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Introduction

Achieving Sustainable Development Goal (SDG) 6 for clean water and sanitation, and SDG 7 for affordable and clean
energy, will require great effort by 2030. The challenge is immense, with numerous obstacles that must be overcome to
ensure universal access to clean water and energy.

As of 2022, about 2.2 billion people lacked safely managed drinking water services, primarily in rural areas (UN,
2023). The same year, 3.4 billion people lacked safely managed sanitation services, and only 58% of household waste-
water was safely treated. About 500 million people practiced open defecation, and only 71% of global population had
access to handwashing facilities with soap and water at home (Mukherjee & Dash, 2024).

Concurrently, 91% of the global population enjoys access to electrical energy, while about 675 million people still
lacked electricity access in 2021, mainly located in sub-Saharan Africa (UN, 2023). Only 71% of the global population
had access to clean cooking fuels and technologies in 2021, leaving 2.3 billion people relying on inefficient and pollut-
ing cooking stoves. Globally in 2020, only 12.6% of total final energy use was provided by modern renewable energy
sources (REN21, 2022).

While each of these metrics is gradually improving, current trends suggest that SDGs 6 and 7 will not be achieved
by 2030 without a redoubling of global efforts (UN, 2023). Yet the two goals cannot be fulfilled in isolation, as their
pathways and obstacles are interconnected. Haphazard implementation of development efforts risks making one prob-
lem worse while seeking to solve another. There are synergies and trade-offs among sectors; thus holistic analysis and
decision-making is required.

This chapter addresses the interconnections between energy supply and water supply. First, the usage of energy
within the water sector is discussed, exploring the ways that energy is needed to access clean water. Then we discuss
the usage of water within the energy sector, including the need for water to access clean energy services. Only by
understanding these linkages between sectors can rational policy be devised to improve outcomes in both energy and
water access.
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192 SECTION | 3 The broader picture: water in achieving sustainable development

Using energy to get water

Our available primary energy resources can be used to obtain and improve water resources. This is done by lifting
water, desalination, water disinfection, wastewater treatment, accessing groundwater, facilitating groundwater recharge,
and atmospheric water capture. These topics are explored here.

Lifting water

Pumping of water is needed to lift groundwater from subsurface aquifers, and to replenish elevated storage facilities.
Pumps can also be used to apply a hydraulic head to water for horizontal conveyance in pipes or canals.

The technology set for lifting water is fundamental to groundwater access. An important pump distinction is based
on the source of motive power: human muscles or mechanically powered. Manual-powered pumps are commonly used
in rural areas to lift groundwater from boreholes and shallow wells for household use. Technologies for shallow and
deep handpumps were significantly advanced during the International Drinking Water Decade from 1981 to 1990.
Robust community-scale pumps, such as the India Mark III and the Afridev, were designed and widely deployed with
attention not only to technical efficiency but also user ergonomics and practical maintenance (RWSN, 2013). The trea-
dle pump, developed in Bangladesh during the 1970s and 1980s, is a low-cost shallow pump that is actuated by strong
leg muscles and can lift sufficient water for irrigating smallholder farms.

Exosomatic energy sources, such as grid electricity or diesel fuel, can also power pumping. The efficiency of electri-
cal pump sets is typically low, with average efficiency in South Asia of about 30% (Singh, 2009; World Bank, 2001).
This is less efficient than the current best practice pump set efficiency of 50% or greater, and far from the practical effi-
ciency limit of about 85%. Opportunities for increasing efficiency include matching pump and motor size to their tasks,
and upgrading foot valves and suction and delivery piping. Where grid electricity is not available, diesel fuel is typi-
cally used to power groundwater pumps. The diesel fuel cost increases the overall operating cost for farmers using these
pumps. Electrical pumps that are directly powered by solar photovoltaic (PV) panels are very efficient, because all cap-
tured electricity is used for pumping, and there are no losses from battery charge—discharge cycling. Modern PV elec-
trical pump sets are commercially available with efficiencies of 70% (GIZ, 2013). Solar pumping can also be integrated
into village-level solar PV mini-grid systems. This integration can benefit the farmer, by spreading the high capital cost
of the PV system across many users. It also benefits the mini-grid utility, which enjoys reliable and flexible pumping
loads. Because additional solar water pumping imposes no marginal cost to the farmer, a rational water allocation sys-
tem is needed to avoid unrestrained aquifer depletion if solar pumping becomes widespread (Pearce, 2024).

