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ENERGY INTENSITY OF SANTA BARBARA’S WATER
SYSTEM

LENA MOFFITT AND MIKE MOSLEY'
EXECUTIVE SUMMARY
SANTA BARBARA PUBLIC WORKS
MAY 2008

As California struggles to cope with significant water supply and energy
infrastructure challenges, the relationship between these two sectors is
increasingly being examined. The fact that two thirds of the California’s
precipitation falls in the north while two thirds of its population resides in the
south has resulted in one of the most energy-intensive and mechanized water
delivery systems in the world. Water related energy demands consume 19% of
all of California’s electricity and 30% of its natural gas?. The State Water Project,
which pumps water from the Sacramento Delta to many southern Californian
cities, is the state’s single largest energy user. Energy is additionally consumed
by each subsequent stage of local water systems, including potable water
treatment, distribution, wastewater collection, and wastewater treatment. In this
study, we considered the energy intensity of each of these steps in Santa
Barbara’s water system. With this information, we hope to assist water
managers in equitably assessing the relative energy intensities of various sources

of supply.

To begin, we calculated the energy embedded in each of Santa Barbara’s three
main sources of supply: surface water, ground water, and purchased water.
Santa Barbara also has a reclaimed water production plant and ocean
desalination plant, although the latter is not currently in use. Surface water in
Santa Barbara comes from Lake Cachuma, the Gibraltar Reservoir, Devil’'s
Canyon Creek, and seepage into Mission Tunnel. Because all of these sources
require no pumping and are delivered into the city on a gravity-fed basis, we
considered them to have zero embedded energy when they enter the city’s water
system at Cater Treatment Plant.

Groundwater, alternatively, is associated with considerable energy inputs, as it
must be pumped from the ground. Accurately calculating the energy embedded
in groundwater can be extremely complicated, as increasing amounts of power

' Contact Lena Moffitt at Imoffitt@bren.ucsb.edu and Mike Mosley at mmosley@bren.ucsb.edu.
? California Energy Commission, “California’s Water-Energy Relationship.” November, 2005.



are needed as the water table drops and more energy is needed to remove a unit
of water. Because Santa Barbara did not produce any groundwater between the
years of 2001-2005 and minimal amounts were produced between 1995-2000, it
was difficult to obtain useful historical data. Consequently, only the year 2007
was considered. Although months from this year when no groundwater was
produced were dropped from the overall calculation, the groundwater system
was not operating at full capacity. This may have resulted in an inflation of our
calculation of the energy needed to produce one unit of groundwater;
hypothetically, if some of the energy inputs of the groundwater system are fixed,
increasing production could result in a decrease in the amount of energy per unit
produced. That being said, we calculated that a unit of groundwater produced in
2007 (when about half of the system’s potential 1,400 acre-feet was produced)
consumed about 991 kWh/acre-ft. At this point, groundwater is put directly into
the distribution system, bypassing the energy inputs required for treatment.

Santa Barbara’s purchased water is primarily State Water Project Water. Adding
to research previously conducted by Bob Wilkinson of the Donald Bren School,
we found that State Water Project Water, having been pumped from the
Sacramento Delta, has 2919 kWh/acre-ft embedded in each unit by the time it is
delivered to Lake Cachuma, making it by far Santa Barbara’s most energy-
intensive current source. This water must then be treated at Cater Treatment
Plant before it enters the distribution system, consuming even more energy.
Desalination, although not currently employed, is estimated to require
approximately 3750 kWh/acre-foot of water produced3.

All of Santa Barbara’s water, with the exception of groundwater, is treated to
potable levels at the Cater Treatment Plant. To calculate the energy consumed
per unit water treated, we used the annual energy use for 2002 at Cater divided
by the amount of potable water delivered. This resulted in a calculation of 220
kWh/acre-ft used for potable treatment. This treated water, as well as ground
water, is then delivered to customers via an extensive distribution system,
powered and maintained by pumps and pressure relief valves. Overall, this
distribution system requires an additional 111 kWh/acre-ft of water delivered
to a Santa Barbara tap.

