
LEADING THE ENERGY TRANSITION
FACTBOOK

INTRODUCTION TO THE

WATER AND ENERGY

CHALLENGE

SBC Energy Institute

November 2014



1

About SBC Energy Institute

The SBC Energy Institute (SEI) has been created to generate and promote understanding of the current and future energy technologies

that will be needed to provide a safe, secure and reliable mix as world energy supply shifts from resource-intensive (carbon, but also

water and land use) to resource-restricted. The SEI is a non-profit group that leverages its expertise within energy technology and

economic fundamentals to provide expert analysis on energy technologies & access to facts and data covering the complete range of

potential and actual energy sources in order to promote understanding of technology maturity, development priority and cost-based

deployment rationale.

About Leading the Energy Transition series

ñLeadingthe energy transitionòis a series of publicly available studies on low-carbon energy technologies conducted by the SBC

Energy Institute that aim to provide a comprehensive overview of their development status through a technological and scientific prism.

About the FactBook - Introduction to water and energy challenge

This FactBook first seeks to provide a global picture of the main water resources, the many dimensions of freshwater inequality

challenges, and current uses of freshwater. It then presents an overview of the current and forecast mismatch between supply and

demand, the reasons for the mismatch and its likely consequences if left unaddressed. The FactBook then summarizes the water risks

facing our society and their multi-dimensional nature. It also describes the water industryôsprincipal value chains, market trends, and

promising solutions. Finally, it compares water consumption for different energy-production pathways and illustrates the impact water

constraints have already had, and continue to have, on the development of conventional and unconventional resources.
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ƅAccessible, reliable, sustainable and usable freshwater amounts to just ~0.0003% of total

water reserves and is unevenly distributed
The total volume of freshwater is finite (~35 M km3: 2.5% of the 1.4 Bn km3 of global water resources), remains globally constant in various forms in

the water cycle, and exists largely in the form of unusable glaciers and groundwater. Only ~200,000 km3 (~0.6% of total natural freshwater resources)

are usable by humans and ecosystems, according to one frequently quoted figure. However, only about 2% of this potential resource is actually

accessible, reliable and sustainable (~0.01 of global freshwater resources and ~0.0003% of global water resources).

Water resource inequality is a local challenge that is not simply a function of physical availability. It is more complex and should be examined in its

many dimensions:

Á Freshwater availability is the physical quantity of freshwater available in each region/country and is sometimes measured on a per capita basis. At

the country level, freshwater reserves are unevenly spread geographically, with the top-10 water-rich countries cumulating ~62% of freshwater

supply. Per capita imbalances are further exacerbated by extremely low natural supplies of renewable water and/or a mismatch between the size

of the population and its water supply.

Á Freshwater stress can be measured as an absolute water quantity or as a relative ratio of water withdrawal to available resources. Both indicators

reveal that ~64% of the population is vulnerable to water stress and that, globally, the proportion of the population (and the share of GDP) under

high water-stress are forecast to increase significantly.

Á Access to freshwater/improved drinking-water sources (protected from outside contamination) can be limited locally even in countries with

sufficient supply.

Á Water footprint is an indicator of both direct and indirect freshwater use embedded in goods and services, quantifying the water intensity of

different products, and the types of water used to produce them.

Á Virtual water measures the freshwater used in the production and trade of a commodity/product & is used to quantify indirect trade in water

associated with the movements of goods around the world.

EXECUTIVE SUMMARY
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EXECUTIVE SUMMARY

ƅAgriculturecurrently withdraws ~70% of freshwater globally. Population growth is expected to

create a gap between supply and demand by 2030. This is forecast to average ~40% globally

but will be subject to significant regional variations
At the sector level, agriculture withdraws ~70% of global freshwater withdrawal, but industrial withdrawal dominates in Europe and North America. On

a per capita basis, stark water-usage differences exist between developed and developing countries, highlighting disparities in industrialization and

domestic water use levels.

