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Automated Demand Response Opportunitiesin Wastewater Treatment
Facilities

Lisa Thompson, Katherine Song, Alex Lekov, and Aimee McKane
Lawrence Berkeley National Laboratory, Berkeley, California

Wastewater treatment is an energy intensive process which, togetheraier
treatment, comprises about three percent of U.S. annual enerjgyensesince
wastewater treatment facilities are often peripheral to majorielgcusing industries,
they are frequently an overlooked area for automated demand response opprtunitie

Demand response is a set of actions taken to reduce electric loads when
contingencies, such as emergencies or congestion, occur that threaterdsuopgoiyg
balance, and/or market conditions occur that raise electric supply costsadersponse
programs are designed to improve the reliability of the electric grid and év thesuse
of electricity during peak times to reduce the total system costs. Qanated demand
response is a set of continuous, open communication signals and systems provided over
the Internet to allow facilities to automate their demand responseiastiwvithout the
need for manual actions. Automated demand response strategies can be iredlasent
an enhanced use of upgraded equipment and facility control strategiesdrestatieergy
efficiency measures. Conversely, installation of controls to support ateit@mand
response may result in improved energy efficiency through real-timssaitce
operational dat&®

This paper argues that the implementation of energy efficiency opportunities
wastewater treatment facilities creates a base for achisusugssful demand reductions.
This paper characterizes energy use and the state of demand responssgéadi
wastewater treatment facilities and outlines automated demand responsaropgsrt

Energy Usein the Wastewater Treatment Process

In order to assess the potential for demand response in wastewaterrtreatme
facilities, it is important to understand the magnitude of energy use and demarskin the
facilities, the daily and seasonal load patterns, and the role of enezggiug equipment
in the wastewater treatment process.

Load variation in wastewater treatment facilities depends on many factors
including seasonal and daily load patterns, the type of industry, location, and populati
size? For example, many manufacturing facilities have fairly constastemeater flow
rates during daily production, but these can change dramatically durargipleand
shutdown' Industrial wastewater flow rates vary in this manner depending on the time
of day, day of the week, season of the year, or sometimes the nature of the dldscharge
Particularly for municipal treatment facilities, wastewater #adften follow a diurnal
pattern where the peak flows generally occur twice a day: once in the lategnohen
wastewater from the peak morning water use reaches the treatmetyt dacila second



peak flow during the early evening between 7 and 94p?'rgure 1 shows a sample
summer load pattern for a municipal wastewater treatment facility.
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Figure 1: Municipal Wastewater Treatment Facility L oad Pattern

Wastewater treatment facility electricity demand is high dutie summer
months, particularly in areas with hot summers like Southern Calif%?ﬁia.facility
demand required to treat and transport wastewater is significant toeipgak
electricity demand periods experienced by the electricaliesifit This, combined with
the characteristic energy-intensity of the wastewater treatmecegs, makes wastewater
treatment facilities prime candidates for automated demand response.

In 2001, wastewater treatment facilities in California consumed 2,012 GWh of
electricity.6 Within these facilities, the energy intensity for water collecéind
treatment ranged from 1,100 kWh/million gallons to 4,600 kWh/million gaﬁo@ane of
the reasons for this wide range is the variability in transporting and pgmistewater.
The average amount of electricity used for transporting and pumping wastéwat a
residential or commercial area to a municipal wastewater treatamlityfis 150
kwWh/million gallons, but this value can vary greatly depending on wastewsaément
facility topography, as well as system size and6@eme wastewater collection systems
rely on gravity to transport wastewater to a treatment facility, vatilers use energy
intensive pumps to lift or transfer the wastew&tanother reason for the variability in
wastewater treatment energy intensity is the dependence of energy useaalitiief
the waste stream, the level of treatment required to meet regulations, &ectiment
technologies used.

A New York State Energy Research and Development Authority (NYSERDA)
study found that the national average energy intensity for wastewaterdréavas 1,200
kWh/million gallons? New York State’s average energy use for treating wastewater was



1,067 kWh/million gallons for large facilities (> 75 million gallons per day) and 3,749
kwh/million gallons for small facilities (< one million gallons per day) hvatstatewide
average of 1,353 kWh/million gallons. This shows that the energy use in largeefaslit
much lower than in small facilities, and that large facilities procesméisantly higher
portion of wastewater, bringing the average to the lower end of the range.

The potential for implementation of automated demand response and energy
saving measures depends on the technologies involved in the wastewatentreatme
process. Wastewater is generally treated by removing coarse and sdsgmit$eand
organic matter from the waste stream through screens and sedimentdi®primtary
treatment process. It is then aerated in secondary treatment, whishthaisiéssolved
oxygen levels, helping promote the growth of microorganisms which remove the
remaining soluble and organic material. Finally, nutrients and toxic comporends a
removed and the water is chemically disinfected. Figure 2 shows the edistipution
of energy end-uses in the municipal wastewater treatment process basgit on
municipalities in New York State.
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Figure 2. Wastewater Treatment Equipment Energy Use®

The energy use by individual equipment in the wastewater treatment process
plays an important role in formulating automated demand response stratagees
energy-intensive equipment should be the primary target for demand respons@stThe m
energy-intensive equipment in a wastewater treatment facilifyuen@s and aerators
fans. The energy required for influent wastewater pumping can range from 15 to 70
percent of the total electrical energy depending on the wastewaterdrgdacility site
elevation and influent sewer elevatibm many cases, wastewater treatment facilities
with diffused aeration systems can use 50 to 90 percent of electric power demamd
aerator blower motor¥, Developing demand response strategies focusing on this key
equipment may result in the most significant load reductions.

