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Introduction 

Water, Energy and Food are requirements to sustain life. Supplying them to all people around the 
globe, guaranteeing there will be enough resources for the future is one of the biggest challenges for 
Sustainability.  

Water, agriculture and energy use have deep impacts in ecosystems. They are intricately 
interconnected and scientists are barely starting to understand most of those linkages. In those relationships 
with ecosystems a new actor has come into scene: climate change. This will affect the availability of water, 
energy and food, and those three elements in turn have impacts on climate change. 

Energy is required for treatment of raw water, desalination, distribution/transportation, wastewater 
treatment and irrigation. Water is required to produce electricity, transportation of fuels, food production 
and growing some crops used as fuel. Both, energy and food production have a marked impact on water 
quality. 

Although this paper focuses only on the water-energy nexus and its relationship with climate change, 
food production nexus is a recurrent subject that cannot be neglected, specially with the increasing use 
crops in biofuel. An integral approach is central for creating adaptive capacity to climate change effects 
because water, energy, agriculture and climate are all pieces of the same system and are connected. 

Hoff (2011) schematizes in Figure 1 the nexus showing the factors affecting it as urbanization, 
population growth and climate change. He indicates that changes are also required in economy, society and 
environment management, pointing out that actions in finance, technology and policy are required for 
achieving sustainable growth, water-energy-food security and resiliency. 

 

 
Figure 1 The water, energy and food security nexus1 

 
 

 
1 (Hoff, 2011, p. 16) 
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Water and Energy mutual uses and their relationship with climate 

Energy use in water 
Energy is required for extracting, treating, purifying, distributing, and the heating/cooling of water. 

Water is required to produce electricity, extract fossil fuels and store potential energy in dams, boilers and 
turbines, as well as for growing biomass crops.2 Energy inputs required in a typical water-use cycle have 
five basic stages as shown in Figure 2.  

 

 
Figure 2 Uses of electricity in the water-use cycle (From Wolff et al., 2)3 

Energy consumption (energy intensity) depends also on the water supply source. Figure 3 shows the 
energy intensity by source. Usually reclaimed water is highly energy-intensive and may vary per m3 from 
0.37KWh for surface water, 0.66-0.87KWh for reclaimed wastewater and 2.6-4.36KWh for desalinated 
water. Groundwater pumping for irrigation may imply up to 40% of the total energy use in some countries 
because pumping in greater depth may increase energy demand by a factor of 80 as the water table falls 
(from a depth of 35 to 120m).4 

 

 
Figure 3 Generic intensity of water supply types5 

Climate Change and Water Consumption 
Greenhouse gas (GHG) emissions are associated to the water use. Figure 4 shows the energy 

consumption by sector and associated Carbon emissions. Note the greatest numbers in energy and emissions 
are given by wastewater treatment (public and private), irrigation and water supply. 

 
2 (Platonova & Leone, 2012, p. 6) 
3 (Griffiths-Sattenspiel & Wilson, 2009, p. 11) 
4 (Hoff, 2011, p. 22) 
5 (Griffiths-Sattenspiel & Wilson, 2009, p. 13) 

and pumping costs are directly related to the elevation water must be lifted. Depending on pumping 
efficiency, between 40 and 80 kWh are required to lift one million gallons of water 10 feet.20 Energy 
used for groundwater pumping is typically between 537 kWh and 2,270 kWh per million gallons, 
depending on pumping depth.21 Although some gravity fed surface sources are located above the 
service area and require no additional pumping, energy is often needed to pump surface water sources 
as well. For instance, water delivered to Southern California from the Sacramento-San Joaquin Delta 
passes 2000 feet over the Tehachapi Mountains and requires 9,200 kWh/MG.22 

The vast majority of water supplies come from fresh groundwater or surface sources such as rivers, lakes 
or streams.23 Other sources of water include desalinated seawater, brackish groundwater and recycled 
wastewater. Table 2.2 provides some generic estimates of the energy intensity for water supplies. 

Table 2.2 – Generic Energy Intensity of Water Supply Types24 

Source Types Energy Intensity 
(kWh/MG)

Surface Water (Gravity Fed) 0

Groundwater 2000
Brackish Groundwater 3200
Desalinated Seawater 13800
Recycled Water 1100

Many water utilities rely on multiple sources of water, much in the same way an electric utility might 
get its power from multiple power plants. Different sources of water can be embedded with varying 
degrees of energy depending on quality, location and type of source. This results in water systems that 
supply units of water with different values of embedded energy throughout the year. Marginal units of 
water are most likely to have a higher energy factor than the system as a whole, since the least energy-
intensive sources available are generally used to meet base load demands due to their lower costs to 
supply.

In Portland, Oregon, for instance, the Portland Water Bureau relies on two sources to meet its water 
demands. The primary source, the Bull Run, consists of gravity fed surface water from a protected 
watershed and requires just 570 kWh per million gallons. The secondary, or marginal, source consists 
of groundwater withdrawn at the bureau’s Columbia South Shore Well Field, which has to be pumped 
4.5 miles south and 750 feet up for storage. Due primarily to these pumping demands, well field water 
has an energy intensity of approximately 3,675 kWh per million gallons—about 6.5 times greater than 
the Bull Run supply. 

Despite successful water conservation efforts, peaking water demand and limited supplies in the 
Bull Run during summer months often forces the bureau to use the well field supply, thus increasing 
electricity costs. In 2006, for instance, the groundwater supply represented 43% of total electricity 
requirements despite providing only 14% of that year’s water supply.25 Therefore, reducing the demand 
of water from the well field will have a greater energy benefit than a similar reduction of Bull Run 
water. This implies that the bureau could optimize energy savings by aggressively targeting summer 
water use in its conservation programs. 

Section 2: The Energy Intensity of Water

The Carbon Footprint of Water     13
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Figure 4 U.S. Annual Water-Related Energy Use and Carbon Emissions, 20056 

Electricity will also be demanded for water pumping and desalination in areas that will see shortages 
in water supply; competition for water resources in some water-scarce areas will demand policy 
intervention. Climate change is expected to affect significantly hydropower, generating competing uses 
between water and energy supply.  

Water use in electricity 
Right now, there are many water-stressed regions on Earth. Many people lack of water supply and 

sanitation. Stress will be increased by climate change because overall projected temperature increase and 
decline of rainfall. Anthropogenic factors such as competing land use, pollution, dilution of chemicals and 
minerals and growing population are added to climate factors causing more pressure on the system.  

Power plants impact the quality and quantity of local water resources. The power sector withdraws 
more freshwater annually than any other sector in the US (41% in 2005 for thermoelectric cooling needs 
primarily)7 and once used and cooled, water temperature is increased and may impact aquatic ecosystems.8 
Another important fact to notice is that in the United States, on average, the water footprint of electricity 
use compared to the water use in a household is about 5.4 times greater (39,829 gallons/month vs. 7,336 
gallons/month) as shown in Figure 5. This evidences the necessity of a nexus approach in order to protect 
water resources. 

 
6 (Griffiths-Sattenspiel & Wilson, 2009, p. 22) 
7 (Macknick, Sattler, Averyt, Clemmer, & Rogers, 2012, p. 1) 
8 (Macknick et al., 2012, p. 2) 

understanding the air emissions resulting from water supply and treatment. An assessment of the 
timing of peak energy use for water supplies on a national and regional basis could provide some 
useful insight for policy makers and resource planners attempting to integrate water and energy 
policies. An analysis of the methodology and assumptions used in the EPRI report is provided as Appendix 
A.

