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Methane production/emission in storages for animal manure

G. Zeeman
Department of Environmental Technology, Agricultural University, Wageningen, The Netherlands

Abstract

Results of extended research on laboratory scale have shown that relatively high gas productions can occur at
digestion of animal manure in fed-batch (=Storage)- systems at ambient temperatures. High gas productions are
also reported at on-farm storage of animal manure.

In order to predict the gas production during the storage of animal manure at different conditions, a model is
developed based on first order kinetics for the hydrolysis and on Monod kinetics for methanogenesis. Results of
anaerobic digestion of manure in both CSTR- and fed-batch systems have been used for the estimation of constants.
The model predicts that, when continucusly 15% of the storage is filled, no gas production is produced, at a
temperature of 15°C and a storage capacity < 100 days and at a temperature of 10°C and a storage capacity < 150

days. At higher temperatures and longer storage capacities methane gas is always produced.

Introduction

Forced by legal constraints for animal waste spread-
ing, the storage capacity on farm has been extend-
ed over the past years in the Netherlands and other
~ European-countries:- Nowadays: the storage -capacity
should amount to 5 months or longer. The increased
storage period could, amongst other things, create
favourable conditions for the production of methane
gas. The ultimate methane production will also depend
on the ambient temperature and the amount of (digest-
ed) manure which ts retained in the storage as an
inoculum. Results of extended research on labora-
tory scale have shown that relatively high gas pro-
ductions can occur at digestion of animal manure in
fed-batch (=Storage)- systems at ambient temperatures
(Zeeman, 1991). High gas productions are also report-
ed at on-farm storage of pig manure in pits below
the slatted floors (Zeeman et al., 1985). The estimat-
ed global emission of CH,4 by animal waste is 10—
18 Tg yr~' (Gibbs and Woodburry, 1993), & 3.5 %
of the annual anthropogenic CH4 emission. As the
global warming potential of CH, is importantly higher
as compared to CO; (Houghton, 1991), the methane
emissions from animal wastes should either be min-
imized or maximized in order to subsequently use
the gas. In order to predict the gas production dur-
ing the storage of animal manure at different condi-
tions, a model is developed (Zeeman and Hamelers,

1992), based on first order kinetics for the hydrol-
ysis and on Monod kinetics for the methanogene-
sis. This paper presents the predicted methane pro-
ductions at different process temperatures and stor-
age times both for fresh manure and for digested
(in a CSTR) manure. The different -figures enable
to choose between the above mentioned possibili-
ties, viz. minimize or maximize the methane produc-
tion.

Methods
The model

The model of Zeeman and Hamelers (1992) is based on
first order hydrolysis (formula 1) and Monod kinetics
for the methanogenesis (formula 2)

Ip =S (1)

where
— Iy = degradation rate biodegradable polymer sub-
strate (g 1=' .day~")
—~ & = first order hydrolysis constant (day™")
— Sp = concentration biodegradable polymer sub-
strate (g 1)

H= ﬂm(sm/(Ks + Sm)) (2)
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where

— = growth rate (day ")

— fim = maximal growth rate (day~!)

— Sm = substrate (=VFA) concentration (g 1=")

— K, = substrate concentration where p=4pn,
The model requires the following data for predicting
the methane production during digestion in a CSTR or
during storage in a fed-batch system.

-a (day™")
= Hn (day—l)
-Y (gg™h)
-K (g™
- Sp0 (gl™h
~Smo (gl™)
-Q (1day™")
- Vestr 1)}

*— Vied—baet (1)
*=Vigocutem (1)

X (g1™"
- %o E "
*only for fed-batch systems

Y =yield for methanogenic bacteria

Spo =biodegradable polymer concentra-
tion of the influent

Smo ={monomer) (=VFA) concentration
of the influent

Q - =flow rate

Vestr =volume of the CSTR-system

Vfed—batch =volume of the fed-batch (=storage)-
system

Vinoculum =volume of the digested manure
retained in the fed-batch-system

X =concentration methanogenic bacte-
ria of the digested manure

Xo =concentration methanogenic bacte-

ria of the influent

The results of the research of v. Velsen (1981) and
Zeeman (1991) for respectively pig and cow manure,
have shown that both hydrolysis and methanogenesis
are inhibited at the presence of NH -N. The values for
o and g, for the prediction of the methane production
and the VFA concentration in CSTR systems are cal-
culated according to the empirical formulas 3, 4, 5 and
6 (Zeeman and Hamelers, 1992).

