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Abstract
Anaerobic digestion (AD) is a mature technology commonly

used for manure treatment, both for the stabilisation of waste and
for the production of energy. The introduction of new incentives
could represent an opportunity for biogas production, when the
current feed-in-tariffs, which improved the financial feasibility of
AD plants producing electricity will end.

This paper examines the feasibility of reconverting an existing
AD biogas production plant into a biomethane production plant.
The AD plant, in this case study, is a two-stage reactor situated in
the centre of Italy and mainly fed with livestock manure from both
cows and buffaloes. The economic analysis of two hypotheses is
provided: i) continuing the electricity production from biogas after
the end of the current incentives (2025); ii) considering the new
incentives program for the biomethane and reconverting the plant,
using hollow-fibre membranes for the purification of the raw bio-
gas (SEPURAN® Green modules, EnviTec). For this purpose,
investment and operating costs, based on plant monitoring data
(2105.3 m3 d–1, Biogas production; 4432.9 kWh d–1, electricity
production) as well as on market analysis for costs evaluation
were considered.

The mean biogas production for the considered year was about
30% less than the expected production, indicated by producer,

highlighting the need for the optimisation of the management of
the reactors. Moreover, based on the averaged methane production
(June 2017-June 2018), results show that: i) plant conversion for
the biomethane production is not suitable for small-scale plants,
due to the high investment costs of upgrading technology (1.2
M€); ii) when current incentives end, the electricity production
from biogas in the current plant may not be self-sufficient, due to
the highly expensive operating costs.

This paper provides a first analysis of the possible fate of the
biogas plants under the new incentives.

Introduction
Over the past 20 years, anaerobic digestion (AD) has gained

increasing interest in Europe for treating dairy, livestock manure,
and crop residues, as well as industrial and commercial wastes
(Edwards et al., 2015). Usually, large-scale AD reactors are used
to treat many different types of organic wastes from industrial
farms and communities. Instead, small-scale digesters are com-
monly used in dairy farms in order to improve the manure man-
agement (Scotto di Perta et al., 2018b), both for the stabilisation
of the livestock waste and for the advantage of producing renew-
able energy in rural farming communities, along with the reduc-
tion of odour and methane emissions (Scotto di Perta et al.,
2018a).

In Italy, in 2010 alone, 20% of biogas production from
biomasses belongs to agricultural and livestock residues, which
could be considered as an opportunity to enlarge farmers’ income
and to reduce the dependency on fossil energy sources, as well as
the emissions in the atmosphere (Oberti et al., 2013). Indeed, AD
is a robust and largely used biochemical conversion process
(Coppolecchia et al., 2015), and it is considered to be one of the
most advantageous techniques for livestock manure treatment,
enabling the production of biogas that could be used as a fuel for
heat and electricity production (Nasir et al., 2012). Biogas mainly
consists of 50-70% (v/v) methane (CH4) and 25-45% (v/v) carbon
dioxide (CO2), and trace amounts of water (H2O), nitrogen (N2),
oxygen (O2), hydrogen (H2), ammonia (NH3), and hydrogen sul-
phide (H2S) (Akbulut, 2012). 

Generally, manure has a low content of total solids: 5-7% total
solids (TS) for pigs, 7-9% TS for dairy cows (Angelidaki and
Ellegaard, 2003) and 8.1-8.3% TS for buffalo cows (Esposito et
al., 2012; Scotto di Perta et al., 2019). The high content of water,
together with the large fraction of hard to degrade lignocellulosic
material contained in the manure is the reason for the low methane
yields of manure, usually ranging from 10 to 20 m3 of CH4 t–1 of
manure treated (Angelidaki and Ellegaard, 2003). Thus, the addi-
tion of co-digestion feedstocks could enhance the overall biogas
production of an AD plant by improving the degradation of sub-
strates that are hard to digest as a single substrate (Holliger et al.,
2017). Specifically, co-digested materials showed an accelerated
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apparent hydrolysis rate in comparison with the individual sub-
strate rates (Ebner et al., 2016). 

