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INTRODUCTION 

The objective of this project was to anaerobically treat · 

t~ e . effluent from a potato chip plant, to reduce the COD 

21d to produce methane. Several different anaerobic 

~~ocesses were considered in a previous study (Appendix A) 

s-:..d the most suitable was found to be the anaerobic filter. 

: 2 e adv~~tages of the anaerobic filter over more conventional 

~ ~~es of ~~aerobic treatment .stem from the fact that the 

f i l ter is capable of a long solids retention time (100 days) 

with a relatively short hydraulic retention time (Young and 

1-~cCarty, 1967). For the anaerobic filter to be competitive 

wi t h the centrifugal clarifiers currently in use, it would 

nav e to be able to perform without complex monitoring, at 

a moderate temperature, not .require substantial chemical 

a dd itions, and achiev-e a COD reduction of more than 90'~ . 

I n the desi gn of a laboratory scale model these constraints 

we~e adhered to as much as possible. It was decided to 

att empt to operate the filter at 20°C, previous authors 

r e?orted COD reductions of 90-97% when the filters were 

operated at 25°C with wastes other than potato processing 

effluent (Young and McCarty, 1967; McCarty, 1968; Dewalle 

and Chian, 1976). Even operating at 20°C it would require 

energy input to raise the large volumes of waste from 

about 9°C to the operating temperature~ This might require 

a substantial portion of the gas produced from the digestion 

lu 



of the o~ganic matter. It has been suggested that 

theoretically 1 kg of COD stabilized yields .120 m3 

digester gas which is 60% methane ( McCarty 1964). The 

additions of nutrients and buffering agents add to t h e 
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operating costs therefore it was hoped that they would ~rove 

to be unnecessary. In accordance with the above condition s 

a laboratory scale anaerobic filter was designed, cons~~~c t ed, 

and operated for 60 days. The first JO day s being co::.sid ered 

. start-up, the second 30 days the filter was ~ , . ' ' opera l, ea v-; l -: :1 

actual screened but untreated effluent from a local p otat o 

chip manufacturer. 

LITERATURE REVIE~iT 

In the initial study by McCarty (1968), the anaerobic 

filter was tested on a small scale utilizing methanol, 

acetate, and propionate as waste feed. The results shov)·ed 

that at 25°C 70-80% of the waste was stabilized by conversion 

to methane. 

A second paper presented by Young and McCarty ( 1967) 

again utilized a synthetic waste and a laboratory scale 

treatment unit. The authors conclude that the anaerobic 

filter could prov~ to be a ·system by which dil~~e wast&s 

may be treated with low initial co.st and low maintenanc e. 

Plummer et al. (1969) investigated the treatment 

of cabohydrate waste by an anaerobic filter in the 

laboratory. They found reductions 6f BOD of 94%, 72%, 4J%, 

I 
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and 41% corresponding to loading rates of 101, 237, 438, 

and 638 pounds of COD per 1000 cubic feet of filter volume 

per day. They suggest that the effluent should be clarified 

prior to discharge in a watercourse. 

Lovan and Foree (1972) attempted to treat brewery 

~:!'ess liquor wast.e by anaerobic filter in the laboratory. 

r ~ ey found that the process was suitable for this high 

2t :ength v1aste ( BOD }100 - 14,000 mg/1). The volume of 

~l: eir filter was 33.4 liters a.n.d they recorded an average 

production of 20 liters per day, at about 65% methane. 

El-Shafie and Bloodgood (1973) conducted a laboratory 

study utilizing six filters in series digesting a synthetic 

wc.ste ( f( etrecal). They measured gas production and COD 

reduction as well as pH in each of the six filters. Their 

stLdy indicates that the microbial activity decreases 

expon~ntially with detention time. 

Taylor and Burm (1973) report on experiences during 

o p eration of a full scale anaerobic filter, treating \Vheat 

st2.rch VTastes. The filters were rock filled tanks~ ·- 30 feet 

~~ d iameter illU 20 feet high. The methane produced was not 

~t il ized it vras piped to a flare and burned, the estimated 

volume of gas produced was 30,000 cubic feet per day. The 

f ilter required large additions of NaHco
3 

to maintain pH 

~~d alkalinity control. They found the treatment efficiency 

to be about 60% based on organic matter removal. The c ost 

of the system was approximately $ 110,000. 
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Arora et al. (1975) conducted a study using the anaerobic 

filter for treatment of vegetable tanning effluent. They 

maintained a three day hydraulic retention time and varied 

the organic loading rates from 0.192 to J.264 kilograms per 

cubic meter of filter volume per day. They operated t wo 

filters, Filter I was loaded with raw waste while Filter II 

had phosphate added to the raw waste. The reduction of EOD 

ranged from about 60% for the very high loading rates to 

about 95% for medium loading rates, with slightly h i D"1-! C!"' -o-- '--

values obtained in Filter II. 
, . Dewalle a.YJ.d Chian· (1976) experimented with an 2Y!a c=roolc 

filter utilizing recirculation &YJ.d plastic media, "Surpac". 

They .observed removals of organic matter in excess of 95%. 

The waste water used for the experiment was leachate from a 

sanitary landfill with a COD of 54,000 mg/1 and a pH of 5.4. 

The experiment showed that the anaerobic filter, with 

recirculation can treat acidic wastes without bufferir1g. 

For additional review of literature pertaining t o ~otato 

processing waste· and general anaerobic treatment see ;.._:;:;; -2:1dix A. 

ANAEROBIC FILTER 

The anaerobic filter is a .-;specialized form of the 

anaerobic contact process, especially suited to the treatment 

of large volumes of dilute wastes. It consists of a column 

containing crushed stone or plastic media which provides 

a large surface area for the physical support of a bacterial 

film. The waste to be treated is pumped in at the bottom 
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of the filter and travels upward comirig in contact with 

a large number of active organisms. As the organic matter 

is broken down,under anaerobic conditions carbon dioxide 

and methane are produced. Figure 1 shows a schematic diagram 

of the anaerobic filter as used in this experiment. 

Design Considerations 

It has been noted by other researchers ( l¥1cCarty 1968; 

Jennett and Dew~is 1975) that the majority of the COD r2~oval 

occurs in the lower meter of laboratory scale columns, a15 m 

diameter. Therefore it was decided~ in order to reduce 

the volume of waste required the filter would be 1.25 ~in 

height and approximately .15 m in diameter. Although i-: 

was initially thought that a synthetic filter media, ;'Surpac", 

from Dow Chemical Midland might be obtained wh ich has a 

porosity of 94%, the final filter medium was crushed stone 

ranging from .04 to .03 m in diameter. The advantages of 

•'Plexiglas" or other clear material for construction 

f.ilter column are obvious, but budgetary constraints 

the use of ABS plastic sev1er pipe which proved to be 

Another consideration in the design was the ease of asss=::ly 

and the necessity of providing leak proof joints. Fo~ ~2is 

reason all materials used in the construction of the filt er 

and gas handling system were either ABS -or PVC p~astic 

which can be joined by solvent welding. A final design 

consideration was the regulation of the flow, initially 

it was hoped that the system would operate via gravity feed 
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It proved to be impossible to regulate the flow accurat ely 

since the system is subject to varying pressure conditions. 

For this reason a peristaltic pump was used to provide a 

constant volume flow over the changing pressures. 

Construction 

The fi.l ter was designed after Young and h~cCarty ( 19 67), 

it was 1. 25 m in height and .15· m diameter, construct e:d 

of ABS sewer pipe. A dispersion plate in the lower e~ c. of 

the column (Figure 1) provided a.Yl even distribution of v-.;aste 

across the bottom of the filter. To prevent the waste f rom 

by-passing the treatment process, by travelling along th e 

walls of the filter, dispersion rings were placed at o~e­

third and t wo-thirds of the column height. The filter was · 

assembled using "G E Silicon Seal" on -all fla..Y).ges prior to 

joining_, while all permanent connections were made usir:g 

solvent welding. The colu~Yl was filled with crushed s tone 

with a resulting porosity of 49.4%. The long loop i n ~~e 

overflow pipe is to prevent the escape of gas with th~ 

effluent, by maintaining a water seal regardless of t~ e 

pressure variations within the system. 

GAS HANDLING 

Any complete system that utilizes anaerobic fermentation 

for waste stabilization must take into account the collection, 

stcrag e and utilization of the gas that is produced (Fi gure 2). 

Dig ester gas is approximately 60% methane and 4or0 carbon 
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dioxide with traces of other gases. Methane ls highly 

explosive at concentrations of 5-14% in air, therefore 

care must be exercised to prevent leakage or ignition. 
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The size of the gas storage vessels was determined 

by estimating the volume of gas that would be produced ~Esed 

on a theoretical factor of _.12 --mJ of gas produced per kilogram 

of COD stabilized ( McCarty 1964). A 100% reduction of :oD 

was assumed as well as an average COD of t h e potato 

waste of 6000 mg/1 (pg 19 Appendix A). For a hydraul i8 

r€tention time of 6 hours, which was thought t o be the 

minimum possible, the -total flo w would be • 0404 mJ j ·day . 

This yields - a daily COD input of .2424 kg and theoretically 

could produce .029 m3 of gas assuming complet e COD reduction. 

TABLE I POT ENTIAL GAS PRODUCT ION FOR VARIO US FLOW RATES 

Hydraulic retention 
-time (hours) 

/ 
0 

12 

24 

36 

FlJw rate 
- (m /day) 

.0404 

.0202 

.0101 

. 0067 

:r.;stimated £ 2.S 

production (=J/day) 

.0292 

.0146 

.0073 

.0049 



It was decided to provide gas storag e capacity for 

1.5 days production at the shortest hydraulic retention 
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time. This was acco:r.1plished by constructin g t wo colum.ns 

of .15 m diameter ABS sewer pipe 1.2 m in height. The 

total gas storage capacity was .0424 m3 as constructed. 