Having conducted a broader review, it is now clear that our initial analysis significantly underestimated 
the magnitude of water-related energy use in the U.S. By applying updated statistics from the EIA on 
residential and commercial water heating to the same methodology used in 2008, River Network is 
now proposing a more accurate baseline estimate 50% greater than our initial findings. 

As of this date, a fully comprehensive national analysis of the energy demands associated with water 
supply, treatment and end-uses has yet to be conducted. This is due to a variety of reasons, including a 
general lack of awareness of the water-energy nexus, the difficulty obtaining detailed data from utilities 
and a lack of coordination between researchers and agencies looking at water and energy issues. 

River Network’s current estimate of 2005 water-related energy use and associated carbon emissions 
by sector (derived from EIA and EPRI data) is available in Table 4.1. We believe our estimate provides 
a baseline estimate of water-related energy use in the U.S. and shows what sectors are responsible for 
the greatest energy demands. The intent of our analysis is to illustrate the magnitude of water-related 
energy use by providing a minimum value until a more comprehensive analysis is conducted on the 
energy embedded in water.

Table 4.1- U.S. Annual Water-Related Energy Use and Carbon Emissions, 2005

Sector (“P” = Private supply) Energy Consumption 
(Million kWh)

Carbon Emissions 
(Metric Tons)52 

Water Supply and Treatment53 

Public Water Supply 31,910 19,681,451
Public Wastewater Treatment 24,512 15,118,512
Domestic Supply (P) 930 573,605
Wastewater Treatment (P) 49,025 30,237,642
Commercial Supply (P) 499 307,773
Industrial Supply (P) 3,793 2,339,447
Mining Supply (P) 509 313,941
Irrigation Supply (P) 25,639 15,813,624
Livestock Supply (P) 1,047 645,769

Subtotal for supply and treatment: 137,864 85,031,764

End Use (Water Heating)
Residential54 304,200 169,140,000
Commercial/Institutional55 79,100 35,760,000
Subtotal for End Use: 383,300 204,900,000
U.S. Total: 521,164 289,931,764

Section 4: A New Estimate of National Water-Related Energy Use

22     The Carbon Footprint of Water
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Figure 5 Water Footprint of Household Electrical Use versus Direct Household Water Use9 

 
Figure 6 shows a schematic of the relationship between generators, boilers, and cooling structures in 

power plants. Although new technologies allow recirculating water with cooling purposes, a fresh source 
of water is always needed. 

 
Figure 6 Relationship between electricity plants, generators, boilers and cooling structures10 

Water in electricity generation is accounted as both consumption and withdrawal. Water has different 
life cycle stages: Fuel cycle, power plant and operations (see Figure 7). Figure 8 shows the consumption in 
gal/MWh and Figure 9 shows the withdrawal in gal/MWh. It is clear that high water consumption and high 
water withdrawals are not always related. Notwithstanding the cooling processes are always the highest 
users in both withdrawals and consumption. Renewable technologies as photovoltaic solar and wind power 
have only consumptions in the power plant construction and maintenance and have low impacts. 
Geothermal shows also as an option with some water consumption and withdrawal in the operation phase. 

 
9 (Wilson, Leipzig, & Griffiths-Sattenspie, 2012, p. 12. Chart 3) 
10 (Averyt et al., 2013, p. 3. Figure 1) 

12 Burning Our Rivers: The Water Footprint of Electricity
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Chart 3. Water Footprint of Household Electrical Use versus Direct Household Water Use
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combined cycle EGU, internal combustion engines, and wind,
photovoltaic, and hydroelectric generators do not require
water for cooling.

Of 3583 water-cooled operational units identified, only
2757 reported electricity generation at the EGU level in Form
923 Schedule 5A. The remaining units required estimation
of the net generation at the EGU scale where only plant
information was available. If the EGU was the only unit at
the plant, then the plant generation from EIA Form 923 was
attributed to the EGU; this applied to a single EGU in this
analysis. For the remaining 1872 EGU, a simple algorithm
was applied. If a plant had any units that reported to Schedule
5A, the generation from those units was deducted from the
overall plant generation as reported to the primary Form
923. The remaining generation at the plant was apportioned
through all remaining generators in proportion to nameplate
capacity. This assumes that all generators at a plant have
the same capacity factor. Plants where EGU are retired, on
standby or reported no generation are not included.

Negative net generation values exist for 649 of the
19 558 EGU in the database, most of which have a very low
capacity factor. In some instances, Form 923 or Schedule
5A report negative net generations for the plant or the EGU,
respectively8. In other cases, the algorithm above returns a
negative value for residual generation. These facilities are not
included in the results reported here, under the assumption
that these units are run for capacity purposes only and have a
higher parasitic load than use.

2.2. Database development: data reported to EIA

To associate cooling water data with specific generators
(rather than boilers), the reported withdrawals and consump-
tion at each cooling system were allocated to the EGU that
utilizes that system. Cooling systems are associated with
boilers, and boilers are associated with EGU. However, at any
connection, there may be multiple stages that merge or divide
(i.e. a single cooling system utilized by multiple boilers,
which feed multiple EGU). Although there is information that
allows for characterization of those linkages, information is
not readily available that accurately diagrams the complex
connections. To best estimate water use at the EGU scale,
we adopt a terminology for the way that energy flows or
is utilized between plants, generators (EGU), boilers, and
cooling structures (figure 1). In this case, we refer to the use
of energy at different plant components as ‘passing’ energy
from component to component and parsing or aggregating it
between components. First, we assume that each EGU passes
generation down to each boiler associated with that EGU in
equal parts, and again generation passes down from those
boilers to their associated cooling systems in equal parts. If
a boiler serves more than one EGU, the generation (or partial

8 These values may be legitimate for units that run at spinning reserve only,
or provide peaking capacity but have a higher parasitic load than generation
in most operational hours. Of the 3583 units in this water use analysis, only
29 were estimated to have negative generation (at very small values), and
of those, all but three reported the negative generation directly to Form 923
Schedule 5A.

Figure 1. Schematic demonstrating relationships among plants,
generators, (EGU), boilers, and cooling structures. As shown,
multiple boilers may be associated with each generator, each
cooling structure may be associated with multiple boilers, and each
plant may include multiple instances of each type of equipment.
Blue arrows depict the flow of cool water; red arrows depict the flow
of heated water.

generation) from all served EGU is summed to the boiler. The
same applies at the cooling system level relative to the boiler.
Water use is passed ‘up’ to all boilers served by the cooling
system, pro-rated by the amount of generation assumed to
be served by each boiler. This water use is again passed up
to the EGU served by those boilers, again pro-rated by the
generation of the EGU served by those boilers.

Out of the over 3500 units requiring water for cooling,
20% do not have a boiler association (and therefore no
recorded water use available), 50% have a single boiler
association, and the remaining record more than one boiler.
The units associated with more than one boiler only represent
8% of the generation in this analysis. However, not all of
the boilers record a cooling system association, and of those
that do, not all reported cooling water use (either withdrawals
and/or consumption). Only 1526 cooling structures at 729
plants report to the Form 923 Schedule 8D; of these
cooling structures, 74% (1133) report both withdrawals
and discharges. Consumption is calculated as the difference
between withdrawals and discharges.

Once this information has been passed through the boiler
level and back to the EGU level, estimated withdrawals are
available for 38% of the EGU (1374) in this analysis that we
determined require cooling, and consumption for 26% (952).
These EGU account for 52% and 38%, respectively, of the
reported total electricity generated by EGU requiring cooling
in 2008. The 3613 EGU requiring cooling make up only 24%
of the total number of EGU reported, but more than 85% of
the total reported electricity generation in 2008.

