewater discharges, reduce
pollutions, enhance wetlands and
riparian habitats, and save energy
[178]. As the leader of other countries
in terms of volume of recycled

water, U.S. reuses 7% to 8% of its
treated municipal effluent [40]. Some
countries, however, have set vigorous
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targets to reuse their treated effluents.
For example, Australia has planned
to increase its water reuse to 30%

by 2015. Israel currently reuses 70
percent of its municipal wastewater
effluent [40]. Water reuse is rapidly
growing in California [59], especially
for large users in industry (refineries,
agriculture), commercial irrigation
facilities (golf courses), groundwater
recharge, and landscaping [38].

With current recycling rate of about
500,000 AFY, the 2020 and 2030
targets of using recycled water are

1.5 and 2.5 million AFY, respectively
[179]. To meet these goals, numerous
projects are being funded at the
federal (Bureau of Reclamation),
state ($1.25 billion through the Safe,
Clean and Reliable Drinking Water
Act of 2010) and local (Metropolitan
Water District and others) levels.

The State Water Resources Control
Board issued a mandate to increase
wastewater reuse levels from 2009

by 200,000 AFY in 2020 and by an
additional 300,000 AFY in 2030.

9.7. Recycling Materials

In 2009, 34% of waste generated in
the U.S. was recovered. It included
recycling 25% of all electronics at the
end of their useful lives, 25% of all
produced glass, 7.1% of all plastics,
28% of all plastic bottles, and 66.2%
of all steel containers produced. With
the highest recycling rate, more than
50% of the steel produced in this
country over the past 50 years has
been recycled [180]. In addition, in
2010, 58.1% of all aluminum beverage
cans and 63.5% of U.S. papers (89%
increase since 1990) were recycled
[180].

Recycling aluminum also creates 97%
less water pollution than making new
metal from ore [181]. The energy
that is saved by not producing one
aluminum can be used to recycle
twenty cans. In 2010, an energy
equivalent of 17 million barrels of
crude oil was saved in the U.S. just
from recycling cans [180]. Forty
percent less energy is consumed by
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producing recycled paper rather

than producing new paper, and 84%
energy can be saved by manufacturing
recycled PET instead of making it
from raw material. Recycling steel
may also consume 60% to 74% less
energy than producing it from virgin
materials [180].

9.8. Green Infrastructure

Natural ecosystems have the
capability of cleaning water without
using any energy. These systems

can be seen as an energy-efficient
treatment option. For this purpose,
protected areas need to be maintained
and used to help avoid significant
costs and associated energy demands
of traditional treatment works [182,
183]. New York City (Catskills
region), San Francisco (Hetch
Hetchy) and Portland, Oregon (Bull
Run) currently take advantage of
these systems and rely on watershed
protection and management for their
potable supply treatment [38, 184].

9.9. Constructed Wetland
Treatment

As natural water filtration systems,
wetlands play an important role

in removing water pollutants such
as nutrients and sediments. The
pollutant removal capability of
wetlands would save a considerable
amount of energy that would
otherwise be used to treat water.
Wetlands can also help flood control
and groundwater recharge. The

“no net loss” wetland policy in the
U.S. requires rebuilding of wetlands
destroyed for development in the
same size and watershed. However,
artificial wetlands require more
energy.

9.10. Increasing the Quality of
Drinking Water

Out of 16,000 Publically Owned
Treatment Works providing drinking
water for Americans, about 5,000
plants perform advanced treatment
to remove some nonconventional
pollutants, such as nutrients [59].
These efforts are beyond federal

requirements. In addition, in 2000,
there were only 47 facilities providing
less than secondary treatment,
declined from 4,800 in 1972 (ICF
International, 2008).

9.11. Enhancement in Data
Collection from Power Plants

The average annual rate of the energy
sector’s water withdrawals used to

be reported by the power plants to
the Department of Energy via Form
767, which was the principal source
of information for federal agencies
[185]. These withdrawal rates were
typically under- or overestimated by
the utilities [151]. In addition, this
form did not require certain power
plants to declare their withdrawal
rates and did not account for new
technologies such as hybrid cooling
or solar thermoelectric [151]. In
2008, the Energy Information
Administration replaced this form
and five other forms with Forms

860 (environmental aspects) and

923 (electricity generation and fuel
use) to resolve most of these issues.
Nuclear, geothermal, solar, and hybrid
cooling power plants were mandated
to fill out these forms and all plant
operators must report their water use
on a monthly basis.

9.12. Thermoelectricity
Generation

As mentioned in section 2.6.5,
open-loop cooling facilities use
substantially more water than
close-loop or dry cooling facilities.
In 1972, the Federal Water Pollution
Control Act and Section 316(a) of
the Clean Water Act, which regulate
intake structures and thermal
pollution discharges, established
restrictions on open-loop cooling
systems. It resulted in a declining
trend in the construction of
open-loop cooling power plants and
only 10 of these plants have been
built since 1980 [66]. Closed-loop
cooling plants, with less water
requirements, lower discharges, and
less vulnerability to water shortages,
have been the main substitute of

U.S. Perspective on the Water-Energy-Food Nexus



Table 4. Key areas in the CEO Water Mandate and actions in each area that companies should pledge to
undertake [189]

Direct Comprehensive water-use assessment to specify the company’s water use in the direct production of
Operations goods and services.

Set targets for water conservation and waste-water treatment.

Investment in and utilization of new technologies to achieve these goals.

Raise awareness of water sustainability within the corporate.

Make business decisions based on water sustainability considerations.

Supply Chain | Promote improvements in water conservation, quality monitoring, waste-water treatment, and recycling
& Watershed | practices for suppliers.

Management | Byild capacities to analyze and respond to watershed risk.

Promote and facilitate assessments of water usage and impacts for suppliers.

Share established and emerging water sustainability practices with suppliers.

Encourage major suppliers to report regularly on progress achieved related to goals.

Collective Enhance connections with civil society organizations, especially at the regional and local levels.

Action Address water sustainability issues and policies through collaboration with national, regional and local
governments, public authorities, and relevant international institutions.

Promote development and use of new technologies

Involvement in the UN Global Compact’s Country Networks.

Support the existing water initiatives involving the private sector

Collaborate with other relevant UN bodies and intergovernmental organizations.

Public Policy | Provide water sustainable inputs and recommendations in government regulations and market
mechanisms.

As a “business statesmanship,” advocate water sustainability in global and local policy discussions

Collaborate with governments, businesses, civil society and other stakeholders to improve the body of
knowledge, intelligence, and tools.

Join and/or support special policy-oriented bodies and associated frameworks.

Community | Try to understand the water and sanitation challenges in the adjacent communities and how our
Engagement | businesses affect those challenges.

Be active members of the local community, and promote or support local government, groups, and
initiatives that improve the water and sanitation agendas.

Partner with local stakeholders and undertake water-resource education and awareness campaigns.

Collaborate with public authorities to support the development of sufficient water infrastructure.

Transparency | Describe actions and investments undertaken regarding to the CEO Water Mandate in the annual
Communications on Progress for the UN Global Compact.

Publish and share water strategies, targets, results, and areas for improvement in the corresponding
corporate reports.

Be transparent in communications and correspondences with governments and other public authorities
on water issues.
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open-loop system since then. Hybrid
cooling technology, which uses both
wet and dry cooling components
that can be used either separately

or simultaneously are is in its early
phases of development. These systems
may reduce water requirements of
wet systems by up to 80%, while
they do not have the disadvantages
of dry cooling systems. Therefore
hybrid cooling technology can be
seen as a promising way to secure
energy generation in the future
while imposing less stress on water
resources.

9.13. Facing the Challenges:
Water-Energy Nexus in Austin,
Texas

Austin, located near the center of
energy-rich and water-stressed Texas,
is one of the fastest growing cities

in the U.S., with 80% population
growth from 1990 to 2011 [186]. This
rapid growth has made it challenging
for the public electricity and water
suppliers to provide reliable and
affordable services while promoting
environmental sustainability.
However, Austin suppliers have
successfully integrated and strategized
programs and policies to sustainably
meet the public demands. Austin
Energy, as the 8th largest public
electricity utility in the U.S., serves
more than 400,000 customers and
Austin Water, as its 5th largest
consumer, which uses 210,000 MWh
electricity to pump and treat 200
million m3 water and 100 million m3
wastewater [187].

Energy and water conservation
initiatives are important aspects of the
city. Austin Energy initiated the Green
Building Program in 1990. A citizen
driven effort terminated a substantial
development over a local aquifer the
same year. This effort was followed

by the adoption of the city’s Save Our
Springs ordinance in 1992 to ensure
sustainable use of water resources
[53]. Austin Water and Austin Energy
continuously measure the amount

of energy used in providing water
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services, water use in thermoelectric
generation, and the average water use
in water and energy services to use
these data in optimizing water and
energy use and keeping costs down.

Austin Energy has conserved 700
MW in demand-side and targeted

an additional conservation of 800
MW peak-day demand by 2020.
Meanwhile, Austin Water is making
comprehensive water conservation
efforts, such as a tiered rate structure
and weekly watering schedules

for landscaped areas, which has
reduced peak seasonal demand. In
addition, the two utilities collaborate
in generating renewable energy and
reducing greenhouse gas emissions
[53]. Additional demand-side energy
savings are practiced in the city

by distribution of high-efficiency
kitchen and bathroom aerators and
showerheads, as well as rebates to
buying high-efficiency dishwashers,
washing machines, auxiliary water
and irrigation system upgrades [188].
In addition, Austin Water employed
Green Choice, Austin Energy’s

100% wind energy program, in 2011
resulting in an 85% reduction in

the water utility’s greenhouse gas
emissions. The utility has also reduced
its surface water withdrawals through
its reclaimed water program and
supplies low cost water to energy
generation facilities operated by
Austin Energy and the University of
Texas [53].

10. Opportunities for
Improving the Water, Energy,
Food Security through a
Nexus Approach

10.1. Role of Businesses in the
Nexus

The private sector plays an important
role in addressing the resource
challenges faced by the world today.
For example, companies can directly
impact resource management within
their own business and indirectly help
it by encouraging their product users.
Through a collaborative partnership

Table 5. U.S. historical total water
productivity [192]

Year U.S. total water
productivity*

1982 11.52
1987 -

1992 18.41

1997 21.67
2002 25.09
2007 28.61
2011 28.94

* Values are in constant 2005 US$ GDP per
cubic meter of total freshwater withdrawal

between the United Nations Global
Compact and the Government of
Sweden, the CEO Water Mandate was
created and launched at the Leaders
Summit in July 2007. As a private-
public initiative, it concentrates on
creating strategies and solutions to
contribute positively to the emerging
global water crisis [189]. It is open to
all UN Global Compact participating
companies, and the ones that join
the CEO Water Mandate commit to
implement the framework’s six key
areas for water management (Table
4) and publicly report progress on an
annual basis.

There are currently 530 UN Global
Compact participants from the U.S.
(http://www.unglobalcompact.org),
out of which 19 companies have
endorsed the CEO Water Mandate,
including CH2M HILL, Inc., the
Coca-Cola Company, Coca-Cola
Enterprises Inc., PepsiCo, Inc.,
Molson Coors Brewing Company,
Nike, Inc., etc. [190]. As a successful
example of companies endorsing
the CEO Water Mandate, SABMiller
Plc, an international brewer with
operations in over 70 countries
across six continents, has reduced its
absolute water use by 16% since 2008,
despite an increase in production
volumes, and is on track to meet its
efficiency target of using 3.5 liters of
water per liter of beer by 2015 [6].

