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Abstract

Two experiments were carried out to study gas mtioluand fertilizer value of the effluent in plfigw,
tubular, plastic biodigesters with hydraulic retemtimes of 10, 20 or 30 days (BRT10, BRT20 or
BRT30). There were three biodigesters each of BE3 lliquid volume in each experiment which cotesis
of three consecutive periods (retention times)Qofldys arranged in a 3*3 Latin Square. In experirben
the quantity of fresh pig manure was 5.1 kg/dayeehiwith 46, 20 or 12 litres of water to give retem
times of 10, 20 or 30 days, respectively. In expent 2, the proportions of pig manure and wataewe
maintained constant to give a total solids cord&e0 g/litre in the influent, which was added aters of
51, 25.5 and 17 kg daily for retention times of 20,0or 30 days, respectively. Gas production was
measured daily by water displacement in inverigiahlveight containers (tubular polyethylene suppgbbe
bamboo strips) suspended in 200 litre drums filitth water. Influent and effluent were analyzed at
weekly intervals for DM, OM, pH and total nitrogand ammonia-nitrogen. Gas production was measured
daily but only the data for the last 10 days ofhgaeriod were used in the statistical analysis.

With a fixed daily input of fresh manure, neithiee trate of gas production (1.04, 1.20 and 1.12metuof
biogas per unit liquid volume of the biodigesteny the efficiency (493, 606 and 567 litres of bisfg of
manure organic matter added to the biodigester,imfuenced by retention time (10, 20 or 30 days,
respectively). However, when the solids concerdradif the influent was fixed at 60 g/kg, rates @ g
production were reduced by increasing retentiordifd.62, 1.19and 0.81 volumes biogas/unit liquid
volume of biodigester for 10, 20 and 30 days réatajt efficiency was better for 20 and 30 daysmtte
(550 and 547 litres biogas/kg OM) than for 10 d@/&b litres/kg OM). The proportion of ammonia-N in
total-N increased from a range of 0.077 to 0.42hé fresh manure to a range of 0.46 to 0.65en th
effluent and did not appear to be affected by tetenime or loading rate.

It is concluded that when fresh pig manure is thiesgate in polyethylene plug-flow biodigesters the
optimum retention time is between 10 and 20 dayls avsolids concentration in the influent of 60tigl
The retention time apparently has no effect orddgree of conversion of organic N to ammonia-N.

Key words: Biodigester, effluent, fertilizer value, gas puntion, pig manure, polyethylene,
retention time
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The high population density is putting pressurer@nuse of natural resources causing
damage to the world environment (Bui Xuan An anelsRyn 1998; Ding Jieyi and Han Yujin
1984). A particularly serious problem is the padlntcaused by large commercial farms and
factories(Preston and Leng 1989). The increased agriculproaductivity has also had big
effects on the soil fertility depletion. One of tlvays to solve the problem is the promotion of
integrated farming systems, with minimal externglits and recycling of all wastes. The most
important feature of this approach is the recyabhgnimal wastes in order to prevent
deterioration of soil fertility through loss of migints and organic matter, erosion and salinity
(Preston and Rodriguez 1996). For instance apptiiagnanure to the soil can reduce
environmental pollution and also improve the faytbf the soil through recycling of plant
nutrients to the soil.

Biodigesters play a crucial role in the conversidorganic matter to methane-rich biogas,
with positive impacts on the environment and on &mnd animal health. and Soeurn Than
(1999 have demonstrated that plastic tube biodigestarde a low-cost source of energy
and partly reduce the problem of severe energytatperfor households in rural areas of
Vietnamand CambodiaHowever, it has been argued that few farmers bsgghs in

practice (Kristoferson and Bokalders 1991), althoitig use is increasing rapidly in some
developing countries under extensive support froregnments and agencies (Marchaim
1992; Karki 1996). Besides environmental preseovatbiodigesters provide a very good
source of fertilizer for crops on land and wated &or fishponds (Preston and Rodriguez
1996). Biogas used for cooking reduces the neefirdavood and also the time and labor for
finding other fuels. It also saves the costs ofrimiywood (NRC 1981).

The integration of livestock with trees, food cr@m&l aquaculture is seen as the most
appropriate way to use the natural resources ystars that is productive and sustainable in
the long term (Preston 2000). Biodigester efflueart be applied to crops (rice field, cassava,
and other perennial crops), vegetables (salad,ttmsaabbage and water spinach) and in
ponds (fish or water plants). In this connectiBodriguez and Preston (1997) and Leng
(1999) reported that yields of duckweed responthedily to increasing levels of nitrogen in
the effluent from pig manure. Similar responsesansyserved by Sophea and Preston (2001)
from applying biodigester effluent to water spinaBlodigester effluent is potentially superior
to raw manure fertilizer because the anaerobicstige process results in conversion of

organic nitrogen in the manure to ionized ammoINiaz('r ), which can be used directly by
plant roots (Forchhammer 1994).

