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Water, energy, and food/feed/fiber are linked through numerous interactive pathways and
subject to a changing climate, as depicted in Figure CC-WE-1. The depth and intensity of those
linkages vary enormously among countries, regions, and production systems. Energy technologies
(e.g., biofuels, hydropower, thermal power plants), transportation fuels and modes, and food
products (from irrigated crops, in particular animal protein produced by feeding irrigated crops
and forages) may require significant amounts of water (Sections 3.7.2, 7.3.2,10.2,10.3.4,
22.3.3,25.7.2; Allan, 2003; King and Weber, 2008; McMahon and Price, 2011; Macknick et al.,
2012a). In irrigated agriculture, climate, irrigating procedure, crop choice, and yields determine
water requirements per unit of produced crop. In areas where water (and wastewater) must be
pumped and/or treated, energy must be provided (Metcalf & Eddy, Inc. et al., 2007; Khan and
Hanjra, 2009; EPA, 2010; Gerten et al., 2011). While food production, refrigeration, transport,
and processing require large amounts of energy (Pelletier et al., 2011), a major link between food
and energy as related to climate change is the competition of bioenergy and food production

for land and water (robust evidence, high agreement; Section 7.3.2, Box 25-10; Diffenbaugh et
al., 2012; Skaggs et al., 2012). Food and crop wastes, and wastewater, may be used as sources

of energy, saving not only the consumption of conventional nonrenewable fuels used in their
traditional processes, but also the consumption of the water and energy employed for processing
or treatment and disposal (Schievano et al., 2009; Oh et al., 2010; Olson, 2012). Examples of this
can be found in several countries across all income ranges. For example, sugar cane byproducts
are increasingly used to produce electricity or for cogeneration (McKendry, 2002; Kim and Dale,
2004) for economic benefits, and increasingly as an option for greenhouse gas mitigation.

Most energy production methods require significant amounts of water, either directly (e.g., crop-
based energy sources and hydropower) or indirectly (e.g., cooling for thermal energy sources or
other operations) (robust evidence, high agreement; Sections 10.2.2, 10.3.4, 25.7.4; and van Vliet
et al, 2012; Davies et al., 2013. Water for biofuels, for example, under the International Energy
Agency (IEA) Alternative Policy Scenario, which has biofuels production increasing to 71 EJ in
2030, has been reported by Gerbens-Leenes et al. (2012) to drive global consumptive irrigation
water use from 0.5% of global renewable water resources in 2005 to 5.5% in 2030, resulting
in increased pressure on freshwater resources, with potential negative impacts on freshwater
ecosystems. Water is also required for mining (Section 25.7.3), processing, and residue disposal of
fossil and nuclear fuels or their byproducts. Water for energy currently ranges from a few percent
in most developing countries to more than 50% of freshwater withdrawals in some developed
countries, depending on the country (Kenny et al., 2009; WEC, 2010). Future water requirements
will depend on electricity demand growth, the portfolio of generation technologies and water
management options employed (medium evidence, high agreement; WEC, 2010; Sattler et al.,
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Figure WE-1 | The water—energy—food nexus as related to climate change. The interlinkages of supply/demand, quality and quantity of water, and energy and food/feed/fiber with
changing climatic conditions have implications for both adaptation and mitigation strategies.

2012). Future water availability for energy production will change due to climate change (robust evidence, high agreement; Sections 3.4, 3.5.1,
3.5.2.2.