U.S. Perspective on the Water-Energy-Food Nexus



10.2. Water and Energy
Productivity

One measure of water productivity is
defined as Gross Domestic Product
(GDP) in constant prices divided by
annual total water withdrawal. Over
the past decades, intensification and
new technologies have escalated
water productivity (Table 5). Energy
productivity, however, has not
improved as much. For example,

over the last 60 years, the U.S. energy
intensity of corn production has only
improved from 2.7 to 2.2 GJ per ton of
product [191]. To decrease the energy
intensity of regional water supplies,
some recommendations exist, such as
conveying less water and substituting
more local sources through recycling
and getting maximum use from local
water supplies [52]. More research is
required to find ways of increasing
energy productivity for all uses and
energy sources.

10.3. Recycled Water

Recycled water, as a drought-resistant
and stable source of local water, is
one of the cheapest ways of water
supply. It also decreases energy
consumption per unit of water and
reduce discharge of nutrient loads

to water bodies through reduction

of effluent discharge. Wastewater
treatment effluent discharge in the
U.S. is about 32 billion gallons per
day [40, 155], out of which, 38% is
discharged to an ocean or estuary.
Reusing the treated wastewater may
increase available water resources by
about 6% of total U.S. water use or
27% of public supply [155]. Currently,
recycled water is mostly supplied in
only four states: Florida, California,
Texas and Arizona, which account for
90% of national water reuse [40].

10.4. Using Produced Water

for Irrigation and Stream
Augmentation

Produced water is a byproduct of the
process of developing, extracting, or
disposing energy-related products.

It is produced in large volumes
during the extraction of hydrocarbon
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energy resources. Current estimation
of produced water volumes across
the U.S. is about 14 billion bbl/yr

(1 bbl=42 gallons) [193]. Produced
waters can be extremely saline,

with greater salinity than seawater,
or they can be at potable. Using
produced water to secure water and
energy resources has recently gained
attention. Some researchers in the
U.S. Geological Survey (USGS)
Energy Resources Program (ERP) are
studying characterization, use, and
impact of produced waters in three
focused area [193]:

o Assessing Impacts of Coalbed
Methane Produced Waters: To
produce coalbed methane, an
increasingly important source
of energy in the U.S,, coal beds
are de-watered and the produced
water is either discharged into
surface waters or re-injected
back into ground. The USGS
is studying the environmental
impacts of use and disposal of
these produced waters.

o Characterization and Sources
of Appalachian Basin Produced
Waters: Due to the lack of
adequate data about produced
waters from oil and gas develop-
ment in the eastern U.S., USGS
is researching the source and
chemistry of current and future
produced waters from the
Appalachian Basin.

o Water Balances for Energy
Resource Production: Scientists
at USGS are developing water
budget methods to explore
inputs and outputs from regional
oil and gas resources.

Treating and using produced water
for other purposes, not only may
reduce energy companies’ costs
associated with re-injecting it into the
ground (as the benefit from selling
that water covers treatment costs),

it also diminishes environmental
concerns, augment streamflow,

and secure agricultural water

supply. Therefore, it is a three way
nexus strategy. In February 2007,
legislation, S. 1116, the More Water,
More Energy, and Less Waste Act of
2007 was introduced to House “to
facilitate the use of water produced
in connection with development of
energy resources for irrigation and
other beneficial uses in ways that
will not adversely affect water quality
or the environment [194] The bill
directs the Secretary of the Interior,
acting through the Commissioner of
Reclamation, the Director of the U.S.
Geological Survey, and the Director
of the Bureau of Land Management
(BLM), to conduct research to
identify [195]:

1. The obstacles to decrease the
volume of produced water
and to advance the extent to
which produced water can be
used for irrigation or other
purposes without adversely
affecting quality of water or the
environment

2. The actions that help reduce
or eliminate such obstacles
along with the associated costs
and benefits. The Secretary is
directed to provide financial
assistance for the development
of facilities, technologies, and
processes to indicate the feasi-
bility, effectiveness, and safety of:

a. Optimizing energy resource
production, while reducing
the volume of produced
water; or

b. Advancing the extent to
which produced water may
be treated to a level that
is suitable for specified
purposes.

The aforementioned assistance should
be provided for at least one project in:

1. Each of the Upper Basin States
(Colorado, New Mexico, Utah,
and Wyoming)
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2. Each of the Lower Basin States
(Arizona, California, and
Nevada).

10.5. Energy Production

There is a pressing need to develop
lower water intensive technologies for
energy production. In thermoelectric
generation, technologies such as dry
and hybrid cooling are promising
ways to reduce water intensity.
Attention also needs to be paid to new
and more sustainable water resources
for plant operations, such as recycled
water and non-potable brackish water.
For this purpose, the technology
already exists. We just need to fill
data gaps and remove regional policy
and financial barriers to implement
these technologies. The U.S. can also
increase collaboration with nations
that are researching reduction in
costs and operational challenges of
water desalination, such as Australia,
Singapore, Persian Gulf States, and
Israel [196].

There is a significant potential to
increase water use efficiency and
conservation in the energy sector,
and research should be focused on
enhanced efficiency potential and
reduce costs. Four major strategies
that are currently researched or being
employed at thermoelectric energy
generation plants [177]:

o Implementing dry/hybrid
cooling

o Using degraded/reclaimed water
for cooling

o Recycling water within plant by:

o Increasing closed cooling
cycles

o Treating and reusing
blowdown water

o Capturing vapor in wet
cooling tower and stacks

 Increasing thermal conversion
efficiency
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Solar energy is one of the least

water intensive ways of producing
electricity. The Pacific Gas and
Electric Company (PG&E), which

is the largest utility in the U.S. and
provides electricity and natural

gas to almost 40% of Californians,
would like to offer all its bundled
electric customers an opportunity

to support new small and mid-sized
solar projects, 100% renewable
energy, located in PG&E’s service
area. The company has proposed
this project (called Green Option)

to the California Public Utilities
Commission and if it is approved by
mid-2014, PG&E expects to offer the
program to customers in the first half
of 2015 [197].

In addition to high water demand,
corn-based ethanol has high energy
intensity (43 to 53%). Comparatively,
cellulosic ethanol has much less
energy intensity (10% to 22%) [198,
199]. Therefore, cellulosic ethanol is a
sustainable substitute to secure biofuel
energy production, but this method
is at an early development stage.

The Renewable Fuel Standard has
mandated that the annual production
of cellulosic ethanol should be at least
16 billion barrels by 2022. Besides
reduction in energy intensity, this
mandate will decrease the water
demand for production as it uses crop
and forestry waste and crops that do
not require much irrigation, such as
switchgrass [66]. Switchgrass is one of
the most promising perennial crops
since it is rather drought-tolerant and
does not need irrigation in its native
habitat [66, 82].

10.6. Energy Savings Potentials

In water conveyance systems, pumps
are the main consumer of energy,
accounting for 95 percent of the
energy used to distribute drinking
water [41, 56]. Updating older water
conveyance and groundwater pumps
can substantially improve pump
performance (by 5-50%) [41, 52],
accruing energy savings. Regular
required repairs and maintenance can

also improve energy efliciency. Other
energy efficiency improvements
options include: installing parallel
pipe systems, reducing pipe friction
losses by increasing pipe diameter,
lining pipes, and changing pump
impellers [56].

Renewing old piping can also be an
energy saving strategy in the U.S. as
the average pipe is more than 40 years
old [38]. However, about one-third
of water utilities in the U.S. are not
appropriately maintaining their
distribution assets, most likely due
to the lack of funding [38]. Old pipes
were from iron, which corrodes and
degrades over time, leading to leaks
and ruptures resulting in significant
losses—i.e., there is on average 8

to 20% unaccounted water in the
U.S. distribution systems [154]. The
energy embedded in water (energy
for water conveyance and treatment)
is also lost with water leakage [200].
The most efficient water and energy
savings programs are those focused
on leak management (detection and
repair) [201]. Installation of dual
distribution systems to separate water
supply for potable and non-potable
uses is another energy saving option
as less energy would be required for
water treatment.

In-conduit hydropower is a way

to generate energy from water
distribution systems. Micro-hydro
technologies can also be installed in
large pipes to convert the pressure
and flow into electricity [202, 203].
This technology is already being
used in major water transfer projects,
such as the Hetch Hetchy and the
Central Valley Project in California.
There is also potential to provide
substantial additional generation
[56]. However, regulations often
prevent development of in-conduit
hydropower. Most states self-
generation is not allowed and the
produced power cannot be directly
connected to an existing load and
has to be sold into the wholesale
bulk power market [38]. However,
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these regulations are likely to

change as some Congress members
support small (1.5 MW or less) and
nonfederal hydropower at federal sites
[204]. One of the results has been the
Bureau of Reclamation Small Conduit
Hydropower Development and

Rural Jobs Act passed by the House
of Representatives in 2012 (H.R.
2842), which amend the Reclamation
Power Act of 1939. It authorizes

the Secretary of the Interior to

permit the development of small
conduit hydropower at Reclamation
facilities and exempt small conduit
hydropower development from NEPA
[204].

10.7.  Energy Generation from
Wastewater Treatment Plants

Biogas and biosolids can be seen as
potential energy sources to supply a

portion of energy demand. As solid
waste produced from wastewater
treatment plants, biosolids can be
used as fuel in incinerators. Sewerage
can also be converted to bioplastics
or rocket fuel [205]. However, high
capital investments are required for
these facilities [206]. California, uses
approximately 50% of its sewage
sludge, 2% of dairy manure and less
than 1% of food processing wastes
and wastewater to produce biogas
[56]. The rate of energy production
from biogas and biosolids may meet
energy demands of an entire plant.
For example, the WWTPs in San
Diego and Carson in California

are energy self-sufficient utilities
occasionally produce even more
power than their demand [38].
Energy production from biosolids
generated in WWTPs has the
potential to save 600 million to 5,000

million kWh per year in the U.S.
[206].

10.8. Energy Sector’s Water
Policy Options

As policy makers confront the
growing water demands of the energy
sector, the challenge is which policy
levers to use. While water decisions
of the energy sector in the U.S. are
mostly made by private entities, states
and federal entities set the regulatory
framework for these decisions. The
public sector may indirectly influence
private water decisions through
routes such as tax incentives, loan
guarantees, permits, regulations,
planning, and education [34]. In a
report prepared by the Congressional
Research Service for members and
committees of congress in 2013,

a range of policy options were
presented to minimize water use,

Table 6. Policy options for water demands of the energy sector in the U.S. [34]

Water Demand

Water Supply Management

Options for Knowledge

Management Options

Minimize Energy Sector’s
Growth in Water Use

Options
Improve Energy Sector’s
Access to Water

Development and Use

Support Informed
Decision-Making

Promote water-efficient
energy sources through
standards, regulations, or
incentives (e.g., rebates,
water pricing)

Allocate sustainably
available water, not
otherwise allocated

Data and assessments;
information sharing
(e.g., data and research
warehousing)

Promote water
conservation and
efficiency in the energy
sector through standards,
incentives, regulations, or
pricing

Facilitate transfer of water
from nonenergy sectors
(e.g., purchase of water
from municipalities,

or land owners; water
markets)

Education, training,
and dissemination of
knowledge and information

Promote energy
conservation and efficiency
to reduce demand for
energy and the embedded

water

Integrated energy-water
planning; coordination of
research, decisions, and
investments

Support research,
development, scaling up, or
adoption of technologies to
reduce energy sector water
use (e.g., public-private
research collaborations)

Decision-support research
and technical assistance;
development of standard
protocols and codes
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facilitate access to water, or improve
decisions and data (Table 6).

