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CONVERSION FACTORS: U.S. CUSTOMARY TO 

METRIC (SI) UNITS OF MEASUREMENT 

These conversion factors include all the significant digits given 
in the conversion tables in the ASTM Metric Practice Guide (E 380), which 
has been approved for use by the Department of Defense. Converted values 
should be rounded to have the same precision as the original (see E 380). 

Multiply By To Obtain 

inch 25 .4* millimeter 
inch 2.54 centimeter 
foot o. 3048* meter 
yard2 0.8361274 meter2 
foot3 0.02831685 meter3 
yard3 0.764549 meter3 
gallon 0.003785412 meter3 
pound 453.6 gram 
pound/inch2 6894.757 pascal 
pound/ foot3 16.01846 kilogram/meter3 
kilowatt-hour 3.600 X 106 joule 
horsepower-hour 2.6845 X 106 joule 
watt 1.000 joule/second 
watt 0.0013410 horsepower 
Btu 1054.85 joule 
BTu 0.000293 ki low at t-hour 
standard feet3 of 0.47195 standard meter3 

air/minute air/minute 

*Exact 
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SUMMARY 

With increasing energy costs, energy consumption is assuming a 
greater proportion of the annual cost of operating wastewater treatment 
facilities of all sizes, and because of this trend, it is likely that 
energy costs will become the predominant factor in the selection of cost
effective small-flow wastewater treatment systems. 

Where suitable land and groundwater conditions exist, a facultative 
pond followed by rapid infiltration is the most energy-efficient system 
descri~ed in this report. Where surface discharge is necessary and 
impermeable soils exist, a facultative pond followed by overland flow is 
the second most energy-efficient system described. Facultative ponds, 
followed by slow or intermittent sand filters, are the third most energy
efficient systems discussed, and are not limited by local soil or ground-
water conditions. · 
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INTRODUCTION 

General 

The concern for energy use at wastewater treatment facilities has 
developed well after many of the plans were made for the management . 
of water pollution in the United States. This is true in military as 
well a~ in civilian installatiorts. With changing sta~dards and technology, 
information on energy requirements for small (0.05 to 5 mgd) wastewater 
treatment systems is needed to avoid future.errors and.to provide infor
mation to assist in designing and planning. Several estimates have been 
made for large systems, usually in the range of 5 to 100 mgd, but because 
hundreds of small systems are being used by military installations, it is 
imperative that information be gathered on energy requirements for waste
water treatment for small systems. 

This report summarizes the energy requirements for all viable alter
natives presently available to military installations for the treatment of 
small flow rates. (0.05 - 5 mgd) of wastewater. It compares various 
treatment combinations, and presents in tabular form the energy require
ments for the most viable alternatives. The data can be combined to 
produce an estimate of the energy requirements for all currently available 
unit operations and processes. 

Other Studies 

Only one comprehensive study of the energy requirements associated 
with wastewater treatment has been performed. Wesner et al. (1978) 
presented a deta{led analysis of energy requirements by unit operations 
and unit processes employed in wastewater treatment. The results of this 
study were presented in graphical form with accompanying tables out
lining the design considerations employed in developing the graphs. 
Energy requirements were presented in terms of the design flow rate 
of the treatment system in most cases, but when a wide choice of load
ing rates was applicable, the graphs were presented in terms of surface 
area or ~he flow rate applied to the componen~ of th~ sistem. Portions 
of the Wesner et al. (1978) results are presented in detail in Appendix 
A in this report 

Culp (1978) has presented an analysis of alternatives for future 
wastewater treatment at South Tahoe, California. This illustrates the 
increasing sensitivity of energy costs. When the original advanced waste
water treatment system was constructed in the late 1960's, energy was not 
costly and was not usually a significant factor in concept selection and 
design. Table 1 illustrates the energy required for alternatives com
pared with the original design. It is anticipated that the final product 
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Table 1. Energy requirements 7.5 mgd, Lake Tahoe Wastewater Treatment 
system (Culp and Culp, 1971; Culp, 1978). 

Alternative 

Original system complete secondary treatment, 
AWT system, effluent export to Indian Creek 
Reservoir 

1978 Alternatives 
Continue secondary, nitrification,-effluent 
export to Indian Creek Reservoir 

Continue secondary, nitrogen removal (ion 
exchange) effluent export to I.C.R. 

Continue secondary on site, flood irri
gation land treatment in Carson River Basin 

a Total energy 
(electricity and fuel 

expressed as 
equivalent 1000 

kwh/yr) 

64,500 

39,400 

40,244 

25,000 

~oes not include secondary energy requirements for chemical 
manufacture • 

from the flood irrigation land treatment alternative will be at least 
equal in quality to the original design effluent. 

Energy requirements for four wastewater treatment systems, includ
ing sludge processing, that are capable of achieving secondary effluent 
quality and complete sludge treatment and disposal .were presented by 
Wesner and Burris (1978). Estimated energy requirements were presented 
for 1) trickling filter with anaerobic digestion, 2) activated sludge with 
anaerobic digestion, 3) activated sludge with sludge incineration, and 4) 
independent physical-chemical treatment with sludge incineration using 5 
and 30 mgd capacities. A comparison of energy requirements for the four 
systems treating 30 mgd is shown in Figure 1. The potential for solar 
energy as a method of heating the digester and control building was 
discussed. Heat recovery from sewage effluents using heat pumps to heat 
digesters and buildings was considered. 

Zarnett (1976, 1977, and undated) has examined the energy require-
ments for water and wastewater treatment plants and has presented the 
requirements by unit operations employed. The results were presented 
by unit operation to make it convenient to assess any treatment system 
on the basis of total energy consumption. By combining various flow 
configurations, a system capable of producing a given effluent quality 
can be assembled and the energy requirements compared, Zarnett cautions 
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Figure 1. :.Energy r.equirements~:for .. JO mgd secondary treatment plants (Wesner and.Burris, 1978). 
Courtesy of Journal Water Pollution Control Federation, Washington, D.C. 



that the data were presented for comparative purposes and should not be 
used as absolute values. 

Energy requirements for various types of wastewater treatment 
plants were presented by Hagan and Roberts (1976). In addition to the 
discussion of conventional secondary and tertiary treatment systems, 
land treatment systems were considered. Tradeoffs between pollutants 
removed from wastewater and pollutants added to the environment by 
energy use were discussed. It was pointed out that decreasing returns 
are obtained as the level of treatment increases, and it is possible 
to add more contamination to the environment by increased energy con
sumption than is removed from the wastewater. Comparisons of energy 
requirements for a 100 mgd capacity system employing conventional 
secondary, advanced wastewater treatment and land treatment systems 
were presented. Energy implications with regard to wastewater reuse 
were considered, and it was shown that in many instances the reuse of 
wastewater can conserve energy. The savings are related to the degree 
of treatment required before reuse. Table 2 is a summary of total 
energy requirements for various wastewater treatment systems assumed by 
Hagan and Roberts for direct discharge of the wastewater, employed for 
various reuse purposes, and the energy requirements for alternative 
sources of fresh water. Their assumptions include unnecessarily stringent 
preapplication treatment requirements for the general case of irrigation 
reuse. Current EPA guidance on the topic is presented in the Results and 
Discussion section. 

Garber et al. (1975) compared biological and physical-chemical 
processes to treat wastewater in the Los Angeles area. Biological 
processes were found to be more energy efficient and less stressful 
on the overall environment. Treatment of the wastewater by physical
chemical methods required almost five times as much energy as activated 
sludge including nitrification and phosphorus removal. Solids disposal 
by pumping 90 to 100 miles to the desert to drying beds required 16 
times as much energy as the present system of discharging screened 
digested solids seven miles at sea. Chemical treatment of the ~ludge 
followed by mechanical dewatering and disposal at local landfills 
required 35 times as much energy as the current sludge disposal system. 

The general problems associated with small wastewater treatment 
plants, alternative treatment processes available to small plants, im
portant design considerations, and an economic comparison of the alter
natives available were presented by Benjes ( 1978). Table 3 presents the 
estimated annual energy required alternative wastewater treatment pro
cesses for a range of design flows. Tchobanoglous, ( 1974) conducted a 
similar analysis and cost factors derived from his work are shown in 
Table 4. 

Jacobs (1977) discussed various ways to more effectively utilize 
energy at wastewater treatment plants. Use of different types of 
pumps, sludge dewatering equipment, plant modification and energy 
recovery from digester gas and incineration of sludge were discussed. 
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Table 2. Examples of systems to be considered in evaluating energy a 
implications of wastewater reuse (Hagan and Roberts, 1976). 

Treatment assumed for discharge 
1. Activated sludge (with chlorination, sludge 

digestion and landfill disposal) 
2. Biological-chemical (activated sludge with alum 

treatment, nitrification/denitrification, sludge 
digestion and landfill disposal) 

, 3. Tertiary (activated sludge, coagulation/filtration, 
carbon adsorption, zeolite ion-exchange, 
recalcination) 

reuse Type of 
1. Local irrigation (assume 100-ft head for 

conveyance) 
2. Distant irrigation (assume 1,500-ft head for 

conveyance) 
3. 
4. 

Industrial (assume 100-ft head) 
Unrestricted (assume 500-ft head) 

Treatment assumed prior to reuse 
For irrigation reuse: 

activated sludge 
biological-chemical 

For industrial reuse: 
biological-chemical 
biological~chemical & desalting . 
tertiary 
tertiary & desalting 

For unrestricted reuse: 
tertiary 
tertiary & desalting 

Alternative sources of fresh water 
1. L~cal supplies 
2. Imported 
3. Desalted seawater 

a 
Courtesy of Water and Sewage Works, Chicago, Illinois. 

5 

Total 
Energy 

Required 
for 100 mgd 

kwh/da 

93,000 

2 35,000 

1,137,000 

57,000 

615,000 
57,000 

216,000 

93,000 
235,000 

235,000 
695,000 

1,137,000 
1,597,000 

1,137,000 
1,597,000 

57,000 
938,000 

6,661,000 



Table 3. Estimated energy (electricity and fuel) for alternative treat
ment processes (Benjes, 1978). 

a 
Process 

0.1 

Prefabricated extended aeration 139 
Prefabricated contact stabilization 95 
Custom design, extended aeration 197 
Oxidation ditch 134 
Activated sludge, anaerobic digestion 119 
Activated sludge, nitrification, 

anaerobic digestion 251 
Trickling filter, anaerobic digestion 31 
RBC, anaerobic digestion 65 
RBC, nitrification, anaerobic digestion 113 

Energy (1000 kwh/yr) 
Plant capacity (mgd) 

0.5 

447 
857 
647 
387 

650 
126 
276 
496 

1.0 

886 
1,901 
1,288 

764 

922 
246 
566 

1,026 

2.0 

2,571 
1,525 

2,576 
485 

1,105 
2,005 

aAll with aerated grit chamber, chlorination and sludge drying beds. 

A comparison of energy requirements and costs for sludge dewatering 
equipment is shown in Table 5. Energy requirements and costs for 
biological treatment systems are presented in Table 6. 

Mills and Tchobanoglous (1974) presented detailed methods for 
calculating the energy consumption by the unit operations and processes 
used in wastewater treatment. Use of the equations and graphs presented 
in the paper is illustrated by examples using two alternative flow 
schemes. Detailed results are presented in tabular form and are easily 
compared between processes and systems. 

Smith (1973) estimated the electrical power consumption by most 
conventional and advanced processes used to treat municipal waste
water on a unit processes basis. Electrical power consumption for 
complete plants was estimated by adding the power consumption for the 
individual processes. A comparison of electrical power consumption 
by wastewater treatment systems was made with other uses. 

Estimates of recoverable energy in digester gases were made by 
Wesner and Clarke (1978). A discussion of the variation in gas 
production with the type sludge was presented. 
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Table 4. Estimated total annual and unit costs for alternative treatment . 
processes with a design flow of 1.0 mgd (Tchobanoglous, 1974).a 

Process 

Imhoff tank 
Rotating biological disks 
Trickling filter processes 
Activated sludge processes 

With external digestion 
With internal digestion 

Stabilization pond processes 
Land treatment processes 

Slow rate 
Basic system 
With primary treatment 
With activated sludge 
With stabilization pond 

Rapid infiltration 
Basic system 
With primary treatment 
With activated sludge 
With stabilization ponds 

Initial 
capital 
eostb 

dollars 

Annual cost, dollarsb 

Unit 
cost 

cents/ 
1000 
galb 

.. ' ' 

Capi talc 0 & M Total. 

380,000 
. 800,000 

900,000 

41,729 
87,832 
98,811 

1~000,000 109,790 
500,000 54,895 
250,000 27,447 

340,000 
940,000 

1,240,000 
590,000 

200,000 
800,000 

1,000,000 
450,000 

37,328 
103,302 
136,139 
64,775 

21,958 
87,832 

109,790 
49,405 

15,550 
57,680 
58,480 

57,270 
145,512 
157,291 

15 . .7 
39.9 
43.1 

74,410, 184,200 50.5 
48,800 ·103,695 28.4 
23,680 . 51,127 J4.0 

41,540 
81,540 

115,950 
65,220 

25,100 
65' 100 
99,510 
48,780 

28,859 
184,742 
252,089 
129,996 

47,058 
152,932 
209,300 

98,185 

21.6 
50.6 
69.1 
35.6 

12.9 
41.9 
57.3 
26.9 

a Courtesy of Public Works Journal'Corporation, Ridgewood, New 
Jersey. 

bBased on an ENRCC index of 1900. 

cCapital recovery factor= 0.10979 (15 years at 7 percent) . 
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Table 5. Energy comparison of sludge~dewatering equipment (Jacobs, 1977) .a 

kw Demand kwh Usage Monthly Annual 
cost/mo. cost/mo. cost cost 

Belt press filters 40.0 kw 6105 kwh 
$112.00 $153.85 $265.85 $3190.20 

Vacuum filter 75.5 kw 8750 kwh 
$210.00 $220.50 $430.50 $5166.00 

Centrifuges 108.0 kw 13,700 kwh 
$299.60 $313.05 $612.65 $7351.80 

Notes: 
1. Based on dewatering 75,000 lb/week of waste activated sludge at 3 

percent feed, and approximately 20 percent cake solids concentration. 
2. Costs based on varying rate schedule. 

a Courtesy of Water and Sewage Works, Chicago, Illinois. 

Table 6. Energy comparison of biological treatment systemsa,b,c (Jacobs, 
1977) .f 

Completely Extended Carousel Pure extended mixed aeration aeration oxygen 
ASe Asd,e 

Asd,e AS 

kw demand 550 540 525 525 
Cost $ 1,070 $ 1, 053 $ 1, 053 $ 1,020 
kwh usage 230,000 236,000 218,000 216,000 
Cost $ 3,423 $ 3,498 $ 3,282 $ 3,247 

Monthly cost $ 4,498 $ 4,542 $ 4,335 $ 4,076 
Annual cost $53,976 $54,504 $52,020 $48,804 

aComparison based on entire plant energy consumption. 

blncludes consideration of differences 
characteristics. 

c . 
Costs based on varying rate schedule. 

dResult in higher effluent quality. 

eActivated sludge. 

in sludge quantity 

f Courtesy of Water and Sewage Works, Chicago, [llinois. 
\ 
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Bio-Disk 

425 
$ 800 
188,000 
$ 2,701 

$ 3,501 
$42,012 

and 
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METHODS AND PROCEDURES 

Equation Development 

The graphs presented by Wesner et al. (1978) were converted to 
lines of best fit at the lower design flow rates (0.1 - 5.0 mgd) and 
used to calculate the energy requirements for small systems such as 
those employed at military installations. Least-squares fits of the 
linear and curvilinear lines were employed. A power function was used to 
fit the linear lines on the log-log plots and a polynomial equation was 
used to fit the curvilinear lines. The forms of the two functions are 
shown below. 

logY = a + b (log X) + c (log X) 2 
+ d (log x) 3 

Polynomial function 

Power function 

Various combinations of the unit operations and processes were 
selected to form the most commonly used wastewater treatment systems. 
Energy requirements for each component of the system for various design 
flow rates were estimated using the equations of best fit. These results 
were tabulated for easy comparison between various types of treatment 
systems. 

Design Parameters 

Design parameters for all of the unit operations and processes 
are shown with the energy equations for each operation or process in 
Appendix A. Additional detail can be obtained by referring to the 
report by Wesner et al. (1978). The energy relationships for the conven
tional and advanced wastewater treatment processes are unmodified, 
but it was necessary to modify the land application energy relation
ships to conform to accepted practice in cold regions. The slow rate 
and overland flow application seasons were modified from five months 
per year to 250 days per year to more realistically reflect actual 
practice. Rapid infiltration application seasons extend over 365 days 
per year and not five months per year as shown in the Wesner et al. 
(1978) report. 

Wastewater Characteristics 

Raw wastewater and sludge characteristics used to develop the 
energy relationships are presented in Appendixes B and C, respectively. 
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Energy Recovery 

The potential energy available in digester gas was estimated using a 
figure of 6.5 million Btu/million gallons of wastewater treated. This 
value is based upon a mixture of primary and waste activated sludge, and 
the value will vary with the type of sludge and must be adjusted when 
better data are available. However, a value of 6.5 million Btu/million 
gallons of wastewater is satisfactory for estimating purposes and will 
yield a conservative estimate for net energy consumption. 

Btu available in digester gas can be converted to electricity, 
and a conversion factor of 11,400 Btu per kwh can be used to estimate 
the electricity generated. The conversion factor assumes an electrical 
generation efficiency of 30 percent. The gas utilization system also 
requires energy and this must be considered when comparing systems. 

Secondary Energy 

Secondary energy requirements are the amounts of energy needed 
to produce consumable materials used in a wastewater treatment system. 
Disinfectants, coagulants, sludge conditioning chemicals and regeneration 
of activated carbon and ion exchange resins require energy in their 
production, and this energy must be considered when comparing the energy 
efficiency of various systems. 

Methods of construction, materials of construction, seasonal varia
tions and other factors also influence the energy budget for a treatment 
system, but to a lesser degree than the primary factors such as direct 
energy consumption on a daily basis. Only the direct energy consumption 
and the secondary energy requirements are considered in this report. 
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RESULTS AND DISCUSSION 

Energy Equations 

The equations of the lines of best fit for the energy require
ments of the unit operations and processes used in wastewater treat
ment based on the graphs reported by Wesner et al~ (1978) are presented 
iri Appendix A. Design conditions and assumptions used in developing 
the graphs are presented along with each equation. Details about the 
conditions imposed upon the equations can be obtained from the Wesner 
et al. (1978) report. Each equation is cross referenced to the Wesner et al. 
report. The equation number used in Appendix A coincides with the 
figure number in the Wesner et al. report; i.e., Equation 3-15 cor-
responds to Figure 3-15. Only the portions of·the curves below a flow 
rate of 5 mgd were used to determine the line of best fit. This was 
done to obtain a better trend at the lower flow rates of interest rather 
than introduce the influence of the higher flow rates. All equations 
for the linear lines have a correlation coefficient of 0.999 or better. 

Treatment Systems 

Flow diagrams of the wastewater treatment systems commonly employed 
are shown in Figures 2 through 12. The flow diagrams for land appli
cations systems were selected utilizing the preapplication treatment 
guidelines shown in Table 7. The biological and physical treatment 
systems shown in Figures 2, 3, 4, 7, 8, 9, 10, and 11 are most often 
employed in small systems; however, the activated sludge process with 
sludge incineration (Figure 5), physical-chemical treatment (Figure 
6), and the advanced treatment following secondary treatment (Figure 
12) have been employed in special cases. These 11 systems can be modified 
by adding various processes in the treatment train to pr-oduce almost any 
quality effluent desired. Also, a very wide range oJ~nergy consumption 
can be experienced with these basic systems and their modifications. 

The raw wastewater characteristics and the expected effluent quality 
from each of the systems are shown on the figures. The raw water charac
teristics are also summarized in Appendix B. Sludge characteristics used 
to develop the energy relationships in Wesner et al. (1978) and this 
report are presented in Appendix C. 

Energy Consumption 

Energy requirements for the components of the treatment systems 
shown in Figures 2 through 12 for various flow rates of wastewater 
treated by the systems are presented in Tables 8 through 19. The table 
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Figure 2. Trickling filter treatment with anaerobic digestion (BOD5 := 5-day, 20°C biochemical oxygen 
demand; SS =suspended solids). 
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Figure 3. Rotating biological contactor treatment with anaerobic digestion. 
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Figure 4. Activated sludge treatment with anaerobic digestion. 
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Figure 5. Activated sludge treatment with sludge incineration. 
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Figure 6. Physical-chemical advanced secondary treatment. 
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Figure 7. Extended aeration with intermittent sand filter. 
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Figure 8. Slow rate irrigation. 
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Figure 10. Overland flow. 
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Table 7. Guidance for assessing level of preapplication treatment for 
land treatment systems (EPA, 1978). 

I. Slow-rate systems (reference sources include Water Quality 
Criteria ·1972, EPA-R3-73-003, Water Quality Criteria EPA 1976, and 
various state guidelines). 

A. Primary treatment - acceptable for isolated locations with 
restricted public access and when limited to crops not for 
direct human consumption. 

B. Biological treatment by lagoons or inplant processes plus 
control of fecal coliform count to less than 1,000 MPN/100 mla 
acceptable for controlled agricultural irrigation except for 
human food crops to be eaten raw. 

c. Biological treatment by lagoons or inplant processes with 
additional BOD or SS control as needed for aesthetics plus 
disinfection to log mean of 200/100 ml (EPA fecal coliform 
criteria for bathing waters) - acceptable for application in 
public access areas such as parks and golf courses. 

II. Rapid-infiltration systems 

A. Primary treatment - acceptable for isolated locations with 
restricted public access. 

B. Biological treatment by lagoons or inplant processes - accept
able for urban locations with controlled public access. 

III. Overland-flow systems 

A. Screening or comminution - acceptable for isolated sites with 
no public access. 

B. Screening or comminution plus aeration to control odors during 
storage or application - acceptable for urban locations with 
no public ac_c~s.s. · · 

~ost probable number of coliform bacteria p~r 100 ml \of sample. 

number corresponds to the figure number; i.e., Table 8 is a listing of the 
energy requirements for a trickling filter treatment system with anaerobic 
digestion (Figure 2). The last column in each table lists the equations 
used to calculate the values (Appendix A). 

Table 20 shows the energy requirements for components frequently 
appended to secondary treatment systems to produce a better quality 
effluent .. By modifying the basic systems shown-in Figures 2 through 
12, it is possible to develop the energy requirements for almost any 
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Table 8. Energy requirements for components of trickling filter system with anaerobic digestion in 
the intermountain area of the USA. 

Operation 
or· Process 

WasteWater Treatment 
Raw·sewage Pumping 
Preliminary Treatment 

Bar Screen 
Cornminutor 
Grit Removal-Non Aerated 

Primary Sedimentation 
Trickling ~ilter (Rock Media 

Recirculation 2: 1) 
,Secondary Sedimentation 
Disinfection 

Primary energy 
Secondary energy 

c.;ub-Total 

Sludge Treatment 
Gravity Thickening 
Anaerobic Digestion High Rate 

Drying Beds 
Hauling-Truck 
Landfill Disposal 

. Sub-Total 

Other 
Building Heating 
Building Cor>ling 

to't31 for Treatment System 

Digester ~a~ Utilization System 
Tut.al with t,as Utilization 
Energy Recovered-Digester Gas 

8
TDH = total dynamic head. 

~-=----..~===============================-= 
Capacity of Wastewater Treatment Facility 

----~----~--------~----
0.05 mgd 0.1 mgd 0.5 mgd I. 0 mgd 3.0 mgd 5.0 mgd 

---------------------------~----------------

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Elec- Fuel, Elec- Fuel, Elec- .... Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, 
tricity, Million trici.ty, Million tricity, ·Million tricity, Million tricity, Million tricity, Million 
kwh/yr Btu/yr kwh/yr Btu(Yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr 

I, 200 

465 
I, 700 

260 

2,530 

3,670 
3, 130 

830 
(8) 

13,793 

35 
1,220 

1 7 

1,272 

199 

15,264 

10,070 
25,334 

62 

0.2 
13 

1.6 

77 

148 

225 

10 
235 
119 

2, 280 

640 
2,180 

305 

3,190 

7,200 
1, 750 

1,240 
(17) 

20,802 

69 
2,435 

32 

2,536 

244 

23,582 

14.480 
38,062 

10,200 

I, 050 
3,700 

450 

5,420 

31,950 
5,810 

4,700 
(83) 

63.363 

316 
124 12. 180 

0.4 
26 

3.3 

145 

154 12,641 

181 
458 

335 76,462 

25 34,980 
360 lll,442 
237 

19.400 

1,200 
4,680 

530 

6,820 

61,300 
7. 230 

9, 330 
(165) 

110,655 

610 
632 . 24,354 

128 
16 

282 

778 25,246 

320 
646 

1, 098 136,54 7 

159 52,350 

1,257 188,897 
1, 187 

53,900 

I, 450 
7,080 

690 

9,970 

172,200 
10,920 

29. 170 
(495) 

285,875 

I, 7 30 
1,270 73,060 

4. 
256 

33 

833 

1,563 75,623 

433 
1,228 

1, 996 36 2. 726 

315 102,950 

L,311 465,676 
2, 373 

86,700 

1,590 
8,810 

780 

11,990 

278,300 
13,720 

49,520 
(825) 

452,235 

2,730 
3,860 121,760 

13 'I, 395 
76 7 
99 

4,739 125,885 

745 
1, 726 

5.484 579,846 

864 !43,'>40 
6,348 '2:1,386 
7. 119 

6,460 

21 
1,278 

164 

7,923 

988 

8, 9: 1 

1. 358 
10,269 
11,865 

Comments 

TDHa = 10 ft 

Circular Tanks 

Dosage = 10 mg/1 
(Secondary Energy 

Requirements) 

3-1 

3-7 
3-8 
3-10 

3-12 

3-16 
3-13 

3-74 
4-5 

3-85 
Detention Time 3-105 

= 20 days 
Mixing= 1/2 HP/1000 ft3 

3-98 
3-100 
3-104 

3-83 
3-84 

5-18 
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Table 9. Energy requirements for components of a rotating biological contactor treatment system with 
anaerobic digestion located in the intermountain area of the USA. 