The growing interest in AD applications for livestock activities
is mainly due to the production of renewable energy, the stabilisa-
tion of biomass before its agronomic use and the emission of fewer
odours from livestock farms (Pantaleo et al., 2013). Indeed, in
addition to the improvement in manure management, AD technol-
ogy has been considered by many EU governments as a way to
accomplish greenhouse gases reductions in the agriculture sector
(GMI, 2014). 

Nevertheless, AD technology has such high investment and
operating costs that they could not be regained exclusively through
common agricultural practices (Vasco-Correa et al., 2018). For this
reason, the diffusion of this technology has been encouraged by
policy regulations and incentives related to renewable energy pro-
duction (Ariunbaatar et al., 2015), which are necessary for reduc-
ing operating costs. Currently, various incentives exist in different
countries. In particular, in order to achieve new goals for biofuels
in the transportation sector, European countries are now moving to
other financial opportunities for these plants, providing an alterna-
tive technological option to AD plants for power production: bio-
gas upgrading to biomethane (Budzianowski and Budzianowska,
2015). New incentives could represent an alternative to stopping
biogas production when the current feed-in-tariffs (FiTs) will end.

In Italy in recent years, the number of AD plants for the pro-
duction and transformation of biogas into electric and thermal
energy from organic substrates has grown (Dinuccio et al., 2014).
Specifically, the subsidies existing for energy production from
biomass have given rise to new interest in biogas, creating new
opportunities for the agricultural and livestock sectors (Chiumenti
et al., 2009; Pantaleo et al., 2013). As a consequence, from May
2011 to December 2012 alone, the number of AD plants in Italy
increased by 95%, with a total installed electrical capacity of 756
MW (Fabbri et al., 2013). In the majority of cases, plants are char-
acterised by completely stirred tank reactors (CSTR) in reinforced
concrete, accounting for 57% of the total Italian plants; followed
by piston-driven horizontal flow reactors (PFR = plug flow reac-
tor) accounting for 23% (Piccinini et al., 2011). In the CSTR a
mechanical agitation provides continuous mixing of reactor con-
tents; instead, in the PFR feedstock flows semi-continuously from
one end of the reactor to the other (Nasir et al., 2012).

A new Italian decree (Ministerial Decree of 2 March 2018)
establishes the possibility for the existing plants to be converted to
produce biomethane. Specifically, it provides for the withdrawal of
Certificates of release for consumption (CICs) of biomethane pro-
duced emitted by the Gestore dei Servizi Energetici. The calcula-
tion of the assigned CICs and their value depends on the biomass
used. In the case of advanced biomethane produced with by-prod-
ucts, they are withdrawn at € 375 per CIC (1 CIC = 10 Gcal) for
10 years. This paper provides a techno-economic analysis of the
reconversion of an existing PFR plant, producing biogas, into a
biomethane production plant, considering all the facilities related
to that conversion. Firstly, a brief technical description of the oper-
ating condition of the plant is provided, followed by an economic
analysis considering capital and operating costs, based on plant
monitoring data as well as on market analysis for costs evaluation.
For that purpose, two scenarios are considered: i) continuing the
electricity production from biogas, even after the end of the incen-
tives (2025); ii) considering the new incentives program for the
biomethane and reconvert the plant, using hollow-fibre mem-
branes for the purification of raw biogas (SEPURAN® Green
modules, EnviTec) in small plants. An estimation of resulting rev-
enues is finally provided.