10.9. Public Awareness and
Education

The media can play a major role

in the public perception of water
conservation. For example, in the
states with the highest water reuse
rates, survey results show that
two-thirds of people knew what
recycled water is [40]. Ambiguity
about the potential harms and
consequences of using recycle water
could restrain public acceptance,
and the more familiar a community
is with a water reuse project, the
more favorable attitude it may have
[38]. Media’s education and public
awareness programs made it possible
to implement water reuse projects.

Other important fields that need
intensive public awareness are the
concepts of virtual water, virtual
energy, as well as water and energy
footprints. To conserve water and
energy, people usually think it is
adequate to fix a leaking faucet or
use energy efficient appliances.
While these are effective practices,
thousands of gallons of water per
family and a considerable amount
of energy can annually be saved

by reducing waste. U.S. citizens on
average waste 40% of their food,
which means more than 30% of the
total water consumption in the U.S.
goes to trash [7]. Besides increasing
postharvest crop protection and
infrastructure, reducing food waste
and supporting sustainable farms
can substantially reduce water
consumption. It is also important
to educate people that they can save
energy by saving water, as it results in
less wastewater to be treated. Other
ways to promote energy saving is

to encourage people to use water
filters instead of bottled water as the
production of water bottles is an
energy intensive process accounting
for the equivalent of more than 17
million barrels of oil in the U.S. in
2006 [7].

156

10.10. Public Health

In December 2009, the Johnson
Foundation convened a group

of scientists, policy makers, and
practitioners of diverse perspectives
at a Freshwater Forum Working
Session to discuss about “Examining
U.S. Freshwater Systems and Services:
Public Health Threats and Solutions”
The group believed that high-level
opportunities or strategies to address
freshwater and public health issues
exist in the U.S. These opportunities
include [163]:

o Connect freshwater and public
health issues to other prominent
public policy issues (such as
health care, economy, etc.) to
obtain public and decision-
maker attention

o Take advantage of social
networking technology to
educate public and build
political will

 Increase public awareness and
build political will through
highlighting examples of real
human health impacts of
freshwater problems

 Raise public knowledge about
new approaches and technolo-
gies by establishing demonstra-
tion projects

o Tie wellness to public health and
relate them to freshwater

o Encourage public dialogue about
the actual value of water

o Develop ways to separate
contents of wastewater from
sewer system (such as nutrients)
for beneficial uses (e.g., local
agriculture)

o Enhance monitoring tech-
nologies and extend monitoring
network

o Practice water re-use and
recycling

In addition, water conservation and
use efficiency should be promoted

to mitigate the social health impacts
of water scarcity. Researchers should
seek models to set new research
paradigms, which assess public health,
as well as environmental and social
justice impacts of new technologies.
For this purpose, an example model

is environmental impact statement
studies. Incentives should be provided
to support implementation of
technologies proven to be effective

in terms of cost, water savings and
public health outcomes. Equitable
access to water for low-income or
remote communities should become
a priority in all parts of the nation.
Utilities should investigate models to
find innovative structure rates that
allow vulnerable individuals and
low-income communities to afford a
sufficient water supply. An example of
these models can be the Low Income
Home Energy Assistance Program
(LIHEAP) [163].

10.11. Water Banking

Water banking has been used as

a valuable tool to enhance water
supply reliability in the western U.S..
It can be defined as “an institutional
mechanism designed to facilitate
transfers of water on a temporary,
intermittent, or permanent basis
through voluntary exchange”

[207]. Long-term strategic policy
and established standards for

daily operations, which reflect the
underlying goals and vision, are
required for water banks [208]. A
mechanism of conflict resolution
should also be developed to quickly,
equitably, and efficiently deal with
potential disputes and minimize the
potential associated costs. Water
banks typically seek one or more of
the following objectives [209]:

a) A more reliable water supply
during dry years

b) Assured water supply for various
water demands in the future
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¢) Promote water conservation

d) Facilitate and promote water
market activities

e) Reduce conflicts between
groundwater and surface-water
users

f) Facilitate compliance with
intrastate agreements regarding
instream flows and with
interstate compacts

Water banks are generally operated
through four key ways [207]: surface
storage in a reservoir, underground
storage in an aquifer, facilitating
transactions among entitlement
holders, and institutional banking
(i.e., water trusts). Surface storage
banking has great level of security,
but it may require high capital
investments and is associated with
losses of the bank water. As a method
of surface storage banking, top

water banking is practiced where an
annual allocation of surface water

is not diverted but left in reservoir
storage for future use. Groundwater
banking can be done through either
in-lieu (or indirect) recharge or direct
recharge. In-lieu recharge allows
groundwater to stay in the aquifer and
surface water might be substituted for
groundwater that would otherwise
have been pumped. This method

may considerably decrease energy

demand for pumping. One issue with
groundwater banking is associated
with the lack of sufficient legislative
or judicial intervention and well-
defined groundwater rights [210],
which may result in unexpected use
of the banked water by other users.
Facilitating arrangements may involve
water transaction or brokerage
activities that secure water for future
use. In this method, buyers and
sellers, as well as lessors and lessees,
might be brought together by a bank
to facilitate trades. Institutional
banking usually aims to augment
instream flow and is designated as
the transfer of legal documents that
delineate access to a specific water
quantity during a specific time period
[209]. Examples of existing water
banks in the U.S. include:

o Arizona Water Bank
« California’s Drought Water Bank

o Californias Dry-Year Purchasing
Program

o Colorado’s Arkansas River Basin
Bank

o Colorado West Slope Bank

o Truckee Meadows Groundwater
Bank

o New Mexico’s Pecos River Basin
Water Bank

o  Waterbank.com and other
private sector banks

o Pecos River Acquisition Program

o Oregon-California Klamath
River Basin Pilot Water Bank

o Oregon’s Deschutes River
Conservancy

o Idaho Rental Pools Water
Bank(s)

o Texas Water Bank

10.12. Agricultural Water
Conservation, Challenges and
Opportunities

Through the Agricultural Water
Enhancement Program (AWEP),
USDA has established federal, State,
and local partnership agreements

to participate in watershed-scale
agricultural water conservation and
water-management activities. This
program provides financial and
technical assistance to agricultural
producers to implement agricultural
water enhancement activities in order
to conserve surface and groundwater
and enhance water quality. Food,
Conservation, and Energy Act’s
establishment of AWEP in 2008
expanded USDA’s water conservation
program to include on-farm as well
as watershed/ regional/institutional
conservation. Therefore, AWEP can
improve water conservation objectives

Table 7. Challenges and opportunities for freshwater use and management in the U.S. agricultural sector

[109]

CHALLENGE OPPORTUNITY

on outdated supply scenarios.

Current water allocations (and over-allocations) are based

Establish more rational allocations based on updated water
availability scenarios that reflect current conditions.

and return flows is needed

Better decision-making about and management of instream

Involve stakeholders and/or independent peer review
processes as part of planning to enhance ecosystem services

include nonhuman uses.

Broaden the definition of “beneficial use” in water law to

Create flexibility to adapt water use to emerging needs such
as ecosystem services and recreation.

Major gaps exist in data on water use (on farm practices,
groundwater withdrawal rates, usage for different crops),
and water availability (groundwater levels and recharge
rates, snowpack levels, snowmelt rates), while the best
monitoring technology is not being used widely.

Maintain and/or increase funding for monitoring
programs, and build public private partnerships to support
expanded and improved monitoring and data collection.

WATER
ooo | NEXUS
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CHALLENGE OPPORTUNITY

Selection of appropriate water efficiency, conservation or
supply enhancement strategies depends on good data.

Data-driven selection of efficiency and conservation
measures from a suite of available strategies to optimize
impact (desalination, water re-use, groundwater banking,
rainwater capture, flood water capture).

Aging irrigation supply and distribution infrastructure
hinders understanding of water availability for agriculture.

Assess and upgrade infrastructure and update availability
assumptions in the process; where possible, link upgrades
to environmental benefits to create access to more funds.

There is a lack of political will to generate better data.

Build coalitions and partnerships to encourage and support
collection and sharing of better data, especially site/basin-
specific on-farm data.

Cost of investment in efficient irrigation technologies is
prohibitive for many farmers.

Ramp up financial and technical assistance for
implementation of water efficiency technologies to enhance
on-farm conservation efforts and increase overall water

supply.

The public has a negative perception of water re-use.

Better educate the public about the process and benefits of
water re-use.

Link water supply management with urban growth
management.

Create mechanisms for integrated planning to balance and
meet urban and agricultural water supply needs, while
protecting and enhancing existing rural economic and
environmental values.

Recognize and account for links between water quantity
and water quality challenges.

Anticipate and avoid unintended impacts of management
decisions.

Need to manage and/or capture surplus flood waters in
certain regions such as the Midwest.

Develop innovative management plans to balance storage
and drainage needs (Iowa plan).

Though pesticides are regulated under the Federal
Insecticide, Fungicide and Rodenticide Act (FIFRA),
many agricultural activities are exempt from Clean Water
Act regulations. Meanwhile implementation of existing
Federal regulations by states has been ineffective and has
not significantly reduced a wide array of non-point source
pollutants and associated impacts (nutrients, sediment,
pathogens, antibiotics and hormones, temperature,
salinity).

Soften the point source and nonpoint source dichotomy,
recognize legitimate agricultural point sources (confined
animal feeding operations), and streamline and improve
enforcement of existing Federal water quality regulations
(nutrient management plans and numeric nutrient
standards), while emphasizing those incentives as a
means of meeting regulations. Explore innovative tools
for achieving water quality goals including watershed
permitting and water quality trading.

Cost of investment in new monitoring technologies and
other on-farm technologies is hindering collection of
adequate water quality data on point source and non-point
source pollution in both surface waters and groundwater.

Ramp up financial and technical assistance for farmers to
obtain new mitigation and monitoring technology and help
collect baseline water quality data.

USDA conservation programs (e.g. EQIP) have not
achieved widespread improvements in water quality
because they are not adequately funded and funds are not
targeted at the highest priority problem areas.

Adequately fund USDA programs (Farm Bill) and base
award of conservation funds on potential environmental
improvements and/or maximal number of agricultural
participants in target watersheds with acute water quality
problems rather than politics, and hold the agency
accountable for environmental outcomes.

Approximately 50% of agricultural land in the U.S. is leased,
making responsibility for environmental conservation
unclear in many cases, which reduces the incentive for
farmers to enact conservation measures and/or apply for
conservation funds from USDA and other programs.

Landlords establish agreements with tenants regarding
responsibility and permissions for environmental and water
conservation measures.
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CHALLENGE

OPPORTUNITY

There is a disconnect between the large number of actors
involved in agricultural activities on individual plots of
land and the downstream impacts they cause (ex. Gulf of

Mexico dead zone).