Desalination

Desalination is the process of making potable water from saline water sources such as seawater or brackish water. This
necessarily uses energy, to overcome the entropy of mixing of salt and water. There are four main desalination technol-
ogy groups, corresponding to the energy force driving the process: thermal, pressure, electrical, and chemical (Miller,
2003; Subramani & Jacangelo, 2015; Youssef et al., 2014). Thermal desalination generally uses large amounts of heat,
pressure desalination uses much smaller amounts of electricity for pumping, and electrochemical methods use even less
electricity but are limited to low-salinity feed water (see Fig. 16.1).

In thermally activated systems, evaporation and condensation at different temperatures and pressures are the main
processes used to separate salts from water. In these systems, heat transfer is used to either boil or freeze the feed water
to convert it to vapor or ice, so the salts are separated from the water. Thermal processes include multistage flash, multi-
effects distillation, vapor compression distillation, humidification—dehumidification, solar distillation, and freezing.
Pressure activated systems use a pressure gradient to force water through a permeable membrane, leaving salts behind.
In recent decades, membrane technologies have matured and most new desalination installations use membranes. Of
these, the reverse osmosis (RO) process is the most common; others include forward osmosis and nanofiltration.
Electrically activated systems take advantage of the charged nature of salt ions in solution, by using an electric field to
remove ions from water. A common form is electrodialysis (ED), which is now used for about 4% of global water desali-
nation. A newer technology with great promise is capacitive deionization (CDI). Chemically activated desalination sys-
tems are less common, and include liquid—liquid extraction, ion-exchange, gas hydrate, and other precipitation methods.

Pressure-activated RO seawater desalination technologies are approaching theoretical limits of energy efficiency
(Elimelech & Phillip, 2011) and are already used at commercial scale for industrial and domestic use. Although minor
incremental efficiency improvements may still be gained, it is unlikely that major breakthroughs will fundamentally



Affordable and clean energy and water (SDG 7) Chapter | 16 193

. ] FIGURE 16.1 Energy use for
1000 desalination (kW h per m® of fresh-
F water) as a function of feed water
salinity (grams of total dissolved
6 e e m—m——r solids per liter of feed water) for
— E various  desalination  processes.
E """""""""""""""""""""""""""""""""""" Note vertical axis is logarithmic.
g F Source: based on Cerci et al.
é 10 + (2003), Fritzmann et al. (2007),
=, E Elimelech and  Phillip (2011),
% Shatat and Riffat (2014), ITT
E (2018).
o 1 R e———
& =
% /,/' -~ Global water cycle
c - = Best thermal (waste heat)
?}, 01 4 -==Best thermal (steam heat)
(= =Thermal limit
Best reverse osmosis
——Best electrodialysis
= QOsmotic limit
0.01
0 5 10 15 20 25 30 35

Feed water salinity (grams TDS per liter)

alter the seawater desalination landscape. For brackish water, however, there are opportunities for significant reductions
in desalination cost and energy use, through innovative electrochemical techniques. The minimum theoretical energy
requirement for desalination varies with the salinity of the feed water—Iless energy is fundamentally needed to desali-
nate brackish water, compared to seawater (Fig. 16.1). While conventional thermal or pressure-based desalination tech-
niques use about the same amount of energy regardless of the salinity of feed water, the electrical current needed for
ED and CDI desalination is proportional to the amount of salt that is removed (Knust et al., 2014). Feed water on the
dilute end of the brackish water range (0.6—4 g of total dissolved solids per L of feed water) is particularly amenable
for ED and CDI desalination (Suss et al., 2015).