Capacity of Wastewater Treatment Facility 

0.05 mgd 0.1 mgd 0.5 mgd 1.0 mgd 3.0 mgd 5.0 mgd 

Operation 
Energy Energy Energy Energy '·Energy Energy Comments or Process 

Requirements Requirements Requirements Requirements Requirements Requirements 

Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, 
tricity, Million tricity, Million tdcity, Million trici ty, Million trici ty, Million tricity, Million 
kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr 

Wastewater Treatment 
Raw Sewage Pumping 1,200 2,280 10,200 19,400 53,900 86,700 TDH 10 ft 3-1 
Preliminary Treatment 

Bar Screen 465 640 1,050 1,200 I ,450 I, 590 3-7 
Comminutor 1, 700 2,180 3,700 4,680 7,080 8,810 3-8 
Grit Removal-Non Aerat€'0 260 305 450 530 690 780 3-10 

Primary Sedimentation 2,530 3, 190 5,420 6,820 9,970 11,990 3'-12 
RBC Units 1,650 7,300 16,500 7 3, 000 219,000 365.000 pehse ~edi_a 3-20 
Secondary Sedimentation 3,130 J, 710 5,810 7' 230 10,920 13,720 3-13 
Disinfection (Cl?) 

Primary energy 830 l • .-~0 4, 700 9,330 29, 170 49,520 Dosage 10 mg/ l 3-74 
Secondary energy 8 17 83 165 491 825 4-5 

Sub-Total 13,773 20,YU:i 67,913 122,355 332,675 538,935 

Sludge Treatment 
r.ravitv Thickening 35 69 'H6 610 I, 730 2,730 3-85 
An~~ robic Digestion High Rate 1,220 62 l. 4 35 124 12,180 632 24,354 I, 270 73,060 3,860 121, 760 6. 4'60 3-105 
Dry. ng Beds 17 0.2 32 0.4 145 2 282 4 im 13 I, 395 21 3-98 
Hanl i ng-Truck 13 26 128 256 767 1,278 3-100 
Landt ill Disposal I. 6 3.3 16 33 99 164 3-104 

Sub-Total I, 272 77 2,536 154 12,641 778 25,246 I, 563 75,623 4,739 125,885 7,923 

Other 
Building Heating 148 181 320 433 745 988 J-83 
Building Cooling 199 244 458 646 I, 228 I, 726 3-84 

Total fo! Treatment System 15,244 225 2 3. 68 2 335 81,012 1,098 148,247 I, 996 409.526 5,484 666,546 8, 911 

IJigester ·.a.s Utilization System 10,070 10 14,480 25 J4, 980 159 52,350 31 J 102,950 864 143,540 I, 358 )-18 
rotA. J with (;as Utilization 25,314 235 18, 162 360 ll.o. 992 1, 25 7 200,197 2, 311 ) 12.4 76 6, 348 810,086 10.269 
Energy Recovered-Digester Gas 119 237 1, 187 2. 373 7. 119 II, 865 
------·--· --------



Table 10. Energy requirements for components of activated sludge system with anaerobic digestion in 
the intermountain area of the USA. 

Operation 
or Process 

h'astewa ter Treatment 
Raw Sewage Pumping 
Preliminary Treatment 

Bar Screen 
Comminutor 
Grit Removal-Aerated 

Primary Sedimentation 
Aeration-Mechanical 
Secondary Sedimentation 
Disinfection (Cl2) 

Primary energy 
Secondary energy 

Sub-Total· 

Sludge Treatment 
Gravity Thickening 
Air Flotation Thickening 
Anaerobir Digestion 

lJrying Beds 
Hauling-Truck 
·Landtill Disp.osal 

Sub-Total 

Other 
Building Heating 
Building Cooling 

Total for Treatment Syst~m 
Digester Gas Utilization System 
Total With Gas Utilization 
Energy Recovered-Digester Gas 

0.05 n:gd 

Energy 
Req ui remen t & 

Capacity of Wastew:ttc.r Treatment Facility 

0.1 mgd 

Energy 
Requirements 

-----··--····-- -------
0.5 mgd: 3. 0 mgd 5. 0 mgd 

----.,.------------------·-~--

Ene'rgy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- · Fuel, 
Million 
Btu/yr 

tricity, Million tricity, Million trid.ty, Million tricity, Million tricity, 
kwh/yr Btu/yr kwh/yr Br.u/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr 

-~-- --------- ···-- -------'------

'1, 200 

465 
I, 700 

10,610 
2,530 
s·,ooo 
4,470 

830 
8 

29,813 

2,280 

640 
2, 180 

11,400 
3, 190 

16,000 
5,010 

I, 240 
17 

41,95 7 

69 
7,940 

10,200 

1,050 
3,700 

12,290 
5,420 

80,000 
10.390 

4,700 
83 

127.833 

316 

19,400 

1,200 
4,680 

13,270 
6,820 

160,000 
16,400 

9, 330 
165 

231,265 

53,900 

i,450 
7,080 

17,800 
9,970 

480,000 
37,030 

29, 170 
49) 

636,895 

Mi11.ion tricity, 
Btu/yr kwh/yr 

86,700 

1, s9o 
8, 810 

22,670 
11,990 

800,000 
54,870 

49,520 
sis 

1,036. 975 

Comments 

TDH = 10 ft 

Circular Tanks 
Complete Mix 

Dosage IOi.mgh 

35 
4.140 
I ,2LO 5:0 2,435 

32. 170 
104 12,180 

610 
58,800 

SIS 24,354 

I, 730 
152,900 

1,040 70,06G 

2, 730 
238,450 

3,110 121,760 5,180 Mixing-1/2 

17 

5,612 

199 

35,624 
10,070 
45,694 

0.2 
12 

1.5 

32 

66 10,476 

!48 
244 

214 52,677 
10 14,480 

224 6 7, IS 7 
119 

0.4 
24 

3.1 

145 

132 44,811 

181 
458 

)!} LIJ,102 
25 34,980 

JJS 208,082 
237 

i20 
15.4 

2R2 

655 84,046 

320 
646 

975 315,957 
15Y 52, cSO 

1,134 368,307 
1, 187 

740 
.11 

833 13 
720 
93 

I, 395 

1,315 225,523, 3,936 364,335 

433 
1,228 

1,748 863,646 
3l'i 102,950 

L,063 966,59(> 
2, 373 

745 
1.726 

4,6811/<03,036 
864 143,540 

5,545 1,546,576 
7. 119 

21 
1,200 

154 

6,555 

988 

7,543 
:. J5e 
8, 901 

11,865 

HP/1000ft3 
Detention Time ~ 

.20 days 

J-1 

3-7 
3-s 
3-9 
3-12 
3-28 
3-13 

3-7.4 
4-5 

3-85 
3-86 
3-105 

3-105 

3-98 
3-100 
3-104 

3-83 
3-84 

5-18 
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Table 11. Energy requirements for components of activated sludge system with sludge incineration in 
the intermountain area of the USA. 

---- ----·-- ---- ·--------- --------------. 
Capacity ot Wastewater Treatment Facility ------

0.05 mgcl 0.1 mgd 0.5 mgd 1.0 mgd 'l.O mgd 5.0 mgd 
----- ---------- --------------'lnerA.tion 

Comments 
Process Energy Energy Energy Energy Energy Energv 

Req u1.remen ts Requirements Requirements Requirements Requirements Requirement~ 

-----------
Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- FUel, 

tridty, Million tri.city' Million trici.ty, Million tricity, Million td.city, Million tricity, Million 
kwh/yr Btu/yr kwh/yr Btu/yr kwh/vr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr· kwh/yr Btu/yr· 

---··-···- ----- -----------
·.Jas tewa te r Treatment 

RaiN Sewage Pumping I, 200 _:. 280 10,200 19.400 53,900 86,/00 TDH 10 ft 3-1 
Preliminary Treatment 

Bar Screen 465 640 1,050 1,200 1,450 I, 590 3-7 
Cnmminutor 1,700 2, 180 '3,100 4,680 7,080 8,810 j-8 
Grit Removal-Aerated 10,610 1:,400 l2, 290 13,270 17,800 22,670 3-9 

Pl imary Sedimentation 2;530 ),190 5,420 6,820 9,970 11,990 Circular Tanks 'l-12 
Aer~tion-Mechanical 8,000 16,000 80,000 160,000 480,000 800,000 Complete Mix 1'-28 
S·:condary Sedimentation 4,470 5,010 10,390 16,1,00 37,030 .~4. 870 3-13 
l.h . ..,lnfection (cl2 l 

Pr-imary energy 830 1,240 4.700 9, 330 29. 170 49' 520 Dosag~ 10 ing/1 3-/4 
Secondary energy 8 17 83 165 495 825 4-5 

Sub-Total. 29,813 41 '95 7 127,833 231,265 636,895 1,036 '975 

Sludge Treatment 
Gravit) Thickening 35 69 316 610 I, 710 2' 7 30 3-85 
Air Flotat1un Thickening • 340 7,940 32' 170 58,800 152,900 238;450 3-86 
Vacuum Filter ll,l98 13,320 18,950 25,190 45,460 63,020 3-95 
Incineration 2, 250 . 145 J,870 287 12' 350 I, 440 20' 630 2.b80 46,520 8,630 6 7' 900 14,390 j-Ill' 3-114 

3-113 
A so Hauling ll 22 109 21'1 651 1,085 20 miles round grip 3-100 
Lan<.•cil~ Disposal 1.4 2.8 14 28 84 140 3-104 

Sub-Total 9,8.U lSi 2~. t99 ll2 63,786 I, 563 105. 2:30 3, 1:!5 246,610 9' 365 372,100 15,615 

Other 
Building Heating 148 181 320 433 745 988 J-83 
Building Cooling 1.99 244 458 646 1,228 I, 726 1-84 

Total for Treatment System 49,835 305 6 7' 400 49'l :n,on 1,883 337. 141 3,558 884,733 10', 110 1,410, 80 I 16,603 
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Table 12. Energy requirements for components of a physical-chemical advanced secondary wastewater 
treatment system located in the intermountain area of the USA. 

·-------------------------· -------- ---------·· ---------·--·-------· 

Ore ration 
or Process 

----·- --------
Wastewater Treatmen.t 

Raw Sewage Pumping 
Preliminary Treatment 

Bar Screen 
Commiftutor 
Grit Removal-Aerated 

Chemical Clarification-Fee~ 
Primary Energy 
Secondary Energy 

Activated Carbon 
Adsorption 
Regeneration 

Disinfection (Cl2 l 
Prim:1ry Energy 
Se~ondary Energy 

. ..;ub-Tota 1 

S l1tdge Treatment 
Gr;Ivity TIIickening 
Vact1um Filter 
ftH' ineration 

Ash Hauling 
Landfi]! Disposal 

Sub-Total 

Other 
Kttilding lleating 
Rui !ding C{)oljng 

· .d for Treatment Systt'!ll 

Cap<'l.C'ity nf Wastewater Treatment Facility 

0.05 mgd 0.1 mgd 0. 5 mgd l. 0 mgd 3.0 mgd 5.0 mgd 
--------------·-----

Energy 
Requirement.s 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Ene Lgy 
Rcq ui remen ts 

Energy 
Req ui remen ts 

Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec-
tricity, Million tricity, Million tricity, Million tricity, 
kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr 

l, 200 

465 
1, 700 

10,610 

8,580 
35 

3, 100 
1. 900 

830 
8 

28,428 

35 
llt, 000 
3' 8 70 

17,905 

200 

2,280 

640 
2,180 

11,400 

8,950 
70 

6,200 
3, 800 

J ,240 
17 

200 36' 777 

400 

24 
10 

69 
16' 310 
6,460 

1!34 22,839 

148 

400 

10,200 

1,050 
3, 700 

12' 290 

14,900 
310 

31,000 
19,000 

4, 700 
83 

1. 200 
4.680 

i3.:!70 

21 '850 
700 

62.000 
2,000 38,000 

9' 330 
165 

400 97,273 2,000 170.595 

316 
31,400 

800 21 '000 

50 
20 

870 52,716 

181 

610 
1,5,650 

3, 9 30 }I,, 860 

220 
95 

4,245 81,120 

320 
646 

Fuel, Elec- Fuel, Elec-
Million n:icity, Hillion tricity, 
Btu/yr kwh/yr Btu/yr kwh/yr 

53,900 

1,450 
7,080 

17,800 

48,500 
2' 100 

186,000 
-•, oon 114, ooo 

29' 170 
495 

86' 700 

1' 590 
8.810 

22,670 

7 5. 5 70 
3, 500 

310,000 
12,000 190,000 

49,520 
825 

Fuc.l, 
Hill ion 
Btu/yr 

20,000 

4,000 1,60.495 12,000 749,185 20,000 

I, 730 
96,400 

7,800 78,800 

1,5o 
200 

2, 730 
142,300 

23,470 114,960 

l' 400 
550 

39' 140 

2. 300 
1,000 

8,450 176,930 25,420 259,990 42,440 

ld3 745 988 
1,228 1 '726 199 

46,532 

244 

782 59' 860 

458 

1,451 150,441 6,565 252,361 12,883 638,653 38,1651,010,901 63,428 

Comments 

TDH 10 ft ·;-\ 

3-7 
3-8 
3-9 

Dosage 1.00 mg/ 1 
3-'i7 
4-b 

Upflow Expanded Bed 3-61> 
3-67 

Dosage 10 mg/ l 3-74 
4-5 

3-85 
3-95 

3-111,3-112, 
3-113 

20 mlle round trip 3-100 
3-104 

3-83 
·l-84 
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Table .13. Energy requirements for components of an extended aeration system with slow sand filter 
located in the intermountain area of the USA. 

~~-~~-~-~---~-----·=:::-::::==--==== 

Op~·r-1 ti on 
or Process 

~-lastewater f'reatment 
Raw ~ewage Pumplng 
Pr_e l imina ry Treatment 

Bar Screen 
Comminutor 
Grit Removal~Aerated 

Aer<'itton 

Secondary Sedimentation 
L!tl ermittent or Slow Sand 

~· i Lter 

111 sinfection (Cl 2 ) 
Primary Energy 
Secondary ·Energy 

Sub-Total 

Sludge Treatment 
Drying Beds 
Hauling-Truck 
Landfill Disposal· 

Sub-Total 

Other 

r• -~~:~lcti::_g_ Hea~~r:g_-·. 
·- f1.t:j41d.ing Cool'ing' 

Tn1 <.Jj_ ! ,,, Treatment System 

u.os mgd 

Energy 
Requirements-

~apacity of Wastewater Treatment Fa~ility 

0. I mgd 0.) mgd 1. 0 mgd 
-----------~---
Energy 

Requirements 
Energy 

Requirements 
Energy 

Requirements 

'l.O mgd 

Energy 
Requirements 

5.0 mgd 

Energy 
Requirements 

Elec- Fuel~ Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel. 
tricity, Million tricity, Million tricity, Million tricity, Million tricity, Million tr:icity, Hillion 
kwh/yr Btu/yr kwh/yr Btu/yr kwh/vr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Bt.u/yr 

1,200 

465 
1, 700 

10,610 
17,500 
4,470 

596 

830 
8 

37,379 

64 

64 

199 

37,642 

2,280 

640 
2, 180 

11,400 
35,000 

5,010 

2. 5 1' 135 

1, 240 
17 

2.5 58,902 

0.2 
12 

1.5 

14 

148 

164 

121 

!L1 

244 

59,267 

0.3 
24 

3. 1 

27 

181 

10, 200 

1,050 
3,700 

12,290 
175,000 
10' 390 

5,070 

~. 700 
83 

222,483 

570 

57~\ 

458 

213 223,511 

19,400 

1, 200 
4,680 

13,270 
350,000 

16' 400 

25 9,660 

9,330 
165 

25 424, \OS 

1.7 
120 

15.4 

137 

320 

1' 140 

1' 140 

646 

482 425,891 

53,900 

1' 450 
7,080 

17,800 
1,050,000 

3 7' 0 30 

so 26,830 

29, 170 
495 

501,223,755 

3.3 
240 

31 

274 

433 

3, 5 30 
\ 

3, 530 

1,228 

7571,228,513 

86,700 

1,590 
8,810 

22,670 
1, 750,000 

54,870 

151 43,150 

49,520 
825 

1512,0l8,l3J 

9.9 
720 

93 

823 

74) 

6,040 

6,040 

1, 726 

1, 719 2 P25,901 

252 

252 

16.5 
1' 200 

154 

1' 371 

988 

2, 611 

~illi.on gallons per acre per day. 

TDH 10 ft 

Hechanical 

~omrnents 

3~ 1 

3-7 
3-8 
3-9 
3-28 
J-13 

TDH = 5 ft; Diesel Powered 
Truck & Cleaning Equipmenc 
HydraulicaLoading Rate = 
0.4 mgad 
12 hr operation of truck 
and cleaning equipment/acre 
6 cleanings/yr. Two gal
lons of fuel/hr. 1 gal. = 
140,000 Btu. 

Dosage= 10 mg/1 3-74 
4-5 

3-98 
3-100 
3-104 

'l-8l 
'J-84 



w 
0 

Table 14. Energy requirements for components of slow rate (irrigation) land treatment system located 
in the intermountain area of the USA. 

·==·-=-_-__ :··-=============== 

Operation 
or Process 

Wastewater Treatment 
Raw Sewage Pumping 
Preliminary Treatment 

Bar Screen 
Comminutor 

Aerated Pond 

Sub-Total 

Spray Irrigation 
Solid Set 
Cente!" Pivot 
Ridge & f .. rrow Flooding 

Other 
Buildin~ Heating 
BuildinK Cooling 

Total t··Jr Treatment System-
Aera red Po!lds· 

Solid Set 
Center Pivot 
Ridge & urrow-Flooding 

Tntal tal: l'r.eatment System-
Facultative Ponds 

Solid Set 
Center Pivot 
Ridge I. Furrow-Flooding 

Capacity of Wastewater Tre.atm1..mt ·Facil.it:y 

0.05 mgd 0. 1 mgd 1. 0 mgd 
---------------------------

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirement~ 

----------

3.0 mgd 

Energy 
Requirements 

5.0 mgd 

Energy 
Requirements 

Elf?<7- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, 
tricity, Million tricity, Million tricity, Million tricity, Million tricity, Million tricity, Million 
kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr 

Comments 

-------------------
1, 200 

465 
1, 700 

13,000 

16, J65 

8,970 
13,500 

1,400 

199 

25,534 
30,064 
17 '964 

10,369 
14,899 
2,799 

148 

c,LBO 

640 
2,180 

• 26,000 

31' 100 

17,570 
2 7,000 
2,800 

1.44 

!48 48,914 
148 58,344 
149 34' 144 

148 20,094 
148 :•9,524 
149 5,324 

181 

10' 200 

1,050 
3,700 

130,000 

144,950 

83,720 
135,000 

14,000 

45R 

.HI 229,128· 
181 280,408 
183 159,408 

181 94,378 
181 145,658 
18J 24,658 

19,40{) 

1,2UU 
4,680 

260,000 

285.280 

164,000 
270,000 

10 28,000 

320 
646 

320 449,926 
320 555 '926 
330 3U, 926 

320 184.046 
320 290,046 
330 48,046 

53,900 

1' 450 
7' 080 

780,000 

842,430 

476,050 
810,000 

20 84,000 

43'3 
1,228 

433 1,319,708 
4 33 1, 653,658 
4'i3 927,658 

433 531,178 
433 865,128 
453 139,128 

?.6' 700 

1' 590 
8, 810 

1, 300,000 

1, 39 7,100 

781,350 
1, 350,000 

60 140,000 

745 
1' /26 

745 2,180,176 
745 2,748,8 26 
805 \,)38,826 

745 869' 776 
745 1,438,426 
805 228,426 

100 

988 

988 
988 

1,088 

988 
988 

1,088 

TDH 10 ft 

J-7 
J-8 
3-32 

3-79 
3-79 
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Table 15. Energy requirements for components of a primary wastewater treatment plant followed by 
rapid infiltration land treatment systems located in the intermountain area of the USA. 

Operarion 
or Process 

0.05 mgd 

Energy 
Requ~rernents 

Elec- Fuel. 

Capacity of Wastewater Treatment Facility 

0.1 mgd 

Energy 
Requirements 

Elec- Fuel, 

0.5 mgd 

Energy 
Requirements 

Elec- Fue..i, 

i. 0 mgd 

Energy 
Requirements 

Elec- Fuel, 

3.0 mgd 

Energv 
Requirements 

Elec- Fuel, 

5.0 mgd 

Energy 
Req ui remen ts 

Elec- Fuel, 
tricity, Million tricity, Millie~ tricity, Million tricity, Million tricity, Million tricity, Million 
kwh/yr Btu/yr kwh/yr Bt u/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu1yr 

. ---- ----·- ··-----·-----· 
Wastewa.ter Treatment 

Raw Sewage Pumping 1,200 2,280 ilJ,LOO 19,400 53,900 86,700 
Preliminary Treatment 

Bar Screen 465 640 1,050 l, 200 1,450 1,590 
Comminutor I, 700 2,180 3, 700 4,680 7,080 8,810 
Grit Removal-Non Aerated 260 305 450 )30 690 780 

Primary Sedim~ntation L,530 3, 190 5,420 6,820 9. 970 11,990 

Sub-Total 6,155 8,595 20,820 12,610 73,090 109,870 

Rapid Infiltration 
Flooding 141 287 1,480 3,000 9,200 1'>,490 

Siudge Treatment 
Gravity Thickening 35 69 :il6 610 I, 730 2, 730 
Anaerobic Digestion-High Ra~e 1,220 62 2,435 124 12,1~0 632 24, 354 1,270 73,060 ?· 860 121,760 6,460 
Drying Bed• 17 0.2 32 0.4 145 2 282 4 833 13 1. 395 21 
Hauling-Truck 13 26 128 256 76 7 1,278 
Landfill Disposal 1.6 3.3 16 B 99 164 

Sub-Total 1.2 72 77 2,536 !54 12,641 778 25,246 I, 563 75,623 4, ':J~ Ll5,885 7,923 

Other 
Building Heating 148 181 320 433 745 988 
Building Cooling 199 244 I, 458 646 I, 228 I, 726 

Total for Treatment Systen l' 76 7 U5 11,662 335' 35. 399 1,098 61,522 I, 996 159. 141 J,:,R4 .252,971 8, 911 

Comments 

TDH 10 ft l-1 

3-7 
3-8 
3-10 

Circular Tank J...! 12 

3-81 

3-85 
3-105 
3-98 
3-100 
3-104 

3-83 
3-84 
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Table 16. Energy requirements for components of rapid infiltration land treatment systems located in 
the intermountain area of the USA. 