Materials and methods

Description of the anaerobic digestion plant
The biogas plant, case study, is a full-scale two-stage reactor

(treating mainly buffalo and cow manure), located in Jesi (Marche
region, 43°29’13.1”N, 13°13’09.0”E), in the centre of Italy. It was
installed in 2007, in order to treat the manure of the nearby dairy
farm, characterised by 150 heads of cattle and 200 heads of buffa-
los, mainly reared in Italian southern regions (Scotto di Perta et al.,
2019). It was chosen as a representative small-medium plant of
Central-Southern Italy and monitored from June 2017-June 2018,
in order to reveal the main performance indicators, the process sta-
bility, and the biogas production, according to the feedstock char-
acteristics.

The AD plant (EISENMANN CORPORATION technology)
treats a substrate with high dry matter content. The plant is charac-
terised by two reactors: the digester 1 is plug-flow reactor (270
m3), in which the stirring is mechanical and the matter is forwarded
by compression (Andre et al., 2018), the digester 2 is a CSTR reac-
tor (750 m3). The plug-flow reactor could be a proper solution for
farms, since it allows sufficient resident time for manure sanitisa-
tion and reduces the risk of inefficient short-circuiting of feedstock
that can occur due to poor mixing and ensures the ideal microbio-
logical conditions.

The average retention time is 10 days for the digester 1 and 20
days for the digester 2, respectively. The inside temperature is
approximately 43°C. The digestate is then separated into a solid
and liquid fraction. A small amount of them is recirculated in the
digester 1 and the remainder is utilised to fertilise the field of the
farm. The biogas produced from both reactors is normally used by
the farm for the production of electricity and heat, by means of a
co-generation unit with a maximum electrical power of 250 kW.
Currently, the heat produced is utilised within the farm and for
heating the digesters. 

Substrate characterisation 
Substrate composition can change depending on the season

and the availability of different materials. The AD plant, in addi-
tion to Buffalo and cow farmyard manure and slurry from the dairy
farm, is fed with other co-digestion materials, such as other animal
manure, energy crops, and whey from the nearby dairy factory. All
input materials are crushed and mixed in a hopper and conveyed to
the plug-flow reactor by means of a screw.

Monitoring period
During the period June 2017-June 2018 the AD plant was mon-

itored in order to record the process stability, and the biogas pro-
duction, according to the feedstock characteristics. Specifically,
the first parameter observed was the daily load, since methane
yield is mainly related to the substrate composition and proportion.
Also, the biogas production (m3 d–1), directly correlated with the
volatile solids content, and electricity produced (kWh d–1) were
recorded daily. 

Description of scenarios
This information was used to provide an economic compari-

son, considering capital and operating costs, between two scenar-
ios: i) continuing the electricity production from biogas, even after
the end of the incentives (2025); ii) considering the new incentives
program for the biomethane to reconvert the plant.
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Scenario 0 (2022-2026)
In Scenario 0, it has been supposed that the AD plant keeps

producing and selling electricity to the national grid even after the
end of FiT that is in 2025. FiTt was introduced by Ministerial
Decree of 2 March 2018, establishing that the electricity produced
by plants working with renewable energy can be sold to the local
grid at a price of 0.28 € kWh–1 (corresponding to the above-men-
tioned FiT) for a period of 15 years from the starting day of pro-
duction that was in 2010. Thus in 2026, electricity produced will
be sold at a price of 0.093€ kWh–1, which corresponds to the min-
imum income foreseen by Italian Ministerial Decree
618/2013/R/EFR. 

Scenario 1 (2022-2031)
In this hypothesis, the AD plant would be reconverted for

biomethane production according to the new incentives program.
In conformity with the Ministerial Decree 2/3/2018, for a period of
10 years, the farm could sell the biomethane (BM) produced using
by-products at a rate of 0.23 € m–3 BM. In addition, the CIC, given
the whole production per year of biomethane sold by the plants,
would be recognised to the farm, that could sell them at a price of
375 € CIC–1.

In order to reconvert the current plant, different upgrading
solutions were considered. Among them, a system for small plants
was chosen. In particular, the hollow-fibre membranes has been
selected for the purification of the raw biogas (SEPURAN® Green
modules, EnviTec). 

