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Batch anaerobic digestion of pasteurized pig slaughterhouse waste (SW) and corn sieving waste (CSW), and
anaerobic co-digestion of CSW/SW were studied at lab scale employing several carbon to nitrogen ratio (C/N)
and total solids (TS) content. The mixtures with highest biogas yield and suitable process inhibition parameter
values were used to scale up to pilot scale. The results showed that SW and CSW co-digestion improved biogas
yield in comparison with that obtained from mono-digestion of both substrates. Thus, it is possible to ensure that
the CSW is a proper substrate to balance C/N and improve biogas yield. Moreover, this study reveals that the best
biogas yield for each C/N mixture is achieved using the lowest TS content. Also, the SW/CSW mixture with C/N
15 and 5% TS achieved the highest biogas yield and the best inhibition parameters values. The pilot scale assay
demonstrates that biogas yield, methane yield and Organic Matter Removal for C/N 15 mixture were 41%, 25%,
and 24% higher than those using C/N 20, respectively, and the Hy, CO5 gasses composition presented variations.
However, the methane content was similar for both C/N 15 and C/N 20 at pilot scale.

1. Introduction many bioethanol plants started to operate using mainly corn as a feed-

stock. Globally, bioethanol plants generate a solid waste from corn

Biogas energy is a renewable energy source obtained when organic
matter decomposes producing a mixture of carbon dioxide and methane
gases (biogas) [1]. The biomass energy will play a key role in meeting
the world’s energy demand. The International Energy Agency (IEA) has
predicted that bioenergy will be the renewable energy source with the
greatest growth prospects, over the 2018-2023 period [2]. Furthermore,
as a result of new renewable energy legislations, the biofuels production
and utilization has grown in the last years. In this context, Argentina has
promoted renewable energy production to diversify its national energy
matrix by passing laws such as the Act 26093/2006 (Regime of regu-
lation and promotion for biofuels production and sustainable use) and
the Act 27191/2015 (National promotion regime for the use of renew-
able energy sources aimed at electric power production). For this reason,

cleaning and sieving processes. This residue, here named Corn Sieving
Waste (CSW), contains corn grain impurities that were set apart from the
bioethanol process (soil, broken or damaged grains, small cob pieces,
etc.). However, the CSW presents a high carbon content, mostly in the
starch form, and a soil content that does not exceed 2% w/w, that make
the CSW valuable to be used in Anaerobic Digestion (AD).