The type of cooling structure used by each power plant
is self-reported to the EIA through Form 860. The cooling
systems that can be selected include once-through using fresh,
saline, or cooling pond(s) or canals(s); recirculating with
either forced, induced, or natural draft towers; or recirculating
through a cooling pond or canal. Options for towers included
mechanical draft or natural draft, wet- or dry-cooled, or a
combination wet-dry process. To associate specific EGU with
particular cooling structures ‘types’ and towers, we followed

3



RUGE 5 

 
Figure 7 Water life cycle stages in electricity generation11 

 

 
Figure 8 Estimated life cycle water consumption factors. Note: PV = photovoltaics; C-Si = crystalline silicone; EGS = 

enhanced geothermal system; CSP = concentrating solar power; CT = combustion turbine; CC = combined cycle; IGCC 
= integrated gasification combined cycle; and PC = pulverized coal, sub-critical.12 

 
11 (Meldrum, Nettles-Anderson, Heath, & Macknick, 2013, p. 3. Figure 2) 
12 (Meldrum et al., 2013, p. 13. Figure 4) 

Environ. Res. Lett. 8 (2013) 015031 J Meldrum et al

Figure 2. A schematic of the significant life cycle stages for each electricity generation technology demonstrates the additional role of fuel
cycle water use in contributing to the life cycle water use for coal, natural gas, and nuclear generation technologies. The power plant life
cycle stage consists of an upstream component manufacturing and plant construction phase and a downstream phase when the power plant
is decommissioned.

a few frequently cited, older sources (DOE 1983, Tolba
1985, Gleick 1994), which are retained because of both their
importance to other literature and difficulties in tracking down
many of their sources, we also eliminate references that did
not provide primary data.

We gather data from all references passing the first
two screens and present all non-duplicate estimates in
the supplementary data (available at stacks.iop.org/ERL/8/
015031/mmedia). In addition to removing duplicates, the
third screen focuses on the reasonableness of individual
estimates, considering both engineering principles and the
preponderance of evidence. With a bias toward retaining
estimates, we subject questionable estimates to further
scrutiny, considering the thoroughness of documentation
and the age of both the questionable reference and of
alternative estimates’ sources. We also omit otherwise
reasonable estimates that lack sufficient disaggregation along
the production pathway. In the results below, we discuss any
unique estimates omitted in this third screen and otherwise
focus presentation and analysis on data that pass all screens.
Of the 138 sources passing the reference-level screens, one
(Inhaber 2004) provides quantified water use data for all seven
technologies we address, one more (Gleick 1994) addresses
all but wind (for which water use is listed as ‘negligible’),
but the majority cover only one or two technologies each with
primary data. A given reference can have multiple estimates,
even for the same generation technology.

We categorize gathered data by generation technology
and life cycle stage. As shown in figure 2, we separate the life
cycle into three main stages: fuel cycle, which pertains only to
coal, natural gas, and nuclear generation technologies; power
plant, which represents the life cycle of the physical power
plant equipment; and operations, which includes cooling
for thermal technologies and all other plant operation and
maintenance functions. Careful tracking of stage definitions
and boundaries, which vary by study, is required to avoid
double counting as much as possible when adding estimates
across stages. This analysis does not account for electricity
transmission, distribution, or end use, neither in terms of
resource uses nor electricity losses.

Reflecting the spatial and temporal impacts of water use,
most of this analysis focuses on water use disaggregated

across life cycle stages. In addition, although the distinction
between withdrawal and consumption is essential for
understanding these impacts, many references do not specify
which type of water use they report. Therefore, we infer
this distinction from context and other information where
possible and, where not, omit estimates because of insufficient
reporting quality. In some cases of insufficient information,
noted below, we assume withdrawals equal consumption,
seeking balance between underestimating withdrawals when
estimates actually report consumption and overestimating
consumption when estimates actually report withdrawals.

We define life cycle water use factors (waterLC) as ratios
of life cycle (LC) water use per unit of generated electricity,
expressed as gallons per megawatt-hour (gal MWh�1). We
calculate factors for the life cycle water consumption and
withdrawal associated with each generation technology. These
factors represent weighted sums of the water use factors for
each of the three major life cycle stages defined in figure 2:

waterLC = waterFC ⇤
✓

fuellifetime

elifetime

◆

+ waterPP ⇤
✓

1
elifetime

◆
+ waterOP (1)

where waterFC is the amount of water used in the fuel
cycle (FC) per unit of fuel (expressed as gal ton�1 for
coal, gal MMscf�1 for natural gas, and gal kg�1 converted,
enriched, and fabricated uranium fuel (i.e., UO2) for nuclear);
elifetime is the amount of electricity generated by a power plant
over its lifetime (MWh/lifetime); fuellifetime is the amount
of fuel used by a power plant over its lifetime (ton/lifetime,
MMscf/lifetime, or kg/lifetime, as appropriate); waterPP is the
amount of water used for component manufacturing, power
plant construction, and power plant decommissioning (i.e. the
power plant equipment life cycle (PP) as defined in figure 2)
(gal/lifetime); and waterOP is the amount of water used in
the operations (OP) of the power plant per unit of generated
electricity (gal MWh�1).

In addition to water use estimates, we record parameters
relevant to fuel attributes, fuel cycle characteristics, and power
plant performance, which can influence the amount of water
used in life cycle stages. Where possible with available data,
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Table 12. Summary statistics of selected, harmonized estimates of water consumption and withdrawal for major life cycle stages and
production pathways for wind-generated electricity.

Sub-category

Consumption
(gal MWh�1)a

Withdrawal
(gal MWh�1)a

Median Min Max nb Median Min Max nb

Power plant Upstream and downstreamc 1 ⌧1d 9 12 26 13 83 19
Operations Onshore <1d ⌧1d 2 10 1 1 1 2

Offshore ⌧1d ⌧1d 1 4 2 ⌧1d 3 9

a Statistics based on harmonized estimates, with respect to life cycle stage boundaries as well as relevant parameters
shown in table 1.
b For estimates constructed from multiple disaggregated stages or processes, ‘n’ reports the average number of
estimates over each of the stages. For categories with exactly 2 estimates, the median is defined as the arithmetic
mean.
c Power plant includes both upstream water use estimates (pertaining to manufacturing, materials, and construction)
and downstream water use estimates (for water used in dismantling and disposal of power plants). The latter
contributes negligibly to the total for this life cycle stage.
d <1 designates a value between 0.1 and 0.5 (due to rounding), and ⌧1 designates a value less than 0.1.

Figure 4. Estimated life cycle water consumption factors for selected electricity generation technologies, based on median harmonized
estimates, demonstrate significant variability with respect to technology choices. Base case estimates for each life cycle stage, presented in
bold font, are held constant for estimating life cycle water consumption factors for other life cycle stages. Estimates for production pathway
variants in fuel cycle or power plant (labeled on top of the bars) or operations (bottom) are labeled at points connected to the base case
estimate with horizontal lines. Note: PV = photovoltaics; C-Si = crystalline silicone; EGS = enhanced geothermal system;
CSP = concentrating solar power; CT = combustion turbine; CC = combined cycle; IGCC = integrated gasification combined cycle;
and PC = pulverized coal, sub-critical.

13
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Figure 9 Estimated life cycle water withdrawal factors. Note: PV = photovoltaics; C-Si = crystalline silicone; EGS = 

enhanced geothermal system; CSP = concentrating solar power; CT = combustion turbine; CC = combined cycle; IGCC 
= integrated gasification combined cycle; and PC = pulverized coal, sub-critical.13 

Macknick et al. (2012) also analyze water use in the electricity sector in four scenarios. One is a 
reference from the EIA’s Annual Outlook 2011 and three carbon-constrained scenarios with different 
technologies and generation as shown in Figure 10.  