The colu.mns were initially water filled, and t h e 

gas was collected above the water by displaceRent. Tl:2 

gas enters the column at the top 8nd as t h e pressure 

increases water is forced out of the cylin ders. The 

water outlet extends to t h e bottom of the gas storage 

containers, this maintains a water seal a.:_Y).d prevents th e 

escape of gas. Additional s afety measures are present 

in the form of flame traps which prevent a flash bac k 

from the bunsen burner reach ing the gas storage or 

subsequently to the filter. Af ter the system was 

assembled as shown in Figure 2, it was pressure tested 

to 15 kPa (5 ft H2o) and all leaks were sealed. The 

maximum pressure that would be reached in the system 

was 12 kPa (4 ft H2o) due to the method of gas collec t ~c~ 

and storage. 

POTATO CHIP PLANT WASTE 

The waste for this project was obtained from 

Humpty Dumpty Aliments Ltee., Lachine, Quebec. The 

plant processes approximately 14 tonnes of potatoes per 

day, using about 200 m3 of water for various operations. 

The waste water is primarily associated with the washing . 

- I 

I 



11 

and peeling of whole potatoes and the rinsing of potato 

slices prior to frying. At the present time the potato 

waste is screened to remove large pieces and peelings then 

treated by a series of centrifugal clarifie~s to remove 

the suspended solids. It was reported that this treatment 

has a COD removal efficiency of better than 80% &1d 

possible reductions up to 95%. 

For the purpose of this experiment screened but 

untreated waste was obtained. The waste was picked ~p 

in three .189 m3 (-45 gal) drums and tra.J1sported to the 

cold storage section of the machine shop, the temperature 

is several degrees warmer than outside air temperature but 

remained below 0°C throughout the course of the experiment. 

By the use of an electric heat tape the temperature vias 

maintained just above o0c in the drum from which current 

batches were being taken, the other drums were allowed to 

freeze until needed. Every three days two .018 mJ (5 gal) 

batches were obtained a.Yld taken to the laboratory. Or-_e 

was placed in refridgerated storage and the second w~ 

emptied into the raw waste tank where necessary chemic:~-

additions were made. 

The waste consisted of what appeared to be dirty w2.-"-er 

with a noticeable odor of·· potatoes. It was noted that i~ 

the waste was allowed to remain undisturbed, a large qu~ntity 

of starch settled out. A second feature was that although 

the raw waste had a pH near neutrality if it was allowed 
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to warm up to room temperature for several days fermentation 

began with a marked decrease in pH and a noticeable acetic 

acid odor. The process actually began to occur within 

the first 24 hours following removal from refridgerated 

storage. 

OPERATION 

Start-up 

Prior to start-up a mixer was added to the system ~o 

provide constant agitation for the raw waste. This \\~as 

necessary to prevent the starch from settling out of t h e 

waste. 

The filter was initially filled with a nutrient solution 

consisting of "Carnation Instai-'l t Breakfast" and distilled 

water, in a ratio of one package to two liters of distilled 

water. The filter was then seeded with t wo liters of liquid 

swine manure from an ur~ixed storage tank. It had bee~ 

intended that the seed sludge would be obtained from ~ 

munici~al anaerobic digester, but the only one in the 

had recently closed down its facility and emptied its t~~ ~ s. 

The nutrient solution and swine slurry were circulated 

in a closed loop with no wasting of effluent. After t hree 

weeks of op~ration with no gas production it was tho~~h~ 

that there might be a problem. The pH was measured, it 

was found to be s.J, indicating that the acid forming 

bacteria were out of balance with the methane formers. 
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The optimum pH established in the literature for anaerob ic 

bacterial grow~th for gas production is between 6.8 and 7.5, 

the pH was well below this range. Following this discov ery 

Tiw.ediate steps were taken to buffer the solution using sod i um 

bicarbonate. It has been reported by McCarty (1964) that 

sodium can have inhibitory or toxic effects when in 

concentrations of greater than 3500 mg/1, therefore t he 

addition of sodium bicarbonate wa~ kept b el ow 120 g fo r 

the volume of the filter. Actual addition was 100 g 0 f 

sodium bicarbonate per .018 m3 (5 gal) batch of potato 

waste. This brought the pH within the accept able level , 

between 6 .• 8 and 7.5, about 7-1 .. · occasionally additional 

sodium bicarbonate was required this was determined by 

daily pH measurement. After one ·more _we.ek o..f closed - -

circu~t operation it· 11.ras decided to add raw potato waste 

and continue closed circuit operation. This recirculat ion 

was continued for two weeks with periodic wasting of 

effluent and raw waste additions. D!!~ing_ this - time t h e::: e 

was no gas production;.-'but since it was assumed that t::B 

system would work a wait and see attitude was adopted . 

Following two weeks of zero gas production it was dec i t ed 

to try to establish small scale anaerobic digester with 

various nutrient additions. Nitrogen and phosphorus b e ing 

the ones considered to determine if nutrient additions 

could improve gas production. From these experiments 

it was determined that nutrient additions were effective 
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in increasing gas production although there was no 

concrete quantitative conclusions that could be reached 

(Appendix B) due to the method of testing. It was therefore 

decided to attempt to establish a C: N:P:K ratio of 125 : 5 : 1 :1, 

this was based on several sources which suggest an optiDum 

C: N ratio of 25:1 and an N:P ratio of 5:1 (McCarty 1 o 0"u . 
- / ' , 

Singh 1975). It .was ,thought that this would solve t he 

problem of no gas production, therefore continuous flc~ 

operation was begun, simulating condition s in a full 

scale treatment facility. 

Continuous Operation 

The first week was considered to be part of the 

start-up, -; _the waste being run through the filter but 

without daily COD measurement. For a first approx i mat i on 

the average COD from the literature (Appendix A) was used 

in conjunction with a formula given by Sh ady (1973) t o 

determine the carbon content of the waste: Carbon = ~3 ? 5 COD. 

This gave the amount of carbon in the waste in mg/1. ..:- ·::-cw 

this the required nutrient additions could b e calcul2tec 

to yield the optimum C: N:P:K ratio mentioned earlier. ? r r 

an average COD value of 6000 mg/1, it was calculated t~2t 

in the .018 m3 (5 gal) batch there would be approximatel y 

. 0)85 kg carbon. This amount of carbon requires .00154 kg 

nitrogen and .00031 kg phosphorus to establish the accepted 

C: N:P:K ratio. Nitrogen was primarily obtained as a mmonium 

nitrate from a ]4:0:0 commerc_ial fertilizer, phosphorus 



and potassium were obtained from a 5:20:20 fertilizer. 

Calculations showed that by using .0047 kg of J4:0:0 

and . 0 0 1 7 kg of 5 : 2 0 : 2 0 a C _: IJ : P : K rat i o of 118 : 5 : . 9 : . 9 

would be obtained. These amounts of the two fertilizers 

were added to the raw \Vast e tank with each new batch for 

the first week of operation. During this first week 

throughout the ~emaining three weeks of operation there 

was no signific~~t or measurable gas production. 
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In the subsequent three weeks of operation the ir. -f'lu ent 

and effluent COD and pH were measured daily to monitor tt e 

treatment efficiency and maintain the stability of the 

s_ystem. The pH was measured with a pH meter which was 

calibrated daily using a st~Ddard buffer solution. The 

COD testing was done according to "Standard Methods for 

the Evaluation of L\'ater and Wastewater." 

~ifhen the COD of the influent was measured it \vas 

found to be higher than the average value used for comput ing 

nutrient requirements. The nutrient additions were i~cT22sed 

to .005 kg of 34:0:0 and .002 kg of 5:20:20 per batch ci' 

waste. Based on the final average COD of 7100 mg/1, tr~s 

yields a C:N:P:K ratio of 125:4.8:1.1:1.1, which closel:/ 

approximates the suggested optimum. Under these conditio~s 

nitrogen could still be limiting to a minor extent. 

During the second week of operation the COD reduction 

was found to be about so%. this was somewhat lower than 

repor~ed by other researchers, ranging from 70 to 90~ . 



16 

90 
BASED ON DAILY MEASUREMENT 

80 
z 

a.. z 0 z o . ~ 
(/) 

1- J-
0 0:: 
:::> ~ 
0 U) 

w w 
~ 0::: 

0 
0 
0 

1-
z 
w 
(.) 

0:: 
w 
a.. 

------t -r --
t : 

0 ---------

. I 

-20 I 
I 

DAYS OF OPERATION 

Fi gure J Graph of COD Reduction vs Day s of Operation 



17 

From this the question arose as to the biological nature 

of the filter. Was the filter simply acting as a trap 

for the suspended solids or was there biological conversion 

of organic matter occuring. One method of testing this, 

vtas to cease nutrient additions, if the COD reduction 

remained at the same level it would be safe to assume 

that there was little or no biological activity. r·~ utr:.. ST1ts 

were discontinued on day seven with an almost immediat2 drop 

in COD reduction (Figure J). This was continued for s ~x 

days with no improvement, on day thirteen nutrients were 

restarted and the following day a dramatic recovery was 

noted. From this experiment it seems safe to assume thct 

the filter was biologically active and nutrient addi tioY1S 

were required for waste reductiona On day eighteen the 

nutrient additions were doubled, this led to a decrease 

in the COD reduction. The reason for doubling the 

nutrients was to provide enough nutrient for conversion 

of excess carbon which might have been accumulating wi"t~ti!1 

the filter. The decrease can possibly be attributed t = 

an ammonium ion toxicity, although since this incident 

occured toward the end of the test period it is diffic~t 

to make a positive conclusion. 

RESULTS AND DISCUSSION 

The gas production was conspicuously absent throughout 

the course of the experiment and the COD reduction was well 

below the expected 85-95% range. There are several possible 
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explanations for these results: 1) Insuff icient 

temperature for bacterial activity, 2) The length of the 

experiment was not sufficiently long enough (60 days) 

to establish a large bacterial population, and J) The 

required species of methogenic bacteria were not present 

in the swine slurry used as seed mixture. 