__ -::···---======--= 

OperaL i.on 
or Process 

Wastewater Treatment 
Raw Sewage Pumping 
Preliminary Treatment 

Bar Screen 
Comminutor 
Aerated Pond 

Sub-Total 

Kctpld fnfiltration 
Flooding 

Other 
Building Heating 
Building Cooling 

Total for Treatment System-
Aerated Ponds 

Fl.noding 

Total for Treatment System-
facultative Ponds 

Flooding 
---------

Capacity of Wastewater Treatment Facility 

0.05 mgcl 0.1 mgd 0.) mgd ~ '.0 mgd 3.0 mgd 5. 0 mgd 

Energy 
·Requirements 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Elec
tricity, 
kwh/yr 

1, 200 

465 
1, 700 

13,000 

16' 365 

141 

199 

16' 705 

I. 540 

Fuel·, Elec
llillion tricity, 
Btu/yr k•.•h/yr 

2,280 

640 
2' 180 

26,000 

31' 100 

287 

148 
244 

\1<8 31,631 

148 2,811 

Fuel, Ele,· 
.'1i Ilion t ricity, 
Btu/yr kwh/yr 

10' 200 

1,050 
3,700 

\30,000 

144,95U 

l,48u 

1S 1 
45S 

181 146,888 

181 12' 138 

Fuel, Elec-
.'1i llinn tricity, 
Btu/yr kwh/yr 

19,400 

I, 200 
4 ,68(i 

260,000 

285,280 

3,000 

320 
646 

320 288,926 

320 23,046 

---------------------
Fuel, Elec-

Mi i 1 ion t ricity, 
Btu/yr kwh/yr 

53,900 

1 '450 
7,080 

780,000 

842,430 

9,200 

~~ 3 -' 
1,L28 

433 852,858 

433 64,328 

Fuel, Elec-
Mi 1 1. ion t ric ity, 
Btu/yr kwh/yr 

86' 700 

1,590 
8,810 

l, 300,000 

1, 39 7, 100 

IS, 4gr, 

745 
l, 726 

745 1,414, 316 

745 103' 9 16 

Fue I, 
Hilli.nn 
Btu/yr 

988 

988 

988 

Comments 

TDH 10 ft 3-1 

3-7 
3-8 
3-32 

1-e, 

3-8 3 
3-84 
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Table 17. Energy requirements for components of overland flow land treatment systems located in the 
intermountain area of the USA. 

Capacity of Wastewater Treatment Fal: i li ty 

0.05 mgd 0.01 mgd 0. 5 mgd l. 0 mgd 3. 0 mgd 5. 0 mgd 
----~·-- --~·--- ----------·-· 

Operation 
Energy Energy Energy Energy Energy Energy Comments 

or Process 
Requirements Requirements Requirements Requirements Requirements Requirements 

------- -------
Elec- ruel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, 

tricity, Millic;m tricity, Million tricity, Mil lion tricity, Mfll ion t"ricity, Million t rid ty, Million 
kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btn/yr kwh/yr Btu/yr kwh/yr Bt•;/yr 

Wastewater Treatment 
Raw Sewage Pumping 1,200 2,280 10' 200 19,400 53,900 86,700 TDH 10 ft 3-1 
Preliminary Treatment 

Bar Screen 465 640 1,050 1 '200 1' 450 1,590 3-7 
Comminutor 1' 700 2, 180 3,700 4,680 7,080 8,810 3-8 

Aerated Pond 13,000 26 '000 130,000 260,000 780,000 1,300,000 3-32 

Sub-Total 16,365 31, 100 144,950 285,280 842,4JO 1,394100 

Overland Flow 
Flooding 460 920 4,600 9,200 27,600 46,000 )-81 
Solid Set Sprinklers- 8,500 17,000 85,000 170,000 510,000 850,000 3~~2 

Disinfection (c1 2J 
Primary Energy 830 1,240 4' 700 9, 330 29' 170 49,520 Dosage 10 mg/1 3-74 
Secondary Energy 8 17 83 16 5 495 825 4-5 

Other 
Building Heating 148 181 320 4 33 745 988 3-83 
Building l.:wli ng 199 244 458 646 1,228 l, 726 3-84 

Total for Treatment System-
Aerated Ponds 

Flooding 17' 862 148 33,521 181 154' 791 320 304,621 433 900,923 7451,495,171 988 
Solid Set Sprinklers 25,902 148 49,601 181 2 35' 191 320 465,421 4331,383,323 745 2,299,171 988 

Total for Treatment System-
Facultative Ponds 

Flooding 2 ,69 7 148 4, 701 181 20,041 320 38,741 4 33 112' 39 3 745 184,771 988 
Solid- Set Sprinklers 10,737 148 20,781 181 100,441 320 199,541 433 594,793 745 988,771 988 



Table 18. Energy requirements for components of a facultative lagoon-intermittent sand filter system 
located in the intermountain area of the USA. 

----- -------~~-------~~--~·- ---· 

Operation 
or Process 

Wastewater Treatment 
Raw Sewage Pumping 
Intermittent Sand Filter 
Disinfection cc1 2) 

Primary Energy 
Secondary Energy 

Sub-Total 

Other 
Building Heating 
Building Cooling 

Total for Treatment System 

Capacity of Wastewater Treatment Facility 

0.05 mgd 0.! mgd 0.5 mgd l. 0 mgd 1.0 mgd 5. 0 mgd 

Energy 
Requirements 

Energy 
Req ui remen ts 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Req ui remen ts 

Energy 
Req ui remen ts 

Elec
tricity, 
kwh/yr 

1,200 
596 

830 
8 

2' 634 

199 

2,8"J3 

Fuel, Elec-
Million tridty, 
Btu/yr kwh/yr 

2,280 
2.5 I, 135 

l' 240 
17 

4,6 72 

148 
244 

ISO 4, 916 

Fuel, £lee-
Million tricity, 
Btu/yr kwh/yr 

10,200 
5 5,070 

4,700 
83 

20,053 

181 
458 

186 20, Sll 

Fuel, Elec-
Million tricity, 
Btu/yr kwh/yc 

19,400 
25 9,660 

9,330 
165 

38,555 

320 
646 

345 39,20 l 

Fuel, Elec-
~1i llion tricity, 
Btu/yr kwh/yr 

53,?00 
50 26,830 

29,170 
495 

110,395 

11)3 
1, 228 

483 Ill, 623 

Fuel, Elec-
Million tricity, 
Btu/yr kwh/yr 

86' 700 
lSI 43, 150 

49,520 
825 

180, 195 

745 
l' 726 

896 181,921 
·----~----· 

Fuel, 
Million 
Btu/yr 

252 

988 

1,240 

Comments 

TDH 10 ft. 3-l 

3-74 
4-5 

"3'-83 
3,-84 

---~- ----·----



Table 19. Energy requirements for components of an advanced wastewater treatment system processing 
secondary effluent located in the intermountain area of the USA. 

Operation 
or Pro.cess 

Secondary Effluent Treatment 
Chemical Clarification (Alum) 

Primary Energy 
Secondary Energy 

Filtration 
Activated Carbon 

Adsorption 
Regeneration 

Ammania-N Removal 
Ion Exchange 
Regeneration 

Primary Energy 

Secondary Energy 
Disinfection (Cl2) 

Pr~mary Energy 
Secondary Energy 

Sub-Total 

Sludge Treatment 
Air Flotation Thickening 
Filter Press 
Hauling-Truck 
Landfill Disposal 

Sub-Total 

Other 
Building Heating 
Building Cooling 

Total for Treatment System 

Capacity of Wastewater Treatment Facility 

0.05 mgd 0.1 mgd 0. 5 mgd 1.0 mgd 3.0 mgd 5.0 mgd 
------------------------------~--

Energy 
Requirements 

Energy 
Requirement"s 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Energy 
Requirements 

Elec- Fuel, Elec-
tricity, Million tricity, 
.kwh/yr Btu/yr kwh/yr 

10,430' 
200 

1,100 

3,100 
1, 900 

1,100 

100 

830 
8 

18,769 

15,030 
910 

15,940 . 

199 

34,908 

200 

10,620 
4'o1 

2,200 

6,200 
3,800 

2, 200. 

200 

1,240 
17 

200 26,880 

3 
0.3 

148 

26,4 70 
1,490 

27,960 

244 

351 55,084 

Fuel, £lee-
Million tricity, 
Btu/yr kwh/yr 

17,380 
2,005 

ll ,000 

31,000 
400 19,000 

ll,QOO 

1,000 

10 

4,700 
83 

Fuel, £lee-
Million tricity, 
Htu/yr kwh/yr 

25,680 
4,011 

22,000 

62,000 
2,000 38,000 

22,000 

2,000 

20 

9, 330 
165 

400 97,178 2,000 185,206 

5 
0.6 

107,360 
4, 720 

6 ll2,080 

181 
458 

587 209,716 

25 
3 

195,480 
8,190 

28 203,670 

320 
646 

2,348 389,522 

Fuel, Elec
Million tricity, 
Btu/yr kwh/yr 

58,110 
12,032 
66,000 

186,00C 
4,000 114,000 

66,000 

6,000 

60 

29, 170 
495 

Fuel, Elec- Fuel, 
Million tricity, Million 
Btu/yr kwh/yr Btu/yr 

91,730 
20,054 

110.,000 

310,000 
12,000 190,000 20,000 

110,000 

10,000 

100 

49,520 
825 

4,000 537,867 12,000 892,229 20,000 

50 
6 

509,040 
16,890 

56 ·525, 930 

433 
1,228 

!50 
19 

794,080 
24,280 

169 818,360 

745 
1,726 

250 
32 

282 

988 

4,4891,065,025 12,914 1,712,315 21,270 

Comments 

Zarnett, 1977 
Gravity Filters 

3-5 7 

3-6~ 

Upflow Expanded Bed 3-66 
3-67 

Gravity 3-68 

Reg~neration with 2% 
NaCl 3-69 

Dosage 10 mg/ l 3-74 
4-5 

3-86 
3-96 
3-100 
3-104 

3-83 
3-84 
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Table 20. Energy requirements for components frequently appended to.secondary wastewater treatment 
plants. 

Operation 
or Process 

Filtration-Gravity 
Filtration-Pressure 
Intermittent Sand Filters 

Slow Sand Filters 
Microscreens - 23~ Screen 

35~ Screen 
Ammon ia-N Removal 

I or C:xchange 
Regeneration 

Primary 

Secondary 
Breakpoint Chlorination+ 

Dechlorination 

and 

Nitrification-Suspended Growth 
-------

Capacity of Wastewater Treatment Facility 
-----------------·--·---

O.OS mgd 0.1 mgd O.S mgd 1.0 mgd 3.0 mgd 5.i) mgd 
------------------------------------------

Energy 
Requirements 

Elec- Fuel, 

Energy 
Requirements 

Elec- Fuel, 

Energy 
Requirements 

Elec- Fuel, 

Energy 
Requirements 

Elec- Fue.i, 

Energy 
Requirements 

Elec- Fuel, 

Energy 
Requirements 

Elec- Fuel, 
tricity, Million tricity, Million trici ty, Million tricity, Million tricity, Million tricity, Million 
kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr kwh/yr Btu/yr 

1,100 2,200 11,000 22,000 66,000 110,000 
1,SOO 3,030 1S. 390 31,000 94,030 1S7,S10 

596 2.S 1,13S S,070 2:, 9,660 so 26.830 IS I 43, 150 252 
6,097 10,540 37,590 bS,OOO IS4,800 231,800 
4,005 6, 930 24,700 42,700 101,700 152,300 

1,100 2,200 11,000 22,000 66,000 110,000 

100 200 ;,ooo 2,000 6,000 10,000 

10 20 60 100 

74,460 78,650 98, 760 114,600 1S6,200 186,600 

7,000 14,000 70,000 140,000 420,000 700,000 

Comments 

3-63 
3-63 

3-62 
3-62 

Gravity 3-68 

Regeneration with 
2% NaCl 3-69 

Dechlorination with 
Sulfur Dioxide 3-n 

Mechanical Aeration 



system applicable to the treatment of small flows of wastewater. For 
combinations not shown in the tables, energy requirements can be calcu
lated using the equations in Appendix A. 

Carbon and Ion Exchange Regeneration 

Energy requirements for the regeneration of carbon and 1on ex
change materials for very low flow systems (0.05 - 0.1 mgd) are shown 
in Tables 12, 19, and 20 only for comparative purposes. In most cases 
activated carbon would be replaced rather than regenerated and the 
energy requirements would be reduced accordingly. The regeneration of 
ion exchange resins would probably be justified, but depending upon 
local conditions it may be less expensive to replace ion exchange resins 
on a fixed schedule rather than to regenerate them. 

Energy requirements for carbon regeneration represent greater than 
10 percent of the electricity and 93 percent of the fuel consumed in 
the components of an advanced treatment system following secondary 
treatment at a flow rate of 5 mgd. At a flow rate of 0.05 mgd, the 
energy requirements for carbon regeneration have been reduced to 5 
percent of the electricity and 57 percent of the fuel requirements. 
However, the inconvenience of operating additional equipment and the 
need for highly skilled operation would probably rule out the use of 
carbon regeneration at very small ( < 0. 5 mgd) wastewater treatment 
systems. 

Gas Utilization 

Although the energy required ~nd produced by gas utilization is 
presented in the examples summarized in Tables 8, 9, and 10, gas utiliza
tion in small flow systems, particularly at the lower flow rates of 
less than 0.5 mgd, may not be advisable. The increased operating expense 
caused by the need for a more skilled operator and more sophisticated 
equipment will likely offset any savings from gas utilization. However, 
this is a decision that must be made on an individual basis. 

Effluent Quality ~nd Energy Requirements 

Table 21 shows the expected effluent quality and the energy 
requirements for various combinations of the operat-ions and processes 
shown in Figures 2 through 12· and Tables 8 through 20. Energy require
ments and effluent quality are not directly related .. _ Utilizing facul
tative lagoons and land application techniques, it· is·. possible to ob
tain an excellent quality effluent and expend smali quantities of energy. 
Although one system may be more energy efficient, th~ selection of a 
wastewater treatment facility must be based upon a complete economic 
analysis. However, with rising energy costs, energy·requirements are 
assuming a greater proportion of the annual cost of operating a waste
water treatment facility, and it is likely that energy costs will 
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Table 21. Expected effluent quality and total energy_ requirements for various sizes and types of 
wastewater treatment plants located in·the intermountain area of the USA. 

Treatment System 

frick ling Filter with Anaerobic Digestion 

Rotating Biological Contactor with Anaerobic 
Digestion 

~aculta.tive Pond + Microscreens 23p 
Phys lea !-Chemical Advanced Secondary Treatment 

Act ivnted Sludge With Anaerobic Digestion 

Activated Sludge with Sludge Incineration 

~xtended Aeration with Sludge Drying Beds 
"rtckling Filter+ Granular Media Gravity Filtration. 

--··--------· --·--· 

Effluent Quality 
mg/1 

Oo05 mgd 0.1 mgd 

Tot a 1 Energy Requirements at Various Flow Rates 

0.5 mgd 1.0 mgd 3.0 mgd 5.0 mgd 

BOD5 SS 

30 30 

30 30 

30 30 
30 10 

20 20 

20 20 

20 20 
20 10 

Total Total Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, Elec- Fuel, 
Phos. Nitrogen tricity, Million tricity, l.fillion tricity, Million tricity, Million tricity, Million tricity, Million 

Comments 

asP as N k_w_h_IY_' __ s_tu_I_Y' __ k_w_hi_Y_' __ st_u_IY_' __ k_~_I_Y' __ s_t~ui_Y_' __ kw_h_IY_' __ B_tu_l_v_r_k_w_hl_v_r __ st_u_IY_' __ k_wh_l_v_r_B_t_u/~y-'-------

15 

15,300 

15,200 

8,330 
46,500 

35,600 

37,000 
16,400 

225 23,600 

225 23,700 

148 14,300 
782 59,900 

214 52,700 

305 67,400 

161 58, 100 
225 25,800 

335 76,500 

335 81,000 

181 53,000 
1,451 150,000 

313 173,000 

493 192,000 

208 218,000 
335 87,500 

1,100 137,000 

1,100 148,000 

320 94,500 
6,570 252,000 

975 316,000 

1,880 337,000 

45"1 416,000 
',100 159,000 

2,000 363,000 5,490 580,000 8, 910 See Figure 2 
No Energy Recovery 

2,000 4og,ooo 5,490 667,000 8,910 See Figure 3 
No Energy Recovery 

433 239,000 
12,900 639,000 

745 371,000 988 
38,2001,010,000 63,400 See Figure b 

I, 750 864,000 4,680 1,400,000 7, 540 See Figure 4 
No Energy Recovery 

3,560 885,000 10,1001,410,000 16,600 Theoretically Could 
Recover Enough Heat 
To Generate All Need 
Elect, See Figure 5 

7071,.200,000 1,5701,980,000 2, 360 See Figure 7 
2,000 429,000 5,480 690,000 8,910 

l'rlckling Filter + N-Removal (Ion Exchange)+ Gran._ ~ed_~~ Filt_. 20 10 
15 
15 
15 
10 
10 

17,600 225 28,200 335 99,5~? 1,100 183,000 _2,000 ~000 5,480 810,000 8,910 
2,830 t5o 4,920 186 20,soo·-·-~39";2o0 483 112,000 896 182,ooo t',240 Facultative Pond + Intermittent Sand Filter 

Aerated Pond T Intermittent Sand Filter 
Extended Aeration+ Intermittent Sand Fi.~ter 
A<.:tivated Sludge (A.D.) +Gran. Media Gravity Filt. 
A• t i vateJ S 1 udge + Ni tri f icat ion+ Grano Media. Gravity Filt o 

uverland Fluw-Facullative Pond. F"ioOding 
R.apid Infiltration-Facultative Pond Flooding 
~ 1 ow Rate (I r~iga tion)-Fac. Pond-Ridge & Furrow F J ooding 
.\cttvated Sludge +Advanced Treatment 

15 

" 15 
15 
15 

1 
dO 

0.1 
<1 

10 
20 

3 
10 
3 

" 

See Figure Ji 
18,000 151 33,700 186 155,000 345 305,000 483 900,000 8961,490,000 1,240 
37,600 164 59,300 213 223,000 482 426,000 7571,230,000 1,7202,030,000 2,610 See Figure 7 
36,700 214 54,900 313 184,000 975 "338,000 1,750 930,000 4,6801,510,000 7,540 
43,700 214 68,900 313 254,000 975 478,000 1,7501,350,000 4,6802,.210,000 7,540 
2,100 148 4,700 181 20,000 320 38;·700- ·-·- --433--112,000 745 185,000 ~ 988 see Fig::e·-10 
2,380 148 4,070 181 16,900 320 32,500 433 94,000 745 154,000 988 See Figure 9 
3,640 149 6,580 183 29,400 330 57,500 453 169,000 805 280,000 1,090 See Figure 8 

__:,~.~s_o_o _____ ~~---1o_•_.o~ __ 9_oo··-~J,ooo ___ 3,_32~--7o5_,_o.::01J::::·~ __ 6_,,_,_o_l.9_3_o_,o_o_o __ 1_7._6_:00.:..3::::·'·::::l·!::::O_,o_o_o...:.::'::~::::·_'o_o __ s._e_F1_,~="':::~:...1_2 __ _ 



become the predominant factor in the selection of small flow treatment 
systems. Operation and maintenance requirements, and consequently 
costs, are frequently kept to a minimum at small installations because 
of the limited resources and operator skills normally available. This 
favors the selection of systems employing units with low energy require
ments. It is very likely that all future wastewater treatment systems 
at small installations in isolated areas will be designed employing 
low energy consuming units and simple operation and maintenance. The 
only exceptions to this will be in areas with limited space or construc
tion materials, or where surplus energy is available. 

The effluent quality expected with each of the treatment systems 
and the energy requirements shown in Table 21 are presented in the 
order of decreasing BODs concentration in the effluent. The other 
parameters (suspended solids, Total P, and Total N) do not necessarily 
decrease in the same manner because most treatment facilities are designed 
to remove BODs, but in general there is a trend in overall improvement 
in effluent quality as one reads down the table. As shown in Table 
21, there are many systems available to produce an effluent that will 
satisfy EPA secondary or advanced effluent standards; however, energy 
requirements for the various systems are varied and can differ by a 
factor of greater than 10 to produce the same quality effluent. 

For purposes of comparison the total. energy (electricity plus fuel) 
for a typical 1 mgd system has been extracted from Table 21 and listed 
in Table 22 in order of increasing energy requirements. It is quite 
apparent from Table 22 that increasing energy expenditures do not neces
sarily produce increasing water quality benefits. The four systems at the 
top of the list, requiring the least energy, produce effluents comparable 
to the bottom four that require the most. Three of the top four are land 
treptment systems, and their adoption will depend on local site conditions. 
The facultative pond followed by intermittent sand filter and surface 
discharge to receiving waters is less constrained by local soil and 
groundwater conditions. 

Conventional Versus Land Treatment 

A comparison of the energy requirements for a conventional waste
water treatment system consisting of a trickling filter system followed 
by nitrogen removal, granular media filtration and disinfection with 
a facultative pond followed by overland flow and disinfection is shown 
in Figure 13. This comparison is made because of the approximately 
equivalent quality effluents produced by the two systems (Table 21). 
The relationships in Figure 13 clearly show that there are significant 
electricity and fuel savings with the land application system. Similar 
comparisons for modifications of the two systems can be made by referring 
to Tables 8, 17, and 20 and selecting combinations to produce equivalent 
effluents. 

Figure 14 shows a comparison of the energy requirements for an 
activated sludge plant producing a nitrified effluent, followed by 
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Figure 13. Comparison of energy requirements for trickling filter ef
fluent treated for nitrogen removal and filtered versus 
facultative pond effluent followed by overland flow 
treatment. 
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Figure 14. Comparison of energy requirements for activated sludge, 
nitrification, filtration and disinfection versus facultative 
pond effluent followed by rapid infiltration and primary 
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Table 22. Total annual energy for typical 1 mgd system (electrical plus 
fuel, expressed as 1000 kwh/yr). 

Treatment system 

Rapid infiltration (facultative pond) 
Overland flow (facultative ~ond) · 
Facultative pond + ipterm. filter 
Slow rate, ridge + furrow (fac. pond) 
Facultative pond + microscreens 
Aerated pond + interm. filter 
Extended aeration + sludge drying 
Extended aeration + interm. filter 
Trickling filter + anaerobic digestion 
RBC + anaerobic digestion 
Trickling filter + gravity filtration 
Trickling filter + N removal + filter 
Activated sludge + anaerobic digestion 
Activated sludge + an. dig. + filter 
Activated sludge + nitrification + filter 
Activated sludge + sludge incineration 
Activated sludge + AWT 
Physical chemical advanced secondary 

,, 
Efflu,ent quality 

BOD 

5 
5 

15 
1 

30 
15 
20 
15 
30 
30 
20 
20 
20 
15 
15 
20 

<10 
30 

ss 

1 
5 

15 
1 

30 
15 
20 
15 
30 
30 
10 
10 
20 
10 
10 
20 

5 
10 

p 

2 
5 

0.1 

<1 
1 

N 

10 
3 

10 
3 

15 
20 

5 

<1 

Energy 
1000 

kwh/yr 

159 
165 
181 
190 
221 
446 
623 
648 
723 
734 
745 
769 
828 
8,50 
990 

1,379 
2,532 
4,029 

granular media filtration and disinfection; a facultative pond followed 
by rapid infiltration land treatment, and primary treatment followed 
by rapid infiltration land treatment. The facultative pond system followed 
by rapid infiltration land treatment is the most energy-efficient waste
water treatment system, but it is closely followed in energy efficiency 
by the primary treatment and rapid infiltration system. The energy 
requirements for both of the rapid infiltration land treatment alter
natives are less than 10 percent of the energy required for the activated 
sludge system. 

In Figure 15, energy requirements for slow rate land application 
systems using ridge and furrow and center pivot systems to distribute 
facultative pond effluent are compared with the energy requirements 
for an activated sludge plant practicing nitrogen and phosphorus removal, 
granular media filtration of the effluent, and disinfection prior to 
discharge. Both the activated sludge and advanced treatment system and 
the facultative pond and slow rate systems produce approximately equiva
lent quality effluents. The ridge and furrow flooding technique of land 
treatment requires less than 10 percent of the energy required by the 
advanced treatment scheme. Utilizing a center pivot mechanism to distri
bute the facultative pond effluent increases the energy requirements by a 
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Figure 15. Comparison of energy requirements for secondary treatment 
followed by advanced treatment versus facultative pond ef
fluent followed by slow rate land treatment. 
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factor of five compared with the ridge and furrow flooding technique, but 
the energy requirements for the center pivot system are less than one-half 
the energy requirements for the advanced treatment system. 

In an energy conscious environment, the land application techniques 
of treating wastewater have a distinct advantage over the more conven
tional wastewater treatment systems. When land is available at a 
reasonable cost·, the lower energy requirements for land application 
systems wi:ll.likely result in a more cost effective as well as more 
energy effective system of wastewater treatment. 

