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Introduction

Nowadays a detailed scenario of the number and the type of biogas plants in ltaly d o e sexigt.tOne of the
main reason of this is that the biogas sector in Italy grow rapidly from the 2008 reaching more than 1000
plants in few years thanks to a favourable support scheme called it a oimifi & o mp rtleangsidarantaed
0,28 cent/euro for each kWh produced by biogas plants that have an installed capacity under 1IMWh.

In the first part of this document will be described a detailed overview on the biogas situation in Italy; In this
study the number, the installed capacity, the year of construction, the support scheme and the type of
biomass used by biogas plants will be analyzed.

Then will be estimated the overall biogas potential in Europe with a more detailed estimation of the potential
in Italy. The assessment of the residual biomass potential is important to quantify the additional margins for
biogas and biomethane market penetration and to plan correctly its energy exploitation.

The second part of this document consist in a description of the state of the art on technological aspects of
biogas/biomethane production and gas grid injection. The social, economic and environmental impacts
related to biogas production will be also highlighted (i.e. reduction of costs for farmers and foresters, energy
valorization of the residual biomass, correct management of the digestate, etc.). Different technologies are
possible for anaerobic digestion and it is important to identify the optimal plant configuration to ensure
techno-economic viability, in particular for small scale plants. These parameters also affect the upgrading
technology in terms of quality and cost production. Alongside technological matters also logistics aspects,
such as the plant location, will be considered in order to maximize benefits.

In order to exploit the huge potential of the biogas chain it is essential to use in the best way also the
digestate, the byproduct produced by the biomass digestion. In the third part of the document will be
collected the best practice concerning the use of digestate, with the aim of improving the knowledge of its
great potential from social, environmental and economical point of view among citizens and policy makers
improving also the correct exploitation of this valuable resources by farmers promoting the substitution of
mineral fertilizers.

As often happens, the opposition and distrust of what is new are caused by a lack of information of
stakeholder. To decrease the opposition, reduce restrictive rules and to allow the possibility to exploit the
biogas value chain in the best possible way it is fundamental to increase the level of knowledge of the
stakeholders and collect the analysis and the maps of the most important episodes of movement of public
opinion against biogas occurred in the last years. The assessment of the local opposition events that caused
troubles to biogas plant owners, limiting the growth of biogas and biomethane sector, could be an important
tool to understand where and why citizens are against biogas. Local opposition has resulted in high rejection
rates of proposed biogas/biomethane projects in a majority of EU countries, limiting the growth of the biogas
and biomethane sector. So also in countries that previously led the way in the use of biogas and biomethane
the opposition and rejected projects are becoming more extensive. This increases the pressure of resolving
guestions about social acceptance.
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All the information abovementioned will help in the definition of the correct final structure of the
communication and dissemination activities for citizens and stakeholders and will make them fully aware of
the impact of the construction of biogas/biomethane plant.

Such a study can increase also the knowledge about the current framework allowing the supply chain of new
biogas/biomethane power plants to be developed in an optimized way.

1. State of the art on the current biogas and biomethane scenario in Italy

During the last 8 years the biogas sector in Italy has gone through radical changes. To better understand
these changes it is possible to divide this period in 2 parts: the first one that goes from 2008 to the end of
2012 and the second one that goes from 2013 to 2016.

The first four years has been characterized by a rapid growth in the number of biogas plants built mainly
thanks tothe At a roiminfi & o mp r (@lyinslusiveatariff) of 280 4 / MWh, paid for renewable energy fed
into the grid. The sector grew considerably reaching a consistency of more than a thousand plants with an

installed capacity of 900 MW.

From the 1* January 2013, the support system for the production of biogas changed: the dm 07/06/2012, in
fact, has changed the way to access to the system and the tariffs. The main changes were the follows: the
restriction of electric power installed annually; the introduction of a ranking system (Registers); the payment
of a fee based on the installed capacity of the plants and the feedstock used; elongation from 15 to 20 years
of the ftariffa o mn i ¢ o mp r, thenirdroduciiod of a variety of bonuses for the enhancement of the thermal
energy and the recovery-reduction of the nitrogen content in the digestate produced by the plants.

The definition of this new support system scheme, considered less profitable by the industry, has pushed for
the construction of a big number of plants by the end of 2012. The date of 31-12-2012 become an important
date between the old support system and the new support system scheme.

As described above during the quadrennial 2013-2016 the biogas sector in Italy decreased its development.

Currently there are 1555 operating plants in Italy with a total installed capacity of 1345,6 MWel and an
average plant capacity of 1156 kW for each plant (table 1.1). The tables and the data described in this first
part of the document are based on the 2015 annual report of GSE (Gestore dei servizi Elettrici) that were be

analyzed and developed by the Italian Biogas Consortium (CIB).