 
13 (Meldrum et al., 2013, p. 14. Figure 5) 

Environ. Res. Lett. 8 (2013) 015031 J Meldrum et al

Figure 5. Estimated life cycle water withdrawal factors for selected electricity generation technologies, based on median harmonized
estimates, demonstrate significant variability with respect to technology choices. Base case estimates for each life cycle stage, presented in
bold font, are held constant for estimating life cycle water consumption factors for other life cycle stages. Estimates for production pathway
variants in fuel cycle or power plant (labeled on top of the bars) or operations (bottom) are labeled at points connected to the base case
estimate with horizontal lines. Note: PV = photovoltaics; C-Si = crystalline silicone; EGS = enhanced geothermal system;
CSP = concentrating solar power; CT = combustion turbine; CC = combined cycle; IGCC = integrated gasification combined cycle;
and PC = pulverized coal, sub-critical.

(2012). For coal, natural gas, and nuclear, the fuel cycle
contributes a small but non-negligible amount to total
life cycle water use. For these technologies, power plant
equipment life cycle water demands are negligible in relation
to the life cycle total. In contrast, the power plant contributes
a large portion of the total water use for the thermoelectric
renewable technology of CSP, and represent the majority
of life cycle water use for non-thermoelectric renewables
(PV and wind). With the exception of prominent distinctions
between withdrawal and consumption requirements for
different cooling technologies, most estimates of water
consumption and withdrawal across the life cycle of a given
production pathway follow similar relative patterns to each
other. In both figures 4 and 5, the relative rankings of water
use across major generation technology categories switch
according to production pathways.

Figure 6 demonstrates the sensitivity of the life cycle
water consumption estimates shown in figure 4 to the selection
of performance parameters for harmonization. The range of

parameters used match the extremes found in the published
literature or reported in reviews on electricity generated by
coal (Whitaker et al 2012), natural gas (O’Donoughue et al
2012), nuclear power (NETL 2012a, Warner and Heath 2012),
CSP (Burkhardt et al 2012, DOE 2012), PV (Hsu et al 2012),
and wind (Dolan and Heath 2012). We base the range for
geothermal on the ranges used for other technologies.

Parameter values can alter the relative rankings of water
consumption across major generation technology categories
(e.g., coal versus nuclear). The relative sensitivity of the
life cycle total consumption to performance parameter values
corresponds to the relative contribution of the major life cycle
stages to which they pertain. In addition to demonstrating a
source of variation in published estimates, this figure reflects
how operations characteristics interact with relative water use
in other life cycle stages to influence water use per unit of
electricity output. For example, variation in thermal efficiency
corresponds with substantial variation in life cycle water
use because the factor affects the amount of cooling water

14
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Figure 10 National electricity generation by scenario. Results from the ReEDS model indicate a variety in total electricity 
generation values and deployed electricity generation technologies in 2030 and 2050. Scenario 1, reference case; scenario 
2, carbon budget, no technology targets; scenario 3, carbon budget with coal with CCS and nuclear targets; scenario 4, 

carbon budget with efficiency and renewable energy targets.14 

Figure 11 shows the results of water withdrawal for each scenario. Macknick points out that the 
reduction is mainly due to recirculating cooling technologies in coal plants in scenario 1, the replacement 
of coal powered plants by natural gas combined cycle in scenario 2, cooling recirculation in nuclear and 
new coal plants in scenario 3 and a reduction of demand and related water requirements in scenario 4. 

 

 
 

Figure 11 National-level water withdrawal results for four electricity scenarios. Scenario 1, reference case; scenario 2, 
carbon budget, no technology targets; scenario 3, carbon budget with coal with CCS and nuclear targets; scenario 4, 

carbon budget with efficiency and renewable energy targets.15 

 
14 (Macknick et al., 2012, p. 4. Figure 2)  
15 (Macknick et al., 2012, p. 5. Figure 3) 

Environ. Res. Lett. 7 (2012) 045803 J Macknick et al

Figure 2. National electricity generation by scenario. Results from the ReEDS model indicate a variety in total electricity generation values
and deployed electricity generation technologies in 2030 and 2050. Scenario 1, reference case; scenario 2, carbon budget, no technology
targets; scenario 3, carbon budget with coal with CCS and nuclear targets; scenario 4, carbon budget with efficiency and renewable energy
targets.

3. Results

Using the ReEDS model to explore the four electricity
scenarios, we compare national- and regional-level water
withdrawal and consumption impacts.

3.1. Electricity generation

Results from the ReEDS modeling show a range of electricity
generation technologies deployed between 2010 and 2050
under the four scenarios (figure 2). Under the reference
case (scenario 1), natural gas becomes the dominant fuel
for generating electricity, while renewable energy experiences
more modest growth, to meet the projected increase in
electricity demand and replace coal and nuclear plants retired
in the ReEDS model analysis. Under the carbon budget
scenarios (scenarios 2–4), conventional coal generation is
largely phased-out by 2030. Under scenario 2, conventional
natural gas generation increases in the early years to
replace coal and reduce power plant carbon emissions,
while renewable generation (particularly wind and solar)

and natural gas with CCS make significant contributions in
the last half of the forecast. Under scenario 3, coal with
CCS and nuclear steadily increase after 2020, providing
approximately two-thirds of total US generation by 2050,
while renewable energy technologies provide most of the
remaining generation. Under scenario 4, energy efficiency
more than eliminates the projected growth in electricity
demand, while wind and solar increase to meet a large share
of the renewable energy target of 80% by 2050.

3.2. Electricity sector water withdrawals

Based on the results of the ReEDS model analysis,
national-level water withdrawals steadily decrease from 2010
values under all scenarios (figure 3). Compared with 2010
withdrawals, 2030 annual withdrawals decrease by 10.6
trillion gallons (26.6%), 27.6 trillion gallons (69.2%), 26.7
trillion gallons (67.0%) and 27.7 trillion gallons (69.5%) for
scenarios 1–4, respectively. By 2050, these scenarios have
reduced water withdrawals from 2010 by 32.2 trillion gallons
(80.7%), 37.9 trillion gallons (95.1%), 29.9 trillion gallons
(75.2%) and 38.7 trillion gallons (97.0%), respectively.
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Figure 3. National-level water withdrawal results for four
electricity scenarios. Scenario 1, reference case; scenario 2, carbon
budget, no technology targets; scenario 3, carbon budget with coal
with CCS and nuclear targets; scenario 4, carbon budget with
efficiency and renewable energy targets.

The universal reduction in withdrawals is largely due
to the retirement of once-through cooled thermal generation
and the construction of new facilities utilizing recirculating
cooling technologies. In addition, high penetration of
renewable technologies with minimal water requirements
and energy efficiency reduce water withdrawals. Specifically,
scenario 1 reductions are primarily due to retirements
of some coal and nuclear plants, including those that
utilize once-through cooling, along with the construction of
new natural gas combined cycle facilities, which have a
lower water withdrawal requirement than coal and nuclear
facilities. Scenario 2 reductions are primarily due to the
gradual phase-out of coal power plants and the increase
in new natural gas combined cycle facilities between 2010
and 2030, and further coal and nuclear retirements along
with high renewable penetration between 2030 and 2050.
Scenario 3 reductions are a result of existing once-through
cooled coal and nuclear facilities being replaced by newer
coal and nuclear facilities that utilize recirculating cooling
technologies, which have lower withdrawal rates. As coal
and nuclear technologies still have higher withdrawal rates
than natural gas combined cycle plants, however, by 2050
scenario 3 withdrawals are higher than those of scenario 1.
Scenario 4 reductions are driven by a combination of energy
efficiency, which reduces overall electricity demand and
associated water requirements, and the high penetration of
renewable technologies, which generally require less water
than non-renewable technologies.