Pig manure

]

"xa = 0.482 - 0.067 [NH} - N] (3)
*a = 0.086 —0.0014[NH] —N] (3b)

Table 1. Values for ¢t en pm, used at pre-
dicting the polymer-, VFA-concentration
and gas production after the digestion of
cow manure in fed-batch-systems

temperature  «! Hm
Q) (day~™") (day™!)
15 0.002 0.022
20 0.004 0.0712
30 0.018 0.12¢
!calculated with Formula 7;

Zcalculated with experimental results
from fed-batch experiments (Zeeman,
1991).

Table 2. Values for o en pgn, used at predict-
ing the polymer-VFA-concentration and gas pro-
duction after the digestion of pig manure in
fed-batch-systems

temperature  NHF-N o' ta
°C) 1™ (@ay™hH  (day™h)
15 49 0.0043 0.022
20 49 0.007 0.0252
30 49 0.016 0.092
!calculated with formula 3b;
. Zcalculated with experimental results in fed-
batch systems.
tm = 0.39 — 0.059{NH] — N] 4)

* different types of manure

Cow manure

a = 0.099 — 0.019[NH} — N] (5)
ftm = 0.228 — 0.028[NH; — NJ (6)

From experimental results of batch digestion with cow
manure {Zeeman e! al., 1988) a relation (7) between
the hydrolysis constant o and the process temperature
is calculated.

I

t = temperature(°C)

The values of the required data for the prediction of tl_lc
methane production in fed-batch-systems are given 1n
Tables ! and 2.
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Fig. 1. Predicted methane production as a function of the detention
time at digestion of “fresh” cow manure (Spo = 44 g COD 171,
Smo =5 g COD 17!, NHF-N =3.5 g 1~!) and fresh pig manure
(Spo=65gCOD 17, S =5gCOD 1-',NH} -N=5g 17 )in
CSTR-systems. The total infiuent COD for both pig and cow manure
isip0g1-!

Substrate
The composition of the manure, as used for the predic-
tions, is given in Table 3.

Results

The predicted methane production as a function of the
detention time for the digestion of pig and cow manure
in a CSTR-system is given in Figure 1.

Figure 1 illustrates that digestion of fresh manure
in a CSTR at a process temperature of 30°C, at
the generally applied detention time of 20 days,
results in an effluent containing a considerable amount
of biodegradable organics. These organics could be
degraded to methane gas in the subsequent effluent
storage (Table 5).

The results of the prediction of the methane produc-
tion in fed-batch-systems as a function of the storage
time is given in Figures 2 and 3 for respectively pig
and cow manure.

Discussion

The results in Figures 2 and 3 illustrate a considerable
methane production at storage/digestion of manure in
fed-batch systems even at low process temperatures
of 10 and 15 °C, on condition that continuously 15%
of the storage is filled with digested manure and the
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Fig. 2. Predicted total methane production as a function of the
storage time at temperatures of 10, 15, 20 en 30°C, for the digestion
of “fresh’ pig manure (Sp0 =65 g COD 17!, Smp =5 g COD 171,
NHT-N =5g 1~ 1) in a fed-batch-system at 15% inoculation.
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Fig. 3. Predicted total methane production as a function of the
storage time at temperatures of 10, 15, 20 en 30°C, for the digestion
of *fresh’ cow manure (Spo =44 g COD 1™}, Spg =5 g COD 11,
NH;"-N =3.5 g 1~ !y in a fed-batch-system at 15% inoculation.

storage time is respectively >150 and > 100 days. When
less inoculation is applied, similar results will only be
achieved at longer storage periods.