Water may require significant amounts of energy for lifting, transport, and distribution and for its treatment either to use it or to depollute it.
Wastewater and even excess rainfall in cities requires energy to be treated or disposed. Some non-conventional water sources (wastewater

or seawater) are often highly energy intensive. Energy intensities per m? of water vary by about a factor of 10 between different sources,

for example, locally produced potable water from ground/surface water sources versus desalinated seawater (Box 25-2, Tables 25-6, 25-7;
Macknick et al., 2012b; Plappally and Lienhard, 2012). Groundwater (35% of total global water withdrawals, with irrigated food production
being the largest user; Déll et al., 2012) is generally more energy intensive than surface water. In India, for example, 19% of total electricity

use in 2012 was for agricultural purposes (Central Statistics Office, 2013), with a large share for groundwater pumping. Pumping from greater
depth increases energy demand significantly—electricity use (kWh m= of water) increases by a factor of 3 when going from 35 to 120 m depth
(Plappally and Lienhard, 2012). The reuse of appropriate wastewater for irrigation (reclaiming both water and energy-intense nutrients) may
increase agricultural yields, save energy, and prevent soil erosion (medium confidence; Smit and Nasr, 1992; Jiménez-Cisneros, 1996; Qadir et
al., 2007; Raschid-Sally and Jayakody, 2008). More energy efficient treatment methods enable poor quality (“black”) wastewater to be treated
to quality levels suitable for discharge into water courses, avoiding additional freshwater and associated energy demands (Keraita et al., 2008).
If properly treated to retain nutrients, such treated water may increase soil productivity, contributing to increased crop yields/food security in
regions unable to afford high power bills or expensive fertilizer (high confidence; Oron, 1996; Lazarova and Bahri, 2005; Redwood and Huibers,
2008; Jiménez-Cisneros, 2009).

Linkages among water, energy, food/feed/fiber, and climate are also strongly related to land use and management (robust evidence, high
agreement; Section 4.4.4, Box 25-10). Land degradation often reduces efficiency of water and energy use (e.g., resulting in higher fertilizer
demand and surface runoff), and compromises food security (Sections 3.7.2, 4.4.4). On the other hand, afforestation activities to sequester
carbon have important co-benefits of reducing soil erosion and providing additional (even if only temporary) habitat (see Box 25-10) but

may reduce renewable water resources. Water abstraction for energy, food, or biofuel production or carbon sequestration can also compete
with minimal environmental flows needed to maintain riverine habitats and wetlands, implying a potential conflict between economic and
other valuations and uses of water (medium evidence, high agreement; Sections 25.4.3, 25.6.2, Box 25-10). Only a few reports have begun to
evaluate the multiple interactions among energy, food, land, and water and climate (McCornick et al., 2008; Bazilian et al., 2011; Bierbaum and
Matson, 2013), addressing the issues from a security standpoint and describing early integrated modeling approaches. The interaction among
each of these factors is influenced by the changing climate, which in turn impacts energy and water demand, bioproductivity, and other factors
(see Figure CC-WE-1 and Wise et al., 2009), and has implications for security of supplies of energy, food, and water; adaptation and mitigation
pathways; and air pollution reduction, as well as the implications for health and economic impacts as described throughout this Assessment
Report.
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The interconnectivity of food/fiber, water, land use, energy, and climate change, including the perhaps not yet well understood cross-sector
impacts, are increasingly important in assessing the implications for adaptation/mitigation policy decisions. Fuel-food-land use—water—
greenhouse gas (GHG) mitigation strategy interactions, particularly related to bioresources for food/feed, power, or fuel, suggest that
combined assessment of water, land type, and use requirements, energy requirements, and potential uses and GHG impacts often epitomize
the interlinkages. For example, mitigation scenarios described in the IPCC Special Report on Renewable Energy Sources and Climate Change
Mitigation (IPCC, 2011) indicate up to 300 EJ of biomass primary energy by 2050 under increasingly stringent mitigation scenarios. Such high
levels of biomass production, in the absence of technology and process/management/operations change, would have significant implications
for land use, water, and energy, as well as food production and pricing. Consideration of the interlinkages of energy, food/feed/fiber, water,
land use, and climate change is increasingly recognized as critical to effective climate resilient pathway decision making (medium evidence,
high agreement), although tools to support local- and regional-scale assessments and decision support remain very limited.
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