Economic analysis
To analyse the profitability of two hypotheses and the econom-

ic feasibility of the upgrading system, various costs and revenues
components were evaluated. The investment and operating costs
were discussed, based on plant operators’ data as well as on the
market analysis for costs evaluation. For both solutions, the eco-
nomic analysis starts in 2022, which is the last year to have access
to the incentives for the biomethane, which will then continue for
10 years. Following this choice, the capital cost of the existing bio-
gas plant was not considered. Indeed, by 2022 the Pay Back Period
will have already passed (Table 1). Regarding the biomethane
reconversion plant, the capital costs considered are those related to
the upgrading unit and to the RE.MI unit (for the biomethane reg-
ulation and measurement). The operative costs are similar for both

systems, except for electricity demand, that is higher for the
biomethane production. Indeed, besides the electricity demand for
the AD plant operation, for the biomethane production, the elec-
tricity demand of gas compressor (70 kWh h–1) for the inlet in the
natural gas supply grid, and upgrading system (0.23 kWh m–3biogas)
should be considered (Table 1).

In order to compare the two hypotheses, the net present value
(NPV) and the internal rate of return are used as valuation criteria.
Specifically, NPV is the sum of the expected net cash flows mea-
sured in today’s currency (Gebrezgabher et al., 2010) (Eq 1): 

                                                        
(1)

where CC is the initial capital cost, r is the discount factor and CF
is the expected cash flow at time t. For both configurations, it has
been assumed that the biogas and electricity production of the
plant is the main value of one year of monitoring.

Generally, CF is a function of incomes related to the different
systems and operating costs (Table 1). For Scenario 0, the income
per year is given by Equation 2:

                                               
(2)

where TE is the price of the sale of electricity produced, which cor-
responds to the FiT of 0.28 € kWh–1until 2025 and starting from
2026 to minimum income of 0.093 € kWh–1 (Ministerial Decree
618/2013/R/EFR) and EP (kWh d–1) is the electrical power pro-
duced per hour.

In the case of Scenario 1, the incomes include the sale of the
biomethane produced and the withdrawal of CICs (Eq 3):

                               
(3)

where TB is the price of the sale of the biomethane produced, BP
(m3 d–1) are the volume of biomethane produced per day and VCIC
is the value of one CIC equal to 375 €.

Table 1. General assumption for the techno-economic assessment of biogas plant and biomethane plant, based on plant operators’ data
as well as on the market analysis.

                          Biogas plant                                                                         Biomethane plant

Capital costs           -                                                                                                                         - Specific costs for the connection to the natural gas grid: 70,000 €
                                                                                                                                                            - Costs of the gas purification unit: 35,000 €
                                                                                                                                                            - Costs of upgrading system: 800,000 €
                                                                                                                                                            - Costs of RE.MI unit (for measuring, compression): 300,000 €
Operating costs     - Cost for feeding: 6.1 (€ q–1)                                                                  - Cost for feeding: 6.1 (€ q–1)
                                  - Ordinary maintenance: 30,000 €                                                            - Ordinary and extraordinary maintenance for upgrading system: 30,000 €
                                  - Extraordinary maintenance: 10,000 €                                                   - Ordinary and extraordinary maintenance for RE.MI unit: 18,000 €
                                  - Plant electricity demand is 6% of the electricity production          - Biogas purification (consumables): 3 € kg–1
                                                                                                                                                            Plant electricity demand:
                                                                                                                                                                - Anaerobic digestion reactors electricity demand is the same
                                                                                                                                                                as the regular biogas plant
                                                                                                                                                                - Gas compressor electricity demand: 70 kWh h–1
                                                                                                                                                                - Upgrading system electricity demand: 0.23 (kWh m–3biogas)
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Results and discussion

Technical results of monitoring
The typical composition of the substrate is summarised in

Table 2. The feedstock mainly used is dairy farm slurry (483.8
kgVSfed d–1), which farm produces and needs to treat. As it is pos-
sible to observe, slurry is characterised by the lowest VS content
(5.5%), and for this reason it is added to farmyard manure (22.4%
of VS, 872.3 kgVSfed d–1), horse manure (26.3% of VS, 76.9
kgVSfed d–1) and maize silage (25.3% of VS, 1518 kgVSfed d–1).