On the other hand, the pig slaughtering by-products are typical
environmental liabilities of the Argentina’s center region. The pig
slaughtering by-products, here called Slaughterhouse Waste (SW), is
generally converted into a flour and then commercialized at marginal
prices, however SW can be used as a substrate for AD in order to produce
biogas since it is an organic waste with high protein and lipid contents
[3-7]. Nevertheless, the SW employed as raw material in biogas
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Table 1
Lab scale co-digestion assays.
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C/N TS (% w/w) CSW/SW Biogas Yield (L/gsy) OMR (%VS) VFA (gcuscoon/L) TA (8cacos/L) TAN (g/L) FAN (gx.ni14/L)
10 5 1.3:1 336.57 + 5.34 62.54 + 1.74 0.77 £ 0.15 4.44 £ 0.45 4.20 + 0.85 2.30 £ 0.41
10 1.3:1 121.83 + 3.53 55.23 + 2.74 1.11 £ 0.25 6.83 + 0.85 4.70 £ 0.70 3.65 + 0.44
15 1.3:1 86.02 + 4.02 46.08 + 0.97 3.79 + 0.28 4.53 + 0.44 5.35 + 0.66 3.95 + 0.32
15 5 3.35:1 579.01 + 6.85 73.91 + 1.43 1.35 +£0.18 8.27 + 0.68 1.32 + 0.82 1.08 + 0.57
10 3.35:1 232.77 + 1.45 56.60 + 0.77 3.03 £ 0.33 4.24 £ 0.22 4.10 £ 0.60 3.24 £ 0.61
15 3.35:1 74.40 + 1.68 29.66 + 1.33 5.57 + 0.09 4.89 +0.16 5.25 + 0.88 3.45 + 0.39
20 5 6.65:1 404.85 + 3.33 57.63 & 2.27 1.05 + 0.05 7.98 + 0.57 1.36 + 0.50 1.19 + 0.60
10 6.65:1 109.87 + 1.50 41.80 + 1.58 4.52 £ 0.18 3.94 + 0.07 4.71 + 0.80 3.48 + 0.46
15 6.65:1 54.06 + 2.47 19.15 + 1.04 5.88 £ 0.14 452 £ 0.11 5.10 + 0.73 4.47 £ 0.62
30 5 30.06:1 101.98 + 3.33 24.18 + 1.52 2.75 £ 0.11 4.54 £ 0.06 3.45 £ 0.91 2.28 + 0.59
10 30.06:1 78.96 + 1.50 19.72 £ 0.36 4.70 £ 0.15 2.63 + 0.08 4.60 + 0.78 3.38 £ 0.50
15 30.06:1 40.64 + 0.59 19.03 + 0.62 5.52 £ 0.09 4.89 £ 0.16 5.85 + 0.73 4.45 £ 0.36
Table 2
Substrate characteristics used for co-digestion and inoculum. 600
Inoculum SW Csw
Total Solids, TS (% w/w) 2.25 +0.17 15.41 £ 0.75 86.16 + 500 4
5.70 - -
Volatile Solids, VS (% w/w)" 28.06 + 90.54 + 0.52 96.78 + ,_"’
0.38 0.91 D 400 4
Chemical Oxygen Demand, COD 2210 + 200.78 + nm” _Ej
(/L) 1.65 15.65 @
Biochemical Oxygen Demand, 12.65 + 71.40 £ 7.81 nm % 300 -
BODs (g/1) 3.58 =,
BODs/COD 0.54 0.35 nm %
Nitrogen content, N (% w/w) 1.54 £ 0.31 9.76 + 0.92 1.34+0.18 8" 200
Carbon content, C (% w/w) 16.31 + 52.64 + 0.30 48.22 + o <
0.22 0.53
C/N 10.59 5.39 36.85
Proteins (% w/w)” nm 61.00 + 3.52  8.32+1.15 100 4
Carbohydrates (% w/w)° nm 12.54 + 0.54 85.94 +
3.12
Lipids (% w/w)" nm 17.00 + 0.06 2.52+0.42 0 T i T i
Volatile Fatty Acids, VFA 0.51 + 0.26 nm nm sSwW csw SW/CSW
TO(tgaCllf‘iﬁi:)l?fﬁg’, TA (mgcacos/L) 2.87 £0.52 nm nm Fig. 1. .SW (5% TS), CSW (5% TS) and SW/CSW (C/N 15 and 5% TS)
pH 768+£052 7.35+042  nm biogas yields.

2 Not measured.

® Dry basis.

Table 3

Lab scale monodigestion assays.
Substrate Biogas yield (L/gsy) OMR (% VS)
SW 169.20 £ 5.23 30.09% =+ 3.11
CSw 315.68 + 2.97 49.62% + 1.34

production presents several drawbacks, such as: slow hydrolysis rates,
foam generation, process inhibition on account of the high ammonia and
long chain fatty acid (LCFA) concentrations [8-10]. An interesting
strategy to counteract the inhibition caused by ammonia is to optimize
the substrate composition, tuning the carbon/nitrogen ratio (C/N) [11].
Significant ammonia inhibition can be avoided anaerobically digesting
simultaneously diverse substrates (with different C/N), in a process
known as anaerobic co-digestion (AcoD). The AcoD could be considered
a potential process innovation in biogas production in order to increase
biogas yield [12-14]. Several authors demonstrated that one of the most
important factors in AcoD is to maintain the C/N ratio between 20 and
30 [15-17]; however, other studies state that the optimum C/N value is
15 [18]. Moreover, S. Riya et al. [19] shown that a disruption in the C/N
balance produces a negative effect on the microbial activity, resulting in
a process depletion. A well-organized microbial community that gen-
erates high quality biogas is related to a proper C/N balance [20].

Table 4

Pilot scale co-digestion assays.
C/N 15 20
TS (% w/w) 5 5
CSW/SW 3.35:1 6.65:1
Biogas yield (mL/gsy) 602.84 + 6.78 429.87 + 4.60
Methane yield (mL/gsy) 316.94 + 3.56 253.32 + 2.71
OMR (%VS) 71.34 £1.29 57.33 £ 1.16
Final VFA (gciacoon/L) 0.92 + 0.09 1.72 £ 0.11
Final TA (8cacos/L) 7.01 £0.12 5.62 + 0.09
VFA/TA 0.13 0.30
Final FAN (g/L) 0.87 + 0.08 1.23 £ 0.10
Final TAN (g/L) 0.71 £ 0.11 1.00 + 0.11

Rodriguez-Abalde et al. [21] used a mixture of pig slurry, pasteurized
meat by-products and glycerin to carried out AcoD, obtaining superior
methane yield and process efficiency in comparison with the only pig
slurry anaerobic digestion.