According to previous research (Boodoo et al 18{8;Xuan An and Preston 1999), there
are many factors that influence gas productiontbadertilizer value of the effluent, such as
retention time, temperature, types of manure amg@atration of solids in the influent. In the
current study, it is proposed to evaluate the efiétiydraulic retention time of diluted pig
manure in plug-flow polyethylene biodigesters ote raf gas production and the fertilizer
value of the effluent.

Objectives

e This was to determine the gas production rate laaddtal nitrogen, ammonia
nitrogen, pH, and chemical oxygen demand in tHaeeft from biodigesters with
different retention times
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Hypothesis

e |t is hypothesized that increasing the retentioretwill increase the proportion of
organic nitrogen converted to ammonia-N in theuefit

Materials and methods

Location

The experiments were conducted in the experiméantal of the University of Tropical
Agriculture Foundation (UTA) located on the campiishe Royal University of Agriculture
(RUA), Chamcar Daung, Dangkor district, Cambodimw 10 km from Phnom Penh City.

Experimental plan

Two experiments were carried out:

e The first experimentEffect of retention time in biodigesters charged didy with a
constant daily amount of pig manure”began orMay 10, 2002 and finished on
October 9, 2002;

e The secondEffect of retention time in biodigesters charged wh a constant
manure concentration in the influent” began on June 14, 2002 and finished October
16, 2002.

Experimental treatments and design

In both experiments, the design of biodigester etkgerimental design and the treatments
were the same. The treatments were:

e BRT10 retention time 10 days
e BRT20 retention time 20 days
e BRT30 retention time 30 days

The experimental design was a 3*3 Latin squwarangement of the three retention times with
3 periods each of 40 days, applied to 3 biodigegiEable 1). The first 30 days of each
period were of adaptation to the new retention finlewed by 10 days of measurements.

Table 1: Arrangement of treatments

Biodigester/Days I Il 1]
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0-40 BRT30 BRT20 BRT10
41-80 BRT10 BRT30 BRT20
81-120 BRT20 BRT10 BRT30

Manure

Pig manure was collected daily in the early mortiogn the pig pen of Mong Cai animals.
The pigs were being fed a mixed feed formulatechfrgheat bran, broken rice, fishmeal, salt
and premix as detailed in Table 2.

Table 2: Composition of the pig feed

Air dry basis (%)
Wheat bran 45
Broken rice 45
Dry fish 9.45
Salt 0.5
Premix 0.05

DM content 87%, protein in DM 12.6%

Biodigesters

The six plug-flow biodigesters (in each experinmatre were three biodigesters) were made
from tubular polyethylene film (internal diamete68&m) and mounted in shallow trenches
lined with bricks to ensure the dimensions werectixahe same (2 m length, 0.6 m depth and
0.6m width), to provide a liquid volume in the pospon of 80% of the total biodigester
capacity. This was calculated to be 510 litres {PH9. The biodigesters were installed in an
area with the same microclimate condition by shagthem with plastic net 3 m above the
ground. At the beginning of each experimental gkribe biodigesters were inoculated with
140 litres of effluent from another biodigestefldaed bya mixture of 5 kg fresh pig manure and
45 litres water applied each day for 10 days. [utire subsequent adaptation and data
collection periods, the fresh pig manure and wake added in the proportions indicated for
each loading rate treatment.
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Photo 1: The construction details of each unit of threallgjesters

The quantity and characteristics of the materizs were used in the construction of the
biodigesters and the installation process aregeincAppendix 1.

Manure input

The biodigesters were charged daily at exactlysdmae time and with the amounts of fresh
manure and water according to the treatments aedlidbid volume of the biodigester
(Tables 3 and 4).

Experiment 1

The amount of fresh pig manure was fixed at 5.1k#8 kg DM) per day with addition of
different amounts of water (Table 3) in order teegihe different retention times. This
resulted in concentrations of dry matter in theutnmaterial of 2.3, 4.6 and 6.9 % (weight /
volume basis).

Table 3: Details of the biodigesters and loading rategHerfirst experiment
Dimensions BRT10 BRT20 BRT30

Manure DM, %

Range 18.9-28.9
Mean value 23.2t1.31
Biodigester details

Length, m 2
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Diameter, m 0.64

Volume of biodigester, fh 0.64

Liquid volume, litres 510

Liquid applied daily, litres 51 25.5 17
Manure, kg/d 5.1 5.1 5.1
Manure DM, kg 1.17

Water, litres/d 45.9 20.4 11.9
Solids (DM) concentration, % 2.3 4.6 6.9

Experiment 2

The concentration of manure in the influent wasntaamed constant at 6.0% solids (DM).
This required the addition daily of 10.7, 5.4 an@ I8y fresh manure, and 40.5, 20.2 and 13.5
litres of water (Table 4).