Once Santa Barbara water customers have used this water, a significant portion
of it is discarded as wastewater (although some is removed from the system as
irrigation). We calculated that approximately 15 kWh/acre-ft is required to
collect wastewater. This waste is delivered to the El Estero Wastewater
Treatment Plant, where 549 kWh/acre-ft is used to treat the wastewater. This
treated effluent is then delivered via gravity to the ocean.

3 Bob Wilkinson, Donald Bren School of the Environment, independent research in pending
paper. Wilkinson@bren.ucsb.edu



Reclaimed water is used to irrigate landscapes and flush some public toilets in
Santa Barbara. This water is reclaimed at the El Estero Wastewater Treatment
Plant and given additional treatment before it is distributed to customers.
Because the portion of El Estero energy used specifically to treat reclaimed water
is not metered separately, we used an estimate that 15% of the plant’s energy
goes to the production of reclaimed water. This energy is primarily needed to
pump the water to different stations at the plant. We calculated that generation
of reclaimed water requires 1066 kWh/acre-ft. Additional energy is then needed
to distribute this water to its use-point; we calculated that in Santa Barbara,
reclaimed water distribution requires 275 kWh/acre-ft.

By adding the energy required at each stage of the water production and
delivery process, water managers can gain an understanding of the overall
energy embedded in each source, which can help inform their decisions about
which sources to rely on. Considering water from each source, all the way to its
discharge into the ocean may prove beneficial. Surface water, with no initial
energy embedded (because it is a gravity-fed system), is the least energy
intensive; surface water treated, delivered, collected, and re-treated has a total of
895 kWh/acre-ft of energy embedded in it by the time it reaches the ocean.
Groundwater, which is not subject to Cater treatment but requiring significant
energy for extraction, has approximately 1886 kWh/acre-ft embedded in it by the
time it is discharged to the ocean, and State Water Project Water, with significant
original energy considerations and requiring additional treatment, has 3816
kWh/acre-ft of energy embedded in each unit when it is discharged to the ocean.
The energy needed to generate and distribute reclaimed water may seem high,
but if we consider the total energy needed to obtain, treat, and deliver a fresh unit
of water, it becomes more moderate. Reclaimed water, treated and delivered to
a sprinkler, ready to water a lawn, has 1340 kWh/acre-ft of energy embedded
in it. A unit of fresh State Water Project Water, pumped from Sacramento,
treated at Cater treatment plant, and distributed to that same sprinkler, has
3250 kWh/acre-ft of energy embedded in it. In this comparison, reclaimed
water seems like the obvious alternative.

Overall, we found that all sources of water for Santa Barbara contain significant
amounts of embedded energy by the time they reach the tap, and even more by
the time they are discharged to the ocean. Of the three, surface water is the least
intensive, followed by groundwater, then purchased water in the form of State
Water Project Water.  All three of these are less energy intensive than ocean
desalination. We also calculated the greenhouse gas production associated with
the energy intake at each stake, and the result is not insignificant (see Appendix,
“COz Impacts”). For instance, an acre-foot of State Water treated and delivered
to the tap has effectively caused the generation of 2690 lbs of CO.. As California
works to be a leader in combating climate change, this type of greenhouse gas



production will not go unnoticed, and provides yet another reason to invest in
water-use efficiency and conservation.

We did encounter some limitations while conducting this project. Although we
feel that our data are representative of the energy intensity of the various pieces
of Santa Barbara’s water system, all of the results would be made more robust by
the consideration of more historical data. We only considered one year’s worth
of water production and energy consumption. Comparing this year with other
years would help ensure this was an accurate representation of water and energy
consumption in Santa Barbara.



| APPENDIX 1. Spreadsheet of Data
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APPENDIX 2. Cumulative Analysis MAP

Santa Barbara Energy of Water Cumulative Analysis, 2008
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APPENDIX 3. Energy of Water by Step

Santa Barbara Energy of Water Analysis, 2008
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APPENDIX 4. Relative Energy of Sources Bar Chart

kWh/acre foot

6000

5000

4000

3000 -

2000

1000 |

Energy Intensity of Selected Water Supply Sources in Santa Barbara, CA

Efficiency Surface water Groundwater State Water  Recycled Recycled Recycled Ocean
Surface Groundwater State Desalination

22