Taking into account that in the best of our knowledge, the use of CSW
as a substrate or co-substrate for AD is not reported in the literature, the
aim of this paper is to evaluate the AcoD of CSW-SW in order to balance
C/N and, thus, to optimize biogas yield by finding an appropriate sub-
strate mixture.
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Fig. 2. Daily biogas and methane yield at pilot scale of 15 C/N (a) and 20 C/N (b); Cumulative biogas and methane yield at pilot scale of 15 C/N (c) and 20 C/N (d);

Biogas composition at pilot scale of 15 C/N (e) and 20 C/N (f).
2. Materials and methods
2.1. Organic substrates and inoculum

Sludge from an active pilot scale bioreactor (37 °C+1 and 100 rpm)
treating pig slurry was used as inoculum. The sampling and preparation
was carried out according to the Verein Deutscher Ingenieure (VDI)
4630 method, section 5 [22]. The inoculum was conserved, degasified,
and characterized according to the methodology proposed by Angel-
idaki et al. [23] and Holliger et al. [24].

The SW was composed of a solid fraction (30% w/w) of previously
minced pig stomach, viscera, kidneys, lungs and livers and a liquid
fraction (70% w/w) of pig blood. Both fractions were collected from a
pig meat process industry located in Justiniano Posse, Cérdoba,
Argentina (Lat: S —32°53'54” Long: W —62°40'37”"W). The SW was then
pasteurized at 70 °C for 1 h. The CSW was collected from a bioethanol
production plant located in Villa Maria, Cérdoba, Argentina (Lat: S
—32°41'54" Long: W 63°16'11”). Both SW and CSW were dried at 105 °C

until the TS exceeded 95%, then were ground in a mill in order to obtain
a particle size less than 10 mm and stored separately in zipper storage
bags at room temperature. These pre-processing was done to avoid
limitations due to biomass availability and to easy handling of samples.

2.2. Characterization of organic substrates and inoculum

The SW moisture content of solid samples, the SW total solids contain
(TS) and the SW volatile solids contain (VS) were analyzed according to
regulations 950.46, 950.46 and 923.153, respectively, issued by Asso-
ciation of Official Analytical Chemists (AOAC) [25]. The moisture con-
tent, TS and VS of the CSW solid sample were analyzed according to
AOAC 950.10, 950.10 and 923.03 respectively. The TS, VS and Total
Alkalinity (TA) of liquid samples were measured according to American
Public Health and Association (APHA) Standard Methods 2540 B, 2540
E and 2320 B, respectively [28]. Also, the Volatile Fatty Acids (VFA)
were measured according to Nordmann titration method. Furthermore,
the pH was measured by HANNA HI 8424 electronic pH meter, the
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Fig. 3. Gompertz modified model fitting for 15 C/N and 20 C/N mixtures.
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Fig. 4. Cone model fitting for 15 C/N and 20 C/N mixtures.

Chemical Oxygen Demand (COD), Total Ammonia Nitrogen (TAN) and
Free Ammonia Nitrogen (FAN) were measured using HANNA spectro-
photometer HI 83099 (Adaptation of USEPA 410.4 method for COD and
Nessler method for TAN and FAN). Also, the Biological Oxygen Demand
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Table 5
Modelling parameters of pilot scale batch tests.
Parameter 15C/N 20C/N
Cone model k 0.06764 0.05842
n 5.26097 6.1646
Gompertz modified model A 8.99948 11.53679
Rm 27.51159 23.11082

(BODs) was analyzed using VELP BOD EVO Sensor System 6. Addi-
tionally, the lipids concentration was measured according to AOAC
960.39, the proteins concentration was determined by multiplying the
Total Kjeldahl Nitrogen (TKN) (APHA 4500 B) by a conversion factor of
6.25 [6]; and the carbohydrates concentration was were calculated as
the difference between organic matter (as VS), lipids and the estimated
protein content [7]. Besides, the organic carbon concentration was
determined by considering an organic matter content to organic carbon
ratio of 1.7241 [26].