Create incentives for farmers to coordinate on water quality
management at the watershed scale by incorporating
criteria into conservation programs (Federal and

otherwise) that reward collaborative planning efforts.

at a landscape scale, while gaining
financial support from other Federal,
State, and local organizations. Some
examples of policy approaches being
used to promote agricultural water
conservation include [32]:

o Environmental Quality Incentive
Program (EQIP) financial
assistance provisions

« Groundwater management
» Environmental flow regulations

« Incentive pricing for surface
water

o Water markets

o« USDA’s Conservation Reserve
Enhancement Program (CREP)
land retirement

The opportunities that exist to
address concerns associated with
challenges for freshwater use and
management in the U.S. agricultural
sector were summarized by a group
of scientists, policy makers, and
practitioners of diverse perspectives
at an Environmental Forum
Working Session on “Examining U.S.
Freshwater Systems and Services —
Agriculture and Food Production.”
These challenges and opportunities
are listed in Table 7.

10.13. Federal Government and
Water-Energy Nexus

Subsidies and appropriations that
have been set in federal energy and
water policies, such as Federal Power
Act and Farm Bill, respectively,
should be revised to incentivize
water and energy conservation

as well as application of new
technologies that increase efficiency
[177]. Water efficiency standards,
such as the Energy Star program,
can be established by the federal

WAT
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government to promote efficiency
and conservation to the public. An
existing example is WaterSense,

an EPA sponsored partnership
program, which convenes local water
utilities and governments, product
manufacturers, retailers, consumers,
and other stakeholders to develop
water efficiency performance criteria
and help consumers recognize water-
efficient products and programs [177].
It can be used as a model to develop
national standards. Federal Housing
Administration loan conditions can
also be established to require certain
water and energy retrofits for home
resale. The federal government should
also promote the use of low-carbon
energy sources, and the forthcoming
carbon management regulations that
Congress passes should incorporate
water considerations. An example
that can be used as a model for these
regulations is California Assembly
Bill 32 [177]. In integrating federal
water and energy policy, the following
should highly be considered [177]:

o Low carbon energy choices with
severe water impacts should be
avoided;

« Water choices with severe energy
or GHG impacts should be
avoided;

o The knowledge of water-energy
tradeofls should be enhanced;

o Public should participate in
problem definition and decision-
making; and

« Sustainability measures that
assess water and energy
efficiency should be developed
and employed.

The interdependence of the energy
and water industries prompted

introduction of the Nexus of Energy
and Water for Sustainability Act
2014 (The NEWA Act) by Sen. Lisa
Murkowski (R-Alaska) and Sen. Ron
Wyden (D-Ore.) in January 2014.
The bill promotes the establishment
of interagency coordination between
the Department of Energy, the
Department of the Interior, and
other federal agencies to ensure
sustainability of water and energy
resources [196]. “Tt features a set

of policy improvements. It directs
the office of science and technology
policy to establish a committee or
subcommittee under the national
science and technology council to
coordinate and to streamline the
Water and Energy Nexus activities
of all federal departments and
agencies. This new panel, which will
be co-chaired by the Secretary of
Energy and Secretary of Interior and
populated by the secretaries of other
federal agencies will identify all the
Water and Energy Nexus activities
across the federal government,

they will work to enhance the
coordination of effective research and
development activities, they work
together and disseminate data to
enable better practices and explore
relevant public-private collaboration,”
Murkowski said at the Webcast: The
Nexus of Energy and Water for U.S.
Sustainability and National Security at
the Atlantic Council [211].

11. U.S. International
Programs and Commitments

International policies and programs
are focused on three key mechanisms
to address and support goals in
water, food, and energy security in
developing counties: Investment,
South-South partnerships, and
improving policy environments for
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enabling investment. In addition to
providing financial mechanisms for
infrastructure investment, the U.S.
largely seeks to build public-private
partnerships and attract the private
sector to bring their technical skills
and capital to bear in addressing

the challenges. As a means of
developing and sharing technological
achievements, South-South
collaboration is promoted. Legal,
regulatory, and political mechanisms
as well as physical infrastructure

that might attract investors need to
be improved to encourage private-
sector investment as a key strategy.
While water is a cross-cutting theme
between the sectors, initiatives largely
address each sector individually, and
there is no program that addresses all
three sectors together. They usually
focus on water and food security,
energy and food security, or water-
energy nexus.

11.1. Commitments

The U.S. has made water a foreign
policy priority, and the government
is building capacity for international
water projects at the local, national,
and regional levels to mobilize
resources inside developing countries
[212]. In 2001, more than 20 U.S.
government agencies joined together
and created the Inter-Agency Water
Working Group (IWWG), led by
U.S. Department of State (DOS), to
share their knowledge and expertise
in addressing international water
challenges [213]. On behalf of 17

agencies, in March 2011, the Secretary

of State signed a Memorandum of
Understanding (MOU) on water
cooperation with the World Bank. The
main goal of this memorandum is to
expand joint efforts to create a more
water-secure future for the world
[213]. Potential activities include:
promotion of new technologies to
advance access to safe drinking water
and sanitation, rehabilitation of
watersheds and wetlands, promoting
water efficiency through improved
irrigation practices, using remote
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sensing data to improve water
resources management, mobilizing
public-private partnerships and
private capital to support water
infrastructure and development
projects, identifying areas for
potential regional cooperation, and
knowledge sharing [214].

The U.S. also provides financing
support for investors and exporters.
These are in the forms of project
financing through direct loans and
loan guarantees as well as political
risk insurance for investors, and
working capital loan guarantees, other
export loan guarantees, project and
structured finance direct loan, and
export credit insurance for exporters
[212].

In FY 2009, the U.S. invested about
$774 million for water and sanitation
related activities in developing
countries. This budget was increased
to more than $953 million in FY
2010 [213]. With an increase of
$109.1 million from FY 2008,

the U.S. Agency for International
Development (USAID) committed
$598.7 million for water and
sanitation-related activities in more
than 62 countries in FY 2009. As

a result, approximately 5.8 million
people received improved access to
safe drinking water, and over 1.33
million received improved access

to sanitation in at least 57 countries
[215]. In addition, the Millennium
Challenge Corporation (MCC)
invested $121.3 million for these
types of activities while the U.S.
Army Corps of Engineers committed
approximately $54 million for water
and sanitation projects in Iraq [215].

The U.S. DOS has also specified
Principles for Advancing Food
Security [216] to comprehensively
address the underlying causes of
hunger and under-nutrition, invest
in country-led plans, strengthen
strategic coordination, and
leverage the benefits of multilateral
institutions. Through the DOS,

the U.S. is also the largest bilateral
country donor to international
humanitarian organizations,
contributing more than $1.74

billion in FY 2009 for protection

and assistance, including water,
sanitation, and hygiene-related
services. In addition, U.S. is one

of the largest donors to several
multilateral development banks
(such as the World Bank, the
African Development Bank, and the
Inter-American Development Bank),
contributing about $9.22 billion in
water sector and sanitation-related
financing in FY 2009, which was over
twice as much as in FY 2008 [215].

11.2. Programs and Partnerships

In order to achieve a water-secure
world, the U.S. DOS works through
partnerships to build political will
and support national-level planning
processes; leverage expertise,
knowledge technology and resources;
and promote water security [217]. The
U.S. DOS programs and partnerships
for water security include: National
Planning for Results Initiative

[218], African Minister’s Council on
Water [219], U.S. Water Partnership
[220], Shared Waters Partnership
[221], UN-Water Country Briefs
Project [222], Agricultural Water
Management Partnership for Africa
(AgWA) [223], Ambassador’s Water,
Sanitation, and Hygiene in Schools
Initiative (a-wash) [www.a-wash.
org], Middle East Network of Water
Centers, and Nexus Dialogue on
Water Infrastructure.

In addition to the U.S. DOS, USAID
is also actively involved in water
resources management efforts that
focus on sustaining watersheds and
aquatic ecosystem services. It uses
science to inform decision-makers
and helps strengthen governance
frameworks [224]. The Water

and Development Strategy steers
programs toward themes consistent
with water for health and water

for food programs. Integrating the
focus on water across agriculture,
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health, and climate, are under the
USAID’s Water and Development
Strategy [224]. USAID develops and
implements energy-related programs
to support the construction and
rehabilitation of infrastructure to
improve enabling environments,
including policy legal, regulatory, and
increase private sector participation
and investment [224]. They provide
an Energy Toolkit [225] as a
diagnostic framework to identify

a country’s potential energy sector
challenges, which illuminates the
linkages between challenges and
potential interventions that should be
considered.

Feed the Future Initiative [226]

is another U.S. government
commitment to achieving food
security. This initiative seeks to
increase agricultural production and
incomes in rural areas. Through this

initiative, the U.S. is partnering with
developing countries, such as Brazil,
India, and South Africa to leverage
their expertise, resources, and
leadership. Feed the Future Initiative
also invests in “creating enabling
policy environments and physical
infrastructure that facilitate private
sector investment by individual
agricultural producers, small and
medium enterprises, and larger
businesses.”

161



Background Paper References

1.  Roy, S.B, Chen, L., Girvetz, E., Maurer, E.P, Mills, W.B., Grieb, T.M., Evaluating Sustainability of Projected Water
Demands Under Future Climate Change Scenarios. 2010, Tetra Tech Inc.: Prepared for Natural Resources Defense
Council

2. United Nations Development Programme. The Millennium Development Goals Eight Goals for 2015. 2000
3/1/2014]; Available from: http://www.undp.org/content/undp/en/home/mdgoverview.html.

3. IUCN and IWA, Nexus Dialogue on Water Infrastructure Solutions, Africa Nexus Dialogue Workshop 2013:
Nairobi, Kenya, 28-29 May 2013.

4, UNC, Nexus Declaration, Working Document for Nexus Conference, in Nexus 2014: Water, Food, Climate and
Energy Conference. 2014: University of North Carolina, Chapel Hill.

5. Hoff, H., Understanding the Nexus. Background Paper for the Bonn2011 Conference: The Water, Energy and Food
Security Nexus. 2011, Stockholm Environment Institute: Stockholm.

6.  WWF and SABMiller, The water-food-energy nexus: Insights into resilient development. 2014.
7. GRACE Communications Foundation, Meet the Nexus: How Food, Water, and Energy are Connected. 2014.

8.  Global Water Partnership. What is IWRM? 2010 5/28/2014]; Available from: http://www.gwp.org/The-Challenge/
What-is-IWRM/.

9.  The Water, E.ES.N. The Nexus Approach vs IWRM - Gaining Conceptual Clarity. 2014 5/28/2014]; Available from:
http://www.water-energy-food.org/en/news/view__1612/the-nexus-approach-vs-iwrm-gaining-conceptual-clarity.
html#footnote_1.

10.  Dupar, M. Getting to grips with the water-energy-food ‘nexus’ 2012 5/28/2014]; Available from: http://cdkn.
org/2012/04/getting-to-grips-with-the-water-energy-food-nexus/.

11. Kenny, J.E, N.L. Barber, S.S. Hutson, K.S. Linsey, ].K. Lovelace, and M.A. Maupin, Estimated use of water in the U.S.
in 2005. 2009, U.S. Geological Survey Report, Circular 1344: Available at: http://water.usgs.gov/watuse/.