Renewable energy can be used to power desalination. Solar stills combine an evaporator where feed water is
exposed to sunlight and a condenser where the resulting vapor is converted to liquid. Solar still designs must balance
the competing needs for affordability, efficiency, and durability (El-Bialy et al., 2016). Solar desalination methods can
be compared by the amount of freshwater produced per square meter of land area per day. The theoretical maximum
efficiency of traditional solar stills is about 10 L/m?*/day. (1) Actual solar stills typically have efficiencies of less than
50%, and generate 3—5 L/m?*/day. There are pathways to increase solar still efficiency (e.g., Li et al., 2016), but the
higher cost and complexity have prevented broader use. Another avenue for solar desalination is the use of PV solar
electricity to power RO desalination. This could produce about 500 L/day/m” of land area (2) or 50 times the theoreti-
cal maximum output of a simple solar still. If the feed water is brackish, coupling PV power to ED desalination could
produce even more freshwater per m” of land area (Wright & Winter, 2014).

Water disinfection

In the traditional development pathway, safe household water is first ensured by neutralizing biotic pathogens in the
available water supply, which only later is made easier by cleaning wastewater streams to avoid initial water contamina-
tion. Microbial pathogens in water can be killed, deactivated, or physically removed to make water safely consumable.
There are numerous ways this can be achieved at various scales and energy implications, via chemical, thermal, radia-
tion, and filtration methods (see Table 16.1).

Chlorine is the most widely used water disinfectant, and ozone is the second most widely used. Many of these tech-
nologies are combined together to achieve better drinking water quality. For example, ceramic filters can be lined with
silver and copper nanoparticles to ensure all pathogens are killed and filtered out. Another example is chloramination,
which is the combined use of chlorine dioxide and ultraviolet radiation.

The chemicals used for water disinfection may react with other chemicals in a water source to create by-products
that are harmful to human health. Some common by-products are bromate, chlorite, and trihalomethanes, which can be
toxic or carcinogenic (USEPA, 2023). Some of these compounds can be adsorbed and removed by using activated car-
bon filters for secondary treatment.
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TABLE 16.1 Numerous methods are available to kill or remove pathogens from drinking water.

Type Method Appropriate scale Observations
Chemical Chlorine All scales May produce disinfection by-products; turbidity can
inhibit effectiveness
Zinc Household Requires removal of precipitated material
lodine Household and May produce disinfection by-products
community
Ozone Municipal May produce disinfection by-products
Silver and copper Household Does not form disinfection by-products
nanoparticles
Combined coagulation Household Simple and low-cost technology but requires regular
input of chemicals
Thermal Boiling All scales Very energy intensive
uv Solar disinfection (e.g., SODIS) Household Turbidity and cloud cover can inhibit effectiveness
diati
radiation UV light treatment Household and Turbidity can inhibit effectiveness
community
Filtration Membrane filter (e.g., reverse All scales Removes pathogens and many inorganic contaminants
0smosis)
Ceramic pot Household Very low cost

Rapid sand filter and slow sand
filter

Pressure filters

Community and
municipal

Municipal

Can be used as pretreatment step followed by chlorine,
ozone, etc.

May require pretreatment (e.g., settling or prefiltration)

UV, ultraviolet.
Source: Based on Gadgil (1998), Amrose et al. (2015), USEPA (2023).
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Wastewater treatment

Currently, substantial energy is expended in industrialized countries to treat domestic wastewater and sewage. For
example, about 1.3% of all electricity used in the United States is for sewage treatment (Heidrich et al., 2011). In fast-
growing cities in developing regions, wastewater treatment capacity is scaling up rapidly but still typically insufficient.
In India, for example, total discharge of untreated sewage has increased not decreased in recent decades, despite a 13-
fold increase in treatment capacity since 1978 (see Fig. 16.2). There and elsewhere, the resulting sewage discharge is
contributing to local health problems and adverse environmental effects. Simultaneously, many regions suffer from
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water supply shortages. Enabling the scale-up of sewage treatment will require adequate energy resources both for
infrastructure build-out and for operational energy requirements.

Novel sewage treatment methods that enable the reuse of treated wastewater will offer two important benefits: less
pollution entering water bodies, and less need for freshwater withdrawals. Important criteria for successful treatment
technologies include the extent of land area required, the economic resources needed for capital and operation, and the
quality requirements for the reused water. Different technology solutions will be appropriate for different settings as the
scale increases from household to neighborhood and metropolitan level. Generally, larger treatment plants have greater
efficiency, which lowers the lifecycle costs and environmental impacts per cubic meter of treated water.