2.3. Lab and pilot scale batch tests

The experimental set-up for batch assays was done according to
Deutsches Institut fiir Normung (DIN) International Organization for
Standardization (ISO) 11734 method [27], VDI 4630 method [28],
Angelidaki et al. [23] and Holliger et al. [24] in order to determine
biogas and methane yields of co-digestions. Several CSW/SW mixtures
were made to carry out batch lab scale assays in order to obtain the
desired C/N ratios. Each mixture was diluted at three different TS con-
centrations: 5%, 10% and 15%, see (Table 1).

In order to carry out lab AcoD experiments, each mixture was placed
in 500 mL bottles with 100 mL of active inoculum, and were incubated
at 37 °C into an orbital shaker at 100 rpm during 26 days. Each test was
carried out in triplicate with blanks (inoculum + deionized water) and
reference samples (microcrystalline cellulose). Also, the biogas yield,
OMR, and inhibition parameters (VFA, TA, TAN and FAN) were
measured. The biogas volume was measured daily by water displace-
ment, and then it was converted at Standard Temperature and Pressure
(STP) considering the guidelines provided by Walker et al. [29] and
Stromberg et al. [30]. The mixtures that produce the higher biogas yield
mixtures with a suitable inhibition parameter values were selected to be
used as raw materials in the pilot scale assays due to they are consider as
the best ones to produce biogas among all mixtures tested. Also, the SW
and CSW with 5% TS were digested separately (mono-digested) using
the same conditions to be used as references.

The scaled up assays were also run in batch and carried out in 5 L
bioreactors including water-displacement gasometers to obtain larger
and more representative biogas volumes than in lab scale assays in order
to analyze their composition. Each bioreactor has temperature control
device, rotating mixer with velocity control, and sensors that measure
temperature and gas volume. The bioreactors were set-up at 37 °Ct1
and 100 rpm. The biogas volume was measured daily and analyzed
every 2 days to measure methane content. Methane, carbon dioxide,
hydrogen and hydrogen sulfur content in the biogas were analyzed using
Gas Chromatographer (Fuli Instrument) equipped with Thermal Con-
ductivity Detector (TCD) and GDX-502 column (4 m x 3 mm). Also, the
biogas yield, OMR and inhibition parameters (VFA, TA, TAN, FAN) were
determined.

2.4. Kinetic analysis

The Gompertz modified model (Eq. (1)) and Cone model (Eq. (2))
were used to fit cumulative methane production observed for mixtures
tested at pilot scale due to both model are widely used to model the
batch methane production [31].

Rin*es,

(A-0)+1

Gompertz modified model M(f)=M,*e ™" @
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Cone modelM (1) = (2)

where M(t) is cumulative methane yield at a given time t, M, is the
substrate maximum methane production, t is time, R, is maximum
specific methane production rate, e is Euler’s number, 1 is lag phase
time, k is the hydrolysis rate constant, and n is the shape factor.

A nonlinear least-squares regression was used in order to determine
parameters for all models [32]. The model kinetic parameters were
determined and analyzed statistically using Microsoft Excel™ 2016 with
a Solver add-in program (Microsoft, USA) by minimizing the RSS value
and Origin V8.0 (OriginLab Corporation, USA) with a non-linear curve
fitting of experimental data.

3. Results and discussion
3.1. Inoculum and substrate characterization

Table 2 shows the inoculum and substrates characteristics and
chemical composition used to carry out co-digestions. The substrates
and inoculum composition showed in Table 2 is the average from
measurements of different samples tooked over 2 years, also each
measure was done in triplicate. It is possible to observe that inoculum
presented proper characteristics in terms of VFA (<1 g cuscoon/L), TA
(>3 g cacos’/L), and pH (7-8.5) [24]. Moreover, SW composition, VS and
COD were similar to those presented by Palatsi et al. [7] and Hejnfelt
and Angelidaki [6] but with different TS content. The COD and BODsg
values obtained were high, and the BOD5/COD ratio showed a low OMR.
Finally, the substrate characteristics used for co-digestion and inoculum
presented a high protein and lipid content compared to other studies
[33] and a C/N value matched those of substrates used by Mouskasis
et al. [34]. Moreover, the CSW presented a high carbon content, which is
appropriate to balance C/N ratio. Also, the CSW had high TS and VS
content, which makes it suitable to combine with high moisture content
wastes for AcoD. These values can not be compared to other studies due
to the CSW characterization data and the CSW behavior in anaerobic
digestion are not reported in the literature.