In order to develop a system that would be econor:.:.c2ly 

feasible it was necessary to operate at amb ient temper~t~r e 

( 20°C) which is vvell below the optimum for the mesophillic 

range. It had been suggested by previous authors ( l\1c C2..:'ty 

1968, Young and ~.:IcCarty 1967, Dewal·le and Chicn 1976) v;no 

had operated anaerobic filters at 25°C that operation 

might be possible at temperatures as low as 20°C. In 

this case it seems quite possible that the reduced ~effiperature 

adversely affected the results. 

The second factor vn1ich may have influenced the results 

\"las th-e relatively short duration of the experiment for 

the study of a slow· growth biological process. Several of 

the previously ment_ioned studies extended for a period c f 

JOO days, five times the length of this study , and ac n i E7 s d 

· higher levels of treatment. This is likely due to the ~~ ~ t 

that methogenic bacterial populations have a notoriously 

slow growth rate. 

A third -factor which may have made a significant 

contribution to the poor showing of the filter was the 

inabil;ity to obtain bacteria from an active anaerobic 

digester. For this reason slurry from a unmixed swine 
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manure tank was used to seed the filter. This mixture 

possibly did not have sufficient numbers of the correct 

bacteria for digestion of potato waste. 
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The actual results for COD reduction can b e seen i n 

F i gure J. The COD of both influent and effluent vas 

measured daily. The effluent value was compared with 

the influent value 24 hours earlier to determi n e the c c~ 

reduction. Again it should be noted that there was ~ 

significant decrease in COD reduction when the nutrien~ 

additions were stopped and an increase when they were 

resumed. 

The wide fluctuations in the values of COD reductio~ 

were probably due to the method of sampling , at least in 

part. A single sample was taken from the inflow line ~nd 

another sample taken at the outlet of the overflow pipe. 

It is quite reasonable to assume that these samples might 

no t be representative of the flow during the previous 24 

hour period. To attempt to eliminate some of these fl~2~~ctions 

the data was graphed using the average COD reduction c\- ~~ 

the time period for a given batch of waste. This was c~~~ 

based on the assumption that a given batch of waste v•as 

homogeneous although there might be variation between ca~~~es. 

These results can be seen in Figure 4. The period when 

nutrient additions were stopped shows clearly batches 

four, five, and six. 



Figure 5 Experimental Set-up. 
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The results can be summarized as follows: 

1) Buffering is required to maintain potato 

waste pH near neutrality and if sodium · 

bicarbonate is used it requires an addition 

· of approximately 6 g/1 raw waste. 

2) Nutrient addition is required and for an 

average potato waste COD of 7100 mg/1 t he 

required additions are: 1' - • ' -+' 
! 'l l -crogen .L ram 

34:0:0 fertilizer e31g/l raw waste, Phos~horus 

·and Potassium .11g/l raw waste of 5:20: 20 

··fertilizer. 

3) The COD reduction at 20°C averages about so~ 
- _./ I 

for an organic loading rate of 7.1 kg COD 

per cubic meter filter volQme per day. 

4) There· is no 

CONCLUS ION 

It appears that at this time the anaerobic filter 

requires more laboratory testing prior to its introduc-::..2:1 

as a ·full scale treatment process for the potato proces2~~s 

industry. Although the filter has the potential for cc= 
reductions of 95% and ·substantial energy production this 

particular study was unable to achieve this level of res L~l ts. 

Further experimentation is needed in the areas of accli~at izing 

the bacteria to reduced operating temperature, optimizatiun 

of organic load.ing rate -· and hydraulic retention time, and 

production of a seed sludge suited to this high starchwaste. 
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Abstract 

A review of literature pertaining to wastes from the potato 

c0ip industry as well as the literature on anaerobic treatment processes 

suitable for food processing wastes is presented. The paper establishes 

the -average potato chip plant waste characteristics, in terms of volume 

oi flow and quality. Possible alternative processes are investigated, 

the final conclusion being that only the anaerobic filter is potentially 

s~table. A preliminary process design for an anaerobic waste treatment 

facility for a potato chip plant and gas handling system is included. 

L'etude pr esente un survol de la documentation sur les dechets 

d e l'industrie des croustille de pomme de terre et sur differents 

traitments a naerobiques de dechets offrant un certain interet pour 

l'industrie alimentaire. Le rapport donne la qualite et le volume 

~oyen des dechet s produits par une usine de croustilles. Plusieurs 

possibilites sont explorees mais seulement la methode de filtrage 

anaerobique offre un certain poteutiel. Finalement le prototype 

d ' Qn systeme de traitment anaerobique de dechets de pomme de terre 

et de manutention de gas produit est aussi presente. 
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Introduction 

The objective of this project has evolved over the past year 

a nd a half and in its final form it is: To develop a process for 

t~eating potato chip plant wastes utilizing anaerobic fermentation. 

·~he food processing industry Has chosen for this project as a second 

c~oice, it was originally hoped that an anaerobic waste handling 

sys t em could be developed for the beef farmers in Quebec, this proved 
/.----------

• ! 
~~t to be economically or tech~lcally feasible at the present time. 

T~& reasons for this include the lack of reQuired technical training 

t o operate an anaerobic digester, the highly explosive nature of the 

gaseous product, and the difficulties involved with storage and 

utilization of the gas. The farmer simply can not utili~e the quantities 

of gas that a digester· is capable of producing. ·Methane reQuires 

extreiilely large amou..Ylts of energy to compress it, for this reason tank 

storage is not practical, while conversion to electic power is 

. ,........ . t 
l..:'"~e= I lClen . Digester gass 65% methane, is best suited for use as 

~ s oarce of heat by direct combustion, this reduces the reQuired 

sc~c~bbing, necessary when the gas is used as fuel for internal combustion 

s~~~es. For t he above reasons the farmer was left to the future and 

an.·:rther source of waste was sought. The food industry became the 

-~tural choice since they produce high strength wastes and consume 

large quantities of energy primarily used in heating processes. These 

we,stes have . .been -discharg·ed into::wat:ercourses- in _a ··relatively lintreated 

state until recently. vlater pollution control legislation which is 

becoming more common has forced many of the food processing plants 

to install waste treatment facilities. 
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The original objective of this:-project was to complete a detailed 

design of an anaerobic waste treatment system for a food processing 

plant. As the perinent literature was reviewed it became increasingly 

clear that the information regarding anaerobic digestion of food 

-p-::-ocessing wastes was limited, Although the anaerobic process has 

been used for many years to digest municipal sewage, it has seen 

sl~remely limited industrial application. The reasons for this have 

~eeu : slow rates of organic matter breakdown, digester failure due 

t o toxic components of the waste, low rate of bacterial growth, and 

required elevated temperature (35° c) for optimum operation. 

:B2.sically the process has not been seen as economically~-_' feasi ble 

when direct discharge to watercourses was permisible, recently Hith 

t~e introduction of water quality control legislation there h2s been 

re~ewed interest in the anaerobic process for waste treatment. Due to 

t ne lack of detailed information in the literature the objective of 

-thi_s project Has modified to the development of a -process design for 

c~Gerobic treatment of a specific food processing plant waste. In 

accordance with this revised objective it was decided to investigate 

~he wastes from various food processing industrie$. Several cannery -

~~stes and wastes from the potato processing industry were considered. 

7~e final choice was a potato chip manufacturing plant, one reason 

for this choice was the size of the potato industry in Canwa, farmers 

i n 1970 produced 2.5 million tonnes of potatoes (12). Another was 

the suitability of the wastes for anaerobic treatment, the Hastes 

produced contain high BOD and are not known to contain substances 

inhibitory to the anaerobic organisms. As for the specific choice of 

l 
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a potato chip plant, this was based on the fact that Quebec has eight 

potato _chip plants, and in Canada a total of $74.3 million was spent 

on potato. chips in 1970 (12), making it the largest potato processing 

i ndustry in terms of product sold. 