On the base of these numbers ltaly confirms its privileged rank in Europe and in the word representing the

second biogas market in Europe after only Germany and the third in the word after Germany and China.
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The development of the biogas sector, during both the first quadrennial and the second one, has been
characterized by a clear dominance of the northern regions of Italy (table 1.1): in four regions of the north of
Italy there are the 73% of the total biogas plants in Italy. The most important region for the number of biogas
plants and the installed capacity is Lombardia, with 498 biogas plants and 40,4 MWel, followed by Veneto,
with 233 biogas plants and 181,3 MWel, Emilia-Romagna with 205 biogas plants and 180,8 MWel and
Piemonte with 197 biogas plants add 164,3 MWel installed capacity. It is important to underline that the data
described above (more detail in table1.1) represent the operating biogas plants feed by agriculture, landfill,

sewage and municipal solid waste products.

REGION total biogas | total iljstalled average installed average installed
plants capacity (MW) capacity (MW) capacity (kW)

Abruzzo 16 14,9 0,93 932
Basilicata 11 7,0 0,64 638
Calabria 19 16,9 0,89 890
Campania 29 35,8 1,24 1236
Emilia Romagna 205 180,8 0,88 882
gri'uul'i;\/e”ez'a 71 52,1 0,73 734
Lazio 41 57,7 1,41 1408
Liguria 9 25,7 2,86 2858
Lombardia 498 400,4 0,80 804
Marche 35 34,0 0,97 972
Molise 4 3,1 0,78 778
Piemonte 197 164,3 0,83 834
Puglia 32 30,6 0,96 955
Sardegna 24 29,1 1,21 1212
Sicilia 14 28,6 2,04 2040
Toscana 51 47,2 0,93 926
Trentino 35 16,1 0,46 459
Umbria 29 18,7 0,65 646
Valle D'Aosta 2 1,2 0,59 592
Veneto 233 181,3 0,78 778
TOTALE 1555 1345,6 1,16 1156

Table 1.1 number, installed capacity, and average installed capacity of all biogas plants in Italy
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The scenario described above d o e sahandge too much looking only to biogas plants feed exclusively by
agriculture, sewage and municipal solid waste products (table 1.2). The leader regions remain the same, but
there is a change in the average size of the plants that is 694 kWel. The main reason of this change is that
the support scheme for these type of biogas plants rewards biogas plants with an installed capacity under 1
MWel.

Agriculture + sewage + municipal solid waste
REGIONE biogas plants % compared | total installed | average average
to total capacity (MW) installed installed
capacity (MW) | capacity (MW)
Abruzzo 13 81,25 10,66 0,82 820
Basilicata 10 90,91 3,40 0,34 340
Calabria 13 68,42 8,90 0,68 685
Campania 21 72,41 12,58 0,60 599
Emilia 184 89,76 142,36 0,77 774
Romagna
Friuli Venezia | 70 98,59 47,85 0,68 684
Giulia
Lazio 30 73,17 21,13 0,70 704
Liguria 2 22,22 0,46 0,23 230
Lombardia 483 96,99 335,08 0,69 694
Marche 19 54,29 12,67 0,67 667
Molise 2 50,00 1,86 0,93 930
Piemonte 176 89,34 121,65 0,69 691
Puglia 17 53,13 7,71 0,45 453
Sardegna 20 83,33 14,46 0,72 723
Sicilia 3 21,43 1,88 0,63 626
Toscana 38 74,51 28,35 0,75 746
Trentino 31 88,57 8,40 0,27 271
Umbria 24 82,76 10,61 0,44 442
Valle D'Aosta | 2 100,00 0,16 0,08 78
Veneto 217 93,13 154,03 0,71 710
TOTAL 1375 944,19 0,69 687

Table 1.1 number, installed capacity, and average installed capacity of biogas plants from agriculture,

sewage and municipal solid waste in Italy

10
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The number of biogas plants fed with municipal solid waste is 46 (annual report 2014 of CIC Consorzio

Italiano Compostatori) and the number of biogas plants fed with sewage is 74 (annual report 2014 TERNA).

Agricultural biogas plants are 1255; considering also biogas plants from landfill that are 180, agricultural

biogas plants represent the 80% of the total biogas plants in Italy.

landfill
REGIONE biogas % compared | total installed | average average

plants to total capacity (MW) installed installed

capacity (MW) capacity (MW)