In the longer term, it is possible to develop and deploy sewage treatment facilities that are net sources, rather than
sinks, of resources, including energy. The chemical energy contained in raw sewage is about six times the electrical
energy used for its treatment (Korth et al., 2017). These energy resources could be recovered, and sewage treatment
facilities could operate with no external energy input, or could possibly produce surplus energy for societal use.

Accessing groundwater

In many locations, groundwater is a convenient and flexible source of clean water. Groundwater has been an important
part of Green Revolution agriculture, made available via boreholes and mechanized pumps. Accessing this water via
well drilling or digging requires physical work to displace soil and rock, thus requires energy. In regions practicing
Green Revolution agriculture, local capability has been developed in siting and drilling wells, and in manufacturing and
maintaining drilling equipment. A range of drilling techniques are available, depending on soil characteristics, required
depth, and the source of motive power (WECD, 1999).

Manual drilling techniques use human muscles to produce borewells in locations that would be inaccessible to
mechanical drilling rigs and with less cost. Community participation is often involved as drilling labor. Manual techni-
ques are typically slow and are limited in the geological formations they can drill through. Powered well drilling is typi-
cally done with portable diesel-powered rigs that use the percussion and rotary percussion drilling methods. Powered
mechanical rigs are expensive and have limited mobility to reach remote areas, but are able to effectively drill through
most geological features and can create wells relatively quickly.

Facilitating groundwater recharge

Underground aquifers store vast amounts of water, which can be accessed by pumping from wells. Many regions are
currently extracting groundwater faster than the rate of natural recharge, leading to falling water tables. The rate of nat-
ural aquifer recharge is also diminishing, due to rapid urbanization and land use changes that have reduced the infiltra-
tion of rainwater into the soil. Managed aquifer recharge (MAR) invests mechanical energy now to shape the earth’s
surface to spread and slow rainwater runoff, seeking to increase the rate of groundwater recharge in perpetuity (subject
to erosion and sedimentation). The goal is to allow continuing high rates of groundwater extraction without risk of
water table decline.

MAR is achieved by reducing the fraction of rainwater that runs off the land surface, thus increasing the fraction
that infiltrates through the land surface and enters the soil. This is typically implemented through earthworks and engi-
neered structures that slow the downstream flow of surface run-off water, allowing more of it to infiltrate into the
ground (CGWB, 2007). A wide range of structures are available at varying scales, including swales, percolation tanks,
ponds, check dams, and barrages. Fossil fuels that are currently abundant (e.g., in the form of diesel fuel to power trac-
tors) can be invested now to move earth that will benefit society indefinitely into the future, even after fossil fuels have
been depleted. Nevertheless, major earthworks have been, and can be again, accomplished by common human labor.

MAR is only applicable in regions that have adequate rainfall and a surplus of water to be stored, as well as
suitable geology with porous underground formations to store the water. The potential benefits of MAR vary widely by
location because MAR requires three conditions: the availability of uncommitted surface water, the availability of
underground storage space, and the demand for groundwater (Shah, 2008).

Atmospheric water capture

Removing water vapor from air is an appealing concept that receives substantial popular attention. Numerous methods
have been proposed to access atmospheric water, including concentrating water vapor through the use of solid or liquid
desiccants, cooling a surface below the dew point of the ambient air, and inducing convection in a tower structure.



196 SECTION | 3 The broader picture: water in achieving sustainable development

Air water generators are currently commercially available that provide limited quantities of drinking water, powered by
either grid electricity (e.g., Majik Water, 2024) or solar power (e.g., Source, 2024).

Although removing water from the atmosphere is technically possible, it is unlikely to scale as a significant source
of water due to several fundamental physical challenges. First, the water vapor content per volume of air is very low
(ranging from about 4 to 22 g/m’ at different locations around the world); thus very large amounts of air must be han-
dled to obtain significant water (Wahlgren, 2001). In reliably windy areas, this air movement could take advantage of
natural flows, though in less windy regions mechanical fans will be needed.