Despite substantial national-level reductions in with-
drawals, regional withdrawal impacts vary greatly by scenario
(figure 4).

Certain HUC-2 regions in the northeast (1, 2), southeast
(6) and northwest (17) mirror national trends and show
substantial reductions in withdrawals under all scenarios for
both 2030 and 2050. Other HUC-2 regions in the southeast
(3, 8), Midwest (4, 5, 7, 9) and central (10) parts of the
nation show only modest reductions in withdrawals by 2030

for scenario 1, with more substantial reductions by 2050. The
southwest (13, 14, 15) and south central (11, 12) regions
of the nation show only modest reductions in withdrawals
by 2030 and 2050 under scenario 1. Two HUC-2 regions in
the west (16, 18) show increases in freshwater withdrawals
in both 2030 and 2050. These western regions (including
parts of California, Nevada and Utah) show increases in
water withdrawals in scenario 1 largely due to new electricity
demands in the region. In addition, California shows increases
in freshwater withdrawals largely due to once-through coastal
facilities (which withdraw saline water) retiring and being
replaced by inland (freshwater-cooled) energy generating
sources. Regions 12 and 15 (parts of Texas and Arizona,
respectively), show decreases in withdrawals by 2030 for
scenario 3, but substantial increases in withdrawals by 2050
as more coal with CCS and nuclear technologies are adopted
in these regions. Under scenario 2, withdrawals increase from
2030 to 2050 for region 18, but the 2050 value is only
57.1% of the 2010 freshwater withdrawals. Scenario 4 shows
substantial reductions in withdrawals for all regions in 2030
and 2050.

3.3. Electricity sector water consumption

National-level water consumption trajectories vary widely
depending on energy scenario (figure 5). Compared with
2010, scenario 1 shows an increase in national water
consumption of 8.5 billion gallons (0.6%) by 2030, but a
decrease of 460 billion gallons (34.2%) by 2050. Scenario
3 leads to a 470 billion gallon (35.0%) reduction by 2030,
though subsequent increases in consumptive uses lead to a
net increase of 190 billion gallons (21.7%) from 2010 values.
Scenarios 2 and 4 follow a similar decreasing trajectory until
2030, reducing consumptive uses by 810 (60.0%) billion
gallons by 2030, yet diverge from 2030 to 2050. In 2050,
total reductions in consumption for scenario 2 are 750 billion
gallons (55.4%), whereas scenario 4 leads to reductions of 1.1
trillion gallons (85.2%) from 2010 values.

National consumption trends are slightly different than
withdrawal trends due to different relative withdrawal and
consumption factors for the energy technologies and cooling
systems deployed. Under scenario 1, consumption in 2030
increases from 2010 as a result of increased electricity demand
being met by primarily natural gas combined cycle plants,
with no substantial reduction in coal and nuclear generation.
By 2050, coal and nuclear generation is substantially reduced
and replaced with natural gas combined cycle generation,
which has a lower consumption rate than coal and nuclear
generation. Scenario 2 consumption decreases greatly from
2010 to 2030 due to coal plant retirements, and then
increases from 2030 to 2050 as a result of building new
natural gas combined cycle plants with CCS. Scenario 3
consumption declines sharply from 2010 to 2030 due to
the retirement of conventional coal facilities and additional
natural gas combined cycle generation. From 2030 to 2050,
consumption increases due to increased deployment of coal
with CCS and nuclear facilities utilizing recirculating cooling
technologies, which have higher water consumption rates than
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Climate Change and Electricity generation 
Studies conclude that climate warming will mean a reduction in heating requirements and an increase 

in cooling requirements, varying by season and region, and in consequence increasing the energy 
requirements and its costs. They do not agree on the amount of energy consumption reduction in heating 
times and increment in cooling times. It varies per sector (residential and commercial), location, region and 
estimation of temperature increase (See Figure 12). Research is less conclusive in how electricity demand 
will be affected in case of extreme events, where reduction in water supply availability for thermal and 
hydropower generation will be affected. The effects will most likely be regional in the case of water 
shortages. It is expected that both the global trade market and energy market will change because of impacts 
in other countries.16 

 
Figure 12 Climate Change Effects in Combined Residential- Commercial Studies and Combined Results from Sector 

Studies17 

 
16 (Wilbanks et al., 2008) 
17 (Wilbanks et al., 2008, p. 19) 
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Study: 
Author(s) 
and Date

Change in 
Energy 

Consumption (%)

Temperature 
Change (˚C) and 
Date for Change

Comments

National Studies

Linder-Inglis,
1989

+0.8% to +1.6% Annual
electricity consumption;
+3.4%  to +5.1% annual
electricity consumption.

+0.8°C to +1.5°C
(2010)
+3.5°C to +5.0°C
(2050)

Results available for 47 state
and substate service areas

Rosenthal, et al.,
1995

-11% Annual energy load;
balance of heating and
cooling nationally.

1ºC (2010) Space heating and air
conditioning combined

Mendelsohn,
2001

+1% to +22% 
Residential expenditures
-11% to +47%
Commercial Expenditures

+1.5°C to  +5°C (2060)

Takes into account energy
price fore-casts, market
penetration of air
conditioning. Precipitation
increases 7%.

Scott et al., 2005

-2% to -7% (Residential
and commercial heating
and cooling consumption
combined (site energy).
Energy used for cooling
increases, heating energy
decreases.

About +1.7°C median
(varies from +0.4° to
+3.2°C regionally and
seasonally) (2020)

Varies by region.  Allows for
growth in residential and
commercial building stock,
but not increased adoption
of air conditioning in
response to warming

Mansur et al.,
2005

+2% Residential
expenditures , 0%
commercial expenditures

+1°C  Annual
temperature (2050)

Takes into account energy
price forecasts, market
penetration of air
conditioning. Precipitation
increases 7%.

Hadley et al.,
2004, 2006

Heating -6%, cooling
+10%, +2% primary
energy
Heating -11%
cooling +22%
-1.5% primary energy

+1.2°C (2025)

+3.4°C (2025)

Primary energy, residential
and commercial combined.
Allows for growth in
residential and commercial
building stock.

Huang. 2006

Varies by location,
building type and vintage
average HVAC changes:
-8% site, +1% primary in
2020 -13% site, +0%
primary in 2050 -15%
site, +4% primary in 2080

18 U.S. locations (varies
by city, month, and time
of day); average summer
temperature increases:
1.7° C in 2020
3.4° C in 2050
5.3° C in 2080

Regional Studies

Loveland and
Brown, 1990

+10% to +35% HVAC
load in general offices;
-22.0% to +48.1% HVAC
load in single-family
houses

+3.2ºC to +4.0ºC
(2xCO2, no date)

Multiple state study: results
are for individual areas

Sailor, 2001 
(8 energy-
intensive states;
electricity only)

Residential: 
-7.2% in Washington  
to +11.6% in Florida
Commercial: 
-0.3% (Washington) 
to +5% in Florida

+2°C (Derived from
IPCC; but no date
given)

Table 2.7. Climate
Change Effects in
Combined
Residential-
Commercial Studies
and Combined
Results from Sector
Studies
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Increased temperatures will have effects in evapotranspiration and water requirements for 
hydroelectric generation, large-scale agriculture and livestock activities (mainly for irrigation purposes). 
Regions dependent on rainfed agriculture may see their water security impacted.  There will be other effects 
of climate change on energy that need to be addressed, as Wilbanks et al. (2008) states in in Figure 13, in 
the United States according to the EIA. 