During the year, the composition of the substrate is variable in
volatile solids (VS) content. The variation in VS content could
determine a different biogas production observed during the mon-
itoring period (Figure 1). Specifically, in the first period, which
refers to the first 100 days, several reductions in production are
noticeable due mainly to some technical problems of the plant. The
graph shows that in the first 5 days there was a stop of production
due to the opening and emptying of the second digester, an opera-

tion performed about once a year to remove the sediments that
have accumulated inside the digester. From day 25 to day 28
another drop in production occurred due to the failure of the mixer
of the first digester and the screw for the loading of the second
digester. On the day 94, due to a problem with the pump, there was
no recirculation of the digestate from the second to the first
digester causing a drop in production. The average productions of
biogas and electricity for this period were 1649.3 m3 d–1 and
3665.9 kWh d–1, respectively. In the second period, from day 101
to day 270, it can be observed that volatile solids load increased
(5181 kgVSfed d–1). Also, there was an improvement in production
that remained constant throughout the period. A drop in production
occurred only on day 160 due to the engine shutting down for a
period of 7 h. The average productions of biogas and electricity
were 2142 m3 d–1 and 5022.3 kWh d–1, respectively.

In the third period, from day 271 to day 345, the production
was not constant due to some technical problems. The days from
272 to 276 were characterised by a drop in production due to two
problems in the second digester. On days 282 to 291, there was a

Table 2. Substrate composition and proportion associated with their costs, during one year of monitoring.

                                                                                                      Feedstock
                           Farmyard        Dairy farm            Maize                Horse                  Sunflower         Chicken            Rice              Other
                           manure*            slurry*              silage              manure                                            litter             husk        cereal waste

DM (%)                           26.7                            6.8                            26.9                              -                                    93.6                       37.06                    87.1                      22.1
VS (%)                             22.4                            5.5                            25.3                           26.3                                 83.0                       26.77                    76.4                      20.4
VS fed (€ q–1)             872.3                         483.8                         1518                           76.9                                 35.7                        62.5                      53.2                      95.2
*Pain and Menzi (2003) classification. DM, dry matter; VS, volatile solids.

Figure 1. Electricity, Biogas production and VS fed during one year of monitoring of the given AD plant. Red circles highlight a fall in
the biogas production
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supply block due to the breaking of the feeding auger of the first
digester. The peak of day 309 is due to the night-time power failure
of the plant. On days 314, 315 and 316 there was a power cut due
to exceeding the maximum filling level. Despite the technical
problems, biogas production was higher in this period, in fact, it
was 2841 m3 d–1 and the production of electricity was 4689.3 kWh
d–1. On day 346 the transformer of the cogeneration engine explod-
ed due to lightning and the plant was stopped for the next 6 days.
The average production of biogas for this period was 1451.6 m3 d–1

and the average the production of electricity was 2130.5 kWh d–1.
The average production of biogas for the entire period is

2105.3 (m3 d–1), about 29.82% less than the expected production of
3000 (m3 d–1), indicated by producer. 

The monitoring of the performance of the AD plant proved to be
useful insight into the management issue of a biogas plant on a farm.
Specifically, the knowledge of production dynamics and average
yields, during a long monitoring period, could give realistic informa-
tion on the actual production yields (Piccinini et al., 2009).

In this case, it is interesting to observe how the production pro-
cess could be stable in the absence of abnormal functioning of
mechanical components (mixers, screws) of digesters. 

