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

Maurice F. Bender 
Argonne Na t i ona l  Labora to ry  

Argonne, I l l i n o i s  

A b s t r a c t  

The  p o t e n t i a l s  for e n e r g y  c o n s u m p t i o n ,  c o n s e r v a t i o n  and r e c o v e r y  
a t  m u n i c i p a l  w a s t e w a t e r  t r e a t m e n t  p l a n t s  a r e  r e l a t i v e l y  s m a l l  compared 
t o  the n a t i o n a l  e n e r g y  f i g u r e s .  Nevertheless t h e y  a r e  s i g n i f i c a n t ,  
p a r t i c u l a r l y  t o  l o c a l  owners  and o p e r a t o r s .  E s t i m a t e s  o f  e n e r g y  con- 
s u m p t i o n ,  a s  w e l l  a s  o p p o r t u n i t i e s  f o r  c o n s e r v a t i o n  and e n e r g y  r e c o v e r y  
i n  m u n i c i p a l  w a s t e w a t e r  t r e a t m e n t  o p e r a t i o n s ,  a r e  r e v i e w e d .  The  r e l a t i o n -  
s h i p  b e t w e e n  e n e r g y  c o n s e r v a t i o n  and a q u a c u l t u r e  based  w a s t e w a t e r  t r e a t -  
men t  s y s t e m s  i s  a l s o  i n t r o d u c e d .  F i n a l l y ,  c u r r e n t  Department  o f  Energy 
a c t i v i t i e s  i n  th i s  a r e a  a r e  p r e s e n t e d .  

When we speak o f  energy consumption i n  wastewater t rea tment  i n  r e l a t i o n  t o  
t h e  n a t u r a l  energy consumption f i g u r e s ,  we speak o f  r e l a t i v e l y  smal l  numbers. 
A l though t h e r e  i s  cons ide rab le  v a r i a b i l i t y  i n  t h e  f i g u r e s  c u r r e n t l y  a v a i l a b l e ,  
a  commonly accepted range o f  va lues i s  t h a t  mun ic ipa l  wastewater t rea tment  
accounts f o r  about 0.1 t o  0.3 percen t  o f  t h e  n a t i o n ' s  energy usage. Th i s  
amounted t o  about  0.15 quads o r  0.15 x  1015 B t u ' s  i n  1978. We a l s o  a n t i c i p a t e  
t h a t ,  except  f o r  unforseen major  breakthroughs i n  energy conse rva t i on  and 
recovery  technology by 1990, we can expect  t h i s  energy usage t o  r o u g h l y  double 
t o  about 0.26 quads. Again, t h e r e  i s  some d i f f e r e n c e  o f  o p i n i o n  on t h i s  
es t imate .  The doub l i ng  can be a t t r i b u t e d  t o  an increased.vo lume o f  wastewater 
and t o  t h e  h i g h e r  degree o f  t rea tment  r e q u i r e d  t o  meet more s t r i n g e n t  Federal  
and s t a t e  l i m i t a t i o n s .  The r e l a t i o n s h i p  comes about because i t  becomes i nc reas -  
i n g l y  d i f f i c u l t  t o  remove wastewater c o n s t i t u e n t s  as t h e  degree o f  t r ea tmen t  
r e q u i r e d  increases.  T r a d i t i o n a l l y ,  t h e  more s o p h i s t i c a t e d  t h e  removal process, 
t h e  more energy r e q u i r e d  t o  e x t r a c t  a  g i ven  mass o f  p o l l u t a n t  f rom t h e  waste 
stream. Advanced t rea tment  processes, f o r  example, o f t e n  r e q u i r e  l a r g e  quan- 
t i t i e s  o f  chemicals t h a t  r e q u i r e  energy i n t e n s i v e  methods o f  p roduc t i on .  

A l though t h e  numbers a r e  r e l a t i v e l y  smal l  on a  n a t i o n a l  usage sca le ,  they  
a r e  s i g n i f i c a n t ,  p a r t i c u l a r l y  on a  l o c a l  l e v e l .  The c o s t  o f  supp l y i ng  energy 
t o  a  t y p i c a l  wastewater t rea tment  p l a n t  g e n e r a l l y  r ep resen ts  between 20 and 40% 
o f  t h e  o v e r a l l  o p e r a t i n g  budget. I n  genera l ,  t h e  energy consumption by munic- 
i p a l  t rea tment  p l a n t s  represen ts  an es t imated  one q u a r t e r  t o  o n e - t h i r d  o f  t h e  

* P r e s e n t e d  a t  the "Seminar  on A q u a c u l t u r e  S y s t e m s  f o r  Was tewa ter  Treatment ."  
U n i v e r s i t y  o f  C a l i f o r n i a  E x t e n s i o n .  U n i v e r s i t y  o f  C a l i f o r n i a ,  D a v i s .  . 
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energy purchased by many l o c a l  governments. Depending upon the  scenarios 
employed we are  speaking of an increased c o s t  o f  approximately one-hal f  t o  
one b i l l  i o n  d o l l a r s  t o  munic ipal  governments through the  year  1990. Conse- 
quent ly ,  t he re  i s  o r  should be s t rong mo t i va t i on  f o r  support, a t  t he  l o c a l  
l e v e l ,  t o  meet the  goals f o r  energy consgrvat ion i n  wastewater t reatment .  
Pro fess iona ls  w i l l  have t o  become i n c r e a s i n g l y  b e t t e r  informed o f  energy 
cons idera t ions  i n  t he  p lanning,  design, cons t ruc t ion ,  opera t ion  and mainte- 
nance o f  wastewater t reatment  p l a n t s .  The Department o f  Energy and the  
Environmental P ro tec t i on  Agency have embarked on such e f f o r t s  and I w i l l  speak 
f u r t h e r  on t h i s  sub jec t  a  b i t  l a t e r .  

