The carbon footprint
of potable water

What is the energy intensity of the fresh water that you consume every day? What is the carbon footprint
of that consumption? That depends on many things, not least your water supply, how it became potable,
how far it traveled to get to your tap — and how your electricity was generated.

This blog compares the energy intensity and related carbon footprint of the five main types of treated wa-
ter: surface, groundwater, brackish groundwater, recycled water, and desalinated seawater. But before we
get to greenhouse gases, we need to take a closer look at the interdependence of water and energy.
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The water-energy nexus
It takes a lot of water to produce energy, and it takes a lot of energy to produce potable water.

Worldwide, we use an estimated 52 billion cubic liters of fresh water annually not for irrigation,
drink-ing, or washing - but to produce energy and generate electricity. Some of this electricity is
used, in turn, to produce fresh water: the International Energy Association estimates that globally,
the water sector currently needs about 1,000 TWh of electricity per year on the water-use cycle, from
water supply and conveyance to water and wastewater treatment. Even more electricity will be
required in the future.

While scientists and policymakers have traditionally dealt with water and energy systems inde-
pendently, climate change and water scarcity are driving a growing consensus that water and ener-
gy infrastructures are, in fact, very connected. Droughts slow down power plants that rely on huge
volumes of water for cooling. Hurricanes knock out the electrical supply that enables the production
and distribution of fresh water. Cold snaps freeze water lines as well as natural gas wells and wind
turbines.

The “water-energy nexus”is a broad term that encourages policymakers to understand and consider
the relationship between energy and water systems and their many interrelated tradeoffs. In a future
that will almost certainly be characterized by more water shortages, a growing number of extreme
weather events, and greater efforts to reduce greenhouse gases, it will be increasingly important to
consider the interdependencies of the water-energy nexus.

Energy inputs are required at every stage of the water use cycle, but the actual energy intensi-
ty of water use varies significantly

All modern water and wastewater services rely on electricity every step of the water use cycle illus-
trated below, but just how much electricity is required varies significantly. The World Bank estimates
that electricity represents anywhere from 5-30% of total water and wastewater operating costs glob-
ally, and in some instances, as much as 40%.
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lllustration based on Klein et al., page 7

We're primarily concerned with the first stages of the water use cycle for this blog, where we want to
understand the relative energy intensity of potable water derived from surface, groundwater, brack-
ish groundwater, recycled water, and desalinated seawater. This concerns water supply, conveyance,
and treatment.


http://large.stanford.edu/courses/2012/ph240/spearrin1/docs/CEC-700-2005-011-SF.PDF
https://openknowledge.worldbank.org/bitstream/handle/10986/18060/682800ESMAP0WP0WWU0TR0010120Resized.pdf?sequence=1&isAllowed=y
https://www.iea.org/articles/introduction-to-the-water-energy-nexus
https://www.researchgate.net/publication/266620784_The_water_consumption_of_energy_production_An_international_comparison

Just as electricity’s share of overall operating costs varies significantly, so does the energy intensity of
all water use cycle segments. As can be seen in the table below, the range of energy requirements for
water supply, conveyance and treatment is large — up to a factor of 14,000 — depending on where
your water comes from and how it is treated.

Range of Energy Intensity

kWh/MG kWh/m?
Water-use cycle segments Low High Low High
Water supply and conveyance 0 14,000 0 3.6
Water treatment 100 16,000 0.03 4.2
Water distribution 700 1,200 0.18 0.32
Wastewater collection and treatment 1,100 4,600 0.29 1.23
Wastewater discharge 0 400 0 0.11
Recycled water treatment and distribution 400 1,200 0.1 0.32

Table based on Klein et al., p. 9

To get a sense of what underlies such variations, consider two major cities in the United States that
both rely primarily on surface water. The city of Chicago, located on the shore of Lake Michigan,
doesn’t need to spend much energy to pump water from the lake. Nor does the relatively clean lake
water require much treatment before it is sent to users. Compare this to San Diego, which imports
most of its water from Northern California and the Colorado River — some of which must be pumped
nearly 2,000 feet, or 600 meters, over a mountain range on its way to Southern California. But as
drought is common in the water-scarce region, San Diego also relies on seawater reverse osmosis
(SWRO) for about 10% of its water, a share that is likely to increase in the future.

The energy intensity of a glass of tap water in San Diego will be much higher than it is in Chicago.
Precisely how much more energy-intensive Southern Californian water is compared to Midwestern
would depend on whether your particular glass came from desalinated or transferred water.