 
Figure 13 Mechanisms Of Climate Impacts On Various Energy Supplies In The U.S. Percentages Shown Are Of Total 

Domestic Consumption; (T = water/air temperature, W = wind, H = humidity, P = precipitation, and E = extreme weather 
events)18 

Other climate change studies indicate that hurricanes, increased lighting and, sea level rise will also 
impact power generation plants by fuel availability, mostly delivered by barge or locate close to the coast 
such as nuclear plants, affecting plant facilities and transmission infrastructure. Temperatures will be 
associated with peak demands of electricity and will decrease the overall thermoelectric generation 
efficiency. 

Analysis on security signaled that climate change is likely to produce instability in developing nations. 
This will affect the institutions, turning them into less functional and therefore a less effective way for 
providing electricity or evaluating how to balance the competitive electricity usage. Some of these nations 
are strategic for the United States as fuel and mineral sources that will be affected by a local economic 
output. The impacts on the local economies are given by desertification, infrastructure impacts and reduced 

 
18 (Wilbanks et al., 2008) 

31

Effects of Climate Change on Energy Production and Use in the United States

gas production in the GOM (MMS 2006a,
2006b, and 2006c) eight months after the 2005
hurricanes.

3.1.1 Thermoelectric Power
Generation

Climate change impacts on electricity genera-
tion at fossil and nuclear power plants are likely
to be similar. The most direct climate impacts
are related to power plant cooling and water
availability.

Projected changes in water availability through-
out the world would directly affect the avail-
ability of water to existing power plants.  While
there is uncertainty in the nature and amount  of
the change in water availability in specific lo-

cations, there is agreement among climate mod-
els that there will be a redistribution of water,
as well as changes in the availability by season.
As currently designed, power plants require sig-
nificant amounts of water, and they will be vul-
nerable to fluctuations in water supply.
Regional-scale changes would likely mean that
some areas would see significant increases in
water availability, while other regions would see
significant decreases. In those areas seeing a de-
cline, the impact on power plant availability or
even siting of new capacity could be significant.
Plant designs are flexible and new technologies
for water reuse, heat rejection, and use of alter-
native water sources are being developed; but, at
present, some impact—significant on a local
level—can be foreseen. An example of such a
potential local effect is provided in Box 3.1—
Chattanooga: A Case Study, which shows how

Energy Impact 
Supplies

Climate Impact 
Mechanisms

Fossil Fuels
(86%)

Coal (22%) Cooling water quantity and quality (T), cooling
efficiency (T, W, H), erosion in surface mining

Natural Gas (23%)
Cooling water quantity and quality (T), cooling
efficiency (T, W, H), disruptions of off-shore
extraction (E)

Petroleum (40%)
Cooling water quantity and quality, cooling
efficiency (T, W, H), disruptions of off-shore
extraction and transport (E)

Liquified Natural Gas (1%) Disruptions of import operations (E)

Nuclear (8%) Cooling water quantity and quality (T), cooling
efficiency (T, W, H)

Renewables
(6%)

Hydropower
Water availability and quality, temperature-related
stresses, operational modification from extreme
weather (floods/droughts), (T, E)

Biomass

• Wood and forest 
products

Possible short-term impacts from timber kills or
long-term impacts from timber kills and changes in
tree growth rates (T, P, H, E, carbon dioxide levels) 

• Waste (municipal solid 
waste, landfill gas, etc.) n/a

• Agricultural resources
(including derived biofuels)

Changes in food crop residue and dedicated energy
crop growth rates (T, P, E, H, carbon dioxide levels)

Wind Wind resource changes (intensity and duration),
damage from extreme weather

Solar Insolation changes (clouds), damage from extreme
weather

Geothermal Cooling efficiency for air-cooled geothermal (T)

(Source:  EIA, 2004)

Table 3-1.
Mechanisms Of
Climate Impacts On
Various Energy
Supplies In The U.S.
Percentages Shown
Are Of Total
Domestic
Consumption; (T =
water/air temperature, W
= wind, H = humidity, P =
precipitation, and E =
extreme weather events) 
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hydropower capacity. As King and Gulledge (2013) indicated “Policies designed to increase energy security 
may have the perverse effect of accelerating greenhouse gas emissions”19. 

All these effects combined may lead to an increase in energy prices, instigated by reduction in 
subsidies and natural market price increments in fossil fuels and policy changes leading to reduce 
Greenhouse Gas emissions. 

Most of the studies used as source in this paper are not accounting for population increase, urbanization, 
and rural agricultural increased demands for the projections. This will intensify the effects of climate, water 
and energy use. 
 
Case studies 

California 
The California is a carefully studied case of the impacts of climate change in the energy production 

because the state has invested a lot of resources trying to combat it. They estimate a demand increase due 
to temperature increases. The snowpack of the Sierra will also be affected being reduced in 70-90%. 
Population and urbanization increases will also increase the energy and water demand. California is 
considered highly sensitive to climate change in terms of water resources, vegetation distribution and 
coastal effects. California is vulnerable to shortfalls in peak electricity, as demonstrated in 2001 shortage 
and in the heat wave in 2006. Miller et al., (2006) (cited in Wilbanks et al. (2008)) demonstrated that Los 
Angeles extreme heat days may increase from 12 to 96 days per year (almost the entire summer). The water 
sector accounts for 19% of California’s electricity consumption in transport, treatment, pumping and 
agriculture uses.20 Power plants in California mostly use water for cooling. Figure 14 shows the Greenhouse 
gas increment in 40 millions of tons of CO2e with an increased demand from 300TWh to 500TWh in 2048. 

 
Figure 14 California electricity supply and related GHG emissions in Business As Usual (BAU) Scenario21 

The desalination scenario implications are shown in Figure 15, where there would be an increase in 
electricity demand, CO2e emissions, but a reduction in water imports. Experts in the Stockholm 

 
19 (King & Gulledge, 2013, p. 36) 
20 (Mehta & Purkey, 2012, p. 2) 
21 (Mehta & Purkey, 2012, p. 3) 

%$8� HPLVVLRQV� IURP� HOHFWULFLW\� JHQHUDWLRQ� DUH� FDOFXODWHG�
XVLQJ�VWDQGDUG� ,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH�

�,3&&��7LHU���HPLVVLRQ�IDFWRUV��%$8�K\GURORJ\��ZDWHU�GH-
PDQG�DQG�WUDQVIHUV�DUH�VLPXODWHG�LQ�:($3��DIWHU�FDOL-

EUDWLQJ�WR�KLVWRULFDO�K\GURORJ\��UHVHUYRLU�OHYHOV�DQG�
water transfers.

Figure 1 shows statewide electricity gen-
eration and corresponding emissions 
IRU� WKH�%$8�6FHQDULR��(OHFWULFLW\� GH-
PDQG�ULVHV�WR�RYHU�����7:K�IURP�WKH�
FXUUHQW� ���� 7:K�� DQG� HPLVVLRQV� ULVH�
E\�FORVH�WR����PLOOLRQ�WRQQHV�RI�&22e. 
Water-sector electricity use (not in-
cluding residential and commercial 
water-related end use) rises from cur-
rent estimates of about 29 TWh to 
���7:K�E\�������)LJXUH����

Figure 2. Electricity use by the water sector

El
ec

tr
ic

ity
 u

se
 (T

W
h)

20
08

20
12

20
16

20
20

20
24

20
28

20
32

20
36

20
40

20
44

20
48

0 

10 

20 

30 

40 

Supply and treat

Ag supply and end use

Transmission

Figure 1. California electricity supply and related 
GHG emissions in BAU Scenario
Note that in this initial version of the model, the BAU 
Scenario assumes the primary fuel mix holds steady 
from 2010 to 2049, except for varying hydropower 
generation. A later version will incorporate the impact of 
California’s RPS, which should reduce GHG emissions.
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Modeling desalination in Southern California
:H�EXLOW� WZR� VFHQDULRV� IRU� WKLV� DQDO\VLV��%XVLQHVV�$V�8VXDO�
�%$8�� DQG� D� 6RXWKHUQ� &DOLIRUQLD� GHVDOLQDWLRQ� VFHQDULR�
�'(6$/���%RWK� VLPXODWH� WR� ������ FOLPDWH�GULYHQ�K\GURORJ\�
DQG�ZDWHU�V\VWHPV�RSHUDWLRQV��FOLPDWH�VHQVLWLYH�HOHFWULFLW\�DQG�
water demand by sector, and electricity generation and emis-
sions by primary fuel.