Table 4: Details of the biodigesters and loading rategHersecond experiment
Dimensions BRT10 BRT20 BRT30

Manure DM, %

Range 27.2-30.62

Mean value 28.7+£2.03

Biodigester details

Length, m 2

diameter, m 0.64

Biodigester volume, fh 0.64

Liquid volume, litres 510

Liquid, litres/d 51.2 25.6 17.1
Manure, kg/d 10.7 5.4 3.6
Manure DM, kg 3.1 15 1.0

Water, litres/d 40.5 20.2 13.5
Solid concentration, % 6.00

Data collection and analyses

The experimental data were recorded daily durirg l#st 10 days of each experimental period.
Samples of fresh pig manure and the correspondihger were taken daily on days 31 to 40,
immediately before (manure) and after (effluentargmng the biodigester. They were stored in a

refrigerator at -12C. Gas production was measured daily throughouéxperiment but only the data
for the last 10 days were used in the statistinalysis.

The samples of fresh manure were bulked and miexy & days, and of effluent every 3 days, prior
to taking representative samples for analysistobgen and ammonia using a Foss-Tecator Kjeldahl
apparatus and for organic matter by ashing the lesmpa furnace oven (AOAC 1990). DM content
was determined by microwave radiation (Undersaatiat 1993). Chemical oxygen demand (COD)
was measured in representative samples of effta&ah two times during each collection period, and
analysed immediately (Andrew et al 1996). Thegflthe manure and effluemtas measured daily
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using a glass electrode and digital meter. VFA determined by steam distillation in three sampfes o
effluent taken at 3 day intervals during each mesmant period.

Gas production was measured daily by collectinggieein inverted light-weight containers (a
plastic-covered bamboo frame) of 200 litres cagativating inside oil drum containers filled with
water, and permanently connected to the gas aiftézich biodigester (Photo Z)he change in
volume was recorded four times a day to determailg das production.

Photo 2: The inverted containers for collecting the bioggsvater displacement

Statistical analyses

The data were subjected to analysis of variancedQ¥HN) using the General Linear Model
(GLM) of the MINITAB software Release 13.31 (2000je model was:

Yijk = 1 + T +B + At gk

Where:

Yij k: Dependent variable
i Overall mean

Ti: Treatment effect

Pj : Period effect

Ak : Biodigester effect

gijk : Ramdom error

Results
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Experiment 1: Effect of retention time on gas prodation and fertilizer values with
input of constant quantity of manure

Manure and slurry input

There were differences in the DM content of the unarand the pH, and in the total N
concentration during the successive periods ofraxpat 1 (Table 5). Ammonia-N as a
proportion of total N was in the range of 0.023t0629 and did not vary between periods.
Ammonia-N as proportion of total N was a little ey in the input slurry (0.04 to 0.08
mg/litre) presumably reflecting microbial actiontween the time taken to sample the raw
manure and add water to make the influent slurry.

The differences in DM and N content, among retentimes, reflect the effect of the
addition of water. There were no differences dueetention time in pH, OM, VFA, nitrogen,
NH3-N and the proportion of NgIN in total N.

Table 5: Manure and slurry input characteristics

Period

Manure 1 2 3 SEM Prob.
DM, % 28.9 21.9 18.9 1.31 0.046
OM, % in DM 85.7 84.1 85.6 1.35 0.769
pH 6.98 6.74 5.74 0.22 0.001
VFA, m-equiv/100mg 48.4 76.0 68.1 8.59 0.303

Retention times
Slurry 10 20 30
pH 6.64 6.61 6.71
DM, % 1.86 3.58 7.28
OM, % in DM 88.17 87.15 90.38

Biogas production

At the beginning, the biodigesters were inoculatét 140 litres of effluent from another
biodigester, followed by 5 kg of fresh pig manunel 86 litres of water per day for 10 days.

Gas production began on the day from the start of the inoculation period (Fgd and
gradually increased during the adaptation periddrbaeaching a plateau on or about day 25
of the adaptation phase in period 1 (Figure 2)s8gbently gas production rates were similar
on all three retention times (Figures 2, 3 and 4).
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Figure 1: Initiation of gas production during the ten dayige of inoculation
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Figure 2: Biogas generation during period 1.
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Figure 3: Biogas production during the second period
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Figure 4: Biogas production during the third period

Mean values for rates and efficiency (litres gasipput of DM and OM or per liquid biodigester
volume) of gas production during the 10 days otdaillection (Table 6; Figures 5, 6, 7) were not
influenced by retention time, period or biodigesifiéne rate and efficiency of gas production ternted

be lower for 10 day retention time with no diffecea between 20 and 30 days (Figure 7). There were
no differences in any of the measurements betweeligbsters. The air temperature varied from 26 to
31 °C during the experiment and did not differ aghpariods.