Once the type of plant was chosen it was necessary to determine 

~~~ quantity and quality of the wastes produced, this was found to 

~ e well docullented in the literature. Then came the task of finding 

~ ~erobic process which would be suitable to the large volumes of 

h~gb strength wastes~ The anaerobic process was initially chosen 

fc~ tr~s project because of the idea of "free" energy. It quickly 

beCCi.lue obvious that there is no such thing as "free" energy and the 

recovery of methane from wastes might prove to be extremely costly. 

Anaerobic digestion of wastes has additional advantages as a method 

of waste stabilization aside from the production of methane, it also 

produces relatively small amoQ~ts of biomass during the destruction 

of organic materi~l. This eliminates the necessity for sludge wasting, 

a. large probleJl in aerobic treatment systems. The efficiencies ·_of 

anaerobic and aBrobic systems are similar although the anaerobic process 

rs~11 ires a longer detention period due to smaller numbers of active 

o~ss.n.isms. The requirements of the process to be chosen'.··were that it 

rsrl to be efficient, relatively trouble free, capable of handling large 

vol~~es of waste water, and economical. If an anaerobic process could 

be developed that would meet these requirements and produce energy 

t he reduction of pollution might be made more acceptable to the industry. 
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L ITEIU~. TURE REV I E":T 

This is a review of literature pertaining to potato processing 

1-rastes a :1d methods of treatment as Hell as general anaerobic processes 

used in the treatment of food processing wastes, 

Porges (1) analysed BOD, suspended solids, and settleable solids 

::::ro:m a small potato chip plctnt. The :peeler Has of _t~e abrasion type, 

:::::ing 234 gallons of Hater per 1000 pounds of potatoer with a BOD 

~ 580 ~ u ~ , l"d ~ 11. 20 :,_ , ::ppm ana s spenaea so l s or ppm. Hashing and soaking 

c.scoU.J."lted for 320 gallons of ;.rat er per 1000 pounds of potatoes 

~ ·~ =-th a B0:0 of 2020 ppm and suspended solids of 4068 ppm. 

In this second. study Forges (2) conducts a survey of several 

potato chip plants, Hhere the general process flo-:,.r is seen in 

? i g ure 1. He concludes that the primary sources of Hastes are from 

t h e peeler, trinnning belt, slicer, and Fash. · and :rinse · operations. 

The BOD, Haste :rloF, and suspended solids Fere studied from fouc 

:potato cl:l p pla nts. The avel~a.ge uater usa...se Has 1990 gallons per 

1000 pounds of potatoes, the BOD a nd suspen~ed. solids also per 

1080 pounds ra.;!.ged fro m 14 . 5 to JO. 8 and 20.4 to 36.4 pour1ds. At 

t~e J time of this article Porgt~s stc..tes that 2700 nillion polli'1ds of 

-::::;tatoes are c h ipped. per year in the United States 1 and the Hater 

'-13UC-ge is 20 million gallons per day . . The size of the plants 

varied from 5000 to JqOOO poU:."'lds of ra1-r potatoes processed per day. 

Rer1oval of peelings and solid Hastes can reduce BOD :by _so~r, .it was . 

also noted that a ·c.ounter flow ·system·,wauld. als·o . prove . effective in 

reducing the vol u r:te of ·Haste. 

Cooley et al. (J) examines several potato Tlrocessint; plants 
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FIGURE 1: Potato Chip Processing Plant (from Forges (2)). 
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i nclu:iing potato flake, potato flour , potato chips, and potato 

starch, and reports on t heir Haste f lol! c haracteristics. Ii'or tbis 

stt...dy the r elevant data for potato chip plants ;.rill be utilized. 

~-:e presents a floH sheet for a typical plant, Figure 2, i ·t shov-rs 

-:~e :primar:y unit operations Hi th corresponding ra,_-;- material and 

~y-product flows. The stucly al s o indicates the effectiveness of 

:;:=.::...Dary treatment by clarifier, reductions of 51/S and . 83% for 

.:= ~-=: a;__::l suspended. solids, respectively. The study also shoHecl ... that 

-:~'2re is a significantly smaller Haste flov-r from potato cr~p plants 

~~ compared to other forms of potato processing. 

Tal hurt ( 4 ) states th2-t i _l most plants the Haste floHs from 

the various 1..u1i t operations are c ombined. before trea.tment or 

c.iscnarge. The component s of t he Haste are: dirt, raH pieces, ra\·r 

JJUp, coo.:<:ed. pulp , and dissolvec.. s olids. The dirt results from the 

i :1i tial Hashi~1g and is easily r emoved in a grit trap or in the 

p:=ir:ar; clarifie:r Hhere other settl:::.abl e solids are removed. The 

Qr~l ·.-,r::;­
'--'...!... .. -.c:;: firm. are effectively removed by screening. Ra1·I 

-c:.;i:p ls :produced during 2_.brasion peeling and tri!T',.lni ng , -it can be 

The cooked pulp is not produced 

~~ ?Otato chip J'tanufacture , but is of i mportance i n other potato 

~-:; "'"'Sssi~!.g :plants as it caD only be removed by clarification . The 

·:iisscl ved s olids must be eliminated from the Haste by a seconda.ry 

~-::i.ological treatment process. The author suggests t hat one method 

o : ::ced.L.cing the Haste 1\ater voltune is Hater re-use . J:!'or exa1nple, 

the ~·:a ter from cooking , blanching, cooling , and surge tarL~s can be 

u sed f or initial ·Hashing and fllL':li n.g , 
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Sp~:::-ou.l et al. (5) state t hat the r.1ajority of :30D i s created in the 

peeli l~t; process , contributing a n avera/ge :SOD a.nd suE::.pended s olid. s of 

Thi ;::. article also i · vestiga tes 

CU"!:'re .-~t i~1du~.t ~c-;)r t:reatment methods . TLe firs t bei ng s creening , it 

~~::.s been reported t hat 35~';. removal of suspe~ded sol i ds can be achieved 

-2.;' vi b:ra.:ting 10 mesh screens, ,.;i t h cor.cespond.ing :SOD r emoval of 27?~ . 

:?::-~ 7rary sedimentation is the most cor!l.!":'l.on treatment Hi th removals of 

50% to ? ~s and suspended solids removal of up to 8~. 

that the :SOD from a single potato processing plant 

a:te:1 equivalent t o the Hastes from 250,000 people. He describes 

c:, ?:::-i.mary t:!:'e2.t n e :1t system developed by Eimco Processing I··iachinery 

=~ visio::! of 3~vi:rotech Corpor.::d:.io~, 11hich has recently been coupled 

i·:i th a secondary treatment fc..c il .L ty. The primary process i ncludes 

scree:1i :::.g to r er.iove coarse solids follo <:·red by primary clarific2:tion 

to rer::ovs fi ne solids , the f iltered UJ1.derfloH is dried for ca ttle 

i'eed . It has been fou11d t hat t he primary clarif ier removes 507~ of 

. ., ' 
l T;.J.. e-c BC:D of t~1e suspended solids . The article also gives 

:is:t2.. :or t~e secondary treatne::.'l~ utiliz i ng an acti vatecl sludg e :process 

:~ :-: ~lo- ·,;~ by a sesond.:;_:ry clarifier al1d terti2~::CY treatment by means of 

, . 
.:;;.eo. la ~~il t er contair_i ng cntbra,ci te co2,l and f ilter s ·3.nd, 

-:=: :. -:. ::~1 ~c ::..ductio ::--.:.s of BOD a nd. suspended s olids from c mn:plete :process 

Tespectively . 

8ra-:-_8s c..nd ~(uene:man . (7-) look at t he sol1.1.tions that have· been 

::ol'~?: .1..0 t he pollution. probleir~ · t hat . faced t he Snake TI.i ver · in 1961 due 

-7:,c 0otat o p:cocessi ng 1.-ras tcs . They report : o ·l1 studies clone to-d etermine 

c~tiT::U.: ~·-~ethor1_ E. :;or screening , sediD.enta,tion ; a,nd s l udge de~·ratering, 

~· be:.r = OUl10. t hat a 6 mesh screen 1·IaS the ·mosf effecti VQ ·size , COirrDi l1i ng 
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solids roiiloval and moist,,,.,~ -r __ e rl uc+l. o ·_,.._, , ~ r-i + ln ou+ "') ssr'\c; 8--L P.d nl11 ,. ~-l· .,.., c.~ 
v__:__ _ - v : \ _ v ~ l '"' u.,, '-' --'--'--'-'IJ~ -'- - ~g t t 0 , 

Latorato:;:-y stu.cl ieE, sho1--•ed t hat Ul"lder static conditio :(~S settling Has 

-~--- ----~ •_, P t.o -..:..-~ :"" ~~- ·· tO'.·' ;.-· q .(),--1_-. 0.0_, +_',"",e ~ , · ~ne-...., r~ - :~ ~ l .! :~ 
- ~ - ~ ~ , ~ "' - .":' L.t;:; 1-: Ll J. eQ . S u ..1.. ..LG S ; t h e ~uthors fo~~d that 

~-l t:/ : ?ropc:r design a continuous f lo:·r claTifier CO'~J.ld_ also 2.t tain thit=. 

of rcr::oval. optiTnLl.!-n rnetl1od_ fo~c sludge de~·-rate:rin8 \·Ias 

:~sJ.C.. to be_ vacuwn. fil tra·tion 1 the CL--ried sludge ~-Tas fed to cattle 

-:::..:-: a supplementary energy source, proving to be nutritionally equivalent 

Tne system lLJ.der operational conditions removed 62. q-; of 

COD a~'"ld 9.3. S S of 
~ , ~ , 
~.Jne s u s pene1eo. solids. 

At~~irrs a nei Sproul (8) studied t he feasibility of biolog ical 

t=2atne~t for a potato processing plant u s ing a caustic peeling 

:;?:::=-ocess. It 1-;c._.s i ndicated t hat p:cevious studies had sho'i·rn that 95~~ 

o:: the 3 C)D could be reJJ.ovei by activ:Lted sludge treatment, a.,.'lcl high 

!:'2. ::,e trickling ::: .... il tra tion re:movGd 885'> of t he :BOD. Th e :preseDt st ud_y 

c ~-:.aracteriz cd f ::cor:1 a t ypical potato pTocessing pla~1t in 

~ 2-l :::l e c.x.:.c. alsc i nvestiga t ee!. the p os s i bility of using a completely 

::-:-: ~~ze:i activa t e::: sludg e s yst em to t reat the nastEs. It was concl1..1ied. 

There is a noticeable--lack :of 1i terature on.--: tne feasi hi1i ty _·, 

o f anaerobic treatment of . potat·o processing wastes, - Hindih and 

J-..:L.1st2v!l ( 9) s~a~!.d- out with t he lor~.e paper d ealing 1-ri th this subject. 

~~ey i~vestigated the f ea s i bility of treating potato p~ocessing waste 

-;-:2,t er ;--r i. t h doRestic se1-~a.ge i n c., conventiotlal mu.1icipal digester. 

f .... D:::.d t ~1a:t mix-tuTes of up to 50% potato chip Has·tes can be treated 

.... ull , . , . .L ' 
2UCC8SS:t , - Y HD8Il ID.lXOO ~ -;rl ~.J k1 S8\'!2{;8 after g cadu.a l a cclinC?vtion. They 
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-the d.igosteT beca..r:le ' stressed ' at loadirrgs of 75% potato 

~ ·ra,ste s. :J.u e to nut·.ri tio~'lal deficiencies , al tnough there Has no evidence 

,:::, naero 1Jic ·:ligostion f or f ood processing plant 1--ras-tes Na;:, invo s tigc.,ted. 

·~~:- van c. en Berg ( 10). He also looks at recent world changes tha t 

lea.d to i ncreased i nterest anaerobic process, The s tudy 

=..?ter mined_ t "he r ate of methane prod uction f rom f ermentation of bean 

:;;e2 . .r :P=eling and potato peeling Ha s tes . It llCl.S f OU.l1cl 

::_-.:_ .~ to lc;,ck o: se-ttling potato Ha,st es ';·;ere difficult to treat, a s t he 

5G..Llcts aDd hy,.::;:~a .. ulic retention times 1--rere a.pproximately equivalent, 

~he level io:r optimu;u methane production 1·-:-as indicated by a COD: ?T : P 

:ra;tio of a.bout JOO: 5: l, This c:+p(l·u ; ·..,., ·:-1 l· ca+e·-...:! +b':lt 0 L~ _cu~ol·c · rn .. e+~~.~..""'s ,_.. v -·-'- - ,] - .!..!.·-- v \..l v-.!<...~, • . _... u~ 

o::' 3 ethane ;;-ras IJJ:.~od_ucecl for ea.c h kilogTa..m. of volatile solids dest.royect, 

~ 

-:E:or pat?..to 'h'-astes this ';·:a s approxiuately equi vale~1t to 1 m...l methane . per 

The article on tricklin.g filters at I.:IcCain ' s (11) notes that 

-t'::e::-e ls a co ~-.:.sidera,ble a nnual variatiotl i n t he potato ·Haste Hater 

C. 'J.e -to lncreasEXl trimining :cea uired f or stored potatoes . 

.s .:.. ves a dcsc::ci -o-tion of t he treatment process ·Hhich is utilized 2~t t0i s 

The 1-:s.ste handling i nvolves a 10 mesh vibrating screen follo~·red 

8'7 a 175, 000 gallon clarl:.t=Ler 1·-rith a t Ho hou:r liq1.:tid retention time . 

·_ · :-~e clc..rified liquid i s t hen pass ea. through t 1·IO trickling filters 

cc~1-:aln.J. r:.g plastic mee;. ilJ . .i.-n Hhere 8Q5·S of t he :cesicLual BOD is removed. . 

,...L.· .~.-~ ·pr-i --.1~.,., .. +r~a+ncr.1+) ' .!. - ~ 1: c....L:J V V V. IL'-' ... V • This i s folloHed by a second 

cla,::.~i =:ior a nd subsequent cti scharge to t he ri vel~. 
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Stephenson and Guo ~12) review the ·Haste characteristics from t he 

potato pr ocessing industry as well as current waste treatment methods. 

They attempt to separate the unit operations and quantify the wastes 

from each. They report that the peeling operation contributes 50-91% 

of the plant effluent BOD. A summary of efficiency of removal in 

?r~~ary clarification is also given and several biological secondary 

~eatments are also covered. These include: activated sludge, 

~-~ckling filters, aerated lagoons, and rotating biological contactors. 

A classic paper by I·1cCarty (13) gives an excellent overvievr of 

the anaerobic process. It is presented in four parts the first 

dealing with t he microbiological and biochemical aspects of 

anaerobic fermentation. This covers the two steps involved in 

methane production, namely the acid forming phase and the methane 

forF~ng step. The second part deals with optimum environmental 

conditions for methane production , and methods to maintain the-digester 

at t hese optimw.11 levels. The third_ part looks at inhibitory substances, 

w~ch reduce or stop microbial act ivity, and the levels at which 

t hese become ..!.. • 
L-OXl C. The final part is concerned with actual process 

~ssign f~r us e i n treatment of industrial wastes. 

There has been much research done recently on the anaerobic 

process, particularly for the treatment of animal wastes to produce 

Rethane. Several of the major source papers are discussed beloi{ as 

a neans of general overview of the field. The basic design parameters 

are similar for animal wastes and food processing wastes, . although 

t here are significant differences. Animal waste is similar to 

municipal sewage which has been treated anaerobically for many y ears, 
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while food processing wastes tend to have a much greater volume for 

equivalent waste load. 

Jewell et al. (14) have produced a detailed investigat~on of 

~he feasibility of generating methane as a fuel substitute from 

'":lovine wastes on farms. In addition the paper summarizes the process 

issign parameters, the alternative system designs, and methods of gas 

~c:~dling and utilization. The paper. also presents the economic aspects 

energy geneJ:.~ation, which have been noticeably lacking in the ·· .. 
: ·. ·-··· '- --" t 

li -:.e:rature. 

The Ecotope Group (15) reported on the design and first year of 

operation of a 50,000 gallon digester for dairy wastes. Their objective 

was to demonstrate the feasibility of a full scale digestion system. 

The system was operated with only minor problems, solutions to some 

of these are given in the report. Examples of two ideas which could. 

be incorporated in future designs are·~ the sloping of gas pipes 

eqJiped with traps to eliminate freezing problems and the avoidance 

of m.LL.""licipal se~v-age digestion technology due to the high costs. They 

co~cluded t ha t a 250-JOO cow dairy could compete with present naturai 

g~s prices, although conversion to electric power was not economically 

s -c.i t.a ble. 

Shadduck and Hoore (16) present an,. annotated bibliography of 

~rticles dealing with anaerobic digestion of animal wastes to produce 

~ethane. The bibliography covers the years 1946 to June 1975. This 

p~ovides a good starter for an information search into anaerobic digestion. 

Several other authors examine alternative designs for anaerobic 

digesters. Morris et al. (17) investigate the relative costs of 
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various systems including completely mixed digesters, both mesophilic 

and therMophilic, partially mixed, batch load, plug flow, and typical 

municipal digesters. The cost of energy produced was not found to be 

co~petetive for small units, although possibly feasible for larger units 

or with credit for polluti.on, abatement. Lawrence (18) describes 

ssj eral anaerobic treatment systems including anaerobic activated 

sl~ge, anaerobic filter, and conventional digester, both high rate 

:::-c standard rate and tompares! tbei-r relati:~e merits. He makes a 

s~~fic~nt point in that although the anaerobic lagoon is presently 

t~e most co~uon form of anaerobic treatment it is not hydraulically 

or biologically efficient, and any gas produced is lost. 

Two authors present papers dealing with the anaerobic process 

for treating industrial effluents. Cillie et al. (19) review the 

basic parameters affecting optimum anaerobic digestion, as have been 

doc~~ented in t he literature on municipal sludge digesters," as well as 

t he advantages of the process. They found that the anaerobic process 

~2s seen limited use in industrial waste treatment generally limited 

~o slaughter-house and wine distillery wastes. They discribe a full 

5 ~ ? l e treatment plant for wine distillery effluent utilizing a modified 

2_~4 ,000 gallon "Dorr-Oliver Clarigester". From this study they 

Q3~ermined t hat anaerobic digestion is more economical than aerobic 

?recesses for wastes containing more than. 4000: . .mg/1 COD. Kirsch and 

Sykes (20) discuss several anaerobic processes, optimum conditions 

f or the anaerobic bacteria, and mechanisms of the anaerobic process. 

Tne authors conclude that high rate digesters require a minimum of 

three days detention time while the anaerobic contact process requires 



a hydraulic detention time of only 6-12 hours but requires subsequent 

settling and return of the active biological material. The high flow 

rate in the contact process makes i t impossible to maintain the 

0 
digester at .J5 C by utilizing only the digester gas. The anaerobic 

=ilter is a contact process that doesn't require solids recycling and 

c..~...:e to long solids retention time is effective at reduced temperatures, 

20-25° C, the hydraulic detention time is 12-72 hours. 

The anaerobic filter is a process for treating dilute but high 

s~~ength wastes, t his makes it very applicable to food processing 

w2-stes. The initial study of the anaerobic filter by NcCarty(2l) 

co~tains a review of the basics i nvolved in anaerobic fermentation 

contained in his earlier work. The anaerobic filter was tested on 

a small scale utilizing methznol,acetate, and propionate as waste feed. 

The results showed that 70-80% of the Haste was stabilized by conversion 

0 
to methane, this was at a temperature of 25 C. The author states 

t~ .zt the advantage of the filter over other anaerobic contact processes 

is th.at 1ii th soluble 1-Tastes there is difficulty in settling out the 

bi~logical materials and many of the active organisms are lost with 