12.  Smith, C., A.J. Simon, R. Belles, Estimated Water Flows in 2005: U.S.. 2011: Lawrence Livermore National
Laboratory.

13. IEA, World Energy Outlook 2009. 2009, International Energy Agency.
14.  Danish Hydraulic Institute, A Water for Energy Crisis? 2007.
15.  'WWE Living Forest Report, in Forests for a living planet. 2011: Gland, Switzerland.

16. Edenhofer O, P.-M.R,, Sokona Y, Seyboth K, Arvizu D, Bruckner T, Christensen J, Devernay J-M, Faaij A, Fischedick
M, Goldstein B, Hansen G, Huckerby J, Jager-Waldau A, Kadner S, Kammen D, Krey V, Kumar A, Lewis A, Lucon
O, Matschoss P, Maurice L, Mitchell C, Moomaw W, Moreira J, Nadai A, Nilsson L], Nyboer ], Rahman A, Sathaye
J, Sawin ], Schaeffer R, Schei T, Schlémer S, Sims R, Verbruggen A, von Stechow C, Urama K, Wiser R, Yamba F,
Zwickel T, IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation. 2011, Cambridge
University Press: Cambridge, United Kingdom and New York, NY, USA.

17.  Shell, Shell Energy Scenarios to 2050, An era of volatile transition, in Signals and Signposts. 2011: The Hague,
Netherlands.

18.  MSU. Bioenergy: Trends/Statistics. 2013 3/9/2014]; Available from: http://bioenergy.msu.edu/other/trends_statistics.

19.  US. Energy Information Administration. Annual Energy Outlook 2010: WIth Projections to 2035. 2010 3/9/2014];
Available from: http://www.eia.gov/oiaf/aeo/pdf/notes&sources.pdf.

20. Rocky Mountain Institute. Historic and projected U.S. electricity demand, 1950-2050. 2011 3/9/2014]; Available
from: http://www.rmi.org/RFGraph-US_electricity_demand.

21.  US Energy Information Administration, Monthly Energy Review, March 2012. 2012, U.S. Department of Energy:
Energy Information Administration: Washington D.C.

162 U.S. Perspective on the Water-Energy-Food Nexus



22.

23.

24,
25.
26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.
39.

40.

41.

42.

43.

US Energy Information Administration, Monthly Energy Review: February 2014. 2014, U.S. Department of Energy:
Energy Information Administration: Washington D.C.

BP. Statistical Review of World Energy 2013. 2013 3/9/2014]; Available from: http://www.bp.com/en/global/
corporate/about-bp/energy-economics/statistical-review-of-world-energy-2013.html.

Sachs, J., et al., Monitoring the world’s agriculture. Nature, 2010. 466(7306): p. 558-560.
Foley, J.A., et al., Solutions for a cultivated planet. Nature, 2011. 478(7369): p. 337-342.

Nickerson, C., Ebel, R., Borchers, A., Carriazo, F. Major Uses of Land in the U.S., 2007. 2011; Available from: http://
www.ers.usda.gov/amber-waves/2012-march/data-feature-how-is-land-used.aspx#.Ux00aD9dWSp.

USDA. 2007 Census Ag Atlas Maps - Farms. 2012 3/6/2014]; Available from: http://www.agcensus.usda.gov/
Publications/2007/Online_Highlights/Ag_Atlas_Maps/Farms/Land_in_Farms_and_Land_Use/07-M082.php.

Intergovernmental Panel on Climate Change (IPCC Report), Climate Change 2007: Impacts, Adaptation and
Vulnerability, in Fourth Assessment Report of the Intergovernmental Panel on Climate Change, O.E.C. M.L. Parry,
J.P. Palutikof, J.P. van der Linden, and C.E. Hanson, Editor. 2007, Cambridge University Press: Cambridge, UK. p.
976.

Knowles, N., M.D. Dettinger, and D.R. Cayan, Trends in snowfall versus rainfall in the Western U.S.. Journal of
Climate, 2006. 19(18): p. 4545-4559.

Dettinger, M., Earman, S., Western Groundwater and Climate Change—Pivotal to Supply Sustainability or
Vulnerability in its Own Right? Ground Water: News and Views, 2007. 4(1): p. 4-5.

Hall, N.D,, Stuntz, B.B. and Abrams, R.H., Climate Change and Freshwater Resources. Natural Resources&
Environment, 2008. 22(3): p. 30-35.

Schaible, G.D.a.A., M.P,, Water Conservation in Irrigated Agriculture: Trends and Challenges in the Face of
Emerging Demands. 2012, U.S. Department of Agriculture, Economic Research Service.

The Johnson Foundation, The Johnson Foundation Environmental Forum Working Session #1: Impact of Climate
Change on Freshwater Resources and Services in the US. 2009: Wingspread Conference Center, Racine WL

Carter, N.T., Energy-Water Nexus: The Energy Sector’s Water Use. 2013, Congressional Research Service, R43199.

Cooley H., S.J.C., Gleick P.H.,, More with less: Agricultural water conservation and efficiency in California, A Special
Focus on the Delta. 2008, Pacific Institute.

Pimentel D., PT.W,, Ethanol Production Using Corn, Switchgrass, and Wood; Biodiesel Production Using Soybean
and Sunflower. Natural Resources Research, 2005. 14(1): p. 65-75.

Shapouri H., PW.G., W. Nefstead, R. Schwartz, S. Noe, R. Conway, Energy balance for the corn-ethanol industry, in
Agricultural Economic Report No 846. 2010: USDA.

Water in the West, Water and Energy Nexus: A Literature Review. 2013, Stanford University: Palo Alto, CA.

Bennett, B., L. Park and R. Wilkinson,, Embedded Energy in Water Studies: Water Agency and Function Component
Study and Embedded Energy — Water Load Profiles. 2010: California Public Utilities Commission.

U.S. Environmental Protection Agency. Public Drinking Water Systems Programs. 2012 3/22/2014]; Available from:
http://water.epa.gov/infrastructure/drinkingwater/pws/.

U.S. GAO, ENERGY-WATER NEXUS: Amount of Energy Needed to Supply, Use, and Treat Water Is Location-
Specific and Can Be Reduced by Certain Technologies and Approaches. 2011, U.S. Government Accountability
Office.

Burton, EL., Water and Wastewater Industries: Characteristics and Energy Management Opportunities. 1996,
Electric Power Research Institute: Los Altos, CA.

Gleick, P.H., Water and Energy. Annual Review of Energy and the Environment, 1994. 19: p. 267-299.

“oor | NEXUS 163



44,

45.

46.
47.

48.
49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

164

Zhu, T., Ringler, C., Cai, X. Energy Price and Groundwater Extraction for Agriculture: Exploring the Energy Water
Food Nexus at the Global and Basin Levels. in International Conference of Linkages between Energy and Water
Management for Agriculture in Developing Countries. 2007. Hyderabad, India.

Bennett, B, L. Park and R. Wilkinson,, Embedded Energy in Water Studies: Statewide and Regional Water-Energy
Relationship. 2010, California Public Utilities Commission.

Carter, N., Desalination: Technologies, Use and Congressional Issues. 2011: Congressional Research Service.

Charcosset, C., A review of membrane processes and renewable energies for desalination. Desalination, 2009.
245(1-3): p. 214-231.

Council, N.R,, Desalination: A National Perspective. 2008, The National Academies Press.

Stokes, J.R. and A. Horvath, Energy and Air Emission Effects of Water Supply. Environmental Science & Technology,
2009. 43(8): p. 2680-2687.

Gleick, P.H., Water and Energy (and Climate) Critical Links. 2008, Pacific Institute: Oakland, CA.

Sanders, K.T. and M.E. Webber, Evaluating the energy consumed for water use in the U.S.. Environmental Research
Letters, 2012. 7(3).

Wolff, G., R. Cohen, E. Cousins and B. Greenfield,, Energy Down the Drain: The Hidden Costs of California’s Water
Supply. 2004, Natural Resources Defense Council.

WWAP (United Nations World Water Assessment Programme), The United Nations World Water Development
Report 2014: Water and Energy. 2014, United Nations Educational, Scientific and Cultural Organization: Paris,
France.

Novotny, V., Water and energy link in the cities of the future: Achieving net zero carbon and pollution emissions
footprint, in Water-Energy Interactions in Water Reuse, K.H.C. V. Lazarova, P. Corne, Editor. 2012, IWA Publishing:
London.

Shrestha, E., Evaluating the Energy and Carbon Footprint of Water Conveyance System and Future Water Supply
Options for Las Vegas, Nevada, in Civil and Environmental Engineering. 2010, University of Nevada Las Vegas. p.
133.

Klein, G., M. Krebs, V. Hall, T. O’Brien, B. Blevins, California’s Water-Energy Relationship. 2005, California Energy
Commission.

EPRI, Water & Sustainability (Volume 4): U.S. Electricity Consumption for Water Supply & Treatment - The Next
Half Century. 2002, Electric Power Research Institute, Inc. : Palo Alto, CA.

Goldstein, R., and W. Smith,, Water and Sustainability: U.S. Electricity Consumption for Water Supply and
Treatment. 2002, Electric Power Research Institute.

ICF International, Water and Energy: Leveraging Voluntary Programs to Save Both Water and Energy. 2008,
Climate Protection Partnerships Division and Municipal Support Division U.S. Environmental Protection Agency
Washington, DC.

U.S. Environmental Protection Agency, Clean Watersheds Needs Survey 2008, Report to Congress. 2008, US
Environmental Protection Agency, EPA-832-R-10-002.

U.S. Environmental Protection Agency. Public Drinking Water Systems Programs. 2012.

BP. Statistical Review of World Energy 2011. 2011; Available from: http://www.bp.com/assets/bp_internet/globalbp/
globalbp_uk_english/reports_and_publications/statistical_energy_review_2011/STAGING/local_assets/pdf/
statistical_review_of_world_energy_full_report_2011.pdf.

US Energy Information Administration, Annual Energy Outlook 2012 with Projections to 2035. 2012, U.S.
Department of Energy: Energy Information Administration: Washington DC.

US Energy Information Administration, Annual Energy Outlook 2005 with Projections to 2025. 2005, U.S.
Department of Energy: Energy Information Administration: Washington DC.

U.S. Perspective on the Water-Energy-Food Nexus



65.

66.

67.

68.

69.
70.
71.

72.

73.

74.

75.

76.

77.

78.
79.
80.

81.

82.

83.

84.

85.

86.
87.

US Energy Information Administration, 2011 Domestic Uranium Production Report. 2012, U.S. Department of
Energy: Energy Information Administration: Washington DC.

US DOE, Energy Demand on Water Resources — Report to Congress on the Interdependency of Energy and Water.
2006, U.S. DEPARTMENT OF ENERGY.

Wolkersdorfer, C., Water Management at Abandoned Flooded Underground Mines. 2008: Springer Berlin
Heidelberg.

Chan, M., ]. Duda, S. Forbes, T. Rodosta, R. Vagnetti and H. Mcllvried,, Emerging Issues for Fossil Energy and Water.
2006, National Energy Technology Laboratory Report, No. DOE/NETL- 2006/1233.