%$8�HOHFWULFLW\�GHPDQG�LV�VLPXODWHG�E\�VHFWRU��ZLWK�UHVLGHQ-
tial, commercial, and water-sector electricity both spatially 
GLVDJJUHJDWHG� DQG� H[SOLFLWO\� FOLPDWH�VHQVLWLYH�� ,Q� SDUWLFXODU��
ZDWHU�VHFWRU�HOHFWULFLW\�GHPDQG�LV�GHSHQGHQW�RQ�FOLPDWH�GULY-
HQ�K\GURORJ\�DQG�ZDWHU�WDEOH�GHSWKV��ZKLFK�LQÀXHQFH�JURXQG-
water pumping. As municipal and agricultural water demand 
JURZV�RYHU�WLPH��VR�GRHV�ZDWHU�VHFWRU�HOHFWULFLW\�GHPDQG�IRU�
pumping and treatment.

%$8�HOHFWULFLW\�JHQHUDWLRQ�WR�PHHW�HOHFWULFLW\�GHPDQG�LV�DV-
sumed to be dispatched in the same proportion as the current 
PL[�LQ�&DOLIRUQLD��:H�UHDOL]H�FRPSOLDQFH�ZLWK�WKH�536�FRXOG�
change the fuel mix considerably, and are building it into the 
PRGHO��EXW�LQ�RXU�¿UVW�UXQV��WR�GHPRQVWUDWH�WKH�:($3�/($3�
OLQNDJH��ZH�KDYH�QRW�\HW�LQFOXGHG�WKH�536��+\GURSRZHU�JHQ-
HUDWLRQ� LQ� SDUWLFXODU� LV� FOLPDWH�VHQVLWLYH�� DQG� LWV� DYDLODELOLW\�
HDFK�PRQWK�LV�VLPXODWHG�LQ�:($3�DQG�OLQNHG�WR�/($3��:KLOH�
FRROLQJ�ZDWHU�DYDLODELOLW\�FDQ�DOVR�DIIHFW�WKH�SRZHU�JHQHUDWLRQ�
PL[��ZH�KDYH�QRW�PRGHOHG�LW�KHUH��EHFDXVH�&DOLIRUQLD¶V�SRZHU�
plants mostly use seawater for cooling.

Major Water Projects in California

State Water Project 

Federal Water Project 

Local Water Project

California

Aqueduct

Los Angeles
Aqueduct

Colorado River
Aqueduct

All American
Canal

San Diego
Aqueducts

Lake
Berryessa

Trinity
Lake

Tule
Lake

Clear Lake
Reservoir

Coachella
Canal

Whiskeytown
Lake

Camanche
Reservoir

Lake
Crowley

Millerton
Lake

Coalinga
Canal

Lake
Kaweah

Success
Lake

Twitchell
Reservoir

Cachuma
Reservoir

Castaic
Lake

Lake
Casitas

Cross Valley
Canal

Silverwood
Lake

Lake
Perris

Henshaw
Reservoir

San Vicente
Reservoir
Lower Otay
Reservoir

Hetch Hetchy
Aqueduct

San Luis
Reservoir

Diamond
Valley Lake

Pyramid
Lake

San Luis
Canal

Pine Flat
Lake

East Park
ReservoirLake

Mendocino

Lake
Sonoma

North Bay
Aqueduct

Indian Valley
Reservoir

Delta-Mendota
Canal

New Don
Pedro Lake

New 
Melones
Lake

Englebright
Reservoir

Grant
Lake

Lake
Tahoe

Madera
Canal
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Folsom Lake

Folsom South Canal

Mokelumne Aqueduct

Lake McClure
South Bay Aqueduct

Santa Clara Conduit

Hollister Conduit

Contra Costa Canal

Nacimiento Reservoir

Coastal Branch Aqueduct

San Antonio Reservoir

New Bullards Bar Reservoir

Isabella Lake

Friant-Kern Canal

East Branch 
Extension

Crafton Hills Reservoir

Lake Mathews

Lake Almanor

Corning Canal
Black Butte Reservoir

Stony Gorge Reservoir

Clear Lake

Lake Oroville

Glenn Colusa Canal
Tehama-Colusa Canal

Shasta Lake

SANTA BARBARA

REDDING

STOCKTON

SACRAMENTO

FRESNO

SAN FRANCISCO

SAN DIEGO

RED BLUFF

MARYSVILLE

LOS ANGELES



RUGE 11 

Environment Institute (SEI) indicate that a careful policy evaluation is required for weighting the pros and 
cons of a desalination policy.22 

 
Figure 15 Electricity use by the water sector not including commercial and residential use23 

Using the IRI maproom24 on the California region for temperature in the summer period (June to 
August), there is a clear increasing trend on temperature but when the matter of study is precipitation things 
are not so clear. In the temperature mapping the trend is 39%, decadal trend is 14% and inter-annual is 43% 
in precipitation, things are not so clear and there is not a certain trend where trend is 4%, decadal variation 
16% and interannual 81% leading to no conclusion. 

  

  
Figure 16 Temperature Analysis in the IRI system for California 

 

 
22 (Mehta & Purkey, 2012) 
23 (Mehta & Purkey, 2012, p. 3) 
24 http://iridl.ldeo.columbia.edu/maproom/Global/Time_Scales/  

%$8� HPLVVLRQV� IURP� HOHFWULFLW\� JHQHUDWLRQ� DUH� FDOFXODWHG�
XVLQJ�VWDQGDUG� ,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH�

�,3&&��7LHU���HPLVVLRQ�IDFWRUV��%$8�K\GURORJ\��ZDWHU�GH-
PDQG�DQG�WUDQVIHUV�DUH�VLPXODWHG�LQ�:($3��DIWHU�FDOL-

EUDWLQJ�WR�KLVWRULFDO�K\GURORJ\��UHVHUYRLU�OHYHOV�DQG�
water transfers.

Figure 1 shows statewide electricity gen-
eration and corresponding emissions 
IRU� WKH�%$8�6FHQDULR��(OHFWULFLW\� GH-
PDQG�ULVHV�WR�RYHU�����7:K�IURP�WKH�
FXUUHQW� ���� 7:K�� DQG� HPLVVLRQV� ULVH�
E\�FORVH�WR����PLOOLRQ�WRQQHV�RI�&22e. 
Water-sector electricity use (not in-
cluding residential and commercial 
water-related end use) rises from cur-
rent estimates of about 29 TWh to 
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Figure 2. Electricity use by the water sector
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Figure 1. California electricity supply and related 
GHG emissions in BAU Scenario
Note that in this initial version of the model, the BAU 
Scenario assumes the primary fuel mix holds steady 
from 2010 to 2049, except for varying hydropower 
generation. A later version will incorporate the impact of 
California’s RPS, which should reduce GHG emissions.
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Modeling desalination in Southern California
:H�EXLOW� WZR� VFHQDULRV� IRU� WKLV� DQDO\VLV��%XVLQHVV�$V�8VXDO�
�%$8�� DQG� D� 6RXWKHUQ� &DOLIRUQLD� GHVDOLQDWLRQ� VFHQDULR�
�'(6$/���%RWK� VLPXODWH� WR� ������ FOLPDWH�GULYHQ�K\GURORJ\�
DQG�ZDWHU�V\VWHPV�RSHUDWLRQV��FOLPDWH�VHQVLWLYH�HOHFWULFLW\�DQG�
water demand by sector, and electricity generation and emis-
sions by primary fuel.