Table 6: Effect of retention time, period and biodigester,gas production with constant manure
(5.1kg) addition giving different concentrationsi¥l (2.3, 4.6 and 6.9%) in the influent for
retention times of 10, 20 and 30 days.

Retention times 10 20 30 SEM Prob.
Biogas production litres per

Day 496 611 571 43.4 0.358
Per unit liquid biodigester volume 0.97 1.20 1.12 0.08 .35@
kg DM in influent 441 527 508 31.3 0.324
kg OM in influent 519 619 598 36.2 0.318
Periods 1 2 3

Biogas production litres per

Day 540 586 552 43.4 0.768
Per unit liquid biodigester volume 1.06 1.15 1.08 0.08 .440
kg DM in influent 370 526 581 31.3 0.075
kg OM in influent 431 627 679 36.2 0.071
Biodigester I Il 1

Biogas production, litres per

Day 524 614 540 43.4 0.449
Per unit liquid biodigester volume 1.03 1.20 1.06 0.08 .460
kg DM of influent 464 529 485 31.3 0.472
kg OM of influent 545 622 570 36.2 0.460
Periods 1 2 3

Air temperature, °C 26.0 31.0 30.3 2.8 0.444
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Figure 5: The effect of retention time, period and biodigesin daily gas production (Experiment 1)
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Figure 6: Biogas production per liquid biodigester volumehaihanure quantity constant
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Figure 7: Biogas production per kg manure OM with constanoami of manure daily

Effluent characteristics

The DM, total N and ammonia-N concentrationshim ¢ffluent increased with retention time
reflecting the DM concentrations in the influent pnd ammonia-N as proportion of total N
increased with retention time as did the COD va(iedle 7 and Figure 8).

Table 7 : Effect of retention time on fertilizer vdue with constant manure (5.1kg) or
different manure concentration input (2.3, 4.6 andb.9%)

Retention times, days

Effluent 10 20 30 SEM Prob.
pH 6.77 6.94 7.14 0.09 0.082
DM, % 1.55 3.06 4.60 0.85 0.001
OM, % 66.2 70.9 75.2 6.03 0.207
Total N, mg/litre 889 1476 1690 181.7 0.049
NH3 -N, mg /litre 340 633 884 64.7 0.003
NHz —N in total N 0.40 0.45 0.53 0.02 0.017
VFA, m-equiv/100g 18.3 20.5 20.9 5.94 0.84
CODcy, mgllitre 2.04 4.37 17.08 2.87 0.025
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Figure 8: Effect of retention time on proportion of ammomae total N in effluent
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from biodigester with constant daily manure input

Experiment 2: Effect of retention time on gas prodation and fertilizer values with

constant manure concentration

Manure and slurry input

There were no differences in the characteristidh®@imanure, nor in the input slurry, among
the three periods in Experiment 2 (Table 8). Amradwias a proportion of total N increased
when the manure was diluted with water prior torglmg the biodigester and reached values

of between 0.5 and 0.6 in the effluent (Figure 9).

Table 8: Manure and slurry input characteristics

Manure characteristics Period
1 2 3 SEM Prob
pH 6.33 6.21 6.86 0.091 0.048
DM, % 30.6 27.2 28.4 2.03 0.656
oM, % 78.0 73.7 84.3 2.97 0.263
VFA, m-equiv/100g 88.9 73.6 62.4 5.104 0.124
Slurry input Treatments
BRT10 BRT20 BRT30 SEM Prob
pH 6.93 6.73 6.89 0.131 0.696
DM, % 2.70 2.77 2.82 0.182 0.936
OM, % in DM 81.5 81.0 80.9 3.940 0.996
VFA, m-equiv/100g 5.00 5.37 2.14 2.352 0.715
07
0a —

- | - _

- 0.3

204+

S 03 A

T

= 02 7

I:I |—| T T T T 1
harare  Slurry 10 20 30

Effluent (retention time, days)

Figure 9: NH3-N as proportion of total-N in manure and slurriyutgd manure before charging the

biodigester

Biogas production
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The initiation of gas production was observed afieme 7 days during the period of inoculation

(Figure 10).

Biogay, litres

—+—EE10
—a— BE20

Figure 10: Gas production during the inoculation period in &xment 2

Production rate then increased steadily until riegch plateau after 20 to 25 days in the
adaptation period, with production rates almostghigher for the 10 day retention
treatment than the 20 and 30 day retention timigsi(€s 11, 12 and 13).