Wastewater Treatment Facility Controls



Control systems are essential for automating demand response sriategie
wastewater treatment facilities. The use of centralized computer &pswch as
Supervisory Control and Data Acquisition (SCADA) systems in wastewatdntent
facilities is increasing by about five percent annu]eﬂﬁjhe introduction of centralized
controls integrates existing standalone controls or distributed contrainsysieproving
operational efficiency and facilitating the automation of demand respoategsss.

Centralized control systems allow for integrated data collection and anaiyd
provides opportunities to improve overall facility performa?’\chithin wastewater
treatment facilities, SCADA systems direct when to operate remjatpraent and make
complex decisions based on input from the syéfeﬁihese systems provide continuous
and precise control of process variablemd can start, slow down, or stop equipment
when monitored process information such as flow rates and dissolved oxygen levels
deviate from pre-established parameiLér§CADA systems can be programmed to
monitor and automatically adjust equipment in response to deviations from prelset leve
for biological oxygen demand, air density, blower efficiency, and facility flow ak
time basis, and meet discharge regulations with better control at the tretvet™>"*
Centralized control systems allow for more efficient overall operation &dality
systems, and provide an entry point to the facility to implement automateddiema
response strategies.

Automated Demand Response Strategies

The technologies that enhance efficiency and control within wastetnedément
facilities could also enable these facilities to become successfalndieresponse
participants. Comprehensive and real-time demand control from centralized eomput
control systems can allow facility managers to coordinate and scheddlshedding and
shifting through equipment-level controls to reduce energy demand durity ek
hours. This section outlines several load shedding and load shifting opportunities that
could be successful in wastewater treatment facilities.

Opportunities for load shedding during demand response events include turning
non-essential equipment off and transitioning essential equipment to onsite power
generators. Facilities can turn off aerator blowers, pumps, facNi®systems, and
other non-essential equipment to shed electrical load during peak hours. Alteynativel
facilities can use variable frequency drives to operate this equipirientes capacity
which reduces demand and better matches the requirements for operation withi
regulatory limits. Centralized control systems can provide wastewesement facilities
with an automatic transfer switch to running onsite power generators during peakdde
periods?3 Onsite power generators running on anaerobic digester gas, a byproduct of the
treatment process, can also provide off-grid power during demand response events. This
strategy has been proven successful in municipal wastewater treatoiéreSfathe East
Bay Municipal Utilities District has implemented a load managemeatesgty which
includes a digester cover that stores anaerobic digester gas until it cad denirsg
peak-demand periodg.



Implementing load shifting strategies in wastewater treatmeifititzcallows the
main energy-intensive treatment processes to be rescheduled to off-peajl? hurs.
major opportunity for shifting wastewater treatment loads from peak demand &ours t
off-peak hours is over-oxygenating stored wastewater prior to a demand response eve
This allows aerators to be turned off during the peak period. However, faatitist be
careful to monitor and maintain the correct range of aeration since ovgeration due
to prolonged detention time can also adversely affect effluent qualiteffuiftsite
conditions allow, wastewater treatment facilities can also utikzess storage capacity
to store untreated wastewater during demand response events and procegsdafffduri
peak hours? Additionally, facility processes such as backwash pumps, biosolids
thickening, dewatering and anaerobic digestion can be rescheduled for operation during
(I)If-peak periods, providing peak demand reductions in wastewater treatmiie$ddi

Conclusions and Future Directions

Wastewater treatment is an energy intensive process with high elelctaid
during the utility peak demand periods. Integrated centralized control systems
becoming more commonplace in wastewater treatment facilities. Thasel @ystems
improve efficiency and allow for greater control of facility process, and sarbal used
in the integration of automated demand response strategies. These controlasshtbe
shed or shift loads through lowering the capacity of aerator blowers, pumps and other
equipment, temporarily transitioning to onsite power generators, ovegenating or
storing and processing wastewater during off-peak periods.

While only a few of the demand response opportunities outlined in this paper
have been tested and proven as successful load management strategiesctivities
have long been incorporated as energy efficiency measures in wastesaieent
facilities. The success of energy efficiency opportunities in thedeiéscicombined
with the increased use of centralized control systems, demonstrates thialpfotent
automated demand response. Furthermore, the magnitude of the load in theses facilitie
alone suggests the extent of demand response reduction potential, and indicates the need
for further study of automated demand response in wastewater treatmi@rg<aci
Further research is underway to better understand opportunities for denpontees
control strategies in wastewater treatment facilities and eegheat such strategies
perform in actual facilities.
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