Freshwater withdrawal (i.e. demand) is forecast to surpass reliable accessible supply by ~40% globally by 2030 both as a result of falling supply and

rising demand. The threat of such a large deficit must be urgently addressed. Supply is falling largely because of excessive use and pollution. This is

expected to remain the case, exacerbated by rising temperatures and atmospheric concentrations of CO2, both of which will affect the quantity and

quality of water available. Rising water demand is the result of population and economic growths, urbanization, and increases in the production of

food (plus changing diets), animal feed, fiber and biofuels.

For the last 100 years, water demand has risen at twice the rate of population growth; ~90% of the 2.59 Bn population growth forecast by 2050 will

occur in Africa and Asia, which are already facing severe water challenges. Furthermore, since 1997, the domestic sectorôsfreshwater withdrawal has

risen twice as fast as industrial and agricultural demand, with each sector exhibiting significant regional variations.

By 2030, about 60% of the mismatch may remain unaddressed, leading to depletion of fossil (non-renewable) reserves, drainage of water vital for the

environment, or unmet demand. In several Middle East and North Africa (MENA) countries, a large fraction of demand (70-90%) is already unmet and

the average figure for this unmet demand across the MENA region could increase from 16% (2000-09) to ~50% by 2040-50.

Finally, water challenges are local. Competition for water resources among economic sectors, domestic/international geographies, and between rural

and urban environments will intensify. There is no single freshwater crisis, as different regions/countries face very different water constraints (and will

continue to do so). There are local in nature and should be treated as such. Generalizations should thus be treated with caution.
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EXECUTIVE SUMMARY

ƅWaterrisks constitute environmental, social, and economic constraints that will require global

and local compromises
Water risks are often considered purely in terms of water quantity or quality. However they exist in numerous others dimensions, such as

geographical location, changing availability over time, reliability and the water price. Societal, cultural, regulatory and reputational dimensions must

also be considered in order to build a complete picture of the magnitude of water risks and their potential consequences. This FactBook considers

only a few of the multiplicity of water risks.

Á Water pollution causes are numerous and can result in water being not only unfit for human consumption, but also for industrial and agricultural

uses.

Á Floods, storms, and droughts have severe security, health, environmental, and economic consequences.

Á Human health is both directly and indirectly affected by poor water quality, which is the cause and/or the vector of diseases responsible for

millions of fatalities. Increased access to sanitation and improved water sources (protected from outside contamination) are vital for reducing the

impact of water-related diseases. For instance, unsafe water supply and sanitation resulted in 1.8 million premature child fatalities in 2012,

especially in low-income countries, where diarrheaôsimpact on children under 15 is greater than HIV AIDS, malaria, and tuberculosis combined.

Á Social impacts associated with the availability of freshwater are well-documented and date back to conflicts that are thousands of years old.

Freshwater has been at the root of numerous conflicts, either as the source (limited supply or limited access to water has caused many disputes,

motivated by economic and social development); the target (of military actions by nations or violence/coercion by non-state groups); and/or as a

military or political tool, and even for the purposes of terrorism (water resources or systems can be used as a weapon or a political tool by state or

non-state actors).

Á Energy development in the Middle East and China is considered at risk because of the lack of water.

Water and energy are highly interconnected and their relationship is, and will remain, under stress. The close links between water, energy and land

resources means strong demand for one can limit demand for the others. Challenging compromises will need to be made globally and locally. For

instance, increased water scarcity by 2030 could cause annual losses in global grain production of ~30% at a time when food production will need to

increase by 70-100% . In addition, the fastest-growing economies will see a sharp rise in energy/industrial demand, which is problematic because

they are currently allocating, on average, 60-90% of their water to agriculture.



©2014 SBC Energy Institute. Permission is hereby granted to reproduce and distribute copies of this work for personal or nonprofit educational purposes. Any copy or extract has to refer to the copyright of SBC Energy Institute
5

EXECUTIVE SUMMARY

ƅThewater value chain is complex and fragmented among various industries but shared

technologies exist across the water, wastewater treatment, and desalination sectors
The water value chain spans across various industries and incorporates a myriad of technologies, mostly developed after the 1950s. Water treatment,

wastewater treatment and desalination are the most technology-intensive parts of the water sector value chain.