Biogag litres

—+— BET10
—a— BRT20
—&— BRT30

Figure 11: Gas production in the adaptation phase of tts¢ fieriod with constant manure concentration
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Figure 12: Gas production in the adaptation phase of thengkperiod with constant manure concentration
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Figure 13: Gas production in the adaptation phase of thel thériod with constant manure concentration

Mean values for gas production rate during thedpabllection period were highest for the
10 day retention treatment and lowest for 30 dagble 9; Figures 14, 15). By contrast,
efficiency of gas production was lowest for 10 detention time with no differences between
20 and 30 days (Figure 16). Gas production tenddxk thigher during the second and third
period and efficiency 40 to 50% greater during ¢hesriods compared with period 1. The
ambient temperature was 2 to 3 °C higher in perdasd 3 compared with period 1. There
were no differences in any of the measurementsdetwiodigesters.

Table 9: Effect of retention time, periods and bidigester numbers on gas production with constant
manure concentration (6%) from the mean of periodicanalysis

Retention time BRT10 BRT20 BRT30 SEM Prob
Biogas production litres per

Day 819 606 414 59.1 0.078
Per unit liquid biodigester volume 1.61 1.19 0.81 0.1 079.
kg DM 289 431 431 15.8 0.036
kg OM 468 516 498 22.6 0.054
Periods 1 2 3

Day 479 720 640 59.1 0.188
Per unit liquid biodigester volume 0.94 1.42 1.26 0.1 189.
kg DM 286 451 414 15.8 0.032
kg OM 366 611 505 22.6 0.033
Biodigester I Il I

Day 573 594 672 59.1 0.558
Per unit liquid biodigester volume 1.13 1.17 1.32 0.1 568.
kg DM 352 405 394 15.8 0.242
kg OM 385 550 547 22.6 0.467
Periods 1 2 3

Air temperature®C 27.0 30.3 29.3 241 0.636
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Figure 14: Effect of retention time, period and biodigesten rate of gas production, with constant
concentration of solids in influent (Experiment 2)
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Figure 15: Biogas production per liquid biodigester volumeéhagonstant DM concentration in the influent
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Figure 16: Biogas production per kg manure OM with constalt &ncentration in influent

Effluent characteristics

There was no effect of retention time on the charatics of the effluent (Table 10).
Ammonia-N as proportion of total N tended (P=0.t/)ncrease with retention time. COD
values were low and not affected by retention time.

Table 10: Effect of retention time on effluent charactedstwith constant manure
concentration input (60 g DM/litre) by mean valdeach period (Experiment 2)

Treatments
BRT10 BRT20 BRT30 SEM Prob
pH 6.95 7.08 7.05 0.09 0.561
DM, % 1.95 2.89 2.21 0.53 0.484
OM, % in DM 73.5 72.7 71.5 2.05 0.783
N, mg/litre 995 1158 1099 181 0.818
NH3-N, mg/litre 486 573 647 66.8 0.308
NHs-N in total N 0.50 0.53 0.60 0.03 0.171
VFA, m-eqiv/100g 14.0 12.3 11.0 0.98 0.135
COD, mgl/litre 3.52 2.28 3.00 0.65 0.455

Discussion

Gas production

The two experiments used contrasting methods gfingathe hydraulic retention rate: in
Experiment 1the daily input of manure was held tamtswhile in Experiment 2 the
concentration of manure in the influent was heldstant. Thus loading rate, expressed as kg
manure DM/m? of digester liquid volume, was constarexperiment 1 (2.29) for all
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retention times while in Experiment 2, the loadiates were 6.1, 3.0 and 1.96 for retention
times of 10, 20 and 30 days, respectively. It wagsaeent from the results that retention time
was poorly related with gas production and thatd#kermining factor was the loading rate as
illustrated by the regression of gas productiotoawling rate (RZ = 0.90) using data from
both experiments (Figure 17). This conclusiorugp®rted by the data in the literature
(Table 11; Figure 18), which in spite of the widage in locations showed a relatively strong
relationship (R2 = 0.68) between rate of gas pradngm?3 gas/m? digester liquid volume)

and the loading rate.

