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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 
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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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Adapted from: Hoff, H., Understanding the Nexus. Background Paper for the Bonn2011 Conference: The Water, Energy and Food Security Nexus. 
2011, Stockholm Environment Institute: Stockholm.

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 

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.
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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 Location Issues Key Points relating to the nexus
Corporate Water/Food/
Energy Goals (Coca-Cola 
North America)

International and 
national

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

Columbia River Treaty Nexus International USA 
and Canada

Trans-boundary 
governance, planning, 
and operations

Requires flexibility, advance planning, 
collaborative approaches, effective 
governance and dispute resolution 
mechanisms, with shared data, and 
models to manage uncertainty.

Agricultural Water 
Conservation

Nationwide, 
especially in the West

Securing water supplies 
in stressed river basins

Municipalities, industries, and energy 
sectors can partner with irrigation 
districts to buy conserved agricultural 
water, especially during droughts 
when food production is inefficient.

Constructed Treatment 
Wetlands

Nationwide Energy saving Energy can be saved in treating water 
by taking advantage of the pollutant 
removal capability of wetlands.

Critical Infrastructure 
Partnership Advisory Council

Nationwide Protection of the 
Nation’s critical 
infrastructure

Requires cross-government and 
public-private partnerships, 
collaboration and trusted information 
sharing, and private-sector 
participation.

Defining, Measuring and 
Improving Corn Sustainability

Nationwide Sustainable corn 
production

This resulted in 53% reduction in 
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 
saving, environmental 
enhancement

Can create locally-controlled water 
supply, decrease diversions from 
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 
Decision Making at the 
Energy-Water Nexus

Nationwide Water availability for 
energy generation

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.
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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 
Navigation System

Nationwide Energy saving Public Private Partnerships to 
increase reliability of inland 
navigation, which can conserve 
energy for transportation. Waterways 
managed by multiple Districts with 
compatibility of models a problem.

Thermoelectricity Generation 
(TG)

Nationwide Energy sector’s water 
efficiency

Technology can help to decrease water 
use, discharges, and vulnerability to 
water shortages. Hybrid cooling is 
promising in some regions.

Infrastructure Sustainability 
Policy

Nationwide Promoting water 
sector’s sustainable 
infrastructure 

Keys are asset management, water 
and energy efficiency, infrastructure 
financing and pricing water services, 
as well as alternative technologies.

Integrated Energy-Water 
Planning in the Western and 
Texas Interconnections

Western and Texas Water supply security 
for electricity 
generation

Keys for success: convening electric 
transmission and water planners 
to develop long-term plans and 
incorporating competing demands for 
water energy sector Decision Support 
System tools.

Catawba-Wateree River Basin 
Water Supply Master Plan

North and South 
Carolina

Water supply security in 
the future

Long-term, basin-wide strategies 
developed by engaging stakeholders 
to share resources and responsibilities.

Fossil Fuel Exploration and 
Production Nexus

Wyoming Putting produced water 
in use; Hydro-fracking 
water supply

Water from coalbed methane can 
supply irrigation and environmental 
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-
Food Nexus 

Colorado Energy sectors water 
supply

A blackout can leave other sectors out 
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 
reliability

Agreements require key stakeholders, 
increasing public awareness, and 
guaranteed political and financial 
support. Initiative with government 
funding requires successful 
governance to endure.

Geysers Geothermal Power 
Plant Municipal Wastewater 
Recharge

Northern California Water supply for 
cooling geothermal 
facilities

Low quality water, such as municipal 
wastewater, brackish or saline 
groundwater, can be used for 
geothermal energy generation.
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Case Study Location Issues Key Points relating to the nexus
Opportunities at the 
California Water-Energy 
Nexus

Northern California Understanding energy 
intensity of water 
delivery (EIWD)

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

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 

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

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 off 
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 
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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, 

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 
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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 

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.

Governance

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.

Infrastructure and Technology

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 
SNWA 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 

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.

Financing

Finance is a main driver of the 
nexus and future funding should 
maximize funding tradeoffs 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 

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.  

Partnerships

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. 

Unique Roles of Government and 

the Private Sector

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 

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 

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.

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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