44 



CONCLUSIONS 

Based upon the results of the analyses presented 1n this report, the 
following conclusions are made. 

1. With increasing energy costs, energy consumption is assuming 
a greater proportion of the annual cost of operating wastewater 
treatment facilities of all sizes, and because of this trend, 
it is likely that energy costs will become the predominant 
factor ·in the select ion of cost-effective small-flow waste-; 
water treatment systems. 

2. Small-flow wastewater treatment systems are frequently designed 
to minimize operation and maintenance, and as energy costs 
increase, design engineers will tend to select low-energy
consuming systems. 

3. Low-energy consuming wastewater treatment systems are generally 
easier to operate and maintain than energy intensive systems, 
making the low-energy-consuming·systems even more attractive 
because of the desire to minimize highly skilled operation at 
small facilities. 

4. Where suitable land and groundwater conditions exist, a facul
tative pond followed by rapid infiltration is the most energy
efficient system described in this report. 

5. 'When surface discharge is necessary and impermeable soils exist, 
a facultative pond followed by overland flow is the second most 
energy-efficient system described in this report. 

6. Facul t,at ive ponds, followed by slow or intermittent sand filters, 
are the third most energy-efficient systems discussed, and are 
not limited by local soil or groundwater conditions. 

7. Physical-chemical advanced secondary treatment systems utilize 
the most energy of the conventional methods of producing an 
effluent meeting the federal secondary effluent standard of ~-

30 mg/1 of BODs and suspended solids. 

8. Slow rate land application systems following facultative ponds 
are more energy efficient than most forms of mechanical secondary 
treatment systems, while also providing benefits of nutrient 
removal, recovery and reuse. 

9. Advanced physical-chemical treatment following conventional 
secondary treatment consumes approximately 13 times as much 
electrical energy and 26 times as much fuel as slow rate land 
treatment to produce an equivalent effluent. 
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10. Land application wastewater treatment systems following storage 
ponds (aerated or fa~ultative), preliminary treatment (bar 
screens, comminutors, and grit removal), or primary treatment 
are by far the most energy-efficient systems capable of 
producing secondary effluent quality or better. 

11. This study did not consider the energy requirements for produc
tion of all materials consumed in the treatment process, but it ~s 

not believed that inclusion of such factors would significantly 
change the relative ranking of the systems discussed. Such 
inclusion would rather make the differences between simple 
biological processes and mechanical systems even more dramatic. 
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APPENDIX A 

EQUATIONS DESCRIBING ENERGY REQUIREMENTS 

r'L~ure 

:-Jttmhe·
From EPA 

1 
4 30/9-7 i--0 It 

--------------- -------·· -------

Operation. Process, ·and Equ.ition Deseribin~ 
Energy Requirements 

:J-1 Raw Sewage Pumping (Constant Speed) 

y 197,000 X0.9:l TDH 100 ft 

y 1~3,000 
X0.93 TDH 60 ft 

y 61,100 xo .93 . TDH 30 ft 

y 19,400 X0.93 TDH 10 ft 

y 9,660 X0.93 TDH ft 

Y Electri~al Energy Requirerl, kwh/yr 

X Flow, mgd 

---------. ---------

Design Conditions, Assumptions and 
Effluent Ouality 

Design Assumptions: 
Effeciencies for Lypi~.:al ·cot rifugal 

pumps (varies with flo•) 
Variable level wet well 
TDH is total dynamic head 

Type of Energy Required: Electrical 

----------- -------------
3-2 

3-3 

3- !t 

Raw Sewage Pumping (Variable Speed) 

- y 69,000 x0
·
94 

TDH 30 ft 

y 24, 100 X0.94 TDH 10 ft 

y 10,800 X0.96 TDH ft 

y Electrical Energy Required, kwh/yr 

X Flow, mgd 

Raw Sewage Pumping (Variable Speed) 

Y 229,000 x0
·
94 

TDH 100 ft 

Y 152,000 x0
•

95 
TDH 60 ft 

Y Elect rica! Energy Required·, kwh/yr 

X Flow, mgd 

Lime Sludge Pumping 

log Y 3. 4 7 88 + 0. 7475 (log X) + O.lq06 (log X)
2 

- 0.0101 (log X)
3 - Raw Sewage, Low Lime 

log Y 1. 4448 + 0. 7273 (log X) + 0.1714 (log x/ 
0.0515 (log X)

3 
- Raw Sewage, High Lime 

log Y 3. 3983 + 0. 7173 (log X) + 0.1872 (log X)2 

0.0532 (log X) 3 - Ser·ondary Effluent, Low 

log Y 3.4676 + 0. 7619 (log X) + 'l. i842 (log X)2 

- 0.0614 (.log X) 3 - Secondary Effluent, High 

Y Electrical Energy Requir~d, kwh/yr 

X Plant Capacity, mgd 
-·--·-· ------------· 

3-5 Alum Sludge Pumping 

4,000 x0
·
95 

(Secondary Effluent) 

Y 6. 330 x0
· 
96 

(Raw Sewage) 

Y Electrical Energy RequirPd, kwn/'r 

~=Plant Capacity, mgd 
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Lime 

Lime 

Design Assumptions: 
Efficiencies for typical centri f:1gnJ 

pumps (varies with flow) 
Wound rotar variable speed 
Variable level wet well 

Type of Energy Required: Eli?.ctrical 

Design Assumptions: 
Efficiencies for typi ._:al centrifugal 

pumps (varies with flow) 
Wound rotor variable speed 
Varible levPl wet well 

Type of Energy Required· Ell'Ctri( di 

Design Assumptions: 
TDH 25 ft 

Operating Parameters: 
Sludge concentrat1ons, secondRry 

treatment. are 5% for low lime 
and 7. 5% for high lime 

Sludge concentrations, tertiary 
treatment, are 3% for low lime 
and 4.57, for high lime 

Type of Energy Required: ~lcctricnJ 

Water Quality: 
(Secondary) 

Suspended Sol ids 
Pho!iphnte :1s P 

Water Quality: 
(Tertiary) 

Suspended Solids 
Phosphate> d~ P 

Design Assumptions: 
TDH = 2) f.t 

Influent 
(mg/ I' 
250 

11.0 

InflUt.~nt 

(mg/1) 
30 
ll.U 

Ef :-1 uent 
(mg/1) 

30 
! .. ·· 

Effluent 
(mg/'.) 

10 
1.0 

Sludge ~·on, ~ntration (seco11dar0= 1% 
Sludge ~oncentration (terti:1ry~~O ~ 

Operating P:1rameter: 
Alum addition = 150 mg/J 

Type of Ener~y Required: Elt·•tricnl 



Figure 
Number 

From EPA 
430/9-77-011 

Operation, Process, and Equation Describing 
Energy Requi,rements 

3-6 Ferric Chloride Sludge Pumping 

3-7 

3-8 

3-9 

3-10 

3-1 I 

logY 3.6192 + 0.8308 (log X)+ 0.1364 (log X) 2 

- 0.0356 (log X)
3 - Secondary Effluent 

logY 3.6051 + 0.8078 (log X)+ 0.1301 (log X)
2 

- 0.0047 (log X) 3 - Raw Sewage 

Y = Electrical Energy Required, kwh/yr 

X = Plant Capacity, mgd 

Mechanically Cleaned Screens· 

logY= 3.0803 + 0.1838 (log X)- 0.0467 (log X)
2 

+ 0.0428 (log X) 3 

Y = Electrical Energy Required, kwh/yr 

X= Flow, mgd 

Comminutors 

logY 3.6704 + 0.3493 (log X) + 0.0437 (log X)
2 

+ 0.0267 (log x)
3 

Y Electrical Energy Required, kwh/yr 

X Flow, mgd 

Grit Removal (Aerated) 

log Y 4.1229 + 0.1582 (log X)+ 0.1849 (log X) 2 

+ 0.0927 (log X)
3 

Y Electrical Energy Required, kwh/yr 

X Plant Capacity, mgd 

Grit Removal (non-Aerated) 

y 530 x0 · 24 

Y Electrical Energy Required, kwh/yr 

X Plant Capacity, mgd 

Pre-Aeration 

logY 4.5195 + 0.7785 (log X)+ 0.3618 (Jog X) 2 

) 
- 0.0496 (log X) 

y Electrical Energy Rt>quired, kwh/yr 

X Plant Capacity~ mgc.J 
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Design Conditions, Assumptions and 
Effluent Quality 

Water Quality: Influent Effluent 
(Secondary) (mg/1) (mg/ l) 

Suspended Solids 250 30 
Phosphate as P ll.O 1.0 

Water Quality: Influent Effluent 
(Tertiary) (mg/1) (rng/ l) 

Suspended Solids 30 10 
Phosphate as P ll.O 1.0 

Design Assumptions: 
TDH = 25 ft 
Sludge concentration (secondary)=2% 
Sludge concentration (tertiary)= 1% 

Operating Parameters: 
Ferric Chloride addition = 85 mg/1 

Type of Energy Required: Electrical 

Design Assumptions: 
Normal run times are 10 min total 

time per hr except 0.1 mgd (5 ~in) 
and 100 mgd (15 min) 

Bar Spacing is 3/4 in 
Worm gear drive, 50% efficiency 

Type of Energy Required: Electrical 

Type of Energy Required: Electrical 

Water Quality: 
Removal of 90% of material with a 

.specific gravity of greater than 
2. 65 

Design Assumptions: 
Grit removal to a holding f;Jcility 

by a screw pump 
Size based on a peaking factor of 2 
Detention time is 3 min 
Tank design similar to that by 

Link-Belt, FMC Corp. or Jeffrey 

Operating Parameters: 
Air rate of 3 cfm per foot of lengtl1 
Removal equipment 

Type of Energy Required: Elc~tric;Jl 

Water Quality: 
Removal of 90% of materi.:1.l with 

specific gravity gre;ttcr th:m 2.65 

Design Assumptions: 
Grit removal to a hoJditlg [;tcility 

by screw pump 
Size based on peaking fat·tnr of 2 
Square tank 
Smallest volunK'. is 1 L' ,·tt t"1 
Velocity nf 0.55 fps through sqtt:lr' 

tank or 1 min detL'nt i<~tl l imc :lt 

avL•ragc> flow 
Operate CqtLipmcnt ~ hr cal"h d;ty 

Type of Enl'rgy RL'quired: l·:lt•t·t ri, :tl 

Design Assumpt j,)n: 

Detention Liml' is 20 min 

Operating P;lramL'tcr: 
Air supply is 0.15 cu tt/g:JI 

Type of Ent.'rgy !{c(ptired: Elt•,·trit:tl 



Figu rL' 

Numhe r 
From EPA 

4J0/9-77-011 

3-12 

3-13 

3-14 

3-15 

Operation, Process, and Equation Describing 
Energy Requirements 

Primary Sedimentation 

log Y 3.8564 + 0.3781 (log X) + 0.1880 (log X)2 

+ 0.0213 (log X) 
3 

- Rectangular 

log Y. 3.8339 + 0. 3362 (log X) + 0.0148 (log X)
2 

+ 0.0081 (log X) 3 
- Circular 

Y Electrical Energy Required 7 kwh/yr 

X Plant Capacity, mgcl 

Secondary Sedimentation 

log Y 4.2149 + 0.6998 (log X) + 0.1184 (Jog 

- 0.0660 (log X) 
3 

- Activated Sludge 

log Y 3. 8591 + 0.3349 (1 og X) + 0.073S (log 

y 

X 

+ 0.0238 (log X)
3

- Trickling Filter 

Electricity Required, kwh/yr 

Plant Capacity, mgd 

X) 2 

X)2 

Chemical Treatment Sedimentation Alum or Ferric Chloride 

logY 3.5364 + 0.0743 (log X) + 0.0290 (log X)
2 

- O.OH4 (log X) 
J 

y F.lcctriL·al Energy Required, kwh/yr 

X Plant Capacity, mgd 

Chemit:al" Treatmc•nt Sedimentation Lime 

log Y 3.5144 + 0.017" (log X)+ 0.0942 (log x)
2 

+ 0.0905 (log X)) 

Y ::o Electrical Energy Required~ kwh/yr 
X= Plant C<1pacity, mgd 

---~----------

3-16 High Rate Trickling Filter (Rock Media) 

lil,300 x0
· 94 

Electrical Energy Rl'quired, kwh/yr 
X \1 lant C:1pacity, mgtl 
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Design Condit inns, Ass umpt inns :md 
Effluent Quality 

Water .Quality: 

BODS 
Suspended Solids 

Design Assumptions: 

Inf] tiCtlt 

(mg/ 1) 
2l0 
2JO 

Sludge pumping included 
Scum pumped by sludge pumps 
Multiple tanks 

Operating Parameters: 
Loading = 1000 gpd/sq ft 

l~f ( llH'I1( 

(mg/ 1) 

I 36 
80 

Waste rate ::o 65% of influent Solids. 
Sir. concentration 

Pumps _operate 10 minutes of L'ach hr 

Type of Energy Required: EJe,:trica1 

Water Quality: Eff ltJent 
(mg/1) 

BODS 20 
Suspended Solids 20 
(applicable to activated sludge sys-

tem effluent quality vari:1bl0. f(1r 
trjckling filter svstems) 

Design AssumPtions: 
Secondary sedimentation for conven

tional activated sludge includes 
return and waste activated s ludg<' 

Secondary sedimentation for trick! i11g 
filter system includes waste slLH..Ige 
pumping 

Hydraulic loading = 600 gpd/sq ft 

Operating Parameters: 
Waste activated sludge 

= 0.667 lb ss/lb BODs 

Return activnted sluJge 501:': Q 
Sludge concentration= 1% 
Waste pumps: Op('rated 10 minutt's 

each hour 

Type of Energy Req11ired: l~lcctrit·;J] 

Design Assumptions: 
Coagulant: alum or fcrrit· t·hloridc 

Operating ParamPtt>r: 
Overflow rate = 700 gpd/sq 1-t 

Type of Energy Required: ElL·t·Lrit :11 

·Design Assumptions: 
Coagulant: Liml' 
Overflow rate, Avg = 1,000 gpd/.-;q fl 

Type tll Energy Required: l·:kct rit·:Ji 

Water Qunlity: 

HODs 
Susp('tHleU Slll idH 

Design Assum11Litlt1s: 

lnf lt1ent 

(mg/ I) 
I Jli 

HO 

Ef f !ttt'lll 
(mg/ I) 

Hydraul i.e lo;~ding = 0.4 ):pm/sq I l 
including n···ir,·ulat 

Till\ = 10 ft 
Opl•ral ing Par,nm'lt'r: 

HL>cir,·ulati•lll R:ll i(' = 2: I 



Figure 
Number 

From EPA 
430/9-77-011 

3-17 

3-18 

Operation, Process, and"Equation Describing 
Energy Requirements 

Low Rate Trickling Filter (Rock Media) 

Y = 93,600 x0
•
94 

Y = Electrical Energy Required, kwh/yr 
X = Plant Capacity, mgd 

High Rate Trickling Filter (Plastic Media) 

Y 161,000 x0
•
95 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Design Conditions, Assumpt inns :llld 

Effluent Quality 

Water Quality: 

BODs 
Suspended Solids 

Design Assumptions: 
Hydraulic loading 
TDH = 23 ft 

Operating Parameter: 
No recirculation 

Influent 
(rng/ I) 

136 
80 

Ef f lm·nt 
(m~/ I l 

'!0 
J() 

0.04 gpm/sq ft 

Type of Energy Required: Electri,·;il 

Water Quality: 

BODs 
Suspended So 1 ids 

Design Assumptions: 

Influent 
(mg/1) 

136 
80 

Eff l11L'l1t 
(mg/ I) 
35-45 
35-45 

Hydraulic loading= 1.0 gpm/sq ft 
including recirculation 

TDH = 40 ft 
Operating Pa.rameter: 

Recirculation Ratio= 5:1 
Type of Energy Required.: Elect rica 1 

----------------------------------------------------------
3-19 

3-20 

Supe'r - High Rate Trickling Filter (Plastic Media) 

Y 224,000 x0
•
93 

Y Electrical Energy Required, kwh/yr 
X Plant Ca~acity, mgd 

Rotating Biological Disk 

Y = llO , 000 X l. 
02 - Standard Media 

Y 73,000 Xl.OO- Dense Media 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Water Quality: 

BODS 
Suspended Solids 

Design Assumptions: 

Inf] uent 
(mg/ 1) 

136 
80 

Eff fuent 
(mg/1) 

82 
48 

Hydraulic loading 3 gpm/sq ft. 
including recirculation 

TDH = 40 ft 
Operating Parameter: 

Recirculation ratio= 2: I 
Type of Energy Required: Electrical 

Water Quality: 

BODs 
Suspended S0 lids 

Design Assumpt i&lllS: 

lnf luent 
(mg/ 1) 

13o 
80 

Eff I UE'Ill 

(mg/ 1) 
30 
30 

Hydrattlic ]&Jading I gpd/sq ft 
Standard medL1 = lOQ,OOO sq ft per 

unit 
Dense media "" 150,000 sq ft per unit 

Type of Energy Required: Elcctrival 
------------------c--------------------··----------

3-21 

3-22 

Activated Biofilter 

Y 210,000 Xl.OO 

Y Electrical Energy Required, kwh/yr 

X Plant Capacity, mgd 

Brush Aer:1.tion (Oxidation Ditch) 

Y 430,000 Xl.OO 

Y Electrical Energy Required, kwh/yr 
X Plant Ca.paci ty, mgd 
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Hater Quality: 

BODS 
Suspended So 1 ids 

Design Assumptions: 

Influent 
(mg/ l) 

136 
80 

Eff I uent 
(mg/ I) 

20 
20 

Bio-ce11 loading= 200 lb B<ID)/ 1000 
cu ft 

Aeration"" 1 lb 02/lb BODs 

Oxygen transfer efficierll:y in w;!slt'
water (mechanical <1Crat inn) 
= 1.8 1b Oz/ilp-ilr 

Operating ParamelL'rs: 
RPcirculation = 0.9:1 
Recyc I e s ludgc = 50% 

Type <lf Energy Reqttired: I~ It·, tri :1! 

Water Qu.1l i ty: 

BODS 
Suspended So I ids 

Design A.sstunptiPns: 

lnf lut'nt 
(mg/ I) 

13o 
80 

Oxygen lr<m.sfL•r c(f i..l· i l'lll'Y 

02/hp-hr (wi rL' to W<lll'r) 

Operating Paramctt·t·: 

E f 1 !lll'tll 

(mg/ I) 
20 
.w 

I. H I h 

OxygL'n rL'qui rcmvnt = 1.5 lh tl,o 
cnnsumL·d/ lb BOD5 l"L'UhlVt'd + .T..h lh 

O:z l'OllSIIffil•d/lb NH4-N (ill rl'.\l'!"r 

feed) nxidizt·d 
Type or l~nvrgy Rl·quirL·J: l·:ll'l'll j,,jt 



Figure 
Number 

From EPA 
4 30/9-77-011 

3-23 

3-24 

3-2S 

3-26 

Operation, Process, a·nd Equation Describing 
Energy Requirements 

Oxygen Activated Sludge - Uncovered Reactor With 
Cryogenic Oxygen Generation 

y 201,000 Xl.OO Unstaged, plug flo·w Oz activated 
sludge and complete m1x 02 
activated sludge 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Oxygen Activated Sludge - Covered Reactor 
With Cryogenic; Oxygen Generation 

Y 170,000 Xl.OO 

Y Electrical Energy Requir-ed, kwh/yr 
X Plant Capacity, mgd 

Oxygen Activated Sludge - Covered Reactor 
With PSA Oxygen Generation 

Y 230,000 x1
•
00 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Act iva ted Sludge - Coarse Bubble Diffusion 

y 290,000 Xl.OO Conventional activated s 1 udge 
(complete mix) 

y 600,000 Xl.OO Extended aeration 

y 3SO,OOO X1.00 Contact stabilization 

y = Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 
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Design Conditions, AssumptiLlns and 
Effluent Quality 

Water Quality: 

BODs 
Suspended Sol ids 

·Design Assumptions: 

-Influent 
(mg/1) 

136 
"80 

EffluL•nt 
(mg; I) 

-~a 

20 

_Oxygen transfer efficiency 1.5\ lb 
02/hp-hr (wire to water) 

Rotating fine bubble diffusers fl1r 
diS~olution 

Includes oxygen generation 
Operating Parameter: 

Oxygen requirement= 1.1 lb Oz 
consumed/ lb BODs removed 

Type of Energy Required: Electrical 

Water -Quality: 

BODs 
Suspended Sol ids 

Design Assumptions: 

Influent 
(mg/ 1) 

136 
80 

Effluent 
(mg/ 1) 

20 
20 

Oxygen transfer efficiency in wast~
wate.r = 2.07 lb 02/hp-hr (wire ·t,• 

water) 
Surface aerators for dissolution 
Includes oxygen generation 

Operating Parameter: 
Oxygen requirement = l. 1 lb 0? 

supplied/lb BOD
5 

removed 
Type of Energy Requ1red: Electrical 

Water Quality: 

BODs 
Suspended Solids 

Design Assumptions: 

Influent 
(mg/ 1) 

136 
80 

Oxygen transfer efficieJlCY 
water = 1. 53 lb 02/hp-hr 
water) 

Eff 1 uent 
(mg/1) 

20 
20 

in waste
(wlre to 

Surface aerators for disso1ut i1)Jl 
Includes oxyge11 ge11eration 

Operating Parameter: 
Oxygen Requirement = l. l lb 0 2 
consumed/ lb BODs removed 

Type of Energy Required: Ele~·triL·al 

Water Quality: 

BODs 
Suspended Solids 

Design Assumptions: 

Influent 
(mg/1) 

136 
80 

E!"f luent: 
(mg/1) 

20 
20 

Oxygen transfer efficiency i11 wasL0-
water = 1.08 lb o2 /hp-hr (..._·ire l11 

water, including blower) 

Average value f(lr al 1 types nf 
diffusers 

OperaLing Parameters: 
Conventional activate-d sludgL' ,)xygvn 

requiremc11t = 1.0 lb 0? 
consumed/lb BODs remov~d 

Extended aerat ill\1 oxygen r•.•qu i rl'mcnt 
= 1.5 lb 02 L·onsumed/lb HllD) 
removed+ 4.6 lb 0'} l'tmsumL•J/Ih 
NH 4-N (in r('avtor fc~..~d) Oxidizt•d 

Contact stahi! i zat ion u;..;ygL'll reqtJi r.·
ment = I. I lb 02: cnnstJnJt•d/ !b BODs 

removed + 4.6 lb O·J ~·onsumt•d/lb 

NH 4-N (in re\-y\·\e SiuJgl') {1:\idi:~,-tl 
dt1ri11g rca0r;1tinn 



Figure 
Number 

From EPA 
430/9-77-011 

3-27 

3-28 

Operation, Process, and Equation Describing 
Energy Requirements 

Activated Sludge - Fine Bubble Diffusion 

y 230,000 Xl.OO Conventional activated sludge 
(complete mix) 

y 440,000 Xl.OO Extended aeration 

y 240,000 Xl.OO Contact stabilization 

y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Activated Sludge Treatment - Mechanical Aeration 

Y 160,000 Xl.OO Conventional activated sludge 
(complete mix) 

Y 3SO,OOO Xl.OO Extended aeration 

Y 180,000 x1
•
0° Contact stabilization 

Y Electrical Energy Required, kwh/yr 
X= Plant Capacity, mgd 

Design Conditions, Assumptions and 
Effluent Quality 

Water Quality: 

BODs 
Suspended Solids 

Design Assumptions: 

Influent 
(mg/1) 

136 
80 

Effluent 
(mg/1) 

20 
20 

Oxygen transfer efficiency in waste
water = 1.44 lb 02/hp-hr (wire to 
water, including blower) 

Average value for all types of 
diffusers 

Operating Parameters: 
Conventional activated sludge oxygen 

requirement :. 1.0 lb Oz C'Onsurned/lb 
BODs removed 

Extended aeration oxygen requirement 
= l. S lb o2 consumed/lb BODs re
moved + 4.6 lb Oz consumed/ lb 
NH4-N (in reactor feed) oxidized 

Contact stabilization oxygen rcquirl 
ment·= 1.1 lb Oz consumed/lb BODs 
removed+ 4.6 lb Oz consumed/lb 
NH4-N (in recycle sludge) ()Xidized 
during aeration 

Type of Energy Required: Electric.1.l 

Water Q1.,1ality: 

BODs 
Suspended Sol ids 

Design Assumptions: 

Influent 
(mg/1) 

136 
80 

Eff luenr 
(mg/1) 