Table 11: Literature reports for rates and efficiency of gasduction in biodigesters

#Loading  Air ##Gas
rate temp,  per unit

°C liquid Gas, litres/lkg ~ Retention
kg DM/ m® volume DM time, days Country Reference

0.10 —

### nd 0.27 417-921 30 Vietnam  Lotte et al 96
nd 35 0.86 7.2 Canada  Li Sui Fong et al 84
0.53 29-33 2.49 70 Thailand Polprasert et al 85
0.61 0.46 18-47 nd Hamilton et al 84
0.66 0.19 299 30 Vietnam  Bui Xuan An and Preston 99
0.7 242 121 64 Vietnam  Bui Xuan An et al 95
.75 .19 50 Thailand
.85 30 24 282 40 Mauritius Boodoo et al 79
1.0 0.42 426 40 Vietham  Khang et al 02
1.2 0.33 280 30 Thailand  Polprasert et al 82a
1.2 29-33 .28 30 Thailand Polprasert et al 85
1.33 0.47 363 30 Vietnam  Bui Xuan An and Preston 99
1.66 35 0.83 390 22 USA Safley et al 87
1.8 30 .26 144 20 Mauritius Boodoo et al 79
1.96 .81 414 30 Cambodia Expt 2
2 0.73 374 30 Vietnam  Bui Xuan An and Preston 99
2.29 1.17 560 10-30 Cambodia Expt 1
2.3 30.3 1.2 30 Thailand Patelunnas and Regan 77
2.66 0.93 359 30 Vietnam  Bui Xuan An and Preston 99
2.7 35 1.13 310 30 UK Hayes et al 79
3.0 1.19 451 20 Cambodia Expt 2
3.05 30 .26 85 10 Mauritius  Boodoo et al 79
4 35 2.3 1340 15 USA Fischer et al 79
6.1 1.61 286 10 Cambodia Expt 2

#Loading rate is kg DM added daily to the digester m3 of biodigester liquid volume; ## Gas produtin m3/ m3

of the liquid volume of the biodigester; ### noadat
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Figure 18: Relationship between loading rate and gas produ(tiata from Table 11)

Effluent fertilizer value

In both experiments the increase in retention tiesellted in slight increases in the proportion
of ammonia-N in total N (from 0.40 to 0.53 in Exipgent 1 and from 0.50 to 0.60 in
Experiment 2, for 10 and 30 day retention timespeetively). In both experiments the
proportion of ammonia-N in total N was low in tlew manure (range 0.02 to 0.04) and
increased markedly in the effluent (range of 0210.60). These data support the original
hypothesis that longer retention times would suppagreater degree of conversion of
organic-N in the influent to ammonia-N in the efiild. The effect of the retention time on this
parameter is discussed in subsequent experimer&sitp this (Santhy et al 2003). The
substantial improvement in ammonia-N as proportibtotal N in effluent as opposed to the
influent (from 0.02 to 0.50) is in accordance wiltk findings of Pedroza et al (2001) who
reported increases from 0.2 in the influent to Gr6ihe effluent.
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Chemical oxygen demand

The COD values in effluent registered in both expents were at the low end of values
reported in the literature (Table 12). Only in expent 1 was there a relationship with
retention time, with higher values for the longetention times. However, as retention time
was confounded with concentration of DM in thewedfit, the higher COD values for the
longest retention time could have been due to itfteeh solids concentration creating less
favourable circumstances for breakdown of orgaratten. The negative effect of the longer
retention is the opposite of the findings repottgdolprasert et al (1985) where COD was lower
with longer retention times (24.8, 17.7 and 14.9liing for retention times of 30, 50 and 70 days.
Khang et al (2002) reported that COD increased #8no 675 mg/ litre as the manure concentration
was increased from 1 to 4% DM in the influent). Tiend for effects of retention time were similar t
our findings, although of a higher order of magméu as COD increased from 114 to 690 mg/litre
with retention times increasing from 10 to 40 days

Conclusions

With a fixed daily input of fresh manure, neithke trate of gas production (0.97, 1.2 and 1.12
volumes of biogas per unit liquid volume of thedigester) nor the efficiency (546, 619 and
598 litres of biogas/kg of manure organic matteteatito the biodigester), were influenced by
retention time under study (10, 20 or 30 days,aetyely). However, when the solids

content of the influent was fixed at 60 g/kg, ratégas production were reduced by
increasing retention times (1.62, 1.19 and 0.8imek biogas/unit liquid volume of
biodigester for 10, 20 and 30 days retention), evéfficiency was better for 20 and 30 days
retention (550 and 547 litres biogas/kg OM) thanlfo days (376 litres/ kg OM).

With a fixed concentration of manure DM in theuafht, the proportion of ammonia-N in
total-N increased from a range of 0.077 to 0.1therfresh manure to a range of 0.50 to 0.60
in the effluent and did not appear to be affectgdebention time.

Analysis of the data from the two experiments andhfreports in the literature showed that
the major determinant of rate of gas production thiadoading rate expressed as kg of
manure solids per m? of liquid digester volume.

It is concluded that when fresh pig manure is wedubstrate in polyethylene plug-flow
biodigesters the optimum retention time is betwB@mand 20 days with a solids
concentration in the influent of 60 g/litre.