A second challenge is that water’s latent heat of condensation is high, meaning that much heat energy is released
when water vapor changes to liquid (Miller, 2003). The same amount of energy that must be input to boil liquid water
to a vapor will be output when the vapor condenses to liquid water. To capture a significant amount of water from the
air, large amounts of heat will be generated. Rejecting this amount of heat is not trivial, typically requiring active
devices such as heat pumps.

Atmospheric water capture can be achieved with both active and passive devices. In general, active devices powered
by concentrated energy sources such as electricity can drive processes such as air movement and heat rejection at a
high rate. Passive water capture devices that use natural energy gradients that are more diffuse, such as wind and sun-
light, will proceed at slower rates. To capture significant amounts of water, passive capture devices must have large
exposed surface areas to compensate for slow unit process rates. This typically results in a high capital cost, large land
footprint, and/or fragility and risk of damage.

The efficiency of atmospheric water harvesting is highly dependent on climate and varies with humidity, tempera-
ture, pressure, and other factors (Gido et al., 2016). While the idea of using the atmosphere as a year-round source of
household water is attractive, in practice, the water supplied by an air water generator would likely be seasonal and
expensive. In almost every case, other water provision methods (e.g., well drilling, desalination, or truck transport)
would provide a more reliable and affordable water supply.

Using water to get energy

Our available water resources can be deployed to obtain usable energy resources, for example, via hydroelectricity, geo-
thermal energy, power plant cooling water, and irrigation for bioenergy. These topics are explored here.

Hydroelectricity

Hydroelectricity is a form of indirect solar energy, whereby solar insolation drives evaporation of surface water, which
condenses and falls elsewhere as precipitation, whose potential energy is exploited to produce power. While hydroelec-
tricity can be produced intermittently by intercepting run-of-river flow without water storage, dispatchability of electric-
ity supply can be achieved through reservoir storage. Where conditions are suitable, large quantities of river flow can
be captured behind dams and stored in reservoirs from where it may later be released and used on demand. Potential for
dam construction and reservoir creation is first determined by numerous physical factors such as landscape topology
and geology, which are limiting in many regions. The global installed hydroelectricity capacity is about 1200 GW, with
China, Brazil, Canada, and United States having the largest capacities (REN21, 2022). About 4200 TW h of hydroelec-
tricity is produced annually, which is 16% of total global electricity generation.

Within each river basin, diminishing returns are found from creating additional storage capacity as basins approach closure
(when all available river water is allocated for use). Within closed basins, new dams will not increase total surface water sup-
ply but merely redistribute the supply. Where the landscape is suitable, however, additional hydroelectricity can be generated
by a series of dams at different elevations, through which river water flows sequentially as it flows downstream. Dams can
also be an effective tool for river flood control. By altering the transport of fluvial sediments, dam construction also affects the
geomorphology of rivers, the fertility of floodplains, and the nutrient balance of rivers and estuaries (Dandekar, 2014).

Natural siltation is a long-term challenge for sustainable hydroelectricity production. Each year, between 0.5% and
1% of the total volume of water stored in reservoirs around the world is lost as a result of sedimentation (Basson,
2009), corresponding to a 100- to 200-year service life. Globally, per capita reservoir storage peaked in the 1980s, and
absolute net reservoir capacity peaked around 2006, and both have declined since (Wisser et al., 2013).

Reservoir siltation is particularly acute in geologically young regions such as the Himalayas. The Indus River in Pakistan
has substantial glacial melt and erosion of its steep barren slopes, making it one of the most sediment-producing rivers in the
world (WCD, 2000). The gradual elimination of reservoir storage capacity due to sedimentation is a serious ongoing problem
in Pakistan, and new dams must be built simply to maintain existing storage capacity (see Fig. 16.3).
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Geothermal energy

Geothermal energy takes advantage of the natural heat within the earth’s crust, originating from the radioactive decay
of minerals within the earth. Potential for geothermal exploitation varies widely by location and is often greater in areas
near tectonic plate boundaries. Groundwater comes into contact with this subsurface heat, becoming hot and rising to
the surface. There it may be exploited to drive turbines to make electricity or used as heat for domestic or industrial
processes. Most geothermal energy comes from naturally occurring water sources, using existing hot springs or geysers.
However, enhanced geothermal systems can be made that artificially introduce cool water to subsurface formations via
injection wells, which is then heated and used as an energy source. In some cases, a different working fluid with a boil-
ing point lower than water is used instead.