20 
20 

Oxygen transfer efficiency l. 8 lh 
Oz/hp-hr (wire to water) 

Surface aerator, high speed 
Operating Parameters: 

Conventional activated sludge requirC'
ment = 1.0 lb Oz consumed/ lb BODs 
removed 

Extended aeration oxygen requirement 
= l. S lb o2 consumed/lb BODs re
moved+ 4.6 lb Oz consumed/lb 
NH 4-N (in reactor feed) oxidized 

Contact stabilization oxygen require
ment = 1. 1 lb 0 2 consumed/ 1 b BOD I) 
removed + 4. 6 lb Oz consumed/ 1 b 
NH4-N (in recycle sludge) oxidized 
during reaeration 

Type of Energy Required: Elect ricaJ 
-----------------~---------------------

3-29 Activated Sludge - Turbine Sparger 

y 21S,OOO Xl.OO Conventional activated sludge 
(complete mix) 

y 430,000 X1.00 Extended aeration 

y 2SO,OOO X1.00 Contact stabilization 

y Electrical Energy Required, kwh/yr 
X = Plant Capacity, mgd 

52 

Water Quality: 

BODs 
Suspended Solids 

Design Assumptions: 

Influent 
(mg/1) 

136 
80 

Effluent 
(mg/1) 

20 
20 

Oxygen transfer efficiency in wa~tt.'· 

water= 1.6 lh Oz/hp-hr (wire to 

water) 
Operating Parameters: 

Conventional acti.vated slud)!.e oxygL·n 
requirement = 1.0 l.b Oz cnnsumt.'d/lb 
BODs removed 

Extended aeration oxygen requ1 rent~·nl 
= 1. 5 1 h 0') consumed /I h BOD5 n·
moved + 4.6 lb 02 ennsumcd/.lb 
NH

4
-N (in n~actor feed) oxidizl'd 

Contact st;IhiJiz~lllon &1xyg0n reqLJirl·
ment = 1.1 lb 02 consumcd/lh BODs 
removed+ 4.h lh 0 2 vonsumcd/lh 
NH 4-N (in recycle sludgl•) oxidir.l•d 
during reaerat ion 

Type of Energy Required: EIPl"lrical 



Figure 
Number 

From EPA 
4 30/9-77-0 11 

3-30 

Operation, Process, and Equation Describing 
Energy R~quirem'ents 

Activated Sludge - Static Mixer 

y 2SO,OOO Xl.OO Conventional activated sludge 
(complete mix) 

y soo,ooo XI. 00 Extended aeration 

y 300,000 XI. 00 Contact stabilization 

y Electrical Energy Required, kwh/yr 
Plant cap?cities, mgd 

Design Condit ions, Assumptions :tnU 
Eff I ucnt Qua 1 ity 

Water Quality: 

BODs 
Suspended So I ids 

Design Assumptions: 

Influent 
(mg/ 1) 

136 
80 

I~ f f lut..• n t 
(mg/ 1) 

20 
20 

Oxygen transfer efficiency 
02/hp-hr (wire to water) 

Operating Parameters: 

1.44 1h 

Conventional activated sludge oxygt!ll rc·
quirement = 1.0 lb 02 consumt..•d/lh IHlU5 
removed 

Extended aeration oxygen requirement "= l.'i 
lb Oz cons tuned/ lh BO.Ds removed+ 4. 6 1 b 0:.,: 
consumcd/Jb NH 4-N-N (in rcactur fl!t..~d) oxidizt..•d 

Contact stabil.izaticJn oxygen reqLJirement = 
1.1 lb Oz consumed/lb BODs remnvt.."'d + !f.6 
lb Oz consumed/lb NH1~-N (in rel:yclL' 
sludge) oxidized dudng reacration 

Type of Energy Requirement: Elt..•vtrical 

-----------------------------------------------------
3-31 Activated Sludge - Jet lliffuser 

Y 170,000 x1· 0° Conventional activated sludge 
(complete mix) 

y 340,000 Xl.OO Extended aeration 

y 210,000 x1
·
0° Contact stabilization 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Water Quality: 

BODS 
Suspended Sol ids 

Design Assumptions: 

Influent 
(mg/1) 

136 
80 

Ef f lul·nt 
(m~/ 1) 

:w 
:w 

Oxygen transfer efficiency in w.:Jstewalt..•r 
1.8 lb o2 /hp-hr (wi rc to water) 

Operating Parame~ers: 
.Conventional activated sludge 11Xygen 

quircment = 1.0 lb 02 <'<Jnsumcd/lb I~ODs 

removed 
Extended aeration oxy)!.en requi r·ement = l. ~ 

lb Oz consumed/lb BOlls rcmoveU + 4.(1 lb 
02 consumed/1b NII 4-N (in t·e;n·tor fel•d) 
oxidized 

Contact stabilization oxygen rt..•quin•mL'nt 
1.1 lb Oz consumcd/lb BODs rL·mov('d + !Lll 

lb Oz consumed/lb N\1 4-N (in J'l't·y,·lv 
sludge) oxidized duri.ng n.•aet·ation 

Type of Energ~ __ Rcquired: Electrical 
-------------------------------------------------

3-32 

3-1'l 

Aerated Ponds 

260,000 x1
·
00 

Electrical Energy Reqt1ired, kwh/yr 
X Plant Capacity, mgd 

Nitrification- Suspcndl_.d Crowth 

y 

X 

180,000 x1
·
00 

Electrical ·Energy Required, kwh/yr 
Plant Capacity, mgd 

53 

Water Quality: 

BODs 
Susp~nded Sn I ids 

Design Assumpl i uns: 

I nf I uent 
(mg/ 1) 

210 
230 

E1 f lul'nt 
(mg/1) 

~5 

l.ow-spt•c•d m<~t·han i t'<l 1 sttr LH·e ;Jt..' r:1t o rs 

~1otor effit'il'lH'Y = 907.. 
At•rator t-..ffil'iL'ncy = 1.~ lh o 2tllp-hr (wirt· 

to W<llt·r·) 

J cells- 1st cell ;Jt'l"<ll:l~d 

Totat dl'tt..•nt ion tiniL' ·= j() days 
Operating Paraml~lt'r: 

Oxygen rt~q_uin.·m~nt = 1.0 lb 0:_/lb Btl!\ 

remoVt..·J 
Type of Energy HL;quirt;d: Ell'ctrit·:ll 

i-.1nter Quality: 

Ammonia :1.'4 N 

BOlls 

Design Assumptions: 

In r ltwn t 

(l!lg/1) 
25 

l·:li'ltl,'lll 

(lllg/1) 
I 

10 

Mechanical :ll'ratitlll, nxygL'Il tr:ttl.o.;lvr 
cfficit·ncy "' l.H lh O·,fhp.:_hr. (wi rt· 1 ~· 
water) · -

lise of lime has no signifit:lnt imp;l,·l llll 

energy rt'qll i rcment 
Opt•rating Paraml'ter: 

Oxygen fl'(jtJircment "'t,.h lh tl:~/lh Nli 11 -N 
+ 1.0 1n oc/1n 11oD5 

Type of Enl'rgy lkquin·d: l·:lt•ctri~·:tl 



Figure 
Number 

From EPA 
430/9-77-011 

3-34 

3-35 

3-36 

3-37 

3-38 

3-39 

3-40 

Operation, Process, and Equ"ation Describing 
Energy Requirements 

Nitrification, Fixed Film Reactor 

Y 133,000 x0
•
92 

Recycle 0.5:1 

y 

y 

151,000 x0
•
92 

226' 000 x0
• ~ 2 

Recycle 

Recycle 

1:1 

2:1 

Y Electrical Energy Required, kwh/yr 
X P !ant Cap~ci ty, mgd 

Denitrification - Suspended Growth (Overall) 
(Includes Methanol addition, reaction, 

. sedimentation and sludge recycle) 

logY 5.0043 + 0.9495 (log X) + 0.0248 (log X)
2 

- 0.0332 (log x)
3 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Denitrification - Suspended Growth Reactor 

Y 72,500 x0
•

99
, 

Y Electrical Energy Required, kwh/yr 
X = P !ant Capacity, mgd 

·· Denitrification, Aerated Stabilization Reactor 

Y 32,000 Xl.OO 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, ·mgd 

Denitrification, Sedimentation and Sludge Recycle 

logY 4.1171 + 0.7S96 (log X)+ 0.1607 (log X)
2 

- 0.0389 (log X) 3 

Y Electrical Energy Required, kwh/yr 
X Plant ._Capacity~ mgd 

Denitrification - Fixed Film, Pressure 

log Y 4.4238 + 0.86S7 (log X) + 0.0840 (log X)
2 

+ 0. 0097 (log X)
3 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Denitrification - Fixed Film, Gravity 

logY 3.9344 + 0.7310 (log X)+ 0.1803 (log X)
2 

- 0.04S3. (log X)
3 

· Y r:lectrical Energy Required, kwh/yr 
X Plant tapacity, mgd 

54 

Design Conditions, Assumptions and 
Effluent Quality 

Waper Quality: 

Ammonia as N 
BODs 

Influent 
(mg/1) 

25 

Design Assumptions: 
No forced draft 
Plastic media 
Pumping TDH = 40 ft 

50 

Effluent 
(mg/ 1) 

2.5 
10 

Type of Energy Required: Electrical 

Water Quality: 

NOTN 

Influent 
(mg/ 1) 

25 
Design Assumptions: 

Effluent 
(mg/1) 

0.5 

Methanol- Nitrogen r~tio 3:1 
Remaining design assumptions and operating 

parameters, are shown on the followin¥ 
curves in EPA 430/9-77-011 

Denitrification Reactor, Figure 3-36 
Reaeration, Figure 3-37 
Sedimentation and Sludge Recycle, 

Figure 3-38 
Type of Energy Required: ElectricaJ 

Design Assumptions: 
Temperature = l5°C 
Nitrate removal = 0. 1 lb N03-N/lb MLVSSiday 
Mixing device, submerged turbines, hp o;o 0. 5 

hp/1000 cu ft 
Hethanol addi"tion is included 

Operating Parameter: 
MLVSS = 1SOO mg/1 

Type of Energy Required: Electrical 

Design Assumptions: 
Detention time = 50 min 
Mechanical aeration = 1 hp/1000 cu ft 

Type of Energy Required: Electri,~al 

Design Assumptions: 
Surface loading = 700 gpd/sq ft 
Sludge recycle = SO% @ 1S ft TDH 

Type of Energy Required: Electrical 

Water Quality: 

Nitrate as N 
Design Assumptions: 

Influent 
(mg/1) 

2S 

Sand media size = 2-4 mnt 
Influent pumping TDH = 15 fr 
Loading rate= 1.7 gpm/sq ft 
Temp = 15°C 
Depth = 6 ft 

Operating Parameters: 

Effluent 
(mg/ 1) 

0.) 

Backwash every 2 days for 15 min @ 2'> 
gpm/sq ft and 2S ft TDH 

Hethanol addition = 3. r (CH30H:NOrN) 
Type of Energy Required: Electrical 

Water Quality: 

Nitrate as N 
Design Assumptions: 

Influent 
(mg/1) 

25 

Sand media size = 2-4 mm 
Depth = 6 ft 
Loading rate = 1. 7 ~pm/s"q ft 
Temperature = 15°C 

Operating Parameters: 

Effluent 
(mg/ I) 

o.s 

Backwash IS min/day @ 2'; gpm/sq ft allll 2S 
ft TDH 

Methanol addition= 3: I (CH30H:NllrNl 
Type of Energy Required: ElCctril·a_l 



Figure 
Number 

From EPA 
430/9-77-011 

3-41 

3-42 

3-43 

3-44 

Operation, Process, and Equation Describing 
Energy Requirements 

Denitrification - Fixed Film, Upflow 
(Based on Experimental Data) 

logY 4.493S + 0.869S (log X) + 0.0864 (log X)
2 

- 0.0012 (log x)
3 

Y = Electrical Energy Required, kwh/yr 
X = Plant Capacity, mgd 

Single Stage Carbonaceous, Nitrification, and 
Denitrification Without Methanol Addition, 
Pulsed Air 

Y 391,000 x0
• 9S 

Y Electrical Energy Required, kwh/Yr 
X Plant Capacity, mgd 

Separate Stage Carbonaceous, Nitrification and 
Denitrification Without Methanol Addition 
(Based on Experimental Data) 

Y 413,000 x0
•
98 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Single Stage Carbonaceous, Nitrification, and 
Denitrification Without Methanol Addition -

.. Orbita~ .. Plf3-t:t.~s* (Based_ o~ Exp~~im,ental Data) 

Y 436,000 x0 • 99 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Design Conditions, Assumptions and 
Effluent Quality 

Water Quality: 

Nitrate as N 
Design ASsumptions: 

Influent 
(mg/1) 

2S 

Sand media size = 0.6 mm 
Fluidized depth = 12 ft 
Influent pumping TDH = 20 ft 
Temperature = 15°C 

Operating Parameters: 

Effluent 
(mg/ 1) 
o.s 

Methanol addition= 3:1 (CH30H:N03-N) 
Type of Energy Required: Electrical 

Water Quality: Influent 
(mg/l) 

BODs 210 
TKN 30 
Temperature 15°C 

Ope rating Parameters: 

Effluent 
(mg/1) 

20 
7 .s 

Oxygen'supply for nitrification/dcnitrifica.
'tion = 1. 2 BODs removed + 4. 2 (TKN 
removed) - 4.6 (0.6 TKN applied)* 

Mechanical aeration 
Denifrification mixing = 0.5 .hp/ 1000 cu ft 
Detention time = 12 hours 
Includes final sedimentation @ 300 gpd/sq ft 

and 50% sludge recycle 
Type of Energy Required: ElectricaJ 

*Reference: Bishop, D.F.·, et al., WPCF 
Journal, p. S20 (1976) 

Water Quality: 

BODs 
NHrN 
Temperature 

Influent 
(mg/ 1) 

210 
30 
JSUC 

Operating Parameters: 
Air supply for nitrification 

02/lb BOD removed + 4.6 lb 
removed 

Mechanical aeration, 1.8 lb Oz 
transferred/hp-hr 

Effluent 
(mg/ 1) 

20 
7 .s 

Denitrification mixing 0.5 hp/1000 t't; 
3 hr detention 

Final aeration stage = hr dete,ntion; 
I hp/1000 cu ft 

Sedimentation@ 700 gpd/sq ft; 30% recycle 
Type of Energy Required: Electrical 

Water Q~ality: 

BOD 
'NH3-N· 

Influent 
(mg/1) 

210 

Temperature 
Operating Parameters: 

30 
15°C 

EffLuent 
(mg/ I) 

15 
~.5 

Total aeration ditch 
F/M ratio = 0.16 

detent ion t imt~ 8 hr 

Rotor aeration 
Sedimentation @ 700 gpd/-sq ft; so;: Tt.'CYt ll 

Type of Energy Required: Electrical 
*Reference: Natsche, N.F. and Sp:lt~il'TL'r, t ••• 

Austrian Plant Knocks Out Nitro)::;l'll, Watl'l .\ 
"astes Engr .• p. 18 (Jon, 1975) 

---------------------------------------·--·-
3-4S Lime Feeding 

y 6, 700 xo. 7S Slaked lime, low lime 

y 11,000 xo. 7S Slaked lime, high lime 

y 7,600 X0.81 Quicklime, low lime 

y 13,300 X0.81 Quicklime, high lime 

y Electrical Energy Requir~d. kwh/yr 
X Plant C~paci ty, mgd 
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Design Assumptions: 
Slaked liine used for 0. 1-5 mgd capat· it v 

plants 
Quicklime used for 5-100 mgd capacity plants 

Operating Parametl!.rs: 
300· mg/ 1, Low Lime as Ca (OH) 2 
600 mg/1, lligh Lim<' as Ca(OH)2 

Type of Energy Required: Elel·trie;d 



Figure 
Number 

From EPA 
430/9-77-011 

3-46 

3-47 

3-48 

3-49. 

3-50 

3-51 

Operation, Process, and Equation Describing 
Energy Requiremerits 

Alum Fe.eding 

logY 3.4969 + 0.2487 (log X) + 0.2711 (log X)
2 

+ 0.1337 (log X)
3 

Y = Electrical Energy Required, kwh/yr 
X= Plant Capacity, mgd 

Ferric Chloride Feeding 

log Y 3.4586 + 0.3358 (log X) + 0.2082 (log X)
2 

+ 0.0053 (log X)
3 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Sulfuric Acid Feeding 

logY 3.1523 + 0.0204 (log X)+ 0.0270 (log X)
2 

+ 0.0188 (log X)
3 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Solids Contact Clarification - High Lime, Two 
Stage Recarbonation (Includes reactor 
clarifier, high lime feeding, sludge 
pumping, two stage recarbonation) 

log Y 5.1077 + 0.8739 (log X)+ 0.1084 (log X)
2 

- 0.0549 (log X)
3

- Liquid C02 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Solids Contact Clarification, High Lime, 
Sulfuric Acid Neutralization (Includes 
reactor clarifier, high lime feed, 
chemical sludge pumping, sulfuric acid 
feed) 

logY~ 4.5932 + 0.6333 (log X) + 0.2024 (log X)
2 

0.0208 (log X) 3 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Solids Contact Clarification Single Stage Low 
Lime With Sulfuric Acid· Neutralization 
(Includes reactor clarit"ier, low lime 
feeding, sludge puffiping, sulfuric acid 
feeding) 

log Y 4.5447 + 0.6844 (log X) + 0.1365 (log X)
2 

- 0. 0461 (log X) 
3 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 
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Design Conditions, Assumptions and 
Effluent- Quality 

Operating Parameters: 
Dosage- 150 mg/1 as Al 2 (so4)3- 14H2D 

Type of Energy Required: Electrical 

Operating Parameter: 
Dosage - 85 mg/1 as FeCl3 

Type of Energy Required: Electrical 

Operating Parameter: 
Dosage ~ 450 mg/1 (high lime system) 
Dosage = 225 mg/1 (low lime system) 

Type of Energy Required: Electrical 

This curve is valid for chemical treatment 
of both raw sewage and primary effluent. 

Water Quality: Influent Effluent 
(Treatment of Raw Sewage) (mg/1) (mg/ 1) 

Suspended Solids 250 10 
Phosphate as P 11.0 1.0 

Water Quality: Influent Effluent 
(Treatment of Pri. Eff.) (mg/1) (mg/1) 

Suspended Solids 80 10.0 
Phosphate as P 11.0 I. 0 

Design Assumptions and Operating Parameters 
are shown on the following curves in 
EPA 430/9-77-011. Lime Feeding, Figure 
3-45; Reactor Clarifier, 3-53; Sludge Pump
ing, 3-4; Recarbonation, 3-60, 
3-61; Recarbonation Clarifier, 3-15 

Type of Energy Required: Electrical 

This curve is valid for chemical treatment of 
both primary and secondary effluents 

Water Quality: Influent Effluent 
(Treatment of Raw Sewage) (mg/1) (mg/1) 

Suspended Solids 250 10 
Phosphate asP 11.0 1.0 

Water Quality: Influent Effluent 
(Treatment of Sec. Eff.) (mg/1) (mg/1) 

Suspended Solids 30 10 
Phosphate as P 11.0 1.0 

Design Assumptions and Operating Parameters 
are shown on the following curves in EPA 
430/9-77-0 II: 

Lime Feeding, Figure 3-45; Reactor 
Clarifier, 3-53; Sludge Pumping, l-4; 
Sulfuric Acid Feeding~ 3-48 

Type of Energy Required: Electrical 

This curve is valid for chemical treatment of 
both raw sewage and primary effluents 

Water Quality: Influent Effluent 
(Treatment of Raw Sewage) (mg/ 1) (mg/l) 

Suspended Solids 250 20 
Phosphate asP 11.0 2.0 

Water Quality: Influent Eff luPnt 
(Treatment of Pri. Eff.) (mg/1) (mg/1) 

Suspended Solids 30 20 
Phosphate asP 11.0 1.0 

Design Assumptions and Operating Parameter-s 
are shown on the following curVL'!i in EPA 
430/9-77-0 II: 

Lime Feeding, Figure 3-45; Re<Jctor 
Clarifier, 3-53; Sludge Pumping, 3-4; 
Sulfuric Acid Feeding, 3-48 

Type of Energy Reqt1ired: Ele,·triL"ill 



Figure 
Numher 

From EPA 
430/9-77-011 

3-52 

3-53 

3->4 

3-55 

Operation, Process, and Equation DescriQing 
' Energy Requirements 

Solids Contact Clarification, Alum or Ferri~ 
Chloride Addition (Includes chemical 
feeding, reactor clarifier, sludge 
pumping) 

log Y 4.6237 + 0.6983 (log X) + 0.1477 (log 

- 0.0470 (log X) 
3 - Alum 

log Y 4.5496 ,+ 0.6894 (log X) + 0.1645 (log 

- 0.0559 (log X) 
3 - Ferric Chloride 

Y Electric81 Energy Required, kwh/yr 
X Plant Capacity, mgd 

Reactor Clarifier 

X) 2 

X) 2 

log Y 4.3817 + 0.7223 (log X)+ 0.0947 (log x)
2 

- 0.0027 (log X) 3 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Sepo.r~te Rapid Mixing, Flocculation, Sedimentation 
High Lime, Two Stage Reca rbona t ion 

logY 5.0961 + 0.9484 (log X)+ 0.1979 (log X)
2 

- 0.0101 (log X)J Liquid C0
2 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Sep3rate Rapid Mixing~ Flocculation, Sedi
mentation Single Stage High Lime, 
Neutralization With Sulfuric Acid 

logY 4.5919 + 0.6683 (log X)+ 0.1926 (log X)
2 

- 0.0432 (log X) 3 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 
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Design Conditions, Assumptions ttHl 

Eff tuent Qua 1 i ty 

This curve is valid for chc•micill trc;J!mt·nt ,.1 
both raw sewage and prim-ary t•ffluent) 

Water Quality: lnfluent Efflul!lll 
(Treatment of Raw Sewage>) (mg/1) (mg/1) 

Suspended Solids · 250 .30 
Phosphate ns· P 11.0 t.U 

Water Quality: Influent Efflul•nt 
(Treatment of l'ri. Effl.) (mg/1) (mg/1) 

Suspended SlJ!ids 80 10 
Phosphate as P 11.0 1.0 

Design Assumptions and Operating Par;Jmett•rs 
are shown on the following curves ln EPA 
430/9-77-011: 

Alum or Ferric. Chloride Feeding, Figure 
3-46, 3-47; Reactor Clarifier, 1-J l~ 
Sludge Pumping, 3-5, 3-6 

Type of Energy Required: Electrical 

Operating Parameters: 
Separation zone overf !ow r.ate, I imc -

1400 gpd/sq ft 
Separ~tion zone overfhJw rate, alum nr 

ferric chloride"' 1000 gpd/sq ft 
Type of Energy Reqltired: Electrical 

This curve is valid for cilemical tre:llm~tll 11f 

both raw sewage and secondary pff luent 
Water Quality: lnfluctlt Efi luL'nt 
(Treatment of Raw Sewage) (mg/1) (mg/1) 

Suspended Solids 250 10 
Phosphate asP 11.0 1.0 

Water Quality: Influent l~ffluL'nt 

(Treatment of Sec. Eff.) (mg/1) {mg/1) 
Suspended Solids 30 LO.O 
PhosphateasP 11.0 1.0 

Design Assumptions and Operating ParnmctL'rs 
are shown on the following curves in EPA 
430/9-77-011: 

Lime Feeding, Figure 3-45; R:1pid ~lixing. 

3-58; Floceulat inn, 3-59; Sedimenl~ll ion, 
3-15; Recarbonation, 3-60, J-61; Slud~c· 

Pumping, 3-4 
Type of Energy Required: Elect rica 1 

This curve is vnlid for "chemical tre:1tmcnt of 
both raw sewnge and second~ry cffluQnr-

Water Quality: Influent l~ft.lut>nt 

(Treatment of Raw Sewage) (mg/ 1) (mg/ 1) 
Suspended Solids 250 10 
Phosphate ~s P 11.0 1.0 

Water Quality: Influent EfflttL'Ilt 
(Treatment of Sec. Eff.) (mg/1) (mg/1) 

Suspended So 1 ids 30 10 
Phosphate asP 11.0 l.O 

Design Assumptions and Operating ParamL?lL'rs 
are shown on the f(Jllowing curves in EP/\ 
430/9-77-011: 

Lime Feeding, Fi)..;ure 1-45; Rapid ~1ixing. 