~~~ effluent. A feature of the anaerobic filter which is superior to 

aerobic counterpart the trickling filter is the low production 

of biomass. In the anaerobic system the organic material is mainly 

~\ 

~ -:lnverted to methane with very little going to the production of new 

cells. For this reason there is practically no build-up of sludge 

which must be removed or treated further. It l-!as estimated that the 

solids retention time vras on the order of 100 days. 
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Young and }lcCarty ( 22) present a second paper on the anaerobic 

filter, a study utilizing a synthetic waste on a laboratory scale. 

Advantages of the anaerobic filter are listed by the authors, they 

.~e: 1) ideally suited for treatment of soluble wastes, 2) no 

2=fluent or solids recycle is necessary as biological solids are 

r-s-t.ained in the filter, 3) high concentrations of active solids allow 

~-~atment at nominal temperatures, 4) very small quantities of sludge 

~s ~reduced elLuinating the need for an extensive sludge disposal 

sy~ ~em. The au~hors believe that the anaerobic filter could prove to 

be c.. system by which dilute wastes may be treated with low initial cost 

a:;:--d. loH maintenance. 

Pl~mer et al. (23) investigated the treatment . of carbohydrate 

waste by an anaerobic filter in the laboratory. They found reductions 

0 ..!:'-~ B· nD o J....t:' 91..tct r; r-d v .7o , 1 t:..;o, 43%, and 41% corresponding to loading rates of 

101, 237, 438, and 638 pounds of COD per 1000 cubic feet of filter 

volw~e per day. They suggest that the effluent should be clarified 

prioY to discharge in a watercourse. 

Lovan and Foree (24) attempted to treat brewery press liquor 

¥.2.st-e by anaerobic filter in the laboratory. They found that the 

~ocess Has suitable for this high strength v.raste .(BOD 3100-14,000 mg/1). 

T2e volwue of their filter was 33.4 liters and they recorded an average 

gas production of 20 liters per day, at about 65% methane. They also 

note that the gas has an objectionable odor due to the presence of 

s-Jlfides, probably as H2S, this can be effectively removed by scrubbing. 