The global geothermal electricity generating capacity is about 14.5 GW (REN21, 2022). The United States, Indonesia,
Philippines, and Turkey are the countries with the greatest installed geothermal generating capacity, averaging about 2 GW
each. Roughly 100 TW h of geothermal electricity is generated per year, which is less than 1% of total global electricity
production. In addition, about 140 TW h of direct geothermal heat energy is used globally per year (REN21, 2022). China
is by far the largest user of direct geothermal energy, using about 80 TW h/year, followed by Turkey, Iceland, and Japan.

Power plant cooling water

Cooling water is needed by virtually all thermal electric plants, whether powered by fossil fuels, biofuels, or nuclear
energy. A range of methods can be used for power plant cooling, with a large variation in water withdrawal, water con-
sumption, cost, generation efficiency, and other factors (see Table 16.2). Once-through cooling takes water from a large
body (e.g., ocean, lake, and river), passes it through a condenser to receive power plant heat, and then returns it to the
same source (now slightly warmer). Wet recirculating cooling uses the same water repeatedly to cool the power plant
condenser, and each time is sent to cooling towers to expose the water to ambient air. Some of the water evaporates,
and the rest (now cooler) is returned to the condenser in the power plant. Dry recirculating cooling also uses the same
water repeatedly to cool the power plant condenser, but each time is cooled via an air—water heat exchanger with no
evaporation of water. Hybrid cooling systems use some combination of these methods.

The most commonly used cooling system type is wet recirculating cooling using freshwater, which has the highest
rate of evaporative freshwater consumption of all cooling systems. This type of cooling is used for 80% of thermal
power generation in India (WRI, 2018), and 64% of thermal power generation in the USA (USGS, 2023). Shifting to
other types of cooling could substantially reduce evaporative consumption in water stressed regions.
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TABLE 16.2 Thermal power plants can use various types of cooling systems, each with advantages and disadvantages.

Cooling technology Advantages Disadvantages
Once-through Low evaporative consumption Highest water withdrawal
High cooling efficiency Ecosystem impacts from withdrawal and discharge
Lowest capital cost Restrictions on hot water discharge
Mature technology
Wet recirculating Lower water withdrawal than once-through Highest evaporative consumption
Mature technology Lower power plant efficiency than once-through
Higher capital cost than once-through
Dry recirculating Very low water withdrawal Highest capital cost
No evaporative consumption Low power plant efficiency (when weather is hot)

Large land area requirement

Source: Adapted from (CEC, 2009; CEA, 2012).

Thermoelectric production is dependent on viable cooling systems, and water limitations (of quantity or quality)
may constrain electricity generation. At least 14 disruptions due to cooling water shortages were experienced by India’s
largest thermal power utility companies in the 4 years from 2013 to 2016 (WRI, 2018). In the summer of 2022, high
water temperatures in the Rhone River forced the curtailment of electricity production in France’s nuclear power plants.

Irrigation for bioenergy

Some bioenergy crops are rainfed and thus more closely aligned to the natural water cycle. Other bioenergy crops are
irrigated, with water purposely diverted to the cropland. To the extent that bioenergy plays a greater role in future
energy systems, it is essential that the water requirements of the crops be considered, to avert unsustainable water use.
The irrigation water demand of bioenergy depends on numerous factors, such as the total water needed during the plant
lifecycle, the amount of green water provided naturally in the local bioclimate, the fraction of plant biomass that is ded-
icated to energy production, and the conversion efficiency from green biomass to usable energy.

Gerbens-Leenes et al. (2009) compared the water footprint of 12 common field crops that could be suitable for bioe-
nergy, such as maize, soybean, and sugar cane. They found that the conversion of plants to bioelectricity uses less
water, per unit of delivered energy product, than does the conversion of plants to liquid biofuel. Among liquid biofuels,
bioethanol requires less water than does biodiesel. Depending on climate, making bioelectricity from maize plants uses
about 20 m® of irrigation water per GJ of electricity. Making bioethanol from sugar cane uses about 60 m?> of irrigation
water per GJ of ethanol. Making biodiesel from soybean uses about 220 m® of irrigation water per GJ of diesel fuel.
For each liter of liquid biofuel produced, under average climatic conditions, the total water demand ranges from
1400 L (for ethanol made from sugar beets) to 20,000 L (for biodiesel made from jatropha).