3-58; Flocculation, ·1-59; SL•dimcnt;!t iPn, 
3-15; Sludge Pumping, '3-4; Sulfuri.· Add 
Feeding, 3-48 

Type of Energy Requi n~d: i·:lectrica 1 



Figure 
Number 

From EPA 
430/9-77-011 

3-62 

3-63 

Operation, Process, and Equation Describing 
Energy Requirements 

Microscreens 

Y &s,ooo x0
•

79 

y 42,700 x
0

• 
79 

23u Screen 

35l-1 Screen 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Pressure and Gravity Filtration 

y 

y 

Pressure Filters 

Gravity Filters 

Y Electrical Energy Required, thousand kwh/yr 
X= Plant Capacity, mgd 

Design Conditions, Assumptions and 
Effluent Quality 

Water Quality: 

Suspended Solids (35") 
Suspended Solids (23,,) 

Design AsSumptions: 

Influent 
(mg/1) 

20 
20 

Effluent 
(mg/1) 

10 
5 

Loading rate (35") = 10.0 gpm/sq ft 
Loading rate (23") = 6.7 gpm/sq ft 

Oper.3.ting Parameters: 
so% submergence 

Type of Energy Required: Electrical 
Equation for 35~ screen. applicable a hove 0 7 

mgd. "For flow rates ..;:0.2 mgd energy 
requirements= 11,000 kwh/Yr. 

Equatio·n for 23u screen applicable above 0.1 
mgd. For flow rates <0,1 mgd energy 
requirements= 11,000 kwh/yr. 

Water Qua li_ty: 

Suspended Solids 
Design Assumptions: 

Influent 
(mg/ l) 

20 

Effluent 
(mg/1) 
,lQ 

Includes filter supply pumping (or allow
ance for loss of treatment system head); 
filter backwash supply pumping, and 
hydraulic surface wash pumping (rotating 
arms) 

Pump Efficiency: 70%; motor efficiency: 93% 
Filter and back wash head: gravity fil.ters. 

14 ft, TDH; pressure filters, 20 ft TDH 
Surface wash pumping: 20 ft TDH 
Filtration rate (botlt filters): 5 gprn/sq ft 
Back wash rate (both fiJ ters): 18 gpm/sq ft 
Hydraulic surface wash rate (rotating arm) 

I gpm/sq ft (average) 
Operating Parameters: 

Filter run: 12 hrs. for gravity, 24 hrs. 
for pressure 

Backwash pumping (both filters): 15 min. 
per back wash 

Surface wash pumping (both filtPrs): 5 min. 
per back wash 

Type of Energy Required: Electric-al 

-----------------------------------------------------------------------------------
3-64 Granular Carbon Adsorption - Downflow 

Prcsst1rized Contractor 

Y 74,000 Xl.OO 

y 

X 

Electrical Energy Required, kwh/yr 
Plant Capacity, mgd 

Water Quality: 

Suspended Sol ids 
COD 
Design Assumptions: 

Influent 
(mg/ l) 

20 
40 

Eff 1 uent 
(mg/ I) 

10 
IS 

8 x 30 mesh carbon, 28 ft carbon JC'plh, JO 
min. contact 

Filtration head: 28 ft TDH (carbnn depth) 
+ 9 ft. TDH, (piping and frecbo:trd) 

Filtration pumping: 7 gpm/sq ft. :_.1 :17 fl. 
TDH (:lVPrage) 

Back Wilf;h pumping: 18 gpm/sq rt. ~7 ft. 
TDH (average) 

Operating P;tramcters: 
Operate to 20ft. head loss bui !ding 

before backwashi ng 
Backwash pumping: 15 min per backw:tsh 
Type of Energy Reqtiired: Electri~·;J[ 

----------------------------------------

3-65 Granular Carbon Adsorption - Downflow Gravity 
Contact or 

Y 31 , 000 X l. OO 

Electrical Energy Required, kwh/yr 
X Plant Crtpacity, mgd 

58 

Water Quality: 

Suspended Solids 
COD 

Design Assumpl ions: 
8 x 30 mesh carbon 
3.5 gpm/sq ft 

1 nr luent 
(mg/ 1) 

20 
40 

Ef I I tll'nt 
(mg/ I) 

10 

30 min contact ( 14 ft earbon depth) 
Operate to 6ft head1clss btiil(lttp bcf(1re 

· backwashing 
Type of Energy Required: Electri("al 



Figure 
Number 

From EPA 
430/9-77-011 

3-56 

3-57 

3-58 

3-59 

3-60 

3-61 

Operation, Process, and Equation Describing 
Energy Requir~ments 

Separate Rapid Mixing, Floccular ion, 
Sedimentation Low Lime, Neutralization 
With Sulfuric Acid 

logY 4.4521 + 0.7260 (log X) +·0.2292 (log x)
2 

- 0.0022 (log X)
3 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Separate Rapid Mixing, Flocculation, 
Sedimentation Alum or Ferric Chloride 
Addition 

log Y 4.4096 + 0.6351 (log X) + 0. 2349 (log 

- 0.0169 (log X) 3 
Alum 

log Y 4.3395 + 0.6226 (log X) + 0.2215 (log 

- 0.0133 (log X)
3 

Ferric Chloride 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Rapid Mixing 

Y 3, 900 Xl.OO 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Flocculation 

Y 9,840 x0
•
98 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

X)2 

X)2 

Recarbonation - Solution Feed of Liquid COz Source 

Y 89,000 Xl.OJ Low lime 

Y 141,000 x
1

· 03 High I ime 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Reca rhona t ion - Stack Gas as co2 Source 

y 50,000 XI.OO Low lime 

y 170,000 XI.OO High J ime 

y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 
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Design Conditions, Assumptions -.md 
Effluent Qu<.Jlity 

This Curve is va·lld for chemical trE>atment \1f 

both raw sewage and secondary el'flue.nt 
Water Quality: Influent 1·:1 fluL!nt 
(Treatment of Raw Sewage) (mg/1) Cmg/1) 

Suspended Solids 250 10 
Phosphate as P I 1.0 ; .0 

Water Quality Influent Ffl' luent 
(Treatment of Sec. Eff.) (mg/1) 1mg/l) 

Suspended Solids 30 10 
PhosphateasP 11.0 1.0 

Desi'gn Assumptions and Operating Parameters 
are shown on the followin'g curves in EPA 

430/9-77-0 II: 
Rapid Mixing, Figure 3-58; Flov.:ulalilm, 
3-59; Sedimentation, 3-t5; Lime l'eedi11g, 
3-45; Sulfuric Acid Feeding, 3-48; 
Chemical Sludge Pumping, 3-4 

Type of Energy Required: Electrical 

This curve is valid for chemical treatment .)f 

both raw sewage and secondary effluent 
Water Quality: Influent Eff.lue.nt 
(Treatment of Raw Sewage) (mg/1) (mg/1) 

Suspended Solids 250 10 
Phosphate as P 11.0 1.0 

Water Quality: Influent Effluent 
(Treatment of Sec. Eff.) (mg/1) (mg/1) 

Suspended Solids 30 10.0 
PhosphateasP 11.0 1.0 

Design Assumptions and Operating Par:tmeters 
are shown on the following curves in I~PA 

4 3019-7 J:o 11: 
Alum or Ferric Chloride Feeding 9 Figures 
3-46 an~ 3-47; Rapid Mixing, J-5R; 
Flocculation~ 3-59; Sedimentation 9 1-1~; 

Sludge Pumping, 3-5 and 3-6 
Type of Energy Required: EJ.ectrical 

Design Assumptions: 
Detent ion time "" 30 SCL:nnds 
G = 600 seC I 
Temperature = 15°C 
Coagulant: lime or alum or f~rril· chloridL' 

Type of Energy Required: Electrical 

Design Assumptions: 
Detention time = 30 minutes 
G = 110 sec-1 
Temperature = 15°C 
Coagulant: lime or alum or ferric ddoridl· 

Type of Energy Required: Elcc.:trical 

Design Assumptions: 
Vapori zcr = 25 J b COz/kwh 
Injector pumps = 42 gpm/1000 lh C0:2 (·l ()5 psi 

Operating Parameters: 
Low Lime = 3000 lh CO·>Imil gal 
High Lime = 4500 I b C0 2/mi I ga I 

Type of Energy Required: ELect r ic:1l 

Design Assumptions: 
Stack Cas = 10% C02, 0. 110 lb COz nt ft :11 

standard conditions (60°F, 14.7 psi.l); 
opernting tQmpcr:ttun•, 110°!·' (for 1.1wing 

scrubbing) 
Loss to atmosphere = LOI.. 
Injection prvssun~ = R psi 

Operating Param('ters: 
Low 1 imc = JOOO I h CO·,/mi I ga I 
High l.ime = 6000 Jb cO.,/mil g:ll 

Type of Energy Rcquirl'ci:- Elccrric:tl 



Figure 
Number 

From EPA 
430/9-77-011 

3-66 

3-6 7 

Operation, Process, and Equation Describing 
Energy Requirements 

Granular Carbon Adsorption - Upflow Expanded Bed 

Y ~ 62,000 Xl.OO 

Y Electrical Energy Required, kwh/yr 
X = Plant Capacity, mgd 

Granular Activated Carbon Regeneration 

Y 38,000 x1
•
0° Clarified raw wastewater 

Electricity 

Y 4,000 x1
•
0° Clarified raw wastewater 

Fuel - million Btu/yr 

Y 10,000 x1
•
0° Clarified secondary effluent 

Electricity 

Y 1,100 Xl.OO Clarified secondary effluent 
Fuel - million Btu/yr 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Design Conditions, As.sumpt ions and 
Effluent Quality 

Water Quality: 

Suspended Solids 
COD 

Design Assumptions: 
30 minutes contact 
12 x 40 mesh carbon 

Influent 
(mg/1) 

20 
40 

Ef f lucnl 
(mg/ 1) 

20 
15 

15% expansion, 7 gpm/sq ft (28 ft L:arbon 
depth) 

3 ft freeboard 
Type of Energy Required: Electrical 

Design Assumptions: 
Electricity includes furnace driver, .lfter

burner, scrubber blowers and carbon 
conveyors 

Fuel required per lb Carbon regenerated: 
Furnace = 3,600 Btu 
Steam= 1,600 Btu 
Afterburner = 2,400 Btu 

Operating Parameters: 
Carbon dose: Clarified raw wastew.Jtc>r, 

1500 lb/mll gal 
Clarified secondary effllJeJll, 

400 lb/mil gal 
Type of Energy Required: Electrical and Fuel 

--------------------------------~---------· 

3-69 

3-70 

3-71 

Ion Exchange for Ammonia Removal, Gravity 
and Pressure 

y 

y 

310,000 Xl.OO 

2 20, 000 X 1. OO 

Pressure 

Gravity 

Y Electrical Energy ReqtJired, kwh/yr 
X Plant Capacity, mgd 

Ion Exchange For Ammonia Removal - Regeneration 

Y 2,000 Xl.OO 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Ion Exchange for Ammonia Removal - Regenerant 
Renewal by Air Stripping 

Y 120,000 Xl.OO with NHJ recovery 

65,000 Xl.OO without NH 3 recovery 

Y Elcctrica.l Energy Required, kwh/yr 
X Plant Capacity, mgd 

Ion Exchanp,e for Ammonia Removal, Rcgenerant 
Renewal hy Steam Stripping 

Y 3,180 Xl.Ol~ Electricity 

6,150 x1
·
03 

Fuel-million Btu/yr 

Y Electrical Energy Required, kwh/yr 
X P 1 ant Cap;tc i ty, mgd 

60 

Water Quality 

Suspended So 1 ids 
NHrN 

Influent 
{mg/ 1) 

5 

Efflul'nt 
(mg/ 1) 

5 
15 0. 1-2 

Design Assumptions: 
150 bed volumes throtighput/cycle 
6 bed volurncs/hr loading rate 
Gravity bed, available head= 7.25 ft 
Pressure bed, average operating l1ead = 
Includes backwash but not regeneration 

regen eran t renew a 1 
10% downtime for regeneration 

Type of Energy Required: Electrical 

Design Assumptions: 
Regeneration witl1 2% NaCL 

10 It 

nor 

40 BY/regeneration; 1 regetlCratiun/24 ltrs 
Total head~ 10 ft 
Does not inc 1 ude regencrant renewa 1 
Applicable to gravity or pressure beds 

Type of Energy Required: Electrical 

Design Assumptions: 
Regenerant softened with NaOH, ,·Jarificd :1t 

800 gpd/sq ft 
40 BV/regenerati(ltl cycJc; 150 BY thruu)..!.hput 

per cycle 
Regenerant air strippl'd; tower !oadL~d :lt 7(10 

gpd/sq ft with ":i65 cu ft .:1ir/gal 
Stripping rower overal I height = 32 ft 
Ammonia recovered in ad~nrpt ion low.._•r wi rh 

H2so4 
Type of Energy Reqt1ired: J~lecrrit·;tl 

Design Assurnpt inns: 
Steam stripping used 
Spent regencr;Jnt softent~d with soda 1--;h ;l( 

pll ~ 12 
Steam stripper llL'ight = 18 ft 
4.5 BY/regeneration cycll:; ISO BV 

throughput/ ion cxch;lnge cyele 
Power inc1uth~s soflcning, pH aJjustml'nt, 

pumping Ln slripping lower 
Fuel based on 15 lh stL'am rcqui.rL'd/ 1,000 

gal wastew;JtCr treated 
NH 3 recovered 

Type of Energy Required: l·~lectriL·;i\ :u1d Fltl·l 



------ _---------=--==---=--------_---=:-:::::___ :-=--=~==---:----=--=== 
i )!.ttrP 

Number 
Fr,,rn EPA 

~)(\,fq .. 77-0ll 

1- 72 

Opernt ion, Process, and Equation Describing 
Energy RequiremeP.ts 

Ammonia Stripping 

y 

y 

X 

82.200 xl.Ol Pumping 

510,000 xl.O 1 Fans 

610,000 x1.01 Total 

Electrical Energy Required, k~h/yr 
Plant Capacity, mgd 

Design Conditions, Assumptions and 
Effluent Quality 

Water Quality: 
pH 
Air temp., °F 
NH3-N, mg/1 

Design Assumptions: 
Pump TDH = 50 ft 

Operating Parameters: 

Influent 
11 
70 
11 

Hydraulic loading = 1.0 gpm/sq ft 
Air/Water ratio = 400 cu ft/gal 

Type of Energy Required: Electrir..a1 

Effluent 
11 
70 

3 

------------ --------
l-73 Breakpoint Chlorination With Dechlorination 

log Y 5.1423 + 0.3092 (log X) + 0.1369 (log 

+ 0.0458 (log X) 
3 

Dechlorination with 
Activated Carbon 

log Y 5. 0593 + 0.2396 (log X) + 0.0844 (Log 

+ 0.0084 (log X) 
3 Dechlorination with 

Sulfur Dioxide 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

X)2 

X)2 

---------------------
1-74 

3-75 

Chlorination and Dechlorination for Disinfection 

log Y 4. 0108 

+ 0.0065 

log v 3.9698 

- 0.0658 

+ 0. 9289 

(log X) 
3 

+ 1.0172 

(log X) 
3 

(log X) '0.0868 (log X)
2 

Chlorination with 
Dechlorination 

(log X) + 0.0746 (log X)
2 

Chlorination Without 
Dechlorination 

Y Electrical Energy Required. kwh/yr 
X Plant. Capacity, mgd 

-------------------------------------
Chlorine Dioxide Generation 3nd Feeding 

logY 1.4604 + 0.3656 (log X) + 0.2171 (Log x)
2 

+ 0.0541 (log X)
3 

Y Electri(~l Energy Required, kwh/yr 
X Plant'Capacity, mgd 

----- -- -----
J- "6 

3-77 

Ozone Disi.nfe. ':ion 

v 1so,ouo x'-.00 

Y 57,000 x
1

•
00 

Air Feed 

Oxygen Feed 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Ion Exchange for Demineralization, Gravity and 

y 

y 

Pressure 

90,000 x
1

·
00 

120,000 Xl.OO 

Gravity 

Pressure 

Y =- Elet:trical Energy Required, kwh/yr 
X Pl~t11L Citpacity, rngd 
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Water Qudlity: 

NH4-N 

Lt1fluent 
(mg/ 1) 

15 

Eft!uent 
(mg/ 1) 

0. 1 
Design Assumptions: 

Dosage ratio, c1 2 :NH4-N is 8:1 
Residual Cl2 = 3 mg/l 
Detention time in rapid mix = 1 mln. 
Sulfur Dioxide feed ratio, S02:Cl2 
Activated carbon pumping, TDH = 10 ft 

1; 

Type of Energy Required: Electr1cal 

Water Quality: Influent 
BOD5, mg/ 1 20 
Suspended Solids, mg/1 20 
Coliform, no./100 m1 >1000 

Design Assumptions: 

Effluent 
20 
20 

200 

Evaporator used for dosages greater ~ita11 

2000 1b/day 
Dechlorination by S02 assuming .:1n ::i(J2:r.l2 

ratio of 1:1 and SOz:Cl2 resiciu-t 0~ 1:1 
No evaporator for SOz 

Operating Parameters: 
Chlorine dosage= 10 mg/1 
Chlorine residual= 1 mg/1 

Type of Energy Required: Electrical 

Design Assumptions: 
Chlorine Dioxide dosage is 4 mg/1. 

(equivalent to 10 mg/1 C!2) 
Sodium Chlorite: Ch Iarine Dioxidt cat il~ = 

1.68 to 1 
Chlorine: Chlorine Dioxide ratio = l.68 tu ! 

Type of Energy Required: Electrical 

Water Qua 'ity: Influent 
Suspended So .I ids, mg/ J 10 
Fecal coliforms/100 ml 10,000 

Design Assumptions: 

Erf lw:-nt 
. 10 

200 

Ozone generated from air@ 1.0% wt. concen-
tration and oxygen@ 2.0% 

/
Operating Parcimeters: 

Ozone dose = 5 mg/1 
Type of Energy Required: Electrical 

Water Quality: 

TDS 
Design Assumptions: 

Influent 
(mg/l) 

500 

Loading rate o:- l gpm/ r:u ft 

Effluent 
(mg/1) 

50 

Gravity bed, dVailable head= 7.2'l !t 

Pressure hed, .:lVt rag·e tlperati.ng h··;1d l(l ft 
Includes backwash but· not" r:-egeneratlon nor 

regenernnt disposal 
Type of Energy Required: Electril:3l 



Figure· 
NumbPr 

Fr(1m EPA 
4:10/9-77-0 ll 

3-78 

Ope rat ion, Process, and Equation Describing 
Energy Requirements 

Reverse Osmosis 

Y 2,85o,ooo x0
·
95 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Design Conditions, Assumptions anU 
Effluent Quality 

Water Quality: 
pH 
Turbidity, JTU 
TDS, mg/1 

Design Assumptions: 

Influent 
6 

,l.o 
500-1300 

Feed pressure ~ 600 psi 
Single pass system 

Operating Parameters: 
Water recovery: 0.1- 1 mgd 75% 

l - 10 mgd 80% 

Eff 1 m·nL 
7 
0. l 

100-200 

10 - 100 mgd 85% 
Type of Energy Required: Electrical 

------------------------------------------------
3-79 Land Treatment by Spray Irrigation (Modified) 

Y 270,000 Xl.OO Center Pivot 

Y 164,000 Xl.OO Solid Set 

Y Electrical Energy Required, kwh/yr 
X Plant Capacity, mgd 

Design Assumptions: 
Irrigation season is 250 days/yr 
Center pivot, TDH ~ 196 ft 
Solid set, TDH = 175 ft 

Type of Energy Required: Electrical 

-----------------------------------------------------------------------·------------
3-80 

3-81 

3-82 

Land Treatment by Ridge and Furrow Irrigation 
and Flooding (Modified) 

Y 20 Xl.OO Ridge and Furrow Fuel, million 
Btu/yr 

Y 16,000 Xl.OO Flooding Power 

y 12,000 x1 · 00 Ridge and Furrow Power 

Y Electrical Energy Required, kwh/yr except 
for fuel 

X Plant Capacity, mgd 

Infiltration/Percolation and Overland Flow by 
Flociding (Modified) 

9,200 Xl.OO Overland Flow 

Y 3,000 Xl.0 2 Rapid Infiltrotion 

X 
Electrical Energy Required, kwh/yr 
Plant Capacity, mgd 

Infiltration/Percolation and Overland flow by 
Solid Set -Sprinklers (Hodified) 

Y 170,000 Xl.OO Overland Flow 

Y 75,000 Xl.OO Rapid Infiltration 

y 

X 
Electi:-ical Energy Required, kwh/yr 

Plant Capacity, mgd 

Design Assumptions: 
Irrigation season is 250 days/yr 
Power includes runoff rPturn pumping 
Fuel for at1nual leveling and ridge ,111d 

furrow replacement 
Type of Energy Required: Electrical :Jn,J 

Diesel Ful' 1 

Design Assumptions: 
Infiltration/percolation, TDH = ? ft 
Overland flow, TDH = 10 ft 
Disposal time is 250 d~ys/yr for OverJ;1nd 

Flow 
Disposal time is 365 days for Rapid 

Infiltration 
Type of Energy Required: Elect rica I 

DeRign Assumptions: 
Infiltration/percolation spray, TDH =115ft 
Overland fhlw spray, TDII = 175 ft 
Disposal time is 250 days/yr for Ov~rl<liHI. 

Flow 
Disposal time is 365 days/yr fur Rapid 

Infiltration 
Type of Energy Required: ElectriL:;li 

Wastewater Treatment Plant Building Heating 3-83 Design Assumptions: 
Requirements 

log Y 2. 6 362 + 0.4562 (log X) + 0.0795 (log X) 2 

+ 0.0026 (log X) 3 Minneapolis 

log Y 2. 4485 + 0.4498 (log X) + 0.0483 (log X)2 

- 0.0345 (log X) 
3 

New York 

log Y 1.8742 + 0.4162 (log X) + 0.0732 (log X) 
2 

- 0.0118 (log X) 3 Los Angeles 

Y Building Heating Requirements, million Btu/yr 
X Plant Capacity, mgd 

62 

Four fresh air changes/hr 
Storm windows and insulnted walls :llld 

ceili"ngs 
70 percent fuel \JtiJization faclllr 

See Chapter 5, pages 5-2 to 5-7 jn EPi\ 
430/9-77-011 



Figure 
Number 

From i PA 
.30/9- ' -0 l j 

3-RI. 