%$8�HOHFWULFLW\�GHPDQG�LV�VLPXODWHG�E\�VHFWRU��ZLWK�UHVLGHQ-
tial, commercial, and water-sector electricity both spatially 
GLVDJJUHJDWHG� DQG� H[SOLFLWO\� FOLPDWH�VHQVLWLYH�� ,Q� SDUWLFXODU��
ZDWHU�VHFWRU�HOHFWULFLW\�GHPDQG�LV�GHSHQGHQW�RQ�FOLPDWH�GULY-
HQ�K\GURORJ\�DQG�ZDWHU�WDEOH�GHSWKV��ZKLFK�LQÀXHQFH�JURXQG-
water pumping. As municipal and agricultural water demand 
JURZV�RYHU�WLPH��VR�GRHV�ZDWHU�VHFWRU�HOHFWULFLW\�GHPDQG�IRU�
pumping and treatment.

%$8�HOHFWULFLW\�JHQHUDWLRQ�WR�PHHW�HOHFWULFLW\�GHPDQG�LV�DV-
sumed to be dispatched in the same proportion as the current 
PL[�LQ�&DOLIRUQLD��:H�UHDOL]H�FRPSOLDQFH�ZLWK�WKH�536�FRXOG�
change the fuel mix considerably, and are building it into the 
PRGHO��EXW�LQ�RXU�¿UVW�UXQV��WR�GHPRQVWUDWH�WKH�:($3�/($3�
OLQNDJH��ZH�KDYH�QRW�\HW�LQFOXGHG�WKH�536��+\GURSRZHU�JHQ-
HUDWLRQ� LQ� SDUWLFXODU� LV� FOLPDWH�VHQVLWLYH�� DQG� LWV� DYDLODELOLW\�
HDFK�PRQWK�LV�VLPXODWHG�LQ�:($3�DQG�OLQNHG�WR�/($3��:KLOH�
FRROLQJ�ZDWHU�DYDLODELOLW\�FDQ�DOVR�DIIHFW�WKH�SRZHU�JHQHUDWLRQ�
PL[��ZH�KDYH�QRW�PRGHOHG�LW�KHUH��EHFDXVH�&DOLIRUQLD¶V�SRZHU�
plants mostly use seawater for cooling.

Major Water Projects in California
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Figure 17 Precipitation Analysis in the IRI system for California 

MENA Region 
Some organizations state that only a ‘nexus’ approach will help in mitigation and adaptation in the 

MENA region (Middle East and North Africa) because of the increasing pressure on water that has been 
caused by population growth leading to urbanization and environmental degradation. There is under 
investment in social safety, infrastructure and public services. This has led to instability. Historically water 
and energy have been managed as separate issues. For example, desalination technologies are considered 
highly CO2-intensive.25 That is why a combined effort is important. Jordan’s food relies on imports (80%), 
water supply depends on pumping groundwater and 25% of its water supply goes to satisfy energy demand. 
Jordan depends on nuclear power. Desalination in the MENA region may account about 22 million cubic 
meters of water per day with a projected growth of 500% for 2030.26 

 
25 (Benzie, Davis, & Hoff, 2012) 
26 (Hoff, 2011) 
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As in California Case, MENA has a clear increasing temperature trend with 71%, Decadal 11%, inter-
annual 17% in the IRI maproom. In precipitation there are not conclusive trends (Trend 3%, Decadal 20%, 
inter-annual 77%). 

 

  

  
Figure 18 Temperature Analysis in the IRI system for MENA Region 
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Figure 19 Precipitation Analysis in the IRI system for California 

Amazonian Dams 
Dams are built by flooding vast regions, usually a forest. Dead trees cause high amounts of Methane 

emissions. Methane is a greenhouse gas with a potential 21 times greater than CO2. The amount of gases is 
usually poorly accounted for, and this is the case or several dams in Brazil where electrical authorities have 
made a number of mistakes in mathematical calculations when compared to real emissions, they were up 
to 346% greater than estimations. These dams have been promoted as an option for mitigation in the Clean 
Development Mechanism (CDM) of Kyoto Protocol, but studies state that they were expected to have 
greater cumulative effects than fossil fuels and in greater time-scales.27 

The same case of California and MENA is repeated in the Amazon tropical zone where temperature 
increasing trend as 16%, Decadal 31%, inter-annual 48% in the IRI maproom and with a not conclusive 
precipitation trends as shown in Figure 20 and Figure 21 (Trend 0%, Decadal 17%, inter-annual 81%). 

 

 
27 (Fearnside & Pueyo, 2012, p. 383) 
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Figure 20 Temperature Analysis in the IRI system for the Amazon Region 
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Figure 21 Precipitation Analysis in the IRI system for the Amazon Region 

 
Potential solutions 

Many of the support papers suggest that there is not enough information and that an analytical 
framework is necessary for evaluating a trans boundary context. However, as temperature curves suggest, 
there is not enough time for standing still while research gives a conclusive analysis. Strength of water 
impact analysis, improve data collection and monitoring, developing an “Energy-Return-on-Water-
Invested” (EROWI) support tools will help improve the information system. Integration of fragmented 
geological, geophysical, and hydrological information constitutes one of the key factors. But climate change 
is happening and some measures need to be taken. The most important consideration should be reducing 
vulnerability, creating resilience and improving robustness. 

One suggestions is the adoption of a flexible approach to use Integrated Water Resource Management 
(IWRM), taking into account all stakeholders users as suggested United Nations for Development Program 
in the Low Emissions and Carbon Resiliency Development Strategies (LECRDS) where the sectors, 
stakeholders and levels are accounted for in modeling and planning as shown in Figure 22. 

 
Figure 22 Integrated Green Low Carbon Development Strategy28 

For small private sector users, affordability and micro-loans should be taken into account. 
Maintenance, service capacity, and uptake of technologies are also an adoption factor. Physical factors as 

 
28 (Programme, 2012, p. 3) 
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energy limitations for pumping systems and variable demands have to be taken into account too. 29 
Switching to clean technologies, controlling pollution, and carbon sequestration technologies may be game 
changers. 

 Off-grid power systems may constitute a solution. However, they cannot be adopted as a panacea, 
and regional considerations must be evaluated. Other key factors that involve social and cultural issues will 
lead to adoption or rejection of new policies. Retrofits will also play an important role as they reduce 
consumption and improve efficiency. Increasing resource productivity (water or energy) and using waste 
products as a resource in multiple systems, stimulating development through economic incentives may 
increase efficiency as well.30. It will be necessary to increase the capacity factor of power plants, which 
means the percent of operative time versus the design time of operation.31 

Water must be included in Climate Action Planning, including affected communities and reassuring 
their participation in restoration and sustainability programs.  

 
 

  

 
29 (Platonova & Leone, 2012, p. 9) 
30 (Hoff, 2011) 
31 (Sattler et al., 2012) 
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