The methane conversion factor (MCF) is defined as
the fraction of the biodegradable COD, which is con-
verted to methane gas. Table 4 presents the methane
conversion factors at different temperatures and stor-
age capacities as calculated from Figure 2 and 3 and
as reported by Gibbs and Woodbury (1993). Gibbs
and Woodbury (1993) only distinguish between stor-
age periods > and < 30 days. The results from this
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methane production

Table 3. Composition of the manure as used for the prediction of the

Pig manure  Cow Manure

Total-COD (g 11

dissolved-non-VFA-COD (g1~}

VFA-COD (g1 1)
NHE-N(1™")
By

100 100
10 15
5 5

3 35
0.7 0.49

1By = biodegradability (g CH,-COD/g COD).

Table 4. Methane conversion factor (MCF) for
the storage of pig and cow manure at differemt
temperatures and storage times.

storage time process temperature
(days} O

10 15 20 30
pig manure
302 0 1] 0 0.30
1007 ] 0 036 057
1807 027 039 045 072
<30} 005 ~ 0.18 033
>30! 010 - 035 065

COwW manure

302 0 0 002 034
100 0 0 031 063
1807 015 027 041 077
'Gibbs and Woodbury (1993);

2This study.

study clearly shows that besides temperature, the stor-
age capacity will strongly affect the methane conver-
sion factor (MCF) also beyond a storage capacity of 30
days. The difference between the MCF value of Gibbs
and Woodbury and from this study could be caused by
a different amount of inoculation.

Avoiding methane emission will become very dif-
ficult when large storage capacities are compulsory.
When a suitable bacterial population has established,
the methanogenesis will develop irrevocably unless the
storage can be completely emptied. The latter has been
shown in practice to be rather difficult (Zeeman, 1991).
The application of controlled digestion could howev-
er reduce the methane emission from animal manure.
Herewith the effect of two digestion systems to the

Table 5. 'Methane production and emission during anaerobic
digestion/storage of pig manure

digestion/storage CH, CHy
system production  emission
(a1 arh

ICSTR + Yopen storage 184 2.4 ( 23%)
’CSTR + dcovered storage ~ 20.8 0 (0%)
fed-baich (30°C) 17.7 0 (0%)
fed-barch (20°C) 11.1 0 (0%)
45torage under slatted 0 10.4 (100%)
floors

!The methane emission during field spreading of the
manure is not included.

Zprocess temperature 30°C, detention time 20 days:
Stemperature in winter 10°C and in summer (5°C;
“temperature in winter 15°C and in summer 20°C;

methane emission from animal manure storages will
be described.

1. Digestion of fresh manure in a CSTR at mesophillic
conditions, followed by storage (either covered or
not) of the ‘digested’ manure.

2. Combined storage/digestion in a covered fed-batch
system at ambient or mesophillic conditions.
Table S presents the methane production and/or

emission from pig manure under the beyond mentioned
conditions in comparison with methane emission at the
indoors storage under slatted floors.

The results in Table § illustrate that the methane
emission from animal manure can be reduced consid-
erably by the application of controlied anaerobic diges-
tion in both a CSTR and a fed-batch system. When a
CSTR is applied some methane emission (23% of the
uncontrolled emission) will occur during storage of the




digested manure. The latter can be avoided by the use
of a covered storage. The application of an AC-system
is however much more suitable for manure digestion on
farm-scale than the CSTR-system, for no extra reactor
is required.

References

i 993) Methane emissions from live-
stock manure. In: Prococdmgs of the national IPCC workshop,
Methane and Nitrous oxide. Methods in national emissions inven-
tories and options for control Amstel AR van (ed)

Houghton
mary of the IPCC Working Gmup I reporl Pmceedmgs of the
second World Climate Conference, pp 23-45

211

V Velsen AFM (1981) Anaercbic digestion of piggery waste. Thesis,
Department of Environmental Technology, Agricultural Univer-
sity, Wageningen

Zeeman G, Treffers ME and Halm HD (1985) Laboratory and farm-
scale anaerobic digestion in the Netherlands. IN: Pain BF and
Hepherd R Anacrobic digestion of farm wastes (eds) Q, Technical
Bulletin 7: 135-140

Zeeman G (1991) Mesophillic and psychrophitic digestion of liquid
manure. pHD Thesis, Department of Environmental Technology,
Agricultural University, Wageningen

Zeeman G and Hamelers HVM (1992) Voorspeliing van de methaan-
produkiie in mestvergisters en mestopslagen. Department of
Environmental Technology., Agricultural University, Wagenin-
gen (In Dutch)