J-85 

3-86 

3-87 

3-88 

Operation, Process, and Equation Describing 
Energy Requirements 

Design Conditions, Assumptions an1! 
Effluent Quality 

---··-----------------------------------
Wast .~water Treatment Plant Building Cooling 

Requirements 

log v 4.0520 + 0.5279 (log X) + 0. 0856 

- 0.0168 (log X) 3 
Miami 

log Y 2.8103 + 0.5304 (log X) + 0. 1114 

- 0.0044 (log X) 3 
Minneapolis 

log Y 2.9050 + 0.5226 (log X) + 0. 0692 

- 0.0325 (log X) 3 
New Yoi:"k 

Y Building Cooling Requirements, kwh/yr 
X Plant Capacity, mgd 

(log 

(log 

(log 

X) 2 

X)2 

X) 2 

Note: See chapter 5, pages 5-8 to 5···10 in 

EPA 4 30/9-77-0 ll 

----------------------------
Gravity Thickening 

Y 6. 72 x0 · 95 Lime Sludge and Other Sludge for 
Thickener and <2,200 ft:? 

y 174 X0.53 Other Sludge from 2,200 to 9,000 
ft2 of Thickener Area 

Y 1. 70 Xl.OJ Other Sludge for Thickener Area 
>9,000 ft2 

Y Electrical Energy Required, kwh/hr 
X Thickener Area, sq ft 

See Table 3-4 in .EPA 430/9-77-011 for design 
assumptions and operating parameters. 
Lime curve based on tertiary system at 60 
lb/sq ft/day · 
Type of Energy_ R.equir.ed: Electrical 

----------- -------·---------·---------
Air flotation Thickening 

Y 1, 730 x0 · 87 

Y Electrical Energy Required, kwh/yr 
X Surface Area, sq ft 

Basket Centrifuge 

Y 1,070 x0 · 72 <800 ft 3/day 01 dewatered solids 

• y 160 Xl.OO >800 ft3/day of dewatered solids 

Y Electrical Energy Required, kwh/yr 
X Dewatered Solids Capac itv, cu ft/day 

Elut ria tion 

y 1,660 x0 · 94 

y 3,!00 X0.97 

Digested Primary 

Digested Primary + Waste 
Activated Sludge and Digested 
Primary + Waste Activated 
Sludges with FeC1 3 

y 

X 
Electrical Energy Required, kwh/yr 
Sludge Quantity, ton/day !dry solids) 

See Table 1-5 for design assumptions and 
operating par~meters in EPA 430/9-77-011. 
Curve corresponds to a maximum air require
ment of 0.2 lb/lb solids and average of 0.3 
scfm air/sq ft surface area. 
Type of Energy Required: Electrical 

Design Assumptions: 
Operating hp is .375 times rated hp 
See Table 3-6 for specific sludge 

characteristics in EPA 430/9-77-011. 
Multiple units required above 800 cu ft/day 

capacity 
Operating Parameters: 

Machines run for 20 min. are off for lf· 1nin. 
10 min. allowed tor unloading, restarting 

and attaining running speed. 
Type of Energy Required: Electrica: 

Sludge 
1. Digested primary @ 8% solids 
2. Digested primary+ W.A.S. @ 4% solids 
3. Digested primary + W.A.S. (+ FeCl3) 

@ 4% solids 
Design Assumptions: 

Overflow rates 800 gpd/sq ft for 
500 gpd/sq ft for & 3 

Mixing energy: G = 200 sec-l for 5 min. 
per stage 

TDH = 30 ft for sludge and 25 ft for watec 
Operating Parameters: 

Two - stage, t'C'c~nterc.urrent system with 
separate mixing and settling tanks 

Wash water to sludge ratio"" 4:1 
Type of Energy Required: Ele•trical 

·------------ ----- -----~-
3-89 Heat Treatment 

log' !.5710 + 0.3158 (log X)+ 0.1754 (log X) 

+ 0.0914 (log X) 3 Low Oxidation (Air 
Addition) 

logY 1.1801 + 0.1952 (log X)+ 2.2864 (log X) 2 

+ 0.2512 (log X) 3 
Thermal Conditioning 
(No Air) 

Y Eleclrieal Energy Required, thousand kwh/yr 
X Thermal Treatment CapacitY, gpm 

63 

Design Assumptions: 
Reactor conditions - 300 psig at 350°F 
Heat_exchanger ~T = 50°F 
Continuous operation 
See Table 5-9 for sludge deseription and 

text in Chapter 5 in EPA 430/9-77-01i 
Curve includes: 

Pressurization pump~ 
Sludge grinders 
Post-thickener drives 
Boiler feed pumps 
Air compressors 

Type of Energy Required: Elc~.;trical 



F i gun.' 
Numhcr 

From EPA 
4 30/9-17-0 ll 

3··90 

3-91 

~-- ----~---------

Operation, Process, and Equation Describing 
Energy Requirements 

Design Conditions, Assumptions dnd 
Effluent Quality 

------------------------
Heat Treatment - Without Air Addition 

Y 500 Xl.OO 

Y Fue1 Required, million Btu/yr 
X Thermal Treatment Capacity, gpm 

Heat Treatment - With Air Addition 

y = >260 Xl.OO Primary + W.A.S. 

320 Xl.OO W.A.S. 

Design Assumptions: 
Reactor conditions - 300 psig at 350°F 
Heat exchanger l'l.T = 50°F 
Continuous operation 
See Table 5-9 for sludge description .'md 

text of Chapter 5 in EPA 430/9-77 111 
Curve includes: 

Fuel to produce steam necessary to raise 
reactor contents to operating temperaturt~ 

Type of Energy Required: Fuel. 
---------------·--------------

Design Assumptions: 
Reactor conditions - 300 psig at J50°F 
Heat exchanger 6T = 50°F 
Continuous operation 

y 370 X 1.00 Primary (+ FeCl3) + W.A.S. and 
See Table 5-9 for sludge description a.1d 

text of Chapter 5 in EPA 430/9-77-011 

y 

y 

X 

Primary + W.A.S. (+FeC1 3) 

420 Xl.OO Tertiary Alum 

Fuel Required, million Btu/yr 
Thermal Treatment Capacity, gpm 

Curve includes: 
Fuel to produce steam necessary to raise 

reactor contents to operating temperat11re 
Type of Energy Required: Fuel 

----·-------------~ ----------------
J-92 Heat Treatment - With Air Addition 

y 280 Xl.OO Primary 

y 

y 

y 

310 x1
· 00 

360 Xl.OO 

400 Xl.OO 

Dig. Primary 

Dig. Primary + W.A.S. and 
Primary + W.A.S. (+FeC13) 

Dig. Primary ~ W.A.S. (+FeCl3) 

Y Fuel ~-Required, million Btu/yr 
X Thermal Treatment Capacity, gpm 

Design Assumptions: 
Reactor conditions - 300 psi.g at l50.°F 
Heat exchanger 6T : 50°F 
Continuous operation 
See Tab~e 5-9 for sludge descriptton and 

text of Chapter ) in EPA 430/9-1/-0l l 
Curve includes: 

Fuel to produce steam necessary tc rai~e 
reactor contents to operating temperatun 

Type of Energy Required: Fuel 

·-------- -------- -----------
3-9 _j Chemica] Addition (Digested Sludges) 

logY= 3.6422 + 0.3834 (log X)+ 0.2290 (log X)
2 

log Y 

Digested Primarv 

3.5314 + 0.3664 (log X) + 0.2808 (log X)
2 

0.1057 (log X) 
1 

Digested Primary + Waste 
ACtivated and Digested 
Primary + Waste 
Activated with F'eClJ 

Y = Electrical Energy, kwh/yr 
X = Sludge Quantity, ton/day (dr~ S(llids) 

-----·-··-------·------
3-94 Chemical Addition (Undigested Sludges) 

log Y = 3.5641 + 0.3108 (log X) +O.?J44 (log X)2 

+ 0.0007 (log X) 
3 

Waste Ac[ivated 

log Y 3. 5174 + 0.2951 (log X) + 0. 3228 (log X)2 

- o. l38l (log X) 
3 

Primary + Waste 
Activated 

log y '· 4817 + 0.2803 (log X) + ().2350 (log X) 2 

~ 0.0292 (log X) 3 
Primary 

Y = Electrical Energy, kwh/yr 
X= Sludge Quantity, ton/day (dry solids) 

Vacuum Filtration ., 
log Y 4.1245 + 0.0840 (log X) '· 0 . .'186 I log X)-

- 0. 0 I 77 I log X) l 

Y Electricll Energy Required, kwh/y1 
X Vacuum F'i 1 t'rat ion Are.:1, sq ft 
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Design Assumptions: 
See Table 3-8 preceding Figure 3-96 for 

chemical quantities in EPA 430/9-77-01 
Pumping head = lO ft TDH 

Curves include: 
Chemical feeding and handling 
Sludge pumping 
Sludge-chemical mlxing 

Type of Energy Required: Electrical 

Design Assumptions: 
Pumping head = 10 ft TDH 

Curves Include: 
Chemical feeding and handling 
Sludge pumping 
Sludge-chemical mixing 

Type of Energy Required: Electrical 

See Table 3-7 for design assumptions jn EPt\ 
430/9-77-011 

Operating Parameters: 
2 scfm/sq ft 
20-22 inches Hg vncuum 
Filtrate p11mp, 50 ft TDII 
Curve includes: drum driv<.>. dJ~ch;1rgc 

roller, vat <1gi L:Jtor~ Vdcuum pump. 
filtratf' pum1 

Type of Energy R.cquir··d: Elf'ctricll 



Figure 
Number· 

From EPA 
430/9-77-011 

3-96 

3-97 

3-98 

3-99 

3-100 

Operation, Process, and Equation Describing 
Energy Requirements 

Filter Pressing 

.· Y 6,980 x0
•
58 

Y 7,810 x0 •60 

y 6,710 x0 · 71 

Influent solids 

Influent solids 

Influent solids 

8% 

6% 

4% 

Y Electrical Energy Required, kwh/yr 
X Filter Press Volume, cu ft 

Centrifuging 

Y 4,000 Xl.OO 

Y 1,940 xl.
02 

Lime sludge classificatiori 

Dewatering 

Y Electrical Energy Required, kwh/yr 
X Flow, gpm 

Sand Drying Beds . 

logY = 2.1785 +0.9543(log X)+ 0.0285 (log X}
2 

+ 0.0020·-·(log X) 3 Power Consumption 

y 4.0 x1
•
02 

Fuel Consumption@ 7.5% solids 

y 2. I X I. 02 

y 

y 0. 42 Xl.OO 

pumped, million Btu/yr 

Fuel Consumption @ 5.0% solids 
pumped, .million Btu/yr 

Fuel Consumption @ 2.5% solids 
pumped, million Btu/yr 

Fuel Consumption @ 1.0% solids 
pumped, million Btu/yr 

Y Fuel Required, million Btu/yr except Power 
Consumption Which is kwh/yr 

X Sludge Quantity, gpm 

Sludge Pumping 

logY= 2.6558 + 1.4926 (log X) - 0.2455 (log x)
2 

+ 0.0065 (log X)
3 

Y Electrical Energy Required, kwh/yr per mile 
X Annual Sludge Volume, mil gal 

Dewatered Sludge Haul by Truck 

y 7.0 Xl.OO Truck Capacity 10 yd3 

y 4.6 Xl.OO Truck Capacity IS yd3 

y 2.6 Xl.OO Truck Capacity 30 yd3 

y Fuel Required, million Btu/one way mi le/yr 
X Annual Sludge Volume, 1,000 cu yd 
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De~ign COnditions, Assumptions :1nd 
Effluent Quality 

See Table 3-8 fOr design assumptions in EPA 
430/9-77-0 II 

Operating Parameters: 
POwer consumptiori based on continuous 

operation, 225 psi operating pressure 
Curve includes: 

Feed Pump (hydraulically driven, pusit·ive 
displacement piston pump) 

Opening and closing mechanism 
Type ·Of Enei-gy Required: Electrical 

Operating Conditions: 
Power consumption based on continuous 

operation 
Dewatering accomplished with low speed 

certtiifuge, G = 700 sec-1 

Sludge Type_ 
'Primary + Low Lime 
Tertiary + Low Lime 
Primary + 2 Staie High Lime 

Tertiary + 2 Stage Hii;h Lime 

Conditions 
---~--

No classiflcilt Lon 
No cbssificat Lon 
Classification 
followed by 
dewatering 
Classification 
followed by 
dewatering 

Type of Energy Required: Electrical 

Design Assumptions: 
Power consumption based on pumping to 

drying beds at TDH = 15 ft 
Fuel consumptici.n based on: 

dryini to 50% solids, 70 lbs/cu ft 
loading with front end loader, 8 gal/hr 

use of diesel fuel (140,000 Btu/gal) 
15 minutes required to load 30 cu yd truck 

See Table 3-3 for quantities of various 
sludges/mi 1 gal treated in EPA 430/9-77-0 II 

Type of 'Energy Required: Electrical and 
Fuel 

Design Assumptions: 
4% solids maximum (Dilute to 4% if gre:ltL'r) 
4 inch"pipeline minimum, design Vl.~lo('ity 

3 fps 
Pipeline effective 11

l
11 factor 85 

Pumping based on centrifugal non-viog 
slurry pumps, 68% efficiency 

20 hours per day average open1t ion 
Operating Parameters: 

See Tab1e 3-9 for sludge eh~Jracterist'i('s 

for disposal in EPA 430/9-77-011 
Type of Energy Required: Electrilill 

Design Assumptions: 
I gal diesel (112) 140,000 Btu 
Diesel powered dump trucks 

Operating Parameters: 
Operntion 8 hr per day 
Avercge speed; 25 mph for first 20 mi il'S 

and 35 mph thereaft~:."· 

Truck fuel use 4.5 mpg :1vg 
See Table '3-9 for sludgP chnra!'tl.'risti('S 

for disposa I in EPA 4'W/9-77-0 II 
Type of !~nergy Requin•d: lf'l. Dil'sl'] fu\•1 



Figure 
Number 

From EPA 
430/9-77-011 

3-101 

3-102 

3-103 

3-104 

3-105 

Operation, Process, and Equation Describing 
Energy Requirements 

Liquid Sludge Hauling by Barge 

y 5;6· X0.97 Barge Capacity MG 

y c 11.0 x
0

• 97 
Barge Capacity MG 

y 12.0 x0 • 97 
B~rge Capacity 0.85 MG 

y 14.7 X0.97 Barge Capacity 0.5 MG 

y 26.9 X0.97 Barge Capacity 0.3 MG 

y Fuel Required, million Btu/one way 
X Annual Sludge Volume, 1,000 cu yd 

Liquid Sludge Hauling by Truck 

y 14.9 X0.98 Truck Capacity 5,500 

y 25.3 xl.Ol Truck Capacity 2,500 

y 53.2 x1.02 Truck Capacity 1,200 

y Fuel Required, million Btu/one way 
X Annual Sludge Volume, mil gal 

Utilization of Liquid Sludge 

y 180 x
1

•
00 

.Land spreading 

Y Fuel Required, million Btu/yr 
X Annual Sludge Volume, mil gal 

Utilization of Dewatered Sludge 

y 18 XLOO Landfill 

y 7l.x1• 00 Land Spreading 

Y Fuel Required, million Btu/yr 
X Annual Sludge Volume, 1,000 cu yd 

Mixing - Anaerobic Digester - High Rate 

mile/yr 

gallons 

gallons 

gallons 

mile/yr 

y 1.8 Xl.OO Mechanical Mixing- 1/4 HP/1000 ft 3 

Y 3.3 Xl.OO Mechanical Mixing- 1/2 HP/1000 ft 3 

Y 6. 8 X 1. 00 Mechanical Mixing- 1 HP /1000 f t 
3 

logY 3.8094 + 0.1464 (log X) - 0.0721 (log X)
2 

+ 0. 0209 (log X) 3 Gas Mixing - 5 scfm/1000 f t 
3 

logY =12.6028- 6.3342 (log X) + 1.5075 (log X)
2 

-0.1036 (log x) 3 Gas Mixing- 10 scfm/1000ft
3 

log Y 6.3722 - 1.9562 (log X) + 0.5249 (Jog X)
2 

- 0.0301 (log X)
3 

Gas Mixing-20 scfm/1000 ft
3 

Y Electrical Energy Required, kwh/yr 
X Digester Volume, cu ft 
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Design Conditions, Assumptions and 
Effluent Quality 

Desigil Assumptions: 
1 gal marine diesel: 140,~00 Btu 
Non-propelled barges moved With tugs 

Operating Parameters: 
Operation 24 hrs per day 
Average speed 4 mph 
Tug size: 300,000 gal barge- 1, 200 hp 

500,000 & 850,000 gal barge -
2,000 hp 

1,000,000 & 2,000,000 gal barge-
2,500 hp 

See Table 3-9 for sludge characteristics 
for disposal in EPA 430/9-77-011 

Type of Energy Required: Marine diesel fuel 

Design Assumptions: 
1 gal diesel (#2) 140,000 Btu 
Diesel powered tank trucks 

Operating Parameters: 
Operating 8 hrs per day 
Averag'e speed; 25 mph for first 20 miles 

and 35 mph thereafter 
Truck fuel use 4. 5 mpg avg 
See Table 3-9 for sludge characteristics 

for disposal in EPA 430/9-77-011 
Type of Energy Required: 112 Diesel fuel 

Design Assumptions: 
Fuel use: spreading truck-
1 gal diesel (#2) = 140,000 

Operating Parameters: 

gal/trip 

1600 gal big wheel type spreader, 15 
minute round trip. Truck is self loading 

See Table 3-9 for sludge characteristics 
for disposal in EPA 430/9-77-011 

Type of Energy Required: 112 Diesel fuel 

Design Assumptions: 
Fuel use: Bulldozer - 8 gal/hr 

Front end loader - 8 gal/hr 
Spreading truck - 3 gal/trip 

1 gal diesel (112) = 140,000 Btu 
Operating Parameter: 

Landfill: 30 minutes bulldozer time per 30 
cu yd truckload of sludge 

Spreading: 7.2 cu yd big wheel type 
spreader, 20 minute trip time 

See Table 3-9 for sludge characteristics 
for disposal in EPA 430/9-77-011 

Type of Energy Required: 02 Diesel fuel 

Design Assumptions: 
Continuous operation 
20 ft submergence for release of gllS 

Motor efficiency varies from 85% to 93Z 
depending on motor size 

Type of Energy Required: Electrit·al 
See Chapter 5, pages 5-11 to 5-14 and Figun· 

3-106 foi fuel requirements in EPA 
430/9-77-0 II . 



Figure 
Number 

From EPA 
430/9-77-011 

3-106 

Operation; Process, and Equation ·Describing 
Energy Requiiements 

Thermophilic Anaerobic Di&estion 

y c 0.7 x1
•
00 

Primary+ High Lime Sludge 

Y 0.8 x
1

•
00 

Primary+ (W.A.S. + FeC1 3) 

0.9 Xl.OO y 

y 

y 

Primary+ FeC1 3 , Primary+ W.~.S., 
and (Primary+ FeC1

3
) + W.A.S. 

Primary, and Primary + Low Lime 

1.19 Xl.Ol Waste Activated Sludge 

-Y Fuel Required, million Btu/yr 
X Solids, lb/day 

Design· Conditions~ Assumptions and 
Effluent Quality 

Design Assumptions: 
Fuel requirements·are shown for northern 

states, for central locations multiply by 
0.5 for southern locations multiply by O.J 

Operating Parameter: 
Digester temperature 103°F 
See Figure 3-105 for mixing energy in EPA 

430/9-77-011 
See Table 3-3 for sludge characteristics 11, 

EPA 430/9-77-011 . 
Type of Energy Required: Fuel or Natut:"al Gns 

----------------------------,---,..------------
3-107 Aerobic Digestion 

y 157 x1.01 Mechanical· Aeration Detention 
Time = 8 days 

y 200 Xl.OO Mechanical Aeration Detention 
Time = 16 days 

y 230 Xl.OO Mechanical Aeration - Detention 
Time = 24 days 

y 300 Xl.OO Diffused Air Detent ion Time 
= 8 days 

y 360 Xl.OO Diffused Air Detention Time 
= 16 days 

y 400 XI.OO Diffused Air - Detention Time 
= 24 days 

y Electrical Energy Required, kwh/yr 
X BODIN - lb/day 

Design Assumptions: 
Energy based on oxygen supply requirements; 

mixing assumed to be satisfied 
Mechanical aeration based on 1.5 lb 02 

transfer/hp-hr 
Diffused aeration based on 0.9 lb 02 

transfer/hp-hr 
Temperature of waste = 20°C 
Oxygen f6r nitrification is not included in 

values presented - for nitrification 02 
demand + BOD. demand multiply value from 
curve by 1.3 

Type of Energy Required: Electrical 

------------------------------------------------------------------------------------
3-108 

3-109 

3-110 

3-111 

Thermophilic Aerobic Digestion 

y 125 Xl.OO 200 lb BOD
5

/ 1000 ft
3
/day 

y 157 xl. 02 
100 lb BOD

5
/1000 ft

3
/day 

y Electrical Energy Required, kwh/yr 
X BODIN - lb/day 

Chlorine Stabilization of Sludge 

Y 2,190 x0 • 96 

y Electrical Energy Required, kwh/yr 
X Sludge Flow, gpm 

Lime Stabilization of Sludges 

y = 7.50 xo. 72 Lime Dosage= 200 lb/ton as 
Ca(OH) 2 

y 12.25 xo. 70 Lime Dosage = 400 lb/ton as 

xo. 70 
Ca(OH) 2 

y 17 0 97 Lime Dosage = 800 lb/ton as 
Ca(OH) 2 

y 30.71 X0.68 Lime Dosage = 1, 000 lb/ton 
Ca (OH) 

2 
y = Electrical Energy Required, kwh/yr 
X= Sludge Quantity, lb dry solids/day 

Multiple Hearth Furnace Iricineration (See 
Figure 3-112 in EPA 430/9-77-011 for 
Start-up Fuel) 

Y 14.00 Xl.OO Primary Sludge 

y 16.00 Xl.OO Primary + Low Lime Sludge 

y 22.30 Xl.OO Digested Primary Sludge 

as 

y 40.00 Xl.OO Primary + (W.A.S. + FeCL 3) 

y 60.00 Xl.OO (Primary+FeC1
3

) +W.A.S., 

(Primary + FeCl3) +W.A.S., 
W.A.S. 

Sludge 

and 

Y = 66.67 Xl.OO Primary+ FeC1
3 

and W.A.S. + FcCI
3 

Y ="Fuel Reqt1ired, million Btu/yr 
X= Dry Sludge Feed, lb/hr 
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Design Assumptions: 
Process is autothermophilic 

Pure oxygen p~ovided for oxygen transfer 
having the following power demands: 

1.5 hp/1,000 cu ft mixing 
2. 9 lb 02/hp-hr PSA generatio" 
4.2 lb 02/hp-hr Cryogenic generation 

Cryogenic systems assumed for greater 
demands than 5 ton/day 

Type of Energy Required: Electrical 

Design Assumptions: 
Operating pressure = 35 psi 
Recirculation ratio = 5: l 
Chlorine feed= 4 lbs/1,000 gal 

Type of Energy Required: Electrical 

Design Assumptions: 
Pumped feed of slaked lime 
Mix lime and sludge for 60 seconds 3t 

G =·600 sec-1 
Sludge pumping not included (see Figuru 3-4 

in EPA 430/9-77-011 if pumping rcquircJ) 
Type of Energy Required: Electrical 

·See Table 3-10 for design assumptions in EPA 
430/9-77-011 

Operating Par3meters: 
Incoming sludge temper<Jlure is 57 F 
Combustion temperatur~ is 1400 F 
Downtown for cool-down l'quals st;u·t-ur tinh· 
Frequency of start-ups is a funl·t ion pf 

individu~ll systems 
Excess air is 100~ 

Type of Energy Required: Fuel Oi! ,1r N:Jlttr:ll 
Gas 



Figure 
Number 

From EPA 
430/9-77-011 

3-112 

3-113 

3-114 

3-115 

Operation, Process, and Equation Describing 
Energy Requirements 

Multiple Hearth Furnace Incineration Start-Up 
Fuel 

Y = 0.00194 X 

Y = Fuel Required, million Btu/hr 
X = Effective Hearth Area, sq ft 

Multiple Hearth Furnace Incineration 

y 3870 x0 · 
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Y Electrical Energy Re.quired, kwh/yr 
X Effective Hearth Area, sq ft 

Fluidized Bed Furnace Incineration 

Y 10.3 Xl.OO Primary Sludge, Rate- 14 lb/ft
2
/hr 

Y 12.5 Xl.OO Primary + Low Lime Sludge, 
Rate - 18 lb/ft2/hr 

y 15.6 Xl.Ol Digested Primary Sludge, 
Rate - 14 lb/ft 2/hr 

Y 31.0 Xl.OO Primary+ (W.A.S. + FeCl3), 
Rate - 8.4 lb/ft2/hr 

Y 45.0 Xl.OO Primary+ W.A.S., (Primary+ 
FeC1

3
) +W.A.S., and W.A.S., 

Rate - 6.8 lb/ft 2/hr 

Y 51.0 Xl.OO Primary+ FeCl) and W.A.S. + FeCl3, 
Rate - 6.8 lb/ft2/hr 

Y Fuel Required, million Btu/yr 
X Dry Sludge Feed, lb/hr 

Fluidized Bed Furnace Incineration 

Y 47,400 x
0

· 93 

Y Electrical Energy Required, kwh/yr 
X Bed Area, sq ft 

Design Conditions, Assumptions and 
Effluent Quality 

Design Assumptions: 
Use in conjunction with Figure 3-lll in EPA 

430/9-77-011 to determine total fuel 
required. 

Heatup time: Effective Hearth 
Area 

----'~'Ll.L_ __ 
less than 400 

400-800 
800-1400 

1400-2000 

Heat up 
Time 
hr 

-~-8-· 

27 
36 
54 

greater than 2000 108 
Operating Assumptions: 

Heatup time to reach l400°F temperature 
Frequency of start-up is a function of 

individual system 
Type ·of Energy Required: Fuel Oil or Natural 

Gas 

Design Assumptions: 
Solids Loading Rates, lb/hr/sq ft 

Concentration, % (wet sludge) 
Small Large 
Plants Plants 

25 mgd >25 mgd 
14-17 6.0 10.0 
18-22 6.5 11.0 
23-30 7.0 12.0 
31 8.0 12.0 

Operating Parameter: 
System operates 100% of the time. 

Design Assumptions: 
Heat value of volatile solids is 10,000 

Btu/lb 
See Table J-10 preceding Figure 3-lll for 

more design assumptions in EPA 430/9-77-
011. 