Epstein, P.R., et al., Full cost accounting for the life cycle of coal. Ecological Economics Reviews, 2011. 1219: p. 73-98.
World Energy Council, 2010 Survey of Energy Resources. 2010, World Energy Council: London, UK.

Mudd, G.M. and M. Diesendorf, Sustainability of uranium mining and milling: Toward quantifying resources and
eco-efficiency. Environmental Science & Technology, 2008. 42(7): p. 2624-2630.

USGS. Hydroelectric power water use. 2014; Available from: http://water.usgs.gov/edu/wuhy.html.

Harto, C.B., Yan, Y.E., Analysis of Drought Impacts on Electricity Production in the Western and Texas
Interconnections of the United State. 2011, Agronne National Lab: U.S. Department of Energy, Office of Scientific
and Technical Information, Oak Ridge, TN.

Harris, M. Senate committee approves hydroelectric power tax credit extension. 2014 4/7/2014]; Available from:
http://www.hydroworld.com/articles/2014/04/senate-committee-approves-hydroelectric-power-tax-credit-extension.
html.

EPRI, Program on Technology Innovation: Power Generation and Water Sustainability. 2007, Electric Power
Research Institute: Palo Alto, CA.

U.S. Environmental Protection Agency. Methyl Tertiary Butyl Ether (MTBE). 2012 3/27/2014]; Available from:
http://www.epa.gov/mtbe/.

Shapouri, H., P. Gallagher, W. Nefstead, R. Schwartz, S. Noe and R. Conway,, 2008 Energy Balance for the Corn-
Ethanol Industry Abstrac. 2010, U.S. Department of Agriculture, Agricultural Economic Report Number 846.

Renewable Fuel Association, Ethanol and the U.S. Corn Crop. 2010: Washington, DC.
Schnepf, R., Agriculture-Based Biofuels: Overview and Emerging Issues. 2011, Congressional Research Service.

Chiu, YW, et al., Measuring ecological impact of water consumption by bioethanol using life cycle impact
assessment. International Journal of Life Cycle Assessment, 2012. 17(1): p. 16-24.

Fingerman, K.R., et al., Accounting for the water impacts of ethanol production. Environmental Research Letters,
2010. 5(1).

Wu, M, et al., Water Consumption in the Production of Ethanol and Petroleum Gasoline. Environmental
Management, 2009. 44(5): p. 981-997.

US Energy Information Administration, Monthly Biodiesel Production Report. 2013, U.S. Department of Energy:
Energy Information Administration.

Keys, P, Barron, J., and Lannerstad, M., Releasing the Pressure: Water Resource Efficiencies and Gains for Ecosystem
Services. 2012, Nairobi: United Nations Environment Programme; Stockholm: Stockholm Environment Institute:
UNEP Source Book.

Ellis, E.C., Anthropogenic transformation of the terrestrial biosphere. Philosophical Transactions of the Royal
Society a-Mathematical Physical and Engineering Sciences, 2011. 369(1938): p. 1010-1035.

Bruinsma, J., The resource outlook to 2050. 2009: Expert meeting on “How to feed the world in 2050.

U.S. Department of Agriculture, inal Benefi t-Cost Analysis for the Environmental Quality Incentives Program
(EQIP). 2010, U.S. Department of Agriculture, Natural Resources Conservation Service.

“oor | NEXUS 165



88.

89.

90.

91.

92.

93.

94.

95.
96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.
108.

166

Irrigation, M. Midwest States Increase Irrigation. 2010; Available from: http://netirrigate.wordpress.com/tag/
midwest-irrigation/.

Vories, E.D., and Steven R. Evett. Irrigation Research Needs in the USA Mid-South and Southeast, Humid and
Subhumid Regions. in The 5th National Decennial Irrigation Conference. 2010. Phoenix, AZ: American Society of
Agricultural and Biological Engineers.

Evett, S., Dennis Carman, and Dale Bucks. Expansion of Irrigation in the Mid South U.S.: Water Allocation and
Research Issues. in 2nd International Conference on Irrigation and Drainage, Water for a Sustainable World-Limited
Supplies and Expanding Demand. 2003. Phoenix, AZ: U.S. Committee on Irrigation and Drainage.

Services, EE Reasons to Invest in Mississippi Farmland. 2011; Available from: http://www.fischerfarmservices.com/
reasons_farm.html.

World Economic Forum, Water Security: The Water-Food-Energy-Climate Nexus, ed. D. Waughray. 2011,
Washington DC.: Island Press.

Moore, M.R., The Bureau of Reclamation’s New Mandate for Irrigation Water Conservation: Purposes and Policy
Alternatives. Water Resources Research, 1991. 27: p. 145-55.

Gregory, L., Technically Open: The Debate Over Native American Reserved Groundwater Rights. Journal of Land,
Resources, and Environmental Law, 2008. 28(2): p. 361-73.

Council, W.S.W,, Indian Water Rights in the West. 1984, Western Governors Association.

USDA, 2007 Census of Agriculture: U.S. Summary and State Data, in Geographic Area Series, Part 51 (AC-07-A-51).
2009, U.S. Department of Agriculture, National Agricultural Statistics Service, . p. 739.

USDA. onal Agricultural Statistics Service, map # 07-M080. Available from: www.agcensus.usda.gov/
Publications/2007/Online_Highlights/Ag Atlas_Maps/Farms/Land_in_Farms_and_Land_Use/07-M080-RGBDot1-
largetext.pdf.

USDA, Farm and Ranch Irrigation Survey, in Special Studies of the 2007 Census of Agriculture, Part I (AC-07-SS-1).
2008, U.S. Department of Agriculture, National Agricultural Statistics Service.

Evans, R.G. and E.J. Sadler, Methods and technologies to improve efficiency of water use. Water Resources Research,
2008. 44.

Clemmens, A.J., R.G. Allen, and C.M. Burt, Technical concepts related to conservation of irrigation and rainwater in
agricultural systems. Water Resources Research, 2008. 44.

Sadler, E.J., et al., Opportunities for conservation with precision irrigation. Journal of Soil and Water Conservation,
2005. 60(6): p. 371-379.

National Research Council, A New Era for Irrigation. 1996, Water Science and Technology Board, National
Academies Press: Washington, DC.

U.S. Department of Agriculture, Research, Education, and Economics Action Plan. 2012, Office of the Under
Secretary for Research, Education, and Economics. p. 37.

Geerts, S. and D. Raes, Deficit irrigation as an on-farm strategy to maximize crop water productivity in dry areas.
Agricultural Water Management, 2009. 96(9): p. 1275-1284.

Fereres, E. and M.A. Soriano, Deficit irrigation for reducing agricultural water use. Journal of Experimental Botany,
2007. 58(2): p. 147-159.

Center for Irrigation Technology, Agricultural Water Use in California: A 2011 Update. 2011, Staff Report, California
State University. p. 79.

McKinsey & Company, Charting our Water Future. 2009.
Institute, . W.M., Saving Water: From Field to Fork: Curbing Losses and Wastage in the Food Chain. 2008.

U.S. Perspective on the Water-Energy-Food Nexus



109.

110.

111.

112.

113.

114.
115.

116.

117.

118.

119.
120.

121.

122.

123.

124.
125.

126.
127.

128.

129.

130.

The Johnson Foundation, The Johnson Foundation Environmental Forum Working Session #3: Agriculture and
Food Production. 2009: Wingspread Conference Center, Racine W1.

Canning, P, Charles, A., Huang, S., Polenske K.R., Energy Use in the US Food System. 2010: USDA, Economic
Research Service, ERR-94. p. 39.

Foundation, G.C. Energy and Agriculture. 5/6/2014]; Available from: http://www.gracelinks.org/118/
energy-and-agriculture.

U.S. Energy Information Administration. Residential Energy Consumption Survey. 2005; Available from: http://
www.eia.doe.gov/emeu/recs/.

Cutler, D.M., E.L. Glaeser, and ]J.M. Shapiro, Why have Americans become more obese? Journal of Economic
Perspectives, 2003. 17(3): p. 93-118.

U.S. Department of Transportation, Highway Statistics 2006. 2008, Federal Highway Administration.

U.S. Energy Information Administration, Annual Energy Outlook 2009. 2009: Washington, D.C.: U.S. Department of
Energy.

Commerce, U.S.D.o., 2008 National Population Projections. 2008, U.S. Department of Commerce, Census Bureau,
Population Division.

Mekonnen, M.M.a.H., A.Y.,, National water footprint accounts: the green, blue and grey water footprint of
production and consumption, in Value of Water Research Report Series No. 50. 2011, UNESCO-IHE: Delft, the
Netherlands.

Hoekstra, A.Y., Chapagain, A K., Aldaya, M.M. and Mekonnen, M.M.,, The water footprint assessment manual:
Setting the global standard. 2011, Earthscan: London, UK.

Water, V. What is Virtual Water? 2008 4/3/2014]; Available from: http://www.virtual-water.org/.

IUCN and IWA, Nexus Dialogue on Water Infrastructure Solutions, Latin America Nexus Dialogue Workshop 2013:
Bogotd, Columbia on 24-26 September 2013.

The Johnson Foundation, The Johnson Foundation Environmental Forum Working Session #2: Examining U.S.
Freshwater Systems and Services - Infrastructure and the Built Environment. 2009: Wingspread Conference Center,
Racine W1

ASCE. 2013 Report Card for America’s Infrastructure - Dams: Conditions & Capacity. 2014 4/14/2014]; Available
from: http://www.infrastructurereportcard.org/a/#p/dams/conditions-and-capacity.

ASCE. 2013 Report Card for America’s Infrastructure - Dams: Investment & Funding. 2014 4/14/2014]; Available
from: http://www.infrastructurereportcard.org/a/#p/dams/investment-and-funding.

Lane, N., Aging Infrastructure: Dam Safety. 2008, Congressional Research Service.

ASCE. 2013 Report Card for America’s Infrastructure - Dams: Conclusion. 2014 4/14/2014]; Available from: http://
www.infrastructurereportcard.org/a/#p/dams/conclusion.

Agriculture, U.S.D.o., The USDA Agricultural Research Service Capital Investment Strategy. 2012.

Agriculture, U.S.D.o. 21ST CENTURY U.S. AGRICULTURE: CHALLENGES & OPPORTUNITIES. Available from:
http://www.ams.usda.gov/AMSv1.0/getfile?’dDocName=STELDEV3021834.

Hawkins, G. Coming to Grips with Aging Infrastructure. 20123 5/30/2014]; Available from: http://www.fb.org/index.
php?action=newsroom.focus&year=2013&file=f00522.html.

Adler, R.W., Water and Wastewater Infrastructure in the U.S.: The Clean Water-Energy-Climate Nexus. JOURNAL
OF ENERGY & ENVIRONMENTAL LAW, 2013. 4(2).

Water Infrastructure Network. Clean Safe Water for the 21st Century: A Renewed National Commitment to Water
and Wastwater Infrastructure. 2000; Available from: http://www.win-water.org/reports/winreport2000.pdf.

“oor | NEXUS 167



131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.
148.

149.

150.

168

ASCE. 2013 Report Card for America’s Infrastructure - Drinking Water: Conditions & Capacity. 2014 4/14/2014];
Available from: http://www.infrastructurereportcard.org/a/#p/drinking-water/conditions-and-capacity.