Large-scale cultivation of energy crops would substantially increase total evapotranspiration within water basins. In
water-stressed regions, energy crop production could exacerbate water security challenges (Berndes, 2002). A decision to
engage in large-scale bioenergy must be informed by knowledge of constraints and competing demands on water supply.
Nevertheless, in water- and land-abundant regions bioenergy may play an important role in energy security. Another pathway
toward resilient bioenergy is the cultivation of halophytes, plants that thrive in saline water (Sharma et al., 2016). Irrigation
with seawater or brackish water could produce valuable energy crops with water that is otherwise unusable.

Synthesis

The interplay of clean energy and clean water is complex, with many dependencies and preconditions. Universal access to
clean energy and water will depend in part on demographics and population dynamics, as well as on changes in per capita
consumption of water and energy services. Efficiency improvements due to technology advancement will allow more usable
services to be delivered per unit of natural resources available. Furthermore, the impact of climate change will affect the
extent and reliability of both energy and water supply, through the alteration of temperature and precipitation patterns.

Table 16.3 summarizes the initial capital outlay, the operational challenges, and the long-term constraints of the var-
ious methods of using energy to get water and using water to get energy that are discussed in this chapter. Our society
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will continue to use large amounts of energy to obtain necessary water. Pumping of water, both to lift groundwater and
to convey surface water, will continue to be an important means of water supply. Efficiency improvements in pump
sets will reduce the energy needed, and clean electricity sources will reduce climate and other environmental impacts.
Desalination will play an increasing role, with virtually unlimited feed water in coastal regions. Nevertheless, the
energy cost for desalination will ensure the water is only used for high-value applications. Disinfection is important for
reducing the biological hazards of water supply and can be achieved with a range of methods demanding energy and
nonenergy inputs. Wastewater treatment is essential as population densities increase, requiring the construction of
extensive infrastructure. The use of nature-based treatment methods, which take advantage of the chemical energy con-
tained within the wastewater, is particularly relevant in a future of constrained energy and water supplies. Appropriate
well drilling equipment is needed in regions with abundant yet unexploited groundwater, including much of sub-
Saharan Africa. Distributed infrastructure for recharging groundwater will be needed in other regions, to ensure the sus-
tainable cycling of water resources. Atmospheric water capture will see little practical implementation, despite abundant
hype.

We will also continue to use our water resources to obtain energy supply. Hydroelectricity is a product of our dams
and reservoirs, which provide clean, dispatchable electricity. Currently the largest source of renewable power,
hydroelectricity is limited in the medium term by available dam sites, and in the long term by the siltation of reservoirs.
Geothermal energy systems use water to transfer Earth’s internal heat to the surface and can be a clean and reliable
energy source where geologic conditions are suitable. Cooling water is needed for virtually all thermal power plants,
including nuclear, coal, and gas powered generating plants. The reliability of this cooling water supply must be ensured,
which is made increasingly challenging by global climate change. Using irrigation water to grow bioenergy crops can
be a rational use of water resources in some regions, but is ill-advised in dryer areas.

In this chapter, we survey the connected landscapes of clean energy and water supply. We find that no single tech-
nology can independently resolve society’s energy and water challenges, but many can play important roles in achiev-
ing SDGs 6 and 7 to ensure affordable and clean energy and water for all.

1. The theoretical limit of a solar still is based on solar insolation of ~6.5 kW h/m”*/day and latent heat of water
evaporation of 0.63 kW h/kg, resulting in a maximum water evaporation of ~ 10 kg/m*/day.

2. RO desalination powered by PV electricity is based on solar insolation of ~6.5 kW h/m?*/day, PV solar-to-
electricity conversion efficiency of 20%, and RO specific electricity use of 2.5 kW h/m?>, resulting in a freshwater
production of ~500 L/m? of PV panel per day.
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