El-Shafie and Bloodgood (25) conducted a laboratory study utilizing 

six filters in series digesting a synthetic waste (Metrecal). They 



measured gas production and COD reduction as well as pH in ~ach of 

the six filters. Their study indicates that the microbial activity 

decreases exponentially with detention time, 

Taylor and Burm (26) report on experiences during operation of 
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~ full scale anaerobic filter treating wheat starch wastes. The filters 

~;3re rock filled ta~ks 30 feet in diameter and 20 feet high. The 

:; ::;t hane produced was not utilized i t Has piped to a flare and burned 

=~t the estimated volQme was 30,000 cubic feet per day. The filter 

::ce-Juired large additions of NaHco
3 

to maintain pH and alkalinity 

control. They found the efficiency of · treatment was about 60% based 

o~ organic matter removal, there Has no reduction in efficiency following 

a one month shut down. The cost of the system was approximately $110,000. 

Jen~ett and De~nis (27) conducted a laboratory study using a 

setup similar to Y·o-LL'1g's, to analyse the feasibility of anaerobic 

f ilt er treatment of pharmaceutical Hastes. The authors record a COD 

:re_ .. oval of 93-97% at loadings of 13-220 pounds COD per 1000 cubic feet 

of filter volu~e per day, this was at retention times ranging from 

12 to 48 hours·. 

Arora et al. (28) conducted a study using the anaerobic filter 

I CY treatment of vegetable tanning effluent , They maintained a 

triee day hydrau~ic retention time and varied the organic loading rates 

from 0.192 to 3.264 kilograms per cubic meter of filter volume per day. 

They operated tHo filters, filter I was loaded with raw waste while 

filter II had phosphate added to the raw waste. The reduction of BOD 

ranged from about 60% for the very high loading rates to about 95% for 

medium loading rates, with slightly higher values obtained in filter II. 



Dewalle and Chian (29) experimented with an anaerobic filter 

utilizing recirculation and plastic media, "Surpac", They observed 

removals of organic matter in excess of 95%. The waste water used 
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for the experiment was leachate for a sanitary landfill with a COD of 

_54,000 mg/1 and a pH of 5.4. The experiment shoHed that the anaerobic 

=~lter with recirculation can treat acidic wastes without buffering. 



Potato Chip Plant Wastes 

The wastes from the potato chip industry have been well documented 

i n the literature, but the quantities and strengths vary depending 

o~ a variety of practices within the plant. Factor affecting the 

~uality of plant effluent are: season, screening, and the type of 

?~tato. It has been noted that plants operating with stored potatoes 

~ ;::: d higher ·~.le;..zels of organic matter in the"ir waste :.: This is due 

"t. ·.J t he poorer quality of stored potatoes which requires increased 

triw~ing, and t he presence of sprouts causes excessive peeling 

l osses (2,3,12). In most of the plants peeler wastes are screened 

to remove the larger pieces from the waste stream, the effluent 

from these plants has reduced BOD and suspended solids. The varia­

bility of potatoes also contributes to differences in the waste loads. 

I t has been observed that varieties with low solids content or 

smooth s ki ns result in less BOD in the effluent than do varieties 

wi th rough t b..ick skins (2). This variability can be seen in Table 1, 

~here the lit er~ture values for potato chip plant effluent have been 

t abulated. 

The Hast es from the potato chip plant consist of dirt, raw pieces, 

r c.H pulp, a nd dissolved solids. The majority of the wastes are 

produced i n t he peeling operation, Stephenson (12) reports that this 

a ccounts for 50-91% of the BOD in the effluent. The variation 

i n this figure is due to varied peeling methods and waste treatments. 

Al though t he majority of the waste is produced during }be peeling 

operation a large portion of it can be efficiently removed simply 

by screening. The washing of the slices prior to frying produces 



A 19 

Table 1; Potato Chip Plant Effluent 

HATER SUSPENl)ED 
USAGE BOD SOLIDS COD pH REFERENCE 

rl/t potato: (mg/1) (mg/1) (mg/1) 

I 20700 730 820 - - 2 
i 

I 16860 1560 2140 - - 2 i 

! 

! 16690 1850 2190 - - 2 
~ 

i 12100 1200 1700 2 i - -! 

I 
j 8345 1700 860 3650 6·.-75 3 
! 

I 
8345 3500 7170 9400 7.4 3 

9430 1750 3580 4700 7.4 . 12 ... i 

I 
16690 880 - - - 12 

14270 1660 1870 - - 12 
' 

I 

I 16770 - - 6000 - 12 

8430 3000 3000 - - 12 

17690 1450 1740 - - 12 

I 13860 1750 i 2500 5940 7.2 - AVERAGE 
ii 

~he waste t hat is most difficult to treat, the dissolved starch. It 

8ontributes less to the BOD but can be removed only by some form 

c;i secondary treatment. The dirt is usually composed of inorganic 

solid material l<rhich is often removed separately to prevent damage 

to pQmps and valves. Cooley (3) gives a flow diagram for a typical 

potato chip plant, it is reproduced in a modified form in Figure 2. 

For the . purpos.es __ of .. this project the average values from Table 1 

Hill be used for the design waste characteristics and an average 

size plant will be considered. A potato chip plant using 15 tonnes 



Figure 2: Process Flow Chart (adapted from Cooley(3)) 
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of raw potatoes per day falls within the average size established 

in the literature (2,3). Therefore this project will be designing 
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for a flow of 13,850 liters of · water ·per tonne of raw potatoes processed. 

?~is means that the waste treatment system must be capable of handling 

~daily flow of 207,750 liters or 207.75 cubic meters. ~he BOD and 

s -....spended .solids are 17 50 and 2500 mg/1 respectively. This will 

=~ assumed to be the strength of the waste following screening, 

~~~s generally agrees with the literature (4). 
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Anaerobic Processes 

Backgrou_nd 

The anaerobic process has been used for many years in treatment 

of municipal sewage, and. prior to that the products of its natural 

occurance in lake sediments were known as 'marsh gas'. The organis~s 

~esponsible for the organic matter conversion to methane are >trict 

~aerobes. The process by which organic matter is decomposed is a 

complex biological one, believed to occur in two steps. The first 

s t ep is accomplished by a.· .. :group of bacteria known as the 'acid formers' 

wr~ch breakdown t he various organic constituents to organic fatty acids, 

in this step there is no waste stabilization. The second step involves 

the ~· methane formers' which convert the organic acids to methane and 

carbon dioxi de, while reducing the organic load by as much as 95%. 

The anaerobic process reduces the BOD and associated poll~tion 

potential while producing a usuable fuel. The conversion of the 

organic solids to methane yeilds a relatively small quantity of energy 

f or t hi s rea son t he productd:: on of nevr cells is small when compare~ 

to aerobic treatment. This fact is the source of both the advantage 

~d the disadva ntage of anaerobic treatment as compared to aerobic 

-7:,:reatment . The small amount of cell production eliminates the need 

f or frequent sludge wasting associated with the aerobic process, but 

the lack of large populations of active organisms means that the 

process is inherently slower and more susceptible to variations in 

enviroQmental conditions. For this reason optimum conditions must 

be maintained to allow for the most rapid breakdown possible, reducing 

required digester volumes. Oondltions which must be optimized are 



temperature, alkalinity, pH, and nutrient balance. The optimum 

temperature range depends on the specific bacteria involved but ·.:, two 

ranges of high activity have been found. The mesophilic range from 

30° to 38° C is generally the most economical, but if the waste is 
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0 0 warm, operation in the thermophilic range, 49 to 57 C, may prove to 

2e more efficient. The importance of alkalinity is based on the 

~bility of the system to maintain pH in the 6.6 - 7.9 range, therefore 

=~fering capacity of between 2500 and 5000 mg/l as Caco
3 

has been 

~ecomended by McCarty (13). The nutrient balance especially the C:N 

r~tio has been observed to influence the quantity and quality of gas 

pYoduced, The recomended ratio is 30:1 for optimum production 

~lthough this is not as important as other parameters. The absence 

of toxic or inhibitory substances is also a prereq_uisite for adequate 

treatment. Several substances which exhibit inhibitory effects and 

their critical levels are given in Table 2. Heavy metals also have 

been shown to have detrimental effects on the anaerobic organisms. 

Table 2: Toxic Substances (concentrations in mg/1) 

! 
-SUBSTANCE - INHIBITORY TOXIC 

Sodiuin (Na +) 3500 - 5500 8000 

Potassium (K+) 2500 - 4500 12000 

Hagnesium (Mg ++) 1000 - 1500 JOOO 

Calcium ++ (ea· ) 2500 - 4500 8000 

Ammonia 1500 - 3000 3000 + 



The gas produced during the anaerobic fermentation is composed 

predominantly of methane and carbon dioxide with traces of hydrogen 

s ulfide, hydrogen, and water vapor. Methane in its pure form is an 

odorless, colorless gas which is lighter than air and explosive in 

0oncentrations of 5 - 14%. in air. The digester gas is approximately 

60% methane and has a heating value of 22:~ -58 kJ/1 ( 600 Btu/ cu ft), 

~';-::~ eh ma_kes it a rather poor quality fuel. 

There are several anaerobic processes, -_. varying _ in ·technical 
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~~~ economic .feasibility , which are curr?ntiy · available for treatment 

cf potato processing wast e waters. The systems can be divided into 

two general tJ-pes, those using a large container for digestion and 

t hose using a form of biological contact. The first type have as 

t heir main component a large tarL'k where the waste is sta biiiz ed. 

Operated generally by displacement 1-ri th raw wastes displacing an 

eg_1.1.ivalent volume of treat ed ~raste. The second type have been 

developed for use with dilute wastes. Raw waste is pumped through a 

tarL~ containi ng active biol ogical material, the organic matter and 

organisms are mi xed in suspention where stabilization occurs. With 

t0i s sys t em it is necessary to settle out the solids and bacteria 

::or return to t he digestion tank to prevent loss of the active 

o::-ga."'lisms. The major tan..k digester and ~ contact· · · . sy~tem designs are 

considered below with respect to their ability to treat potato chip 

plc._nt wastes. 

Tank Digesters 

The conventional digester consists of a tank with a fixed or 

floati ng cover to maintain an oxygen free environment. The waste 
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with an optimum solids concentration of 10% is pumped into a tank 

where the fermenting solids tend to settle while the gas and supernate 

are withdrawn near the top. The contents of the tank are generally 

saintained at 35°C, the optimum temperature for the mesophilic range. 

~~e conventional .digester can be either mixed or unmixed, mixing ·has 

ssveral advantages: 1) substrate is kept in continuous contact with 

~~e active biological mass, 2) · constant temperature is maintained -· -

~~~oughout t he mixture, 3) the formation of scum is reduced. · For 

t ha completely mi xed digester an additional treatment step is required 

~o separate the digested sludge from the liquid. The retention time 

in the unmixed system is normally 30 days while in · .. the mixed system 

i t is reduced to approximately 15 days. The drawbacks of this system 

• _,L. _,L. h _,L. th • . t . ., ~5° . i nclude the fuel req Ulremen vS vO eat, e l .ncomlllg. ;was es. tO . ,-1 C 

and maintain t he digester temperature. The initial cost for the large 

tar~ and float ing cover which might cost again as much as the tank 

alo~e, is another factor limiting t he feasibility of the process. 