Acknowledgements

The authors would like to thank the Swedish AgdncyResearch Cooperation with
Developing Countries (SAREC) for funding this stubisough the regional MEKARN

project, and all friends and UTA staff (Lylian Ragirez, Pol Samkol, Hean Pheap and Srey
Sam An) for their help during the experiments. $agrior author expresses deep gratitude to
his parents and wife for their encouragement amgl strong support during this study. This
paper formed part of the MSc thesis (MEKARN-SLU ,pdala, May 2003), of the senior
author.

20/04/2007 16:73



21 of 23

http://www.cipav.org.co/lrrd/lrrd15/7/sant157.t

References

Andrew D E, Lenore S C and Arnold E G B1996 Standard Methods for the examination of water and
wastewater

AOAC 1990 Official Methods of Analysis. Association of Offid Analytical Chemists. 18 edition (K elrick
editor) Arlington pp 1230

Beteta T H, Preston T R and Solarte A 1998/anure management in two zones in the Cauca Valfley
Columbia. Integrated farming system in Human Dgwelent- Proceeding of a workshop
http://www.ihh.kvl.dk/htm/php/tune96/15solarte.htm

Boodoo A, Delaitre C and Preston T R 197%ffect of retention time on biogas production fraharry
produced by cattle fed sugar cane. Tropical AniRralduction 4:21

Bui Xuan An and Preston T R 1995Low-cost polyethylene tube biodigesters on smalleséarms in
Vietnam.Electronic Proceedings, Second Int. Conf. on Irsirgp Animal Production with Local Resources,
p.11. Zhanjiang, China.

Bui Xuan An and Preston T R 1999Gas production from pig manure fed at differerdading rates to
polyethylene tubular biodigesters. Livestock Resea for Rural Development (11) 1.
http://www.cipav.org.co/lrrd/Irrd11/1/an111.htm

Bui Xuan An, Preston T R and Dolberg F 1997aThe introduction of low-cost polyethylene tube
biodigesters on small scale farms in Vietnam, LUlivels Research for Rural Development, 9:2
http://www.cipav.org.co/lrrd/Irrd9/2/an92.htm

Bui Xuan An, Rodriguez L, Sarwatt S, Preston T R ad Dolberg F 1997blinstallation and performance of
low-cost polyethylene tube biodigesters on smaleséarms. World Animal Review No 88 pp 38-47. FAO
Rome, ltaly.

Cohen Alberto, Broughton J Michael, Jarvis N Graemeand Thiele H Jurgen 1994Anaerobic Treatment
of high lipid wastes

Chung Po Wang H H, Chen S K, Hung C M and Chang C 1974 Small methane generator for waste
disposal. Proc Third symposium on livestock waseSoc Agric eng.

Ding Jieyi and Han Yujin 1984 Comparative studies on the effects of fresh pigime and anaerobically
fermented pig manure upon fish farming, p: 288-296.

Doung Nguyen Khang and Le Minh Tuan 200Z'he result of the low plastic film biodigesterheology
transferring at University of Agriculture and FargsHo Chi Minh, Viet Nam. Proceeding biodigester
workshop March 2002http://www.mekarn.org/procbiod/khang2.htm

Duong Nguyen Khang, Le Minh Tuan and Preston T R @02 The effect of fibre level in feedstock, loading
rate and retention time on the rate of biogas ptdu in plug-flow and liquid displacement biodigas.
Proceeding biodigester workshop March 20@8://www.mekarn.org/procbiod/khang.htm

Fischer J R, lannotti E L, Porter J H and Garcia A 1979Producing Methane gas from Swine manure in a
Pilot-size digester, Transaction of the ASAE.

Forchhammer NC 1994Ecological Plant Physiology. Institute of Biologi&cience University of Aarhus
Hamilton D W, Sharp P R and Smith R J 1984The Operation Characteristics of a manure digdste80
beef cattle. Agriculture Engineering Departmentydcstate University, Ames. Journal paper No. J-91&7

the lowa Agriculture and Home economic experimestation.

Hayes T D, Jewell WJ, Dell Orto S, Fanfoni K J, Leschner A P and Sherridan D R 197%Anaerobic
digestion. Appl. Sc. London, UK

Kean Sophea and Preston T R 200Comparison of biodigester effluent and urea aslifmr for water
spinachvegetable. Livestock Research for Rural Dpweent 13 (6)

20/04/2007 16:73



22 of 23

http://www.cipav.org.co/lrrd/lrrd15/7/sant157.t

http://www.cipav.org.co/lrrd/Irrd13/6/kean136.htm

Kristoferson L A and Bokhalders V 1991Renewable energy technologies- their applicationBéveloping
Countries. Intermediate Technology Publications)dan, pp 112-117.