This FactBook provides a brief introductory overview of the main water treatment technologies, but does not cover transportation and storage

technologies. Energy is also a key requirement in water systems, mainly for water treatment and pumping. Water (mostly hydropower) is also an

important source of electricity and accounted for ~16% of the global generation mix in 2011 (3490TWh)

Chemical balance

Disinfection

Blending

Desalination 

treatment

Filtration

Biological

Membrane/

screen
Thermal

Biological

Chemical

Removal of large

visible objects

Sedimentation & 

Clarification

SaltwaterFreshwaterInput:

DESALINATION
WASTEWATER 

TREATMENT

WATER

TREATMENT

Before water use After water use

Filtration

Biological

Filtration

Filtration

Desalination 

treatment

Blending1

Chemical balance

The wastewater treatment and desalination value chains consist of the

same processes (sedimentation, filtration, disinfection etc..) as water

treatment with specific additional processes (respectively, biologically

activated sludge treatments, and desalination plus blending).

Most sub-processes in these sectors involve membrane, chemical

and/or thermal treatment, depending on the technical characteristics,

quality of the input/output, and/or cost.

Disinfection

Industrial

wastewater

Removal of large

visible objects

Sedimentation & Clarification



©2014 SBC Energy Institute. Permission is hereby granted to reproduce and distribute copies of this work for personal or nonprofit educational purposes. Any copy or extract has to refer to the copyright of SBC Energy Institute
6

EXECUTIVE SUMMARY

ƅThere are various solutions to water challenges, which come at a range of costs and will be

required in varying combinations by different geographical areas
Between 1990 and 2010, the water sector in Europe and North America underwent rapid privatization and there is significant potential for further

privatization in Asia and MENA.

For individual consumers, the price of water is highly dependent on the water-distribution channel and the geographical location of the consumption

center. Water prices often do not reflect the real cost of producing and supplying water, encouraging wastefulness. Some water-scarce countries

charge much less for water (it is free in India, and cheap in China and Mexico) than water-rich ones (the UK, Denmark, France).

Solutions or adaptation strategies will involve decreased demand and/or increased supply.

Reductions in water demand can be achieved in:

Á Agriculture, as a result of increases in yields (no-till farming, improved drainage, optimized fertilizer use), utilization of best available seed types,

crop stress management and advanced irrigation techniques.

Á Both industry and domestic supply, as a result of efficiency, conservation/re-use/recycling, regulation, substitution (economic activities switch,

virtual water import), and/or increases in water prices.

Water supply can be increased by improving existing infrastructure, alternative supply (desalination, wastewater treatment), long-distance

transportation, and storage. Water reuse and desalination both have a large potential for growth but, combined, still supply less than 1% of freshwater

withdrawal globally. Renewable desalination is promising in MENA. And reuse has advantages over desalination, but should focus on high-value

uses (where water is sold to meet industry and/or domestic demand).

Finally, cost estimates for solutions to increase supply and decrease demand vary significantly in the literature. The costs of various solutions will be

specific to local settings and the chosen technology. Generally, efficiency measures are cheaper than improvements to traditional water-supply

infrastructure, which is itself much cheaper than desalination, even with forecast efficiency improvements. And the mix of solution to fill the 2030

supply-demand gap will vary drastically from one location to another.
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EXECUTIVE SUMMARY

ƅThe constraints imposed by water supply (vital for energy production) have already affected 

the development of conventional and unconventional resources and continue to do so
Water and energy flows are complex and interconnected. In the U.S., thermoelectric cooling withdraws the largest volume of freshwater, 526 Million

cubic meters per day (Mm3D) [139 billion gallons per day (BGD)], representing ~43% of total withdrawal. Total U.S. freshwater consumption equals

439 Mm3D [116 BGD], of which 363 Mm3D [96 BGD] (~80%) is consumed by agriculture. The petroleum sector (including hydraulic fracturing), only

consumes a small fraction: 4.5 Mm3D [1.2 BGD] (~1%) for water flooding and enhanced oil recovery and 0.8 Mm3D [0.2 BGD] (~0.2%) for hydraulic

fracturing in oil and natural gas.