Operating Conditions: 
Combustion temperature is I400°F 
Downtime is a function of individual system 
40% excess air, no preheater 
Startup not included, 73,000 Btu/sq ft fl>r 

startup 
Type of Energy Required: Fuel Oi 1 or Natura I 

Gas 

See Table 3-IO preceding Figure 3-111 for 
design assumptions in EPA 430/9-77-011 

Operating Parameters: 
Full time operation 

Type of Energy Required: Electrical 
--------------------------------------------------

3-116 Sludge Drying 

Y 10 Xl.O Fuel 30% Input Solids Concentration, 
million Btu/yr 

Y 16.5 Xl.O Fuel 20% Input Solids Concentration, 
million Btu/yr 

Y 200 x
1

·
0 

Electricity 30% Input Solids 
Concentration 

Y 234 x
1

•
02 

Electricity 20% Input Solids 
Concentration 

Y 32.4 Xl.0 2 
Fuel 8% Input Solids Concentration, 
million Btu/yr 

y 277 X 1. 01 Electric.ity 8% Input Solids 
Concentration 

y 71.0 x1.01 Fuel 4% Input Solids Concentration, 
million Btu/yr 

y 1154 X 1. 02 Electricity 4% Input Sol ids 
Cnncent rat ion 
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Design Assumptions: 
Continuous operation 
Dryer Efficiency 72% 
Product moisture content 10~~ 

Power includes blowers, fans, conveyors 
Type of Energy Required, F'uel and ElPt·tri,·it\ 



Figure 
Number 

From EPA 
430/9-77-011 

Operation, Process, and tquation Describing 
Energy Requirements 

J-116 y 150 Xl.OO Fuel 2% Input Solids Concentration, 
(Continued) 

3-117 

3-118 

million Btu/yr 

y 2650 Xl.OO Electr.icity 2% Input Sol ids 
Concentration 

y 300 Xl.OO Fuel 1% Input Solids Concentration, 
million Btu/yr 

y 5100 Xl.OO Electricity 1% Input Solids 
Concentration 

Y Electrical Energy Required, kwh/yr except 
fuel required 

X Annual Dry Solids Product, ton/yr 

Wet Air Oxidation 

log y 2.2518 + 0.6J92 (I og X) + 0.1259 (log 

0. 0 !08 (log X)
3 

Primary + W.A.S. 

log Y 2. 1561 + 0.5493 (log X) +0.1772 (log 

- 0.0205 (log X) 3 
W.A.S. 

Y Electricity Required, thousands kwh/yr 
X Treatment Capacity, gpm 

Lime Recalcining - Multiple Hearth Furnace 

y 

y 

y 

y 

X 

1544 x0
•

51 

2094 x0
•
51 

2290 x0 · 51 

Fuel- Primary, 2 stage high 
lime, million Btt1/yr 

Fuel- Tertiary, low lime, 
million Btu/yr 

Fuel- Tertiary, 2 stage high 
lime, million Btu/yr 

18,650 x0
·
48 

Power, kwh/yr 

Electrical Energy Required, kwh/hr 
Hearth Area, sq ft 

X)2 

x)z 

Design ConditiotJs, Assumpt'on:-. anu 
Effluent qttal ity 

Design Assumptions: 
. Reactor press.ure 

Priin.nry + W.A.S. 1700 psig 
W.A.S. = 1800 psig 

Continuous operation 
See Table 5-'J for sludgL' dc.scripr i()n :md 

text in Cllnpter 5 in EPA 4J0/9-77-0ll 
Curve Includes: 

Pressurization pumps BoilL·r fl'L~d pumps 

Sludge g"rindcrs Air comprl'ssors 
Decant tank drivl's 

Type of Energy Required: Elcrtric:JI 
Note: Fuel is n·quircd only at start-up 

Design Assumptions: 
Continuous opern ti~m 
Hultiple hearth furn:lc:Q 
7 lbs/sq ft/hr loading rate (wet: h:1s!s) 
Gas outlet temper:lttJr~ = 900°!: 
Product outlet temperature= 1400 1,F 
Power includes center sh;lft drivl', shaft 

cooling fan, burner turboblowers, prtH!w: 
cooler, and _indm·ed draft fan 

Sludge 
CompoSition: 

Primary, 2 
stage high 
lime 

Tertiary, Jow 

Othl·r 
CaC03 Hg(OH) 2. lnerts 
----- ··--·-·-·--

65% 21.: I JZ 

lime 71 I 0 lh 

Tertiary, 
stage high 
lime~ 86. I h. I 

Com
bust ib IL•s 

"07. 

]. ' 
T~pe of ~nergy RL·qui.rcd·: 

--------------------------------~~~~----~~ 

Fue.l and IL•,·tri• :II 
·----·- --

4-1 Activated Carbon Secondary Energy R~quirements 

Y 1.05 Xl.OO 400 1b/mil gal Tertiary granular 
Carbon treatment, million Btu 

17.5 Xl.OO 2,500 lb/mil gal, IPC Powered 
Carbon treAtment, million Rtu 

Y Production Energy, mil lion Rtu 
X Plant Capacity, mgd 

4-3 Ammonium !l.ydroxi.de Sccondnry Energy Requirements 

Y 71 x\. 04 4,175 lb/mi I gal. million Btu 

Y Production Energy, mi Ilion Btu 
Plant Capat·ity, mgcl 
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Figure 
Number 

From EPA 
430/9-77-011 

Operation, Process, and Equation Describing 
Energy Requirements 

4-4 Carbon Dioxide Secondary Energy Requirements 

4-5 

4-6 

4-7 

y 1.5 x
1

•
0 

200 mg/1, million Btu 

y 3.2 x
1

•0 300 mg/1, million Btu 

Y Pr~uction Energy, million Btu 
X Plant Capacity, mgd 

Chlorine Secondary Energy Requirements 

y 165 X(.OO 10 mg/1, kwh 

y 1800 XI.OO 135 mg/1, kwh 

y Production Energy, kwh 
X Plant Capacity, mgd 

Ferric Chloride Secondary Energy Requirements 

y 200 XI.OO 50 mg/1, kwh 

y 700 Xl.OO 200 mg/1, kwh 

y Production Energy, kwh 
X Plant Capacity, mgd 

Lime (Calcium Oxide) Secondary Energy Requirements 

y 6.2 x1.o 300 mg/1, million Btu 

y 8.3 xl.o 400 mg/1, million Btu 

y Production Energy, million Btu 
X Plant Capacity, mgd 

4-8 .Methanol Secondary Energy Requirements 

Y 7.9 Xl.O 60 mg/1, million Btu 

Y Production Energy, million Btu 
X Plant Capacity, mgd 

4-9 Oxygen Secondary Energy Requirements 

Y 345 x
1

•
0 

200 mg/1, kwh 

Y Production Energy, kwh 
X Plant Capacity, mgd 

4-10 Polymer Secondary Energy Requirements 

Y 1950 x
1

•
0

, 1.4 11/mil. gal., Btu 

Y Production Energy, Btu 
X a Plane, Capacicy, mgd 

4-11 Sodium Chloride Secqndary Energy Requirements 

Y 25 Xi.O Rock and Solar, 1200 lb/mil. gal. 

Y 20 x
1

•0 
Evaporated, 1200 lb/mil. gal. 

Y Production Energy, kwh 
X Plant Capacity, mgd 

4-12 Sodium Hydroxide Secondary Energy Requirements 

Y 550 Xl.O 375 lb/mil. ·gal., kwh 

Y 7100 x
1

•0 4760 lb/m~l. gal., kwh 

Y Production Energy, kwh 
X = Plant Capacity, mgd 

4-13 Sulfur Dioxide Secondary Energy Requirements 

4-14 

Y = 0.35 Xl.O 2 mg/1, kwh 

Y = Production Eneigy, kwh 
X =·Plant Capacity, mgd 

Sulfuric Acid Secondary Energy Requirements 

y 1500 xl_.o 250 rilg/ l, million Btu 

y 2600 xi.O 450 mg/ l, million Btu 

y Product ion Energy, mi !lion Btu 
X Plant Capacity, mgd 
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Design Conditions, Assumptions and 
Effluent Quality 



Figure 
Number 

From EPA 
430/9-77-011 

Operation, Process, and Equation Describing 
Energy Requirements 

5-l Estimated Heat Requirements 1000 sq ft Building 

Y 1. 7ooo + 31.7402 x - o. 7765 x
2 

Case A: Uninsulated 

y 

y 

o. 3000 + 17, 17 50 x - o. 37 50 x
2 

Case B: Added Wall and Ceiling Insulation 
With Storm Windows 

o.0491 +. 12.3386 x- 0.2538 x 2 

Case C: Wall and Ceiling Insulation Double 
Glazed Windows and Floor Insulation 

Y ~at Required, million Btu/yr 
X Thousand, deg day/yr 

5-2 Estimated Floor Area for Wastewater Treatment Plants 

logY 3.1801 + 0.1789 (log X)+ 0.4170 (log X)
2 

- 0.1074 (log X)
3 

Total Floor Area 

log Y 2.8073 + 0.4146 (log X)+ 0.1857 (log X)
2 

- 0.0332 (log X)
3 

Laboratory and 
Administrative Area 

Y Floor Area, sq ft 
X Plant Capacity, mgd 

5-3 Anaerobic Digester Heat Requirements For Primary 
Sludge 

Y 3.20 l 0.0290 X South U.S. -Digestion 
Temp. = 95oF 

Y 3.43- 0.0293 X Middle U.S. -Digestion 
Temp. = 95°F 

Y 4.03 - 0.0300 X North U.S. - Digestion 
Temp. = 95°F 

Y Digester Heat Required, million Btu/mgd 
(0.05 lb VS/day/cu ft) 

X ?ludge Temperature to Digester, °F 

5-4 Anaerobic Digester Heat Requirements for Primary 
Plus Waste Activated Sludge 

y 6.69 - 0.063 X South U.S. - Digester Loading 
0.05 lb VS/ft3-day 

y 7.14 - 0.063 X 11iddle u.s. - Digester Loading 
0.05 lb VS/ft3-day 

y 8.42 - 0.064 X North U.S. - Digester Loading 
= 0.05 lb VS/ft3-day 

y - 6.11 - 0.062 X South U.S. - Digester Loading 
0.15 lb VS(ft3-day 

y 6.28 - 0.062 X Middle u.s. - Digester Loading 
0.15 lb VS/ft3-day 

y 6.67 - 0.062 X North U.S. - Digester Loading 
= 0.15 lb VS/ft3-day 

Y = Digester Heat Required, million Btu/mgd 
X= Sludge Temperature to Digester, °F 

5-5 Heat. Requirements Powered Activated Carbon 
Regeneration 

Y 0.0233 x0 • 88 

Y Fuel Required, million Btu/yr 
X Powered Activated Carbon Regenerated, lb/day 
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Design Conditions, Assumptions and 
Effluent Quality 



Figure 
Number 

From EPA 
430/9-77-011 

Operation, Process, and Equation Describing 
Energy Requirements 

5-7 Digester Gas Cleaning and Storage Construction Costs 

log·Y 0.9701 + 0.8379 (log X)- 0.1235 (log x) 2 

+ 0.0218 (log X) 3 Total Clean Compress and 
Store 

logY 3.1972- 1.7054 (log X)+ 0.6770 (log X) 2 

- 0.0642 (log X) 3 Clean and Compress 

logY -0.8547+ 1.7752 (log X)- 0.3705 (log X) 2 

+ 0.0521 (log x) 3 Store. 

Y Construction Cost, thousand dollars 
X Digester Gas Cleaned and Compressed, scfm 

5-8 Digester Gas Cleaning and Storage 0 & M Labor 
Requirements 

logY 0.2605 + 1.3030 (log X) + 0.0195 (log x) 2 

- 0.0247 (log x) 3 

Y 0 & M Labor, hr/yr 
X Digester Gas Cleaned and Stored, scfm. 

5-9 Digester Gas Cleaning and Storage Maintenance 
Material Costs 

logY -1.6763 + 0.9018 (log X) + 0.2707 (log X)
2 

- 0.0653 (loi X) 3 

Y Maintenance Material, thousand dollars/yr 
X Digester Gas Cleaned and Stored, scfm 

Design Conditions, Assumptions and 
I Effluent Quality 

5-10 Digester Gas Cleaning and Storage Energy Requirements 

logY 1.1149 + 0.4622 (log X)+ 0.0753 (log X) 2 

5-11 

5-12 

5-13 

5-14 

+ 0.0024 (log X) 3 

Y Electricity Required, thousand kwh/yr 
X Digester Gas Cleaned and Stored, scfm 

Internal Combustion Engine Construction Costs 

logY 5.2829- 3.6573 (log X) + 1.3169 (log X)
2 

- 0.1250 (log X) 3 

Y Construction Cost, thousand dollars 
X IC Engine, hp 

Internal Combustion Engine 0 & M Labor 
Requirements 

logY -1.1725 + 1.5611 (log X) - 0.0273 (log X)
2 

- 0.0146 (log X) 3 

Y 0 & M Labor, hr/yr 
X IC Engine, hp 

Internal Combustion Engine Maintenance 
Material Costs 

logY -5.4676 + 4.3514 (log X) - 1.1752 (log X)
2 

+ 0.1337 (log x) 3 

Y Maintenance Material, thousand dollars/yr 
X IC Engine, hp 

Internal Combustion Engine Alternate Fuel 
Requirements 

log Y = -1.9249 + 3.5577 (log X) - 0;7592 (log X)
2 

+ 0.0736 (log X) 3 

Y Alternate Fuel Required, million Btu/yr 
X IC Engine, hp 
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600 rpm engine with heat recovery and 
.alternate fuel system 

.600 rpm engine with heat recovery and 
alternate fuel system 

600 rpm engine with heat recovery <l!H.I 

alternate fuel system 

600 rpm engine wit~ heat recovery and 
alternate fuel system 



Figure 
Number 

From EPA 
430/9-77-011 

5-15 

·Operation, Process, and Eq!-Jation Describing 
Energy Requirements 

Digester Gas Utilization System Construction 
Costs 

log Y 2.5404 - 0.4530 (log X) + 0.6979 (log X) 2 

- 0.1318 (log X) 3 

Y Construction Cost, thousand dollars 
X Plant Capacity, mgd 

Design Conditions, Assumptions and 
Effluent Qu<Jlity 

Complete electricity generation system as 
shown in Figure 5-6cEPA 430/9-77-011 

5-16 Complete system for electricity generation Digester Gas Utilization System O&M Labor 
Requirements as shown in Figure 5-6 EPA 430/9-77-011 

log Y 1. 8795 + 1.1374 (log X) - 0.1063 (log X)2 

+ 0.0029 (log X) 3 

y 0 & M Labor, hr/yr 
X Plant Capacity, mgd 

Digester Gas Utilization System Maint~nance 5-17 Complete system for electricity generation 

5-18 

5-19 

5-20 

5-21 

5-22 

5-23 

. 5-24 

Material Costs 

log Y 4.1712 - 8.2581 (log X) + 6.1717 (log 

- 1. 3289 (log X) 3 

Y Maintenance Haterial, thousand dollars/yr 
X Plant Capacity, mgd 

Digester Gas Utilization System Energy 
Requirement~ 

log Y 2. 4984 + 0.9564 (log X) - 0.0985 

+ 0.0411 (log X) 3 
Fuel 

(log 

X)2 

X)2 

log Y 1. 7189 + 0.5938 (log X) - 0.0424 (log X) 2 

+ 0.0068 (log X) 3 
Electricity 

Y Fuel. Required, million Btu/yr 
X Plant Capacity, mgd 

Multiple Hearth Incineration Construction Cost 

logY 0.0606 + 0.5432 (log X) + 0.4666 (log X) 2 

- 0.1592 (log X) 3 

Y Construction Cost, millibn dollars 
X Plant Ca'pacity, mgd 

Hultiple Hearth Incineration 0 & H Requirements 

Y 1600 x0 •65 

Y 0 & M Labor, hr/yr 
X Plant··Capacity, mgd 

Multiple Hearth Incineration Maintenance 
Material Costs 

logY 3.5505 + 0.0972 (log X) + 0.3658 (log X) 2 

- 0.0539 (log X) 3 

Y Maintenance Material, dollars/yr 
X Plant Capacity, mgd 

Auxiliary Heat Required to Sustain Combustion 
of Sludge 

y 4.09 - 0.165 X Primary, 60% VS 

y 4 - 0.179 X Primary+ W .A. S., 69% vs 
y Heat Required, million Btu/ton vs 
X Sludge Solids, % by weight 

Heat Recovered from Incineration of Sludge 

Y -2636.0 + 5.14 X 0.0002 X
2 Primary+W.A.S. 

Y -1195.4 + 2.06 X- 0.0006 X2 W.A.S. + FeC1
3 

Y -820 + 1.71 X. Primary Sludge 

Y Initial Flue Gas Temperature, °F 
X Heat Recovered, million Btu/yr/mgd 

Impact of Excess Air on the Amount of Auxiliary 
Fuel for Sludge Incineration 

Y = 0.41 + 0.0822 X 

Y Auxiliary Fuel, mi Ilion Btu/ton dry solids 
X Excess Air, percent 
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as shown. in Figure 5-6 EPA 430/9-77-011 

Complete system for ele~trical generation 
as shown in Figure 5-6 EPA 430/9-77-011 

Design and Operation Assumptions: 
Loading rate = 6 lb/sq ft/hr 
Sludge: Primary + W.A.S. sludge 

solids 

Design and Operatio-ry Assumptions: 
Loading rate = 6 lb/sq ft/hr 

16% 

Sludge: Primary+ W.A.S. sludge 16% 
solids 

Design and Operation Assumptions: 
Loading rate = 6 lb/sq ft/hr 
Sludge: Primary + W.A.S. sludge 16% 

solids 

Assumptions: 
10,000 Btu/lb VS 

Assumptions: 
Final stack ~emp = 500°F 
100% Excess air 
See table-preceding Fig11re l-111 ftlr sludgP 

characteristics in EPA 430/9-77-0 II 

Assumptions: 
Solids 30% 
Exhaust Temp. 1400°V 
Volatiles 70% 



Figure 
Number 

From EPA 
430/9-77-011 

Operation, Process, and Equation Describing 
Energy Requirements 

5-26 Energy Recovery Rotary Kiln Reactor Pyrolysis 
System 

Y 0.02 X Net Energy Output, Btu/lb input 

X .% Refuse % Sludge = 100- X 

y 0.0 + 0. 7150 X - 0.0030 x-2 

% Recovery of Energy Input 

X = % Refuse· % Sludge = 100- X 

5-27 Energy Recovery Vertical Shaft Reactor.Pure 

5-28 

Oxygen Pyrolysis System 

Y 0.09 + 0.029"! Net Energy Output 

X 

y 

Heat 

y 

y 

% Refuse % Sludge = 100- X 

4.8750 + o.9737x-o.004l x2 

% Recovery of Energy Input 

Pump Output Based on Wilton Plant Design 
Operating Conditions for Various Effluent 
Temperatures 

-0.0714 + 1.9257 x - o.o109 x
2 

Output, million Btu/yr/mgd 

0.1529 + o.o77S x- o.ooos x
2 

Coefficient of Performance 

X = Wastewater Temperature, °F 

5-29 Air to Air Heat Pumps Typical Performance Curve 

y 59 - 0.84 X Typical Structure Heat Loss, 
thousand Btu/hr 

X Outside Temperature, OF 

y 11.~091 + l. 2 769 X - 0.0054 x2 Heat Pump 
Capacity 

? 
0.8225 + 0.0519 X - 0.0004 x- Coefficient of 

Performance 

5-30 Water to Water/Water to Air Heat Pumps 
Construction Cost 

logY 3.026 + 0.1483 (log X)+ 0.1530 (log X)
2 

- 0:0122 (log x1 3 

Y Construction Cost, dollars 
X Heat• Pump Capacity, thousand Btu/hr 

5-31 Water to Water/Water to Air Heat Pumps 
0 & M Labor Requirements 

2 
logY 0.2900 + 0.2924 (log X)+ 0.1916 (log X) 

- 0.0253 (log X) 3 

Y 0 & M Labor, hr/yr 
X Heat Pump Capacity, thousand Btu/hr 

5-32 Water to Water/Water to Air Heat Pumps 
~tintenance Material Costs 

logY 0.4946 + 1.0205 (log X) - 0.0819 (log X)
2 

+ 0.0079 (log X) 3 

Y Maintenance Material, dollars/yr 
X Heat Pump Capacity, thousand Btu/hr 

Design Conditions, Assumption~ :Jnd 
Effluent Quality 

-----------------------------------------
5-33 Water to Water/Water to Air Heat Pumps Energy Operating Conditions: 

Requirements 

0.95 xl.o for 8. 760 operating hr/yr 

COP = 2. 8 
Outside Temperatun' 50°F 

y 0.49 xl.O for 4. 380 operating hr/yr 

y 0. 13 xl.o for 1,000 operating hr/yr 

y Electricity Required, thousand kwh/yr 
!!eat Pump Capacity, thousand Btu/hr 
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======================================-..:.~==·:_:__··=- -_·_-:=:=:=.====-- ::-_:-:-----
Figure 
Numh(~r 

From EPA 
430/9-77-011 

Operation, ProFess, and [q'-'ation Desc~ibi1~~ 
En~rgy ~C9l!irCments 

5-34 Air to Air Hea~ Pumps ConstruC?tion Cpst 

log Y 
. 2 

- 0.1984 + 0. 3145 (log X) +. 0.1A84 (log X) 

- 0.0143 (log X)
3 

Y Construct ion Co~t, t~ou~and dollars 
X Heat Pump Capac~ty, thousand Btu/hr 

5-35 Air to Air Heat P~mps O&M La~or Require~ents 

logY ~0 •. 0781 + \).5929 (log X)+ 0.1290 (log X)
2 

. 3 
.- 0.0112 (log X) 

Y "" 0 & M L_abor, l~r/yr 
X Heat· Pump C3pacity, tho,usand Stu/hr 

5-:'36 Air ~o Air Heat Pump Maintenance Material Costs 

logY = 1.0960 + 0.4990 (log X) + 0~0868 (log X)
2 

~ 0.0072 (log xr 3 

Y ~ Maintenance Material, dollars/yr 

Design ·Co~d it tn_nti r Assumpt j PllS :tnd 

Efflu~nt puali~y. 

X flea~ P_ump Ca'pa~ity, ·q10usand Btu/,lr 
--------~----~~----------~--~------~----~.-- . ' 

Energy RCquirements 5-37 Air to Air Heat 

y ~ 1,18 X0.98 

Y 0.53 xl. 0 

Y "o.13 x
1r0 

y 

X .•. 

PUil\P 

for 

for 

for 

8,760 opera~ ing hr/yr 

4! 380 operating hr/yr 

1,000 opera~ing hr/yr 

Eleetric.ity R~quired. thous;md kwh/yr 
liea~ Puffip G<1pacity~ thousand Btu/hi-

·~~..,--,--~-
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APPENDIX B 

RAW WASTEWATER CHARACTERISTICS (Wesner et al•, 1978) 

Parameter 

Biochemical Oxygen Demand 
Suspended Solids 
Phosphorus, as P 
Total Kjeldahl Nitrogen, as N 
Nitrite plus Nitrate 
Alkalinity, as Caco3 
pH 

77 

Concentration 
mg/1, Except pH 

210 
230 

11 
30 

0 

300 
7.3 



APPENDIX C 

SLUDGE CHARACTERISTICS (Wesner et al., 1978) 

Sludge Solids Vola tile Sludge Total (lb/mil gal) Solids Sludge 
Solids (wt Volume 

Type (wt Percent Percent . (gal/mil 

of Sludge) Total Volatile of Total gal) 

$olids Solids Solids) 

Primary 5 1151 690 60 2,760 

Primary + FeC1 3 2 2510 1176 47 16,500 

Primary + Low 
Lime 5 4979 2243 45 11,940 

Primary + High 
Lime 7.5 9807 4370 45 15,680 

Primary + W.A.S.a 2 2096 1446 69 12,565 

Pr~mary + 
(W.A.S. + FeC1

3
) 1.5 2685 1443 54 21,480 

(Primary+ FeC1
3

) 
+ W.A.S. 1.8 3144 1676 53 20,960 

W .A. S. 1.0 945 756 80 11,330 

W.A.S. +FeC1
3 1.0 1535 776 50 18,400 

Digested Primary 8.0 806 345 43 1,210 

Digested Primary 
+ W.A.S. 4.0 1226 576 47 3,680 

Digested Primary 
+ W.A. S. + FeC13 4.0 1817 599 33 5,455 

Tertiary Alum 1.0 700 242 35 8, 390 

Tertiary High 
Lime 4.5 8139 3219 40 21,690 

Tertiary Low 
Lime 3.0 3311 1301 39 13,235 

~.A.S. = Wasted activated sludge. 
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