The volQme of a taQk to contain the wastes from fifteen days operation 

of a potato _chip plant , 1:1sing average values from the literature, is 

~~culated below: 

13, 860 lit ers water/tonne raw potatoes X 15 tonnes/day X 15 days 

= 3,120,000 liters = .3120 m3 

~his would require a 20 m diameter tank 10 m high, the costs associated 

-,d th a tank of this size Hould require substantial production of 

energy to balance the cost. An -:est.ima ted energy balance is given below, 

just considering the energy required to heat the waste stream from 

9°c to 35°C, and the energy produced in digester gas. 



Heating Requirement 

Assumptions: 

1. The specific heat of potato waste is equivalent :to : that 
of water ( 4.1818 kJ/kg-°K), this is reasonable since 
the waste is approximately 95% water. 
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2. Methane has a heating value of 37.64 kJ/1 (iOOO Btu/ft3) 
therefore digester gas being 60% methane has a heating 
value of 22.58 kJ/1. 

3. The plant uses 15 tonnes of raw potatoes per day, 
the water usage is_ approximately 208,000 liters~ 

Calculations: 

Q 7 4.1818 X 208,000 (35 - 9) 

= 22,615,174 kJ/day 

Digester Gas Production 

Assumptions: 

1. Gas production has been found to be 13.3 ft3/lb VS destroyed 
(830 ~ 3 1/kg VS dest-royed), this assumes · that · · ·one ~; pound 
of COD stabilized yields 5.62 cubic feet of CH4 with 
a conversion factor for VS to COD is 1.42, and gas is 
60% methane. (17) 

2. Volatile solids (VS) are 68 lbs/ton raw potatoes processed 
(28 kg/tonne raw potatoes) (3). 

3. 99% of volatile solids destroyed, Hindin(9) found a 95% 
reduction when potato processing wastes were combined 3:1 
with municipal sewage. 

Calculations: 

V = 28 kg VS/tonne X 15 tonnes/day X .90 X 830.3 1/kg VS 

= 313,853 1 gas/day 

Qgas~ 313,853 1/day X 22.58 kJ/1 

= 7,086,800 kJ/day 

N-et Energy Balance 

= 7,086,800 - 22,615,174 15,528,373 kJ/day 



'· 

Cost Analysis 

Assumptions: 

1. Natural gas is used as an alternate fuel at a cost 
of $. 07/ cu m. , 
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2. Heating value of natural gas is approximately 37.64 kJ/1. 

Calculations: 

Annual Cost 412.55 m3/day X $.07/m3 X 260 work days/year 

$7510. 

influent, the heat lost through the tank walls would be an additional 

heating requirement. Since .the cost is already above a reasonable 

level calculations Hill not be made to determine this added quantity 

but due to the extensive surface area of the tank these losses Hould 

be high. It can be concluded that the conventional digester is 

simply not suited for treatment of this high volume Haste. 

Although also having the high operating costs the plug floH 

C..igester (14,30) deserves mention as a means of reducing the initial 

capital costs. ·The plug floH digester consists of a long horizontal 

~~r~k, with raw waste being added at one end and treated effluent 

rs::Joved at the other. It requires little mixing and operafes by 

iisplacement with larger solids moving more sloHly and thus having 

~ longer detention period. The hydraulic retention time is about 

t~enty days requiring a large volume reactor, but the need for an 

expensive cover has been eliminated. Large diameter concrete and 

galvanized culverts have been used as the fermenter. These systems 

have been successfully operated at 25°C but due to large surface 
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areas the heating requirements are too great for the system to be 

energy self-sufficient for dilute wastes, such as the ones from the 

potato chip industry. 

~naerobic Contact: Processes 

The initial development in this area was a process similar to 

~~e activated sludge process used in aerobic treatment, it is often 

~~ l led the anaerobic activated sludge process. This system was 

22veloped to treat dilute wastes, primarily from the meat packing 

i~ustry. It allows for large volQmes of waste to be passed through 

t he system while providing. a l()ng·_ solids retention time by utilizing 

s recycle loop. The contact tank is basically a completely mixed 

conventional digester which is followed by a separator to remove 

the sluge cont aining solids and active microbes. The sludge is 

returned to t he ta~k while the liquid supernate is removed from the 

surface. This system Provides a BOD removal of 90 95%, 1-1i th a 

hydraulic det ention time of 6 - 12 hours. A problem with the process 

~~s the difficulty in settling the solids and microbes due to buoyancy 

csused by gas being produced within the mass. This has been solved 

ty v~culli~ degasification prior to settling. Although this system has 

creatly reduced capital costs since the volume of the digester is 

c~~y one eighth of that required for the conventional digester, the 

~sating requirement is still a problem. This is associated with 

dilute wastes, insufficient organic matter to produce enough gas 

to heat the large volumes. Laboratory experiments have shown that 

0 
gas production and efficiency are significantly reduced at 25 C as 

compared to 35°C (13,20). 
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Another form of the contact process is the upflow contact_process. 

The waste enters at the bottom of a tank flowing upward t h_rough a 

layer of active microbes where digestion occurs. The layer acts as 

~ filter for the suspended solids which are trapped and slowly 

~ecomposed. This process has been used for treatment of wine distillery 

~stes in a full - scale plant (19,20). The effluent to be treated had 

~ 3 D of 12,000 - 18,000 mg/1 and a flow rate of 20,000 gal/day. The 

~~ s~em was operated as 33°C with a hydraulic detention time of seven 

.--=- :v-s. The sys~em was equiped ~'lith a sludge recycle loop and produced 

e=ough gas to maintain the operating temperature. Although this 

system proved to be feasible for a high strength waste it again would 

not produce enough energy for treatment of potato chip plant wastes. 

T~e reason for this is t h...at Hhile the Hine distillery waste has a 

large volume it also r~s a correspondingly high organic matter 

content, the potato chip plant waste has more than twice the daily 

flow with onl y one sixth of the· organic load. 

A furthe~ specialization of t he anaerobic contact process is 

-:.J.e anaerobic filter. It consists of a tank containing crushed stone 

(3.'""' - 5 cm di2...TJ.eter) through which the waste is passed. The surfaces 

:£ the stone pro\~de places for attachment of bacteria, t he filter 

~:::tsrefore allo--rs contact of a large number of organisms with the 

--2.ste. This allows the anaerobic filter to operate over a wider range 

o~ conditions since the number of organisms actually in contact with 

t~e waste is much greater than in other systems. The filter was 

d.e-reloped to treat dilute wastes at ambient temperatures, it is 

t hought to be able to be operated at temperatures~ as low as. 20°C. This 

has not been demonstrated but excellent results have been obtained 
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at 25°C (21,22,29). The anaerobic filter operates with an estimated 

solids retention time in excess of 100 days, but with hydraulic 

detention time of only 12 - 72 hours. This seems to be an ideal 

solution to the problem of anaerobic treatment of potato chip plant 

~rfsstes. The system has proven stable under s hock load conditions, 

~~e initial cost is competitive with other waste treatment designs, 

~d it should require no additional input of energy, ~ while possibly 

~~oducing excess energy for plant use, all this while treating wastes 

~o reduce pollution. Young (22) has shown with synthetic waste 

:::_n. the laboratory t hat a Haste with a COD of 6000 mg/1 with a hydraulic 

d 9t ention time of 36 and 18 hours has a COD reduction of 97.7 and 

86 .9% respectively. This is t he COD level found in the potato chip 

plant wastes. A possible problem in using the anaerobic filter to 

~reat potato wastes is plugging due to the presence of starch in the 

waste Hater. Although the filter has not been used for potato 

pr ocessing wastes it has been used to treat wastes from a wheat starch 

:l ~"YJ.t (26) .. This was a full-scale treatment plant and no problems 

~ssociated with plugging were reported, although it was noted that 

~~e waste water contained large amounts of dissolved starch. Aerobic 

-:.~ickling filt ers, which are just inverted anaerobic filters, have been 

us.ed at · NcCain ' s french fried p-lant (11) , and there was no reported 

?roblem caused by plugging. From these two cases it can be assumed 

i~~t plugging caused by starch will not be a problem although 

-rerification of this in the laboratory should be consid.ered. An 

est i mated energy balance is calculated on the following page using 

similar assumptions to those used for the calculations for the c .. 

conventional digester. 



Heating Re~uirement 

Assumptions: 

0 1. Filter maintained at an operating temperature of 20 C. 

2. Hydraulic retention time of 36 hours. 

3. 97% of volatile solids destroyed due to long solids 
retention time. 