Leng R A 1999 Duckweed, A tiny aquatic plant with enormous ptinfor agriculture and environment.
Food and Agriculture Organization of the United iNats

Li Sui Fong J C, Morrissette D and Tse Hing Yuen RL984 Integrated Production of Biogas and Protein
Biomass from Piggery manure. Centre de recherdhgsinielle du Quebec.

Lotte C, Lassen M and Nielsen K H 199@&valuation of Small Scale Biogas digesters in dwiri Nronga
andAmani, Tanzania. http://www.ihh.kvl.dk/hml/phpie96/16Knielsen.htm

Marchaim U 1992 Biogas Processes for Sustainable Development. B Agric Services, Rome, 95:
165-193

Nguyen Thanh Quoc 200CEffect of loading rate of pig manure on the ratéiogas production in plastic
film biodigester. Thesis, University of Agricultueend Forestry

Nguyen Viet Lap 2001Effect of loading rate and retention time on thterof biogas production in plug-flow
and liquid displacement biodigester. Thesis, Ursigrof Agriculture and Forestry

NRC 1981 Food, fuel and fertilizer from organic wastes. &¢pof an ad hoc panel of the Advisory
Committee on Technology Innovation, Board on Saenod Technology for International Development,
National Research Council, Washington, DC.

Pham Van Minh 1995A survey on the technology development and pldatit biodigester in East area of
the South of Viet Nam. Thesis, University of Agitcue and Forestry

Phan Duc Quy 1997A Survey on the usage and development of plaitic Biodigester in East area of the
South of Viet Nam. Thesis, University of Agriculeuand Forestry

Polprasert C, Edwards P, Rajput V S and Pacharapraki C 1985 Integrated Biogas Technology in the
Tropics Performance of Small Scale Digesters, Wastmagement and Research 1986. Asian Institute
Technology Thailand

Polprasert C, Edwards P, Rajput V S and Pacharapraki C 1982aRecycling rural and urban night sail in
Thailand. Asian of Institute Technology researgboreéno 143.

Patelunnas G M and Regan R W 197Biological energy recovery using dairy cow wastisurnal of the
environmental engineering Division

Preston T R and Leng R A 1989The greenhouse effect and its implications forlvagriculture. The need
for environmentally friendly development. LivestodResearch for Rural Development (1) 1:21-30.
http://www.cipav.org.co/lrrd/Irrd1/1/preston.htm

Preston T R and Rodriguez L 199&Recent developments in the recycling of livestexkreta; an essential
feature of sustainable farming systems in the ¢pi
http://www.fao.org/WAICENT/FAOINFO/AGRICULT/AGA/ABERG/recycle/default.htm

Preston T R 2000Livestock Production from Local Resources in aednated Farming System; a
Sustainable Alternative for the Benefit of SmalbcFarmers and the Environment.
Workshop-seminar"Making better use of local feesburces" January, 2000. SAREC-UAF (Editors: TR
Preston and R B Ogle)

Rodriguez L and Preston T R 1997Productive use of livestock wastes; use of gaatume for earthworm
production and fertilization of cassava.
http://mww.fao.org/WAICENT/FAOINFO/AGRICULT/AGA/AERRG/recycle/default.htm

Safley L M, Vetter R L and Smith L D 1987 Management and Operation of a full scale poultaste
digester. Poultry Science 66:941-945

20/04/2007 16:73



23 of 23

http://www.cipav.org.co/lrrd/lrrd15/7/sant157.t

San Thy and Preston T R 2003 Effluent from biodigesters with different retentittimes for primary
production and feed of Tilapi@¢eochromis niloticus MSc Thesis, MEKARN-SLU

Soeurn Than 1994 Low cost biodigesters in Cambodia. Proc. Nationain®ar-workshop in sustainable
Livestock Prod. on local feed resources. Agric..Rdduse Ho Chi Minh, pp.109-112.

Taveros, Abillar, Clark, Timms and Simon 2001 Better Practices Process for pig waste utilizatio
Western Leyte, Philippines. Leyte Livestock Impnment Project, ACIAR Office, Department of Animal
Science and Veterinary Medicine, Visayas Statee@ellof Agriculture, Baybay, 6521-A Leyte. APEN2001
International Conference

Undersander D, Mertens D R and Thiex N 1993-orage analysis procedures. National Forage Testing
Association. Omaha pp:154

Yongfu Y, Yibo Q, Yunxuan G, Hui Z, Yuansheng X, Chenyong X, Guoyuan F, Jienquan X,
Taiming Z and Gan L 1989The biogas technology in China. Agricultural Puluble, Beijing, pp 20-54

Received 21 May 2003; Accepted 20 June 2003

Go to top

20/04/2007 16:73