Biogas production from both livestock manure and slurry is
lower than other substrates, for this reason, the co-digestion with
other biomass such as silage is necessary (Adani and
D’Imporzano, 2008). Unfortunately, as previous studies stated
(Gebrezgabher et al., 2010) the drawback of co-digestion is the
cost of the feedstock, that is often the most important economic
factor for the production, accounting for 121,478.40 € for the
maize silage of the AD plant under investigation.

Economic comparison of two scenarios
Figure 2 shows the results of the economic analysis for the AD

plant in the hypothesis of keeping the electricity production from
biogas (Scenario 0). Specifically, 

Figure 2A represents the costs and the incomes of the plant
with incentives (until 2025). In this case, the revenue due to the
sale of the electricity produced overcomes the costs for 281,000 €
per year, thanks to FiT value of the sale, that allows AD being eco-
nomically feasible and convenient for the farmers. Unfortunately,
starting in 2025, when the tariff FiT will be abrogated, the incomes
will be not sufficient for balancing the operating costs. In particu-
lar, it was observed that the cost of digester feeding accounts for
about 71 % of the total operating costs (€ 172,157.15).

Another interesting aspect concerns the results of the economic
analysis considering the optimal biogas and electricity production.
In this case, even with no subsidies, the incomes due to sales of
electricity (€ 187,300) would be higher than operating costs (€
174,728). Positive cash flow could justify the operation of the AD
plant, even after the ending of subsidies. The biogas production
could be stabilised and thus improved by reducing the plant inter-
ruption periods, mainly due to machinery malfunction. As Fabbri
and Mazzetti (2012) found, small scale plants need the same bio-
logical and mechanical conditions of the biggest plants in terms of
maintenance, against the profitability of the investment. Another
possible solution could be reducing the operating costs related to
feeding. Searching for feedstock cheaper than maize silage without
reducing the VS amount inserted should be requested.

Figure 3A shows the comparison between operating costs and

Figure 2. Economical results (based on the mean production
2017-2018) for the given AD plant producing electricity from
the biogas (Scenario 0): (A) with the current incentives FiT; (B)
after the ending of the incentives.

Figure 3. Economical results for the hypothesis of reconversion of
the given AD plant for biomethane production (Scenario 1): (A)
main costs and revenues (based on the mean production 2017-
2018); (B) cumulative return flow.
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revenues of Scenario 1. In this case, the electricity demand of the
plant increased up to about 34% of the total operative costs (mainly
for the energy consumption of the gas compressor necessary to
pump biomethane in the natural gas supply grid), whereas the feed-
ing costs accounted for 45% of the total operative costs. In Figure
3A are reported the cumulative return flow and the payback period
that has been estimated to 35.3 years, assuming that after ten years
(2022-2031) the incentives are still valid. This hypothesis allows
realising that the capital investment costs (€ 1,205,000) are too
high for considering the investment convenient for the small plant
as in the present study case. Indeed, considering the real period of
incentives of 10 years (2022-2031), the corresponding NPV is neg-
ative (– € 903,473.18).

Conclusions
The mean biogas production for the considered year was

2105.3 m3d–1, about 29.82% less than the expected production,
indicated by producer. Thus, results reveal that the management of
the reactors could be optimised. 

The economic results showed that in the scenario without
incentives the production of electricity from biogas is not advanta-
geous due to the expensive operating costs from the extensive
needs of co-digestion. As a matter of fact, the drawback of the co-
digestion technique is the cost of the feedstock, such as maize
silage, that proved to be an important economic factor, accounting
for about 71% of the total production costs. This issue could be
overcome by adding other feedstocks that could improve the bio-
gas yield or enlarging the existing plant. 

According to the average values of the year, the production of
biomethane is not suitable for small-scale plants. As a matter of
fact, the investment costs (1,205,000 €) of upgrading the technol-
ogy are too high to ensure the economic viability of the
biomethane project, even when the income from CICs and the sale
of biomethane are considered.
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