Water is used (withdrawn and/or consumed) at different stages of the oil and gas, nuclear, coal, and concentrating solar power (CSP) energy-

production pathways: extraction & production, processing, and thermal electricity generation (mostly cooling). Thermoelectric cooling is by far the

largest fraction of total life-cycle water consumption (per unit of energy produced). For the scenarios considered, conventional and unconventional

gas have, on average, a smaller ratio of water consumed per unit of energy produced (consumptive life-cycle water intensity or median life-cycle

water consumption per unit of energy produced) than CSP, nuclear, and coal. When used for transport and heating, conventional and unconventional

oil consume the least water per unit of energy because they do not involve a cooling stage.

Water constraints have already had a critical impact the energy sector globally, and continue to do so. Over the past 10 years, numerous events have

demonstrated the significant impact water constraints have on energy production: high-temperature freshwater, scarcity of freshwater or excess of it

frequently impose constraints on energy production (e.g. reduce/shut-down of thermoelectric production to stay within thermal discharge limits). This

affects all energy systems and economic regions. For example:

Á 93% of onshore oil reserves in the Middle East are located in medium-to-extremely-high-risk areas in terms of overall freshwater quantity.

Inadequate water infrastructure is already constraining asset development, causing project delays and giving rise to additional costs.

Á 50% of proposed Chinese coal power-generation capacity will be located in high-to-extremely-high water-stress regions (58% of existing coal

mines and coal-fired power plants already are).

Á U.S. CSP and photovoltaic (PV) development may be constrained by a lack of water, particularly in California and New Mexico.

Á Shale resources are unevenly distributed around the globe, and most are located where freshwater is scarce. Chinaôsshale gas is mostly located

in densely populated regions with high-to-extremely-high water stress, where water use is dominated by agriculture. Hydraulic fracturing

developments in the U.S. are located in medium-to-extremely-high water-stress regions. Water for hydraulic fracturing can be drawn from a

variety of sources (surface water, groundwater, recycled flowback/produced water from previous frac operations). However, recent advances in

fracôingcould result in 100% of freshwater being replaced with produced water. Well integrity is one of the main risks associated with shale-gas

development, but it is not specific to frac operations. To address these risks, mitigation measures and industry standards have been developed

and applied to ensure zonal isolation of wells through proper cementing and well casing practices, and to contain fracture propagation within the

producing formations. Hydraulic fracturing increases conventional gasôsmedian life-cycle water consumption per unit of energy produced by 2-

22%, depending on plant configuration.
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Note: Picture credits: UNEP (2008).
Source: UNEP (2008), ñAnOverview of the State of the WorldôsFresh and Marine Watersò

The natural water cycle provides a constant volume of freshwater every year

WATER ATLAS - A GLOBAL PICTURE OF THE WATER CYCLE AND RESOURCES

HYDROLOGICAL CYCLE SCHEMATIC

Á Water exists in a variety of forms

(vapor / liquid / ice) at the surface or

underground. Water flow is recycled

through a coordinated hydrological

cycle.

Á There is no creation of ñnewwaterò:

each year ~577,000 km3 of freshwater

circulates through the water cycle.

The volume of freshwater under

various forms remains roughly

constant in the natural hydrological

cycle.

577,000 km3/year
Freshwater 

flow
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Water withdrawn is either ñconsumedò or ñdischargedò, with different 

consequences for local water stock

WATER ATLAS - A GLOBAL PICTURE OF THE WATER CYCLE AND RESOURCES

WATER USE CLASSIFICATION AND IMPACT ON LOCAL AVAILABILITY

Note: Picture credits: The Weather Channel; National Geographic; Humboldt State University; 1 Non-fresh water includes: sea water, saline groundwater,
municipal and industrial wastewater, oil and gas produced water and recycled injected water; Freshwater includes: surface and non-saline
groundwater and desalinated salty water or treated wastewater.