3.2. Analysis of lab scale assays

Table 1 shows co-digestions composition and biogas yields obtained
at lab scale, the OMR values and the inhibition parameters of all mix-
tures. It is possible to observe that TS of 5% achieved the highest biogas
yields for each tested C/N mixtures. Also, the results obtained using C/N
10 showed that the biogas yields using 10% and 15% TS mixtures
decreased 63.80% and 74.44%, respectively, compared with 5% TS
mixture. In the case of C/N 15, the biogas yields obtained employing
10% and 15% TS mixtures dropped 59.80% and 87.15%, respectively,
compared to 5% TS mixture. The data obtained for the experiences
employing C/N 20 mixtures with 10% and 15% TS presented a decrease
in biogas yields of 72.86% and 86.65%, respectively, when it is
compared to 5% TS mixture. Finally, the biogas yields produced using
the C/N 30 mixtures with 10% and 15% TS decreased 22.57% and
60.15%, respectively, in comparison to 5% TS for the same C/N. The
results are in line with that obtained by other authors [6], and it is
possible to observe that the same results are obtaining by adjusting the
SW/CSW relationship.

When the best biogas yields among all tested C/N (TS 5%) is
compared, is possible to observe that the 15C/N mixture reached the
highest biogas yield. The best biogas yields for 10, 20 and 30C/N pre-
sented a reduction of 41.87%, 30.01% and 82.39%, respectively, in
comparison with the C/N 15 best biogas yield. Similar studies differ in
the optimum C/N ratio to produce biogas by means of AD or AcoD
processes. In that sense, Rodriguez-Abalde et al. [21] determined that
10.3 was the optimum C/N ratio, while Riya et al. [19] fixed this value in
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30. Also, Zheng et al. [35] proposed a C/N between 26.41 and 27.5 as
ideal values, but Sievers and Brune [18] stated an optimum C/N value
around 15. Based on the literature report it is possible to conclude that
the optimum C/N ratio is not clear.

The VFA values for all mixtures with 5% TS were found to be around
1 g cuscoon/L which was reported as a normal value for good quality
digesters [24], except for C/N 30 which showed a concentration of 2.75
g cuscoon/L, that present the lower biogas yield. Moreover, it possible to
observe as TS increased, the VFA also increased, and both biogas yield
and OMR decreased. The VFA increase and accumulation may indicate
that organic matter fermented, and the methanogenic process was not
occurring, probably due to bioreactor overloads (high organic matter
content in the feed) that lead a pH drop, consequently the methanogens
process inhibition.

TA value was higher for mixtures with C/N 15 and 20 and similar to
those reported in the work by Rodriguez-Abalde et al. [21]. Moreover,
FAN and TAN values for C/N 15 and 20 were within the stability range
(below 2.5 g/L), while those for the other C/N mixtures were not.
However, some authors established FAN and TAN limits are higher than
those obtained in this work [36,37]. It is known that, high concentra-
tions of ammonia (mostly in its free form) inhibits anaerobic digestion
due to a proton imbalance in methanogens when it diffuses into the
membrane cell [8].

The biogas yields and OMR of monodigestion lab scale assays are
presented in Table 3. The C/N 15 and 5% TS mixture achieved the
highest biogas yield, which was 3.47 and 1.85 times higher than biogas
yield of SW monodigestion (5% TS) and CSW monodigestion (5% TS),
respectively, as it can be seen in Fig. 1. Also, the OMR of 15C/N and 5%
TS mixture was 3.42 and 2.84 times higher than SW monodigestion (5%
TS) and CSW (5% TS), respectively. Thus, it is possible to conclude that
co-digestion improved both biogas yield and OMR.

Based on the lab results (yields, inhibition values and OMR) the
mixtures C/N 15 and 20 with 5% TS were chosen to scale up to 5 L,
because they presented the best process performances among all mix-
tures tested.

3.3. Analysis of pilot scale assays

Table 4 resumes the data obtained in the pilot scale co-digestion
assays. Fig. 2a and b, show daily biogas and methane production for
C/N 15 and 20 mixtures at pilot scale, respectively. The C/N 15 pre-
sented two biogas production spikes on day 5 and 15, while C/N 20
showed one biogas spike on day 18. This behavior shows that metha-
nogens took more time to reach its maximum production for C/N 20
than for C/N 15 probable due to the more balanced relationship C/N 15
mixture (less VFA and FAN content), diminish the methanogens stress;
therefore, the methane maximum production is obtained in shorter
times.