ASCE. 2013 Report Card for America’s Infrastructure - Wastewater: Conditions & Capacity. 2014 4/14/2014];
Available from: http://www.infrastructurereportcard.org/a/#p/wastewater/conditions-and-capacity.

U.S. Environmental Protection Agency, Drinking Water Infrastructure Needs Survey and Assessment, Fifth Report
to Congress 2013, U.S. Environmental Protection Agency,: Washington, DC.

AWWA, BURIED NO LONGER: Confronting America’s Water Infrastructure Challenge. 2012, American Water
Works Association.

Tetra Tech Inc., Progress in Water Quality: An Evaluation of the National Investment in Municipal Wastewater
Treatment. 2000, U.S. Environmental Protection Agency: Washington, DC.

Heaney, J.P, Centralized and Decentralized Urban Water, Wastewater & Storm Water Systems, in Cities of the Future:
Towards Integrated Sustainable Water and Landscape Management, N.a. Brown, Editor. 2007, IWA Publishing:
London, UK. p. 237-250.

Speers, A., Water and cities — overcoming inertia and achieving a sustainable future, in Cities of the Future: Towards
Integrated Sustainable Water and Landscape Management, V.N.a.P. Brown, Editor. 2007, IWA Publishing: London,
UK.

ASCE. 2013 Report Card for America’s Infrastructure - Wastewater: Conclusion. 2014 4/14/2014]; Available from:
http://www.infrastructurereportcard.org/a/#p/wastewater/conclusion.

ASCE. 2013 Report Card for America’s Infrastructure - Drinking Water: Conclusion. 2014 4/14/2014]; Available
from: http://www.infrastructurereportcard.org/a/#p/drinking-water/conclusion.

U.S. Department of Energy. Electric Disturbance Events (OE-417) Annual Summaries. Available from: http://www.
oe.netl.doe.gov/OE417_annual_summary.aspx.

ASCE. 2013 Report Card for America’s Infrastructure - Energy: Conditions & Capacity. 2014 4/14/2014]; Available
from: http://www.infrastructurereportcard.org/a/#p/energy/conditions-and-capacity.

ASCE. 2013 Report Card for America’s Infrastructure - Energy: Investment & Funding. 2014 4/14/2014]; Available
from: http://www.infrastructurereportcard.org/a/#p/energy/investment-and-funding.

U.S. Energy Information Administration. Annual Energy Outlook 2012: WIth Projections to 2035. 2012 4/16/2014];
Available from: http://www.eia.gov/forecasts/archive/aeo12/pdf/0383%282012%29.pdf.

ASCE. 2013 Report Card for America’s Infrastructure - Energy: Conclusion. 2014 4/14/2014]; Available from: http://
www.infrastructurereportcard.org/a/#p/energy/conclusion.

ASCE. 2013 Report Card for America’s Infrastructure - Levees: Conditions & Capacity. 2014 4/14/2014]; Available
from: http://www.infrastructurereportcard.org/a/#p/levees/conditions-and-capacity.

ASCE. 2013 Report Card for Americas Infrastructure - Levees: Investment & Funding. 2014 4/14/2014]; Available
from: http://www.infrastructurereportcard.org/a/#p/levees/investment-and-funding.

Cal ifornia Depar tment of Water Resources, Drought in California. 2012.

WERICK, W,, and W. WHIPPLE,, NATIONAL STUDY OF WATER MANAGEMENT DURING DROUGHT. 1994,
U.S. ARMY CORPS OF ENGINEERS, INSTITUTE FOR WATER RESOURCES.

Dennis, L., Proactive Flood and Drought Management: A Selection of Applied Strategies & Lessons Learned from
around the U.S., B. Bateman, Wright, W, and D. Duke, Editor. 2013, American Water Resources Association, Policy
Committee: Middleburg, Virginia.

U.S. Environmental Protection Agency, EPA Issues Oil and Natural Gas Air Pollution Standards. 2012, US
Environmental Protection Agency.

U.S. Perspective on the Water-Energy-Food Nexus



151.

152.

153.

154.
155.

156.

157.

158.

159.

160.
161.

162.

163.

164.

165.

166.

167.

168.
169.

170.

Dziegielewski, B., and T. Bik,, Water Use Benchmarks for Thermoelectric Power Generation (Project Completion
Report). 2006, Department of Geography and Environmental Resources — Southern Illinois University: Carbondale,
IL.

Averyt, K., J. Fisher, A. Huber-Lee, A. Lewis, J. Macknick, N. Madden, J. Rogers and S. Tellinghuisen,, Freshwater Use
by U.S. Power Plants: Electricity’s Thirst for a Precious Resource. 2011, Union of Concerned Scientists: Cambridge,
MA.

Mielke, E., L. Diaz Anadon and V. Narayanamurti,, Water Consumption of Energy Resource Extraction, Processing,
and Conversion, A Review of the Literature for Estimates of Water Intensity of Energy-Resource Extraction,
Processing to Fuels, and Conversion to Electricity, in Energy Technology Innovation Policy Discussion Paper No.
2010-15. 2010, Belfer Center for Science and International Affairs, Harvard Kennedy School, Harvard University:
Cambridge, MA.

CBO, Future Investment in Drinking Water and Wastewater Infrastructure. 2002, Congressional Budget Office.

National Research Council, Water Reuse: Potential for Expanding the Nation’s Water Supply Through Reuse of
Municipal Wastewater. 2012, Washington, DC.: The National Academies Press.

Landers, J., EPA Projects $534-Billion Water Funding Gap. ASCE News,, 2002. 27(11): p. 6.

Gollehon, N., Aillery, M., and W. Quinby, Water Use and Pricing in Agriculture, in Agricultural Resources &
Environmental Indicators: 1996-97. U.S. Department of Agriculture, Economic Research Service, National Resources
and Environment Division.

Sovacool, B.K. and K.E. Sovacool, Identifying future electricity-water tradeoffs in the U.S.. Energy Policy, 2009. 37(7):
p. 2763-2773.

Cooley, H., J. Fulton and P. Gleick, Water for Energy: Future Water Needs for Electricity in the Intermountain West.
2011, Pacific Institute.

Radonic, L., Arizona Irrigation District Tries Land Fallowing Water Transfer. Arizona Water Resource, 2014. 14.

U.S. Census Bureau. Growth in Urban Population Outpaces Rest of Nation, Census Bureau Reports. 2012 3/11/2014];
Available from: https://www.census.gov/newsroom/releases/archives/2010_census/cb12-50.html.

WHO. WHO Definition of Health. 4/22/2014]; Available from: http://www.who.int/about/definition/en/print.html.

The Johnson Foundation, The Johnson Foundation Environmental Forum Working Session #5: Examining U.S.
Freshwater Systems and Services: Public Health Threats and Solutions. 2009: Wingspread Conference Center, Racine
WL

U.S. Environmental Protection Agency. Clean Water and Drinking Water Infrastructure Sustainability Policy.
2013 4/4/2014]; Available from: http://water.epa.gov/infrastructure/sustain/Clean-Water-and-Drinking- Water-
Infrastructure-Sustainability-Policy.cfm.

U.S. Environmental Protection Agency. Sustainable Water Infrastructure Program. 2014 3/27/2014]; Available from:
http://water.epa.gov/infrastructure/sustain/.

Department of Homeland Security, CRITICAL INFRASTRUCTURE PARTNERSHIP ADVISORY COUNCIL: 2013
ANNUAL. 2013.

Smith, M.L,, Pritchett, J., Agricultural/Urban/Environmental Water Sharing: Innovative Strategies for the Colorado
River Basin and the West. 2010, Colorado Water Institute Special Report Series No. 22.: Colorado State University.

SWRCB. IMPERIAL IRRIGATION DISTRICT - LONG TERM TRANSFER. 2005 3/27/2014].

Berman, M., A Tale of Two Transfers: Palo Verde and Imperial Valley Farmers Take Different Roads. Aqueduct, 2006.
72(3).

MWDSC, Palo Verde Land Management, Crop Rotation and Water Supply Program... at a glance, Metropolitan
Water District of Southern California (MWDSC), Editor. 2007.

“oor | NEXUS 169



171.

172.
173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

170

Macaulay, S. Resolution of water resources issues in the State of California, U.S. of America: The CALFED Bay-Delta
Program. in IIT Encuentro de las Aguas 2001. Santiago, Chile.

CALFED BAY-DELTA PROGRAM, Watershed program plan: final programmatic EIS/EIR technical appendix. 2000.

Sheikh, PA., Cody, B.A., CALFED Bay-Delta Program: Overview of Institutional and Water Use Issues. 2005,
Congressional Research Service.

Little Hoover Commission, learer structure, cleaner water: improving the performance and outcomes at the state
water boards. 2009: Sacramento, CA.

Hanemann, M. and C. Dyckman, The San Francisco Bay-Delta: A failure of decision-making capacity.
Environmental Science & Policy, 2009. 12(6): p. 710-725.

Nawi, D., Brandt, A.W., , California’s Delta: the challenges of collaboration. arge-Scale Ecosystem Restoration: Five
Case Studies from the U.S., ed. M. Doyle, Drew, C.A.,. 2008, Washington, DC.: Island Press.

The Johnson Foundation, The Johnson Foundation Environmental Forum Working Session #4: Examining U.S.
Freshwater Systems and Services: Reducing Conflicts at the Water-Energy Interface. 2009: Wingspread Conference
Center, Racine WI.

U.S. Environmental Protection Agency, Water Recycling and Reuse: The Environmental Benefits. 2013, U.S.
Environmental Protection Agency, Water Division Region 9, EPA 909-F-98-001.

California Department of Water Resources. California Statewide Groundwater Elevation Monitoring (CASGEM).
2009; Available from: http://www.water.ca.gov/groundwater/casgem/.

Keep America Beautiful. RECYCLING FACTS & STATS. 2013 3/31/2014]; Available from: http://www.kab.org/site/
PageServer?pagename=recycling facts_and_stats.

Can Manufacturers Institute. Recycling Fun Facts. Environmental Issues 2006 3/31/2014]; Available from: http://
www.cancentral.com/funFacts.cfm.

Matamoros, V., et al., Removal of pharmaceuticals and personal care products (PPCPs) from urban wastewater in
a pilot vertical flow constructed wetland and a sand filter. Environmental Science & Technology, 2007. 41(23): p.
8171-8177.

White, J.R., M.A. Belmont, and C.D. Metcalfe, Pharmaceutical compounds in wastewater: Wetland treatment as a
potential solution. Thescientificworldjournal, 2006. 6: p. 1731-1736.

U.S. Environmental Protection Agency, Methods for Evaluating Wetland Condition: Using Vegetation to Assess
Environmental Conditions in Wetlands. 2002, Office of Water, U.S. Environmental Protection Agency: Washington,
DC.

U.S. GAO, Energy-Water Nexus: Improvements to Federal Water Use Data Would Increase Understanding of Trends
in Power Plant Water Use. 2009, U.S. Government Accountability Office.

Toohey, M. Austin property taxes jump 38% over past decade. 2012 5/10/2014]; Available from: http://www.
statesman.com/news/news/local/austin-property-taxes-jump-38-over-past-decade/nRprf/.

Austin Energy. Austin Energy FY2014-2018 Financial Forecast. 5/10/2014]; Available from: http://www.yumpu.com/
en/document/view/13766054/austin-energy.