Source: OECD (2012), ñEnvironmentalOutlook to 2050ò; Aquastats (2012), ñDisambiguationof water statisticsò,Kenny et al. (2009), "Estimated Use of
Water in the United States in 2005 USGS"
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4,200

200,0003

35 106

1.4 109

1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08 1.E+09 1.E+10

Note: 1 The segments representing small percentages at the right-hand end of the first three bars have been enlarged for readability purposes;
2 Groundwater includes shallow and deep groundwater basins up to 2,000 meters, soil moisture, swamp water and permafrost; 3 Renewable internal
freshwater resources (internal river flows and groundwater from rainfall in a country), which amounted to 42,369 km3 worldwide in 2011 (World Bank
database), represent another theoretical upper limit for the water that can be withdrawn from natural systems but in practice accessible, reliable,
sustainable supply is far lower (~4,200km3); 4 Existing supply that can be provided at 90% reliability, based on historical hydrology and infrastructure
investments scheduled through 2010; Net of environmental requirements, and excluding use of fossil (nonrenewable) groundwater reserves not
sustainable in the long term.

Source: UNEP (2008), ñAnOverview of the State of the WorldôsFresh and Marine Watersò; 2030 Water Resources Group (2009), ñChartingour water
futureò; SBC Energy Institute analysis

Accessible, reliable, and sustainable supplies of freshwater represent ~0.0003% 

of global water resources

WATER ATLAS - A GLOBAL PICTURE OF THE WATER CYCLE AND RESOURCES

BREAKDOWN OF GLOBAL WATER RESOURCES
km3 (log scale1)
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WATER ATLAS - A GLOBAL PICTURE OF THE WATER CYCLE AND RESOURCES

Source: SBC Energy Institute analysis

Freshwater

resource

inequality is a

local supply

challenge
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region/country globally
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drinking freshwater source 

(protected from outside 
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relative ratio of withdrawal to 

available resources

Water footprint:

Indicator of both direct and 

indirect freshwater use 

embedded in goods and 

services

Virtual water:

Freshwater used

in the production and trade

of a commodity

5 dimensions of freshwater resource inequality highlight the local nature of its 
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Note: 1 Global estimates indicate thatn ~55% of groundwater worldwide is saline and 45% fresh; 2 There is an inconsistency in the 2008 study between the
global split by water type and the split by continent (glacier/ice and wetlands/lakes figures add up to 170 and 96 km3 in the split by continent).

Source: Adapted from Philippe Rekacewicz, UNEP/GRID-Arendal (2008), based on: Igor A. Shiklomanov, State Hydrological Institute, St. Petersburg and
UNESCO, Paris (1999); World Meteorological Organisation (WMO); International Council of Scientific Unions (ICSU); World Glacier Monitoring
Service (WGMS); United States Geological Survey (USGS); SBC Energy Institute analysis

MAP OF AVAILABLE FRESHWATER BY REGION AND BY TYPE
103 km3 (log scale)

WATER ATLAS - A GLOBAL PICTURE OF THE WATER CYCLE AND RESOURCES

Freshwater resources are unevenly distributed and divided into 3 main types
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0.2
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Global 
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Groundwater1

Antarctica 21,600 

Greenland 2,340 

Ground ice / permafrost 300 

Arctic islands 84 

Mountain glaciers 41 

Fresh groundwater 10,530 

Freshwater lakes 91 

Wetlands 12 

Rivers (as flows on average) 2 

In biological matter 1 

Atmospheric vapor (on average) 13 

Total freshwater (103 km3) 35,013 

4252

1052

Excluding Antarctica and Greenland, groundwater

dominates global freshwater resources

Á 68% of all freshwater is in Antarctica and Greenland

Á Groundwater resources account for 30% of all

freshwater, although less than 1/2 of groundwater

resources are fresh.

Á The remaining 2% of freshwater resources are in

other glaciers and in surface freshwater (~86% of

surface freshwater is in lakes, mostly in Canada/US,

Africa and Asia; rivers account for ~2%)












































































































