Does this mean that people in San Diego are less climate-conscious than those in Chicago? Of course
not. Where water transfer and desalination are the only available options for growing populations,
people with a choice will pay for the incremental financial and environmental costs rather than mi-
grate elsewhere.

The generic energy intensity of five types of water supply...

Given such variations, determining the energy intensity and carbon footprint of the different types of
water supply requires making some assumptions. As seen in the example above, “surface water” can
be more or less energy-intensive depending on how far and high it must be conveyed before treat-
ment. For this and other supply types, reliable calculations can only be made by gathering energy
input data from a range of water plants over time.

This is exactly what scientists have done to come up with the comparison presented in the table
below. The table is based on work by the Pacific Institute, which developed the “Water-Energy Si-
mulator” to evaluate energy use in water management using energy use datafrom 125 water utilities
across the United States.


https://pacinst.org/wesim-the-water-energy-simulator-helps-water-and-energy-managers-plan-for-change/
http://large.stanford.edu/courses/2012/ph240/spearrin1/docs/CEC-700-2005-011-SF.PDF

Energy Intensity

Source types
kWh/MG kWh/m?
Surface water (gravity feed) 0 0
Ground water 2,000 0.53
Brackish ground water 3,200 0.85
Desalinated seawater 13,800 3.65
Recycled water 1,100 0.29

From Griffiths-Sattenspiel and Wilson

The table above compares generic estimates of different water sources’ energy intensity and reveals
significant variation by source type. The most energy-intensive type, desalinated seawater, is 12 times
as energy-intensive as the least energy-intensive type, recycled water.

...and what that means in co, emissions

The CO, emission intensity of one kWh depends on how that electricity is produced. Whereas electric-
ity generated from wind, solar and nuclear is considered to be carbon-neutral, electricity generated
from natural gas is estimated to generate 413 g CO_/kWh, and coal 1,002 g CO_/kWh.To get a repre-
sentative average, we use the latest US data, which ‘estimate that 1 kWh results’in 0.92 pounds, or 417
g of CO.,.

Similarly, residential water use per capita also varies widely. Americans are estimated to use about
340 liters of potable water per day, roughly twice as much as the average European’s 144 liters per
day. Low-income countries use much less potable water per day.

If we pull all of these assumptions based on US data together, we can calculate the energy intensity
and carbon footprint of the various water supply types as follows:

kWh/MG  kWh/m* gCO/m* gCO/l  kgCO,/y*

Surface water (gravity fed) 0 0 0 0 0

Groundwater 2,000 0.53 220.32 0.22 27.34

Brackish groundwater 3,200 0.85 352.51 0.35 43.75

Desalinated seawater 13,800 3.65 1,520.20 1.52 188.66

Recycled water 1,100 0.29 121.18 0.12 15.04
* Based on 340 I/day

Thus, according to these assumptions, the energy used to produce one liter of desalinated water, the
most energy-intensive water source, results in an average of 1.52 grams of CO,, or 1.5 kg CO, /m3.The
estimated carbon footprint of desalinated seawater we arrive at here falls at the low end of the range
described by other researchers, who calculated the carbon footprint of SWRO between 0.4 - 6.7 kg
CO,/m3.


https://www.mdpi.com/2073-4441/10/2/197/htm
https://www.eea.europa.eu/signals/signals-2018-content-list/articles/water-use-in-europe-2014
https://www.usgs.gov/special-topic/water-science-school/science/water-qa-how-much-water-do-i-use-home-each-day?qt-science_center_objects=0#qt-science_center_objects
https://www.eia.gov/tools/faqs/faq.php?id=74&t=11
https://www.csu.edu/cerc/researchreports/documents/CarbonFootprintofWater-RiverNetwork-2009.pdf
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Less than two grams of CO, per liter of water isn't much, but the carbon footprint of one person using
only desalinated water adds up to 517 grams per day and about 189 kilos per year. This is about the
same as 5.25 kg of beef, which has an estimated carbon footprint of 36 kg CO ,eq per kilogram, but
still far less than a return flight between London and New York, which results fna per person carbon

footprint of 986 kg CO,.

Nonetheless, multiplied by the millions of people who are increasingly dependent on SWRO for their
fresh water, there are many good reasons to minimize the carbon footprint of desalinated and other

water supply types.
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https://www.theguardian.com/environment/ng-interactive/2019/jul/19/carbon-calculator-how-taking-one-flight-emits-as-much-as-many-people-do-in-a-year
https://ourworldindata.org/carbon-footprint-food-methane