ACEEE. City of Austin - Multifamily Energy and Water Efficiency Program. 2013 [cited 5/10/2014; Available from:
http://aceee.org/w-e-program/city-austin-multifamily-energy-and-wat.

UN Global Compact, The CEO Water Mandate, An initiative by business leaders in partnership with the
international community. 2011, UN Global Compact Office: New York City, NY.

UN Global Compact. Endorsing Companies. 2014 3/7/2014]; Available from: http://ceowatermandate.org/about/
endorsing-companies/.

Smil, V., Energy in nature and society : general energetics of complex systems. 2008, Cambridge, Mass.: The MIT
Press. xi, 480 p.

U.S. Perspective on the Water-Energy-Food Nexus



192. The World Bank. World Development Indicators 2013 Now Available. 2013; Available from: http://data.worldbank.
org/news/new-suite-of-world-development-Indicators-products-now-available.

193. U.S. Geological Survey. Produced water. Energy Resources Program 2014 5/29/2014]; Available from: http://
energy.usgs.gov/Environmental Aspects/Environmental AspectsofEnergyProductionandUse/Produced Waters.
aspx#3822110-overview.

194. Capitalwords. More Water, More Energy, Less Waste Act. 2007 5/29/2014]; Available from: http://capitolwords.org/
date/2007/04/18/54672-4_more-water-more-energy-less-waste-act/.

195. Library of Congress. S. 1116 (110th): More Water, More Energy, and Less Waste Act of 2007. 2007; Available from:
https://www.govtrack.us/congress/bills/110/s1116#summary.

196. Atlantic Council. Water World: Alaskan Senator Supports Energy-Water Nexus Legislation.
2014 5/8/2014]; Available from: http://www.atlanticcouncil.org/news/in-the-news/
water-world-alaskan-senator-supports-energy-water-nexus-legislation.

197. PG&E. PG&E’s Proposed Green Option. 2013 3/15/2014]; Available from: http://www.pge.com/mybusiness/
environment/pge/greenoption/index.shtml.

198. Farrell, A.E., et al., Ethanol can contribute to energy and environmental goals. Science, 2006. 311(5760): p. 506-508.

199. Mulder, K., N. Hagens, and B. Fisher, Burning Water: A Comparative Analysis of the Energy Return on Water
Invested. Ambio, 2010. 39(1): p. 30-39.

200. Chakravorty, U., E. Hochman, and D. Zilberman, A Spatial Model of Optimal Water Conveyance. Journal of
Environmental Economics and Management, 1995. 29(1): p. 25-41.

201. ECONorthwest, Embedded Energy in Water Pilot Programs Impact Evaluation. 2010, California Public Utilities
Commission Energy Division.

202. Alexander, K.V,, Giddens, E. P, Microhydro: Cost-effective, modular systems for low heads. Renewable Energy, 2008.
33(6): p. 1379-1391.

203. Alexander, K.V, E.P. Giddens, and A.M. Fuller, Axial-flow turbines for low head microhydro systems. Renewable
Energy, 2009. 34(1): p. 35-47.

204. Bracmort, K., C. Stern and A. Vann, A.,, Hydropower: Federal and Nonfederal Investment. 2013, Congressional
Research Service

205. Rostkowski, K.H., C.S. Criddle, and M.D. Lepech, Cradle-to-Gate Life Cycle Assessment for a Cradle-to-Cradle
Cycle: Biogas-to-Bioplastic (and Back). Environmental Science & Technology, 2012. 46(18): p. 9822-9829.

206. Stillwell, A.S., et al., The Energy-Water Nexus in Texas. Ecology and Society, 2011. 16(1).

207. O’Donnell, M., Colby, B., Water Banks: A Tool for Enhancing Water Supply Reliability. 2010, University of Arizona:
Tucson, AZ.

208. Hakansson, H., Snehota, I., No Business is an Island: The Network Concept of Business Strategy Scandinavian
Journal of Management, 2006. 22(3): p. 256-270.

209. Clifford, P, Landry, C., Larsen-Hayden, A., Analysis of Water Banks in the Western States. 2004, Washington
Department of Ecology.

210. Lueck, D,, First Possession, in The New Palgrave Dictionary of Economics and the Law P. Newman, Editor. 1998.

211. Atlantic Council. Webcast: The Nexus of Energy and Water for US Sustainability and National
Security. 2014 5/8/2014]; Available from: http://www.atlanticcouncil.org/events/webcasts/
webcast-the-nexus-of-energy-and-water-for-us-sustainability-and-national-security.

212. U.S. Department of State, Investment in International Water, US Department of State, Editor. 2012: Washington, DC.

213. U.S. Department of State. Water in the U.S. Government. 4/6/2014]; Available from: http://www.state.gov/e/oes/
water/government/index.htm.

“oor | NEXUS 171



214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

172

U.S. Department of State. U.S. Government and World Bank Memorandum of Understanding on Water Cooperation
- Fact Sheet. 2011 4/6/2014]; Available from: http://www.state.gov/r/pa/prs/ps/2011/03/158774.htm.

U.S. Department of State. U.S. Engagement on Water Issues - Fact Sheet. 2011 4/6/2014]; Available from: http://www.
state.gov/e/oes/rls/fs/2011/158719.htm.

U.S. Department of State. Principles for Advancing Global Food Security. 4/6/2014]; Available from: http://www.
state.gov/s/globalfoodsecurity/.

U.S. Department of State. Programs and Partnerships. 4/6/2014]; Available from: http://www.state.gov/e/oes/water/
programspartnerships/index.htm.

All, S.a.W.f. National Planning for Results Initiative. 2014 4/6/2014]; Available from: http://sanitationandwaterforall.
org/priority-areas/country-processes/national-planning-for-results-initiative-npri.

African Minister’s Council on Water. African Minister’s Council on Water - Every Drop Counts, Count Every Drop.
2011 4/6/2014]; Available from: http://www.amcow-online.org/index.php?lang=en.

U.S. Water Partnership. U.S. Water Partnership, Working Together for a Water Secure World. 2012 4/6/2014];
Available from: http://uswaterpartnership.org/.

UNDP. Shared Waters Partnership. 4/6/2014]; Available from: http://www.watergovernance.org/sa/node.
asp?node=1467.

United Nations. UN-Water Country Briefs Project 2014; Available from: http://www.unwater.org/activities/
multi-agency-featured-projects/country-briefs/en/.

AgWA. Agricultural Water for Africa 4/6/2014]; Available from: http://www.agwaterforafrica.org/.

.S. Agency for International Development. Investing in Water and Natural Resources Management.
2014 4/6/2014]; Available from: http://www.usaid.gov/what-we-do/water-and-sanitation/
investing-water-and-natural-resources-management.

U.S. Agency for International Development. Training and Field Support Toolkits. 2010 4/6/2014]; Available from:
http://www.energytoolbox.org/index.shtml.

Feed the Future. Approach. Available from: http://www.feedthefuture.gov/approach/
Inclusive--Agriculture--Sector--Growth

U.S. Perspective on the Water-Energy-Food Nexus



WATER

0| NEXUS  Background Paper 173

EMERGY | ®rares worninar



174 U.S. Perspective on the Water-Energy-Food Nexus



WATER

| NEXUS  Nexus Workshop Participants | uune 2324, 2014

Masih Akhbari

Program Aide, Colorado Water Institute, Colorado State University
Email: masih.akhbari@colostate.edu

Phone: (970) 491-6308

Kristen Averyt
Associate Director for Science, Cooperative Institute for Research in Environmental Sciences
Director of the Western Water Assessment, University of Colorado at Boulder

Email: kristen.averyt@colorado.edu
Phone: (303) 492-1227

James Barton
Chief, Columbia Basin Water Management Division
U.S. Army Corps of Engineers, Northwestern Division

Email: james.d.barton@nwd01.usace.army.mil
Phone: (503) 808-3930

Bill Bellamy
Fellow and Senior Vice President of Water Technologies, CH2M HILL
Professor of Practice, University of Wyoming

Email: billbellamy@ch2m.com
Phone: (720) 286-5598, ext. 65598

Richard Belt
Senior Water Resources Analyst, Xcel Energy

Email: richard.l.belt@xcelenergy.com
Phone: (303) 294-2198

Laura Chartrand
Water Resources Policy Advisor, Tri-State Generation & Transmission

Email: Ichartrand@tristategt.org
Phone: (303) 396-9079

WATER

oo |NEXUS  participants 7



Amber Childress

Department of Ecosystem Science and Sustainability, Natural Resource Ecology Laboratory, Colorado
State University

Email: amber.childress@colostate.edu

Kristin Gilroy
Water Resources Engineer, Institute for Water Resources, U.S. Army Corps of Engineers

Email: kristin.].gilroy@usace.army.mil
Phone: (703) 428-9070

Neil S. Grigg
Professor, Civil & Environmental Engineering, Colorado State University

Email: neilg@engr.colostate.edu
Phone: (970) 491-3369

Chris Harto
Energy/Environmental Systems Policy Analyst, Natural Resource Economics and Systems Analysis
Team, Argonne National Laboratory

Email: charto@anl.gov
Phone: (202) 488-2457

Jon Holzfaster
Farmer, Paxton, NE
Member of National Corn Growers Association Corn Board

Kelly Kryc

Water and Power Advisor, U.S. Department of State
Email: KrycKA@State.Gov

Phone: (202) 647-1245

176 U.S. Perspective on the Water-Energy-Food Nexus



Melinda Laituri
Professor, Department of Ecosystem Science and Sustainability, Colorado State University

Email: melinda.laituri@colostate.edu
Phone: (970) 491-0292

Jeff Lineberger
Director, Water Strategy & Hydro Licensing, Duke Energy

Email: jeff.lineberger@duke-energy.com
Phone: (704) 382-5942

Larry MacDonnell
Professor Emeritus, University of Colorado Boulder

Email: Lmacdonnell@comcast.net
Phone: (303) 449-1708

Jordan Macknick
Energy and Environmental Analyst, Strategic Energy Analysis Center, National Renewable Energy
Laboratory

Email: Jordan.Macknick@nrel.gov
Phone: (303) 275-3828

Zane Marshall
Director, Water & Environmental Resources, Southern Nevada Water Authority

Email: zane.marshall@snwa.org
Phone: (702) 862-3713

Jonathan Radtke

Water Sustainability Program Manager, Coca-Cola North America Group
Email: jradtke@coca-cola.com

Phone: (404) 676-9112

WATER

oo |NEXUS  participants 7



Edward Spang
Program Manager, Center for Water-Energy Efficiency, U.C. Davis

Email: esspang@ucdavis.edu
Phone: (530) 754-5447

Stacy Tellenhuisen

Senior Energy/Water Policy Analyst, Western Resource Advocates
Email: stacy@westernresources.or:

Phone: (303) 444-1188, ext. 221

Vincent Tidwell

Principal Member of the Technical Staff, Sandia National Laboratories
Email: vctidwe@sandia.gov

Phone: (505) 844-6025

Reagan Waskom
Director, Colorado Water Institute, Colorado State University

Email: reagan.waskom@colostate.edu
Phone: (970) 491-6308

178 U.S. Perspective on the Water-Energy-Food Nexus



WATER

oo |[NEXUS  participants o

EMERGY | ®rares worninar