Energy cons idera t ions  a re  c l o s e l y  r e l a t e d  t o  a  number o f  design f a c t o r s  
employed i n  the  p lann ing  and designing o f  an o v e r a l l  wastewater t reatment  
process. The ac tua l  energy consumption by a  g iven p l a n t  i s  a  f u n c t i o n  o f  such 
va r iab les  as the  l o c a t i o n  o f  t he  p l a n t ,  t he  t reatment  processes employed, the 
age o f  t he  p l a n t  and the  e f f l u e n t  l i m i t a t i o n s  t h a t  have t o  be met. The cos t  
o f  t he  energy, c a l c u l a t e d  over t he  1  i f e t i m e  o f  t he  p l a n t ,  must be coupled w i t h  
these cons idera t ions .  

One of t he  g rea tes t  o p p o r t u n i t i e s  f o r  energy conservat ion i n  wastewater 
treatment p lan ts  l i e s  w i t h  the  energy c u r r e n t l y  consumed by pr ime movers such 
as pumps and blowers. Based upon reviews o f  d e t a i l e d  energy a u d i t s  o f  s p e c i f i c  
p lan ts ,  such as the  energy a u d i t  f o r  the  West Southwest P lan t  of t he  Metro- 
p o l i t a n  San i ta ry  D i s t r i c t  o f  Greater Chicago, i t  becomes apparent t h a t  90% o r  
more o f  t h e  energy consumed a t  most p l a n t s  can be a t t r i b u t e d  t o  prime movers. 
A t  t he  West Southwest P lan t  the  t o t a l  energy consumption i n  1976 was about 
2.5 b i l l i o n  k i l o w a t t  hours (kwh) o f  which 2.2 kwh were a t t r i b u t e d  t o  prime 
movers. A no tab le  f a c t  i s  t h a t  due t o  the  l a r g e  amounts o f  energy consunled 
i n  pumping a i r  i n t o  an a c t i v a t e d  sludge system, t h i s  type o f  t reatment  i s  one 
o f  the  most energy- intensive processes employed i n  wastewater treatment.  

The o p t i m i z a t i o n  o f  the  pumping operat ions t o  reduce energy consumption, 
there fore ,  should be a  foca l  p o i n t  f o r  energy reduct ion .  There are  th ree  
general areas f o r  op t im iz ing  the  energy e f f i c i e n c y  i n  pumping operat ions.  They 
are: 1 )  t he  s e l e c t i o n  o f  the  approproate pumps f o r  a  g iven job,  2 )  op t im iz ing  
o v e r a l l  system performance, and 3 )  the  proper opera t ion  and .maintenance o f  the  
pumps. It should be noted t h a t  t h i s  major consumptive use o f  energy i n  most 
p l a n t s  i s  a l so  i n h e r e n t l y  a  problem i n  aquacul ture wastewater systems, and 
o p t i m i z a t i o n  o f  pumps se lec t i on ,  opera t ion  and maintenance should be considered 
i n  these systems as we l l .  

There a're a  number of o p p o r t u n i t i e s  f o r  increased energy conservat ion and 
recovery which I want t o  touch upon. (John Beneman, one o f  t he  speakers i n  our  
session, w i l l  speak f u r t h e r  on the  sub jec t  o f  energy recovery. )  These oppor- 
t u n i  t i e s  i nc lude  the  f o l l o w i n g :  

improved dewatering methods i n  t he  contex t  o f  an optimum sludge 
management s t ra tegy ,  

increased u t i l i z a t i o n  o f  sludge d i g e s t i o n  gas, 

use o f  chemicals o r  o the r  m a t e r i a l s  which r e q u i r e  l e s s  energy i n  
t h e i r  p roduct ion  than a re  c u r r e n t l y  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 sol id waste ene<gy 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 objecti.ves. 

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 1 i ke 
to mention: 1 ) along with EPA, DOE i s  funding the development of a manual for 
energy conservation and recovery in municipal wastewater treatment plants. It 
will be pub1 ished 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 



i* 
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-scal e pri nci pl es , aquacul ture-based treatment systems may become 
attractive for some of these smaller plants, particularly in light of the sched- 
ul e for treatment requirements. The potenti a1 energy conservation and by-product 
uti.1 ization characteristics of aquacul turehased wastewater treatment may further 
the acceptance of such systems as alternative technologies. 

Thank you. 