Fig. 2c and d, show cumulative biogas and methane production for
C/N 15 and 20 mixtures at pilot scale, respectively. The C/N 20 showed
a longer lag phase than C/N 15 for both biogas and methane production.
This result indicates a better bacteria adaptation when C/N 15 mixture is
used, probably due to a proper C/N ratio without carbon excess that may
cause environment acidification and/or nitrogen deficiency that could
produce delay in bacteria growth. On the other hand, lag phase value
was not higher than that reported by Palatsi et al. [7].

In Table 4 it is possible to observe the final values of inhibition pa-
rameters, biogas yields and OMR for both pilot scale assays. The biogas
and methane yields and OMR for C/N 15 were 41%, 21% and 24%
higher than C/N 20, respectively. The final FAN and TAN values of C/N
20 were increased to 29% when is compared to those for C/N 15. Also,
the final VFA of C/N 20 was 1.87 times higher than that of C/N 15, while
final TA of C/N 15 was 1.25 higher than that of C/N 20. This behavior
could indicate that high carbon to nitrogen ratios may lead to an over-
production of VFA, which could cause AD inhibition due to a pH
decrease if the inoculum does not present high TA values. Also, as SW is
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a protein-rich substrate, the SW overloads may lead to ammonia inhi-
bition observed by high levels of FAN.

The daily biogas composition for each batch is shown in Fig. 2e and f.
As it can be seen both batches presented similar methane and carbon
dioxide production kinetics, maintaining methane concentration in a
range between 50 and 65% until the assay was finished. However, the
assay using C/N 20 the carbon dioxide composition, at the beginning of
the assay, was higher than for C/N 15. This behavior could be probably
due to a feeding overload, which could result from initial VFA accu-
mulation. Also, at the beginning of the experiment, Hy composition was
higher for C/N 15 than for C/N 20, while the opposite situation was
presented at the end of the experiment. Ward et al. [38] establish that an
increased Hy concentration may indicate digester overload, this obser-
vation is in agreement with the conclusion obtained from the CO2
concentrations analysis.

In addition, between the days 20-40, the Hy concentration did not
present variations and the CO; concentration increased with time for C/
N 15, while the opposite trend was observed for C/N 20. The H; increase
indicates an organic disturbance caused by pulse overload [39] probably
due to a reactivation of acidogenic and/or acetogeic processes after a
short inhibition period, and the CO; increase may be due to a slightly
acidogenic activity that remains in the reactor.

The Gompertz modified model and Cone model fitting of cumulative
methane yield for pilot scale batch tests are plotted in Figs. 3 and 4,
respectively. The R? obtained for both models were 0.99, which in-
dicates good model fitness. Also, Table 5 shows both model parameters,
for pilot scale batch test of C/N 15 and C/N 20 mixtures. Regarding
Gompertz modified model, it can be seen that lag phase time () and
maximum specific methane production rate (Ry) for C/N 20 mixture
were 28% higher and 16% lower, respectively, compared to C/N 15.
Concerning the Cone model, the hydrolysis parameter (k) indicates the
hydrolysis rate of organic matter [40,41], and taking into account the
transformation rate of particulate organic matter into soluble organic
matter, which could be considered as the rate-limiting step in anaerobic
digestion process of particulate substrate [42]. For C/N 20, the k value
decreased around 13% compared to C/N 15, showing that the degra-
dation rate of organic matter is higher for C/N 15, probably due to the
best C/N balance. These results show that C/N 15 mixture presented
better kinetics parameter values than C/N 20 in relation to cumulative
methane yield.

4. Conclusion

Anaerobic digestion of pig meat byproducts presents several draw-
backs when they are used as a mono-substrate. Different AD and AcoD
assays carried out in this work showed that CSW could be a proper
substrate to co-digest with SW in order to balance C/N and improve
biogas yield. The Lab scale assays showed higher biogas yields when SW
and CSW are digested together at low TS concentration due to a gradual
C/N adjusting. Furthermore, the pilot scale assays of the bests mixtures
tested at lab scale, revealed that C/N 15 mixture presented the highest
biogas and methane yields. The results allows to conclude that the AcoD
synergy needs to be further studied at continuous pilot scale to provide
new data, and thus, to improve biogas quality and AD stability.
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