Calculations: 

£~lter Gas Production 

Calculations: 

Q = 4.1818 X 208,000 (20 - 9) 

= 9,567,958 kJ/day 

V = 28 kg VS/tonne X 15 tonnes/day X 830.3 1/kg VS X .97 

= 338,264 1 gas/day 

Q = 338,264 1/day X 22.58 kJ/1 = 7,638,000 kJ/day gas 

Net Energy Bala.Ylce 

Qnet = Qgas - Qheating 

= 7,638,000 - 9,567,958 = -1,929,958 kJ/day 

Cost Analysis 

Calculations: 

V = 1,929,958 kJ/day X .02657 1/kJ X .001 m3/l 
natu.ral gas 

= 51.27 m3/day 

Annual Cost= 51.27 m3/day X $.07/m3 X 260 days/year 

= $935. 
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Initial calculations show that the anaerobic filter will also 

require additional energy input but not nearly as much as the 

conventional digester. The losses from the tank will be minimal 

since due to the reduced size of t he tank it is hoped that it will 

be located within the plant as opposed to outside where environmental 

ex ~remes influence the heating requirements. The filter appears 

to be close to borderline feasibility, -:·for this reason and the fact 

t2at it is t he most suitable process available a more detailed design 

1~1 1 be attempted. It is hoped that certain changes in the detailed 

p~ocess will provide a feasible design. 

Process Design 

Although t his project was predominately concerned with the 

secondary treatment of wastes from a potato chip plant, a brief 

system design is shown in Figure 4. This shows the unit operations 

i nvolved in complete treatment of the plant wastes, not included 

~e the air-corne wastes namely vaporized oil and water vapor. 

The wastes which req~ire removal to make the effluent suitable for 

~ischarge are: dirt, raw potato pieces including peels and pulp, 

~ t he solubl e starch. A system similar to the. one in Figure 4 

could be exnected to remove 95 - 99% of the BOD depending on the 
-'-

:!:'et ention time. 
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Anaerobic Filter Preliminary Design 

Design Parameters 

T t 2ooc empera ure: 
Detention period: 36 hours 
Filter media: Plastic, 94% porosity (29) 

I~fluent Characteristics 

FloH: 208,000 liters/day (during 16 hour production period) 
BOD: 1750 mg/1 
COD: 5940 mg/1 
Suspended solids: 2500 mg/1 
pH: 782 
Volatile solids: 2020 mg/1 

S~7ing the Filter 
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Total volume required: 208,000 1/24 hrs X 36 hrs X ,001 m3/l X 1.06 

= )32 m
3 

Tank Dimensions: h = 3m, r = 6m (actual volume = 339 m3) 

Total Pore Space: 339m3 X .94 =319m3 

Actual Hydraulic Detention Time·: 36.8 hrs 

Flow Rate: 8.67 m3/hr 

Surge Tank 

AssU.l1lption.s: 

1. Since the flow occurs during 16 hours of production 
but the filter operates continuously a surge tank is 
required to even out the flow. 

2. The surge tank is located in a room maintained at a 
minimum of 15°C. · 

3. The surge ta~k has a storage volume for 6 hours of 
production Haste water. 

4. Flow into the tank is313 m3/hr at 9°C and the flow out 
of the tank is 8.67 m /hr. 

5, The film coefficient inside the tank and the resistivity · 
of the tank walls will be considered to be negligible 
when ·-· comp~r@d to the outside film coefficient assumed to 
be 10 W/m K. 



6. Changes in kenetic and potential energy of the waste 
flow will be neglected. 

Calculations: 

Dimensions: h = 4 m, r = 2.5 m 

Heat Balance: Q - Q + Q 
out - in conv 

Q. = mh* ~her5 h* .is the ·specific enthalpy 
ln at 9 C h*· := 37.828 k_J/Jsg 

Q. = 13,000 kg/hr X 37.82.8 kJ/kg = 491,764 kJ/hr ln 
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Q . = hA(T
2

-T
1

) conv h is the film coeffic"ient = 10 V.Jjm2 °K 

Q . = 10 \f/m
2 

° K X 82.5 m
2 

X (15··- 9)°K = 4950 H conv · 

Qout = 491,764 kJ/hr + ~7,820 kJ/hr = 509,584 kJ/hr 

h* = Q ./m= 509,584 I 8670 ~ S8.78 kJ/kg 
OUT, 

Temperature of Outflow: 14 .0 °C 

Energy Balance: 

Q = 17.8 HJ/hr ....._ conv SURGE TANK 

~ 13,000 kg/hr at 9°C 
~ Qin - 492 MJjhr 



Anaerobic Filter 

Assumptions: 

1. The walls and top of the filter are not insulated, the 
bottom is insulated and there is virtually no heat lost 
through the bottom. 

2 .. The filter is located in a room maintained at a minimum 
temperature of 15°C. 

Calculations: 

Energy Balance: 

1. Heating of influent. 
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Q = Cpm (T2- T1 ) = 4.1818 X 8670 X (20 -14) = 217,537 kJ/hr 

Q = 5221 HJ/day 

2. Convective heat loss. 

Q =hA (T -·. ~ ) = 10 X 226.2 X (20 - 15) 2 __ l 

Q = 977,2 MJ/day 

3. Energy produced by filter (previously calculated). 

Q ~ 7638 MJ/day 

4. Net energy production. 

Q = 7638 (5221 + 977.2) = 1440 MJ/day 

5. Value of the energy produced. 

Annual Benefit = 1440 MJ/day X .4835 $-day/MJ-year 

= $696. 

Although this is a preliminary design it has been shown that 

t he anaerobic filter borders on self-sufficiency in terms of power 

costs. Pumping requirements were not considered but it has been noted 

that there is very little head loss through the filter (22), therefore 

power req uired:':.fgr pumping would be small. The anaerobic filter has 

been shown to be very effective for waste treatment, with organic 
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matter removals approaching 99%. For these reasons it seems that 

the anaerobic filter is a suitable process for treating potato chip 

plant wastes and deserves further study. 

Gas Handling and.· Safety 

A design of an anaerobic treatment process would not be complete 

~~thout a chapter on safe handling of the gas produced. The operation 

-- - a n anaerobic system requires adequate safety equipment ~: hoth du:e 

~o possible pr essure build-up and the explosive nature of the gas 

produced. Since t he anaerobic filter has a fixed cover it is important 

t o not only provide pressure relief but also vacuum relief, to prevent 

collapse of the top if gas production fails and negative pressure 

uevelops within the vessel. Also required are flame traps to 

prevent a spark from travling back into the filter and causing an 

ex-olosion . The gas lines must -be equipped · wJ..th ~ d:i:'ip ; ... traps :_· to~.· remove 

the water which may condense in the lines. Indicators should be 

placed in t he filter roo~to warn of the presence of hydrogen sulfide, 

aydrogen , carbon dioxide, and methane. This requires three types 

J f i ndicators H
2
S ampoules, combustible gas indicator, and oxygen 

~sficiency ind icators. Figure 5 shows the required safety equipment 

=~r the rilter gas handling system. 

If the carbon dioxide level in the gas is greater than 3Q% 

s ome form of scrubbing will be necessary to increase efficiency 

of combustion. Traces of hydrogen sulfide may also have to· be 

removed. The simplest method involves wet scrubbing, passing the 

gas through water. Additions of chlorine prior to scrubbing have 

been shown to increase the removals of both gases {31). 
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Conclusion 

The anaerobic filter has been established as a potentially 

feasible process for treating potato chip plant effluents. Other 

anaerobic processes fall short due to required elevated temperatures 

f or adequate waste stabilization, making them costly in terms of 

s~ergy. Although the anaerobic filter provides successful treatment 

a~ the wastes large amounts of 'free' energy are not produced. It 

- ~ possible that during summer months decreased heating requirements 

~~ll enable a s ubstantial increase in net energy production. The 

act ual functioning of the anaerobic filter operating on potato chip 

plant wastes remains to be studied in the laboratory. 
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APPENDIX B 

NUTRIENT REQUIREIV1ENTS 
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NUTRIENT R EQUIRElVIENT 

The purpose of this small experiment was to determine 

if nutrient additions had an effect on gas production. If 

so at what level was there the most increase in gas production. 

The method used was to obtain 15 identical 125 ml 

=lasks and 15 identical rubber stoppers. The nutrients 

~d seed mixture were added to 100 ml of potato waste, 

w~ich was then stoppered as tightly as possible. 

'rhe level of Nitrogen at .03 g NH4No
3 

is equivalent 

to a C:N ratio of 25:1, based on a COD of 6000 mg/l and 

Organic Carbon= .375 COD (Shady 1973). The phosphorus 

addition of .0089 g NH4H2Po4 corresponds to a C:P ratio 

of 125:1. Three levels of nitrogen and one level of 

phosphorus were used. 

Due to the simplistic nature of this experiment the 

or,ly real conclusion that could be drav.rn was that nutrient 

a dditions certainly do not have an adverse affect on gas 

production ~~d seem to increase it significantly. -



Results 

Sample 

n..BP 

nB 

nS 

nSP 

NnBP 

Nn B 

NnS 

NnSP 

NBP 

NB 

NS 

NSP 

Control 1 

Control 2 

Control ~ 
J 

Ke:: to Ab ov e: 

N - • 0 3 g NH L!. N 0 ~ . ...-' 

Nn - .02 g NH4No
3 

n- .01 g NH4N0
3 

Frequency 

of pop 

8 

4 

5 
4 

5 
2 

4 
2 

2 
4 

4 

3 
1 

2 

1 

. ~ . - - -

P - .0086 g NH4H
2

Po4 

B ? 

Rank 

1 

4 

2 

5 
J 
11 

6 

12 

13 

7 
8 

10 

14 

9 
15 

- . -

B - Bacterial Seed Mixture as used to seed filter. (25 ml) 

S - Sludg e fro m lab sample maintained under anaerobic 
conditions for almost 12 months . (10 ml) 

Control 1 - 100 ml Potato 1AJaste, 25 ml distilled water. 

Control 2 - 100 ml Potato Waste, 25 ml bacterial seed. 

Control 3 - 100 ml Potato lnJaste, 10 ml sludge, 15 ml 
distilled water. 


