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ENERGY CONSUMPTION, CONSERVATION AND RECOVERY
IN MUNICIPAL WASTEWATER TREATMENT - AN OVERVIEW*

Maurice F. Bender
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Abstract

The potentials for energy consumption, conservation and recovery
at municipal wastewater treatment plants are relatively small compared
to the national energy figures. Nevertheless they are significant,
particularly to local owners and operators. Estimates of energy con-
sumption, as well as opportunities for conservation and energy recovery
in municipal wastewater treatment operations, are reviewed. The relation-
ship between energy conservation and aquaculture based wastewater treat-
ment systems is also introduced. Finally, current Department of Energy
activities In this area are presented.

When we speak of energy consumption in wastewater treatment in relation to
the natural energy consumption figures, we speak of relatively small numbers.
Although there is considerable variability in the figures currently available,
a commonly accepted range of values is that municipal wastewater treatment
accounts for about 0.1 to 0.3 percent of the nation's energy usage. This
amounted to about 0.15 quads or 0.15 x 1015 Btu's in 1978. We also anticipate
that, except for unforseen major breakthroughs in energy conservation and
recovery technology by 1990, we can expect this energy usage to roughly double
to about 0.26 quads. Again, there is some difference of opinion on this
estimate. The doubling can be attributed to an increased- volume of wastewater
and to the higher degree of treatment required to meet more stringent Federal
and state limitations. The relationship comes about because it becomes increas-
ingly difficult to remove wastewater constituents as the degree of treatment
required increases. Traditionally, the more sophisticated the removal process,
the more energy required to extract a given mass of pollutant from the waste
stream. Advanced treatment processes, for example, often require large quan-
tities of chemicals that require energy intensive methods of production.

Although the numbers are relatively small on a national usage scale, they
are significant, particularly on a local level. The cost of supplying energy
to a typical wastewater treatment plant generally represents between 20 and 40%
of the overall operating budget. In general, the energy consumption by munic-
ipal treatment plants represents an estimated one quarter to one-third of the
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energy purchased by many local governments. Depending upon the scenarios
employed we are speaking of an increased cost of approximately one-half to
one billion dollars to municipal governments through the year 1990. Conse-
quently, there is or should be strong motivation for support, at the local
level, to meet the goals for energy conservation in wastewater treatment.
Professionals will have to become increasingly better informed of energy
considerations in the planning, design, construction, operation and mainte-
nance of wastewater treatment plants. The Department of Energy and the
Environmental Protection Agency have embarked on such efforts and I will speak
further on this subject a bit later.

Energy considerations are closely related to a number of design factors
employed in the planning and designing of an overall wastewater treatment
process. The actual energy consumption by a given plant is a function of such
variables as the location of the plant, the treatment processes employed, the
age of the plant and the effluent limitations that have to be met. The cost
of the energy, calculated over the lifetime of the plant, must be coupled with
these considerations.

One of the greatest opportunities for energy conservation in wastewater
treatment plants lies with the energy currently consumed by prime movers such
as pumps and blowers. Based upon reviews of detailed energy audits of specific
plants, such as the energy audit for the West Southwest Plant of the Metro-
politan Sanitary District of Greater Chicago, it becomes apparent that 90% or
more of the energy consumed at most plants can be attributed to prime movers.
At the West Southwest Plant the total energy consumption in 1976 was about
2.5 billion kilowatt hours (kWh) of which 2.2 kWh were attributed to prime
movers. A notable fact is that due to the large amounts of energy consumed
in pumping air into an activated sludge system, this type of treatment is one
of the most energy-intensive processes employed in wastewater treatment.

The optimization of the pumping operations to reduce energy consumption,
therefore, should be a focal point for energy reduction. There are three
general areas for optimizing the energy efficiency in pumping operations. They
are: 1) the selection of the approproate pumps for a given job, 2) optimizing
overall system performance, and 3) the proper operation and maintenance of the
pumps. It should be noted that this major consumptive use of energy in most
plants is also inherently a problem in aquaculture wastewater systems, and
optimization of pumps selection, operation and maintenance should be considered
in these systems as well.

There are a number of opportunities for increased energy conservation and
recovery which I want to touch upon. (John Beneman, one of the speakers in our
session, will speak further on the subject of energy recovery.) These oppor-
tunities include the following:

« improved dewatering methods in the context of an optimum sludge
management strategy, '

- increased utilization of sludge digestion gas,

» use of chemicals or other materials which require less energy in
their production than are currently employed,



- more energy efficient design of treatment plant buildings,

- the use of small turbine-generators at the outfalls from waste-
water treatment plants, ;

- combined sludge and solid waste enerby recovery systems.

These are just a few of the areas where we can develop more energy efficient
and generally more cost effective system while meeting water quality requirements.

I will now spend a few minutes discussing DOE's activities and plans in
this area. In particular, I will talk about the Urban Waste and Municipal
Systems Branch in the Office of Conservation. Don Walter is the Branch Chief.

DOE has recently completed a draft program plan for energy conservation
and recovery in wastewater treatment plants. Although I believe it will require
considerable reworking, it is extremely gratifying to some of us who have nur-
tured such an effort. The plan is directed towards stimulating the development
and commercialization of technologies to reduce the energy requirements and to
increase the efficiency of wastewater and water treatment processes. For the
near term, it places a strong emphasis upon retrofitting existing plants. The
emphasis is upon working closely with the EPA, and Department of the Interior,
and other agencies, in complementing their objectives, as well as working towards
DOE's objectives.

Although DOE's current state of activities with regard to energy in waste-
water treatment can be summarized as being in a planning stage, there are several
additional efforts which have some relevance here, three of which I would Tike
to mention: 1) along with EPA, DOE is funding the development of a manual for
energy conservation and recovery in municipal wastewater treatment plants. It
will be published as part of the EPA Technology Transfer series, 2) DOE is
participating in the Reedy-Creek Project, which was previously discussed in
this conference, 3) the DOE is sponsoring a conference on the subject of Energy
Optimization of Water and Wastewater Management to be held in New Orleans on
December 10-13. Announcements on the table in the back of the room describe
the conference further.

Finally, I would like to address the question: Where does wastewater aqua-
culture lie in DOE's current plans? Frankly, the answer is that it is not.
currently a part of the plans. This does not imply that DOE is not interested
but I believe a stronger arguement has to be made concerning the energy conser-
vation and recovery opportunities which can arise from the use of wastewater
aquaculture systems. I am convinced that there are such opportunities. Some-
time back, while providing technical consulting support to DOE, I worked towards
achieving DOE participation in the Reedy Creek (Disney World, Florida) aqua-
culture effort. I felt that there was sufficient energy conservation potential
in such-systems to warrant DOE getting its feet wet and yet not getting bogged
down. I also believe we now need to quantify the energy conservation and recov-
ery in wastewater aquaculture units as a basis for comparison with conventional
processing units. Implicitly, the use of aquaculture processing units should
result in the use of less energy than conventional treatment, assuming effluent
limitations can be met. We know that about 80% of the sewage districts in the
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U.S. have treatment facilities with capacities of one million gallons per day

or less (this capacity serves about 10,000 municipal residents). Because of
economy-of-scale principles, aquaculture-based treatment systems may become
attractive for some of these smaller plants, particularly in Tight of the sched-
ule for treatment requirements. The potential energy conservation and by-product
utilization characteristics of aquaculture-based wastewater treatment may further
the acceptance of such systems as alternative technologies.

Thank you.