Abruzzo 3 18,75 3,46 1,15 1152
Basilicata 1 9,09 0,61 0,61 609
Calabria 6 31,58 5,12 0,85 853
Campania 8 27,59 12,58 1,57 1573
Emilia 21 10,24 26,24 1,25 1249
Romagna
Friuli Venezia | 1 1,41 0,46 0,46 460
Giulia
Lazio 11 26,83 28,75 2,61 2613
Liguria 7 77,78 18,16 2,59 2594
Lombardia 15 3,01 19,38 1,29 1292
Marche 16 45,71 16,90 1,06 1056
Molise 2 50,00 1,25 0,63 625
Piemonte 21 10,66 24,31 1,16 1157
Puglia 15 46,88 13,44 0,90 896
Sardegna 4 16,67 4,56 1,14 1140
Sicilia 11 78,57 16,84 1,53 1531
Toscana 13 25,49 15,22 1,17 1171
Trentino 11,43 3,52 0,88 880
Umbria 5 17,24 4,78 0,96 956
Valle D'Aosta | O 0,00 0,00 0,00 0
Veneto 16 6,87 9,86 0,62 616
TOTALE 180 225,43 1,25 1252

Table 1. 2 number, installed capacity, and average installed capacity of biogas plants from landfill in Italy

11
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In table 1.3 is described the actual scenario for operating biogas plants in Italy from landfill. Regarding the
use of landfill material, a ban on organic material in landfills (effective since 2005) has been leading to a
constant decrease in the production of landfill-based biogas. In the future, the aim is to avoid landfill gas
production as much as possible. Organic waste will be treated in aerobic biogas plants, composted or
incinerated. Anyway currently there are 180 biogas plants from landfill with a total installed capacity of
225,43 MWel and an average capacity of 1252 kWel.
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Graph 1.1 Total number of biogas plants in Italy
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Graph 1.2 Total biogas installed capacity in Italy

For what regards the number and the installed capacity of biogas plant looking at graphs 1.1 and 1.2 it is
clear that there is a big gap between the norther regions and the southern regions in Italy. The main reason
that could explain this event is that usually biogas plants were built near big livestock, and bigger livestock
are located in the northern part of Italy. Anyway the southern part of Italy has a huge potential too, because it
is rich in other type of biomass like byproducts from agriculture or agroindustry, so in the next few years a

development of the biogas sector is expected also in the southern part of Italy.

13



|Sl \/ \C www.isaac-project.it info@isaac-project.it

AVERAGE INSTALLED CAPACITY (kW)

3000
2500
2000
1500
1000

50

'9

o o
I
I
|
<9 —
I
]
I
I

L @ O @ o \0 N4 N & RGO )
AR S SO G R S S S S & L
& & vz}q’ & POV FE N 0 @0 %\ & &
v oo O o 4P K N P Q7 K
O" o @ N N
(‘Q\\\ Q2 1?2
X
N2\
<®

ETOTAL AVERAGE INSTALLED CAPACITY magriculture+sewage+musicipal solid waste = landfild

Graph 1.3 average capacity of biogas plants in Italy

1.1 Hectares of usable agricultural area used for biogas production

In the Table 1.4 are listed the number, the installed capacity, the total cultivated area of farms, and the area

dedicated to biogas production.

This is very important to underline that the described data are the results of the surveys sent to CIB
members. This part of the survey was completed by around 300 biogas producers representing about the

25% of the agricultural biogas plants in Italy.

14



= __- | S C
‘*:-_—;ri l \l \ www.isaac-project.it info@isaac-project.it

The total cultivated area dedicated to biogas production is about 70000 ha (table 1.4). Considering that the

compiled surveys represent about the 25% of the agricultural biogas sector in Italy it is possible to make a

quick evaluation of the total cultivated area dedicated to biogas production. Since the sample is lower than

the 50% and considering that there are several variable inputs, we have quantified the value in a very

precautionary way in about 320000 ha. Considering that Italy has about 12.4 million hectares of usable

agricultural area (UAA), the percentage of the usable agricultural area dedicated to biogas production is only

the 2,6% in Italy.

REGION number of | installed total cultivated area | area dedicated to
biogas capacity of farms of the | biogas production
plants (MW) survey (ha) (ha)

LOMBARDIA 177 127,23 26070 17289

LAZIO 9 5,24 991 512

VENETO 65 51,42 9043 5710

PIEMONTE 23 17,62 3388 1907

TRENTINO ALTO ADIGE 4 2,20 440 140

TOSCANA 13 9,84 2919 1594

MARCHE 8 6,48 3941 1350

FRIULI VENEZIA GIULIA 13 9,57 2030 1218

CAMPANIA 4 1,35 150 0

UMBRIA 5 2,53 1320 555

SARDEGNA 1 0,12 0 0

PUGLIA 3 1,63 230 65

SICILIA 2 1,60 200 20

ABRUZZO 2 1,50 0 0

CALABRIA 7 4,71 1246 490

BASILICATA 3 2,50 200 0

EMILIA 52 44,08 17933 6556

TOTAL 391 289,60 70101 37406

Table 2.4 number, installed capacity, total cultivated area of farms, area dedicated to biogas production of

biogas producer that have compiled the survey
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1.2 The Italian biogas model is not feed vs food but feed with food

CIB, the ltalian biogas Consortium represent about the 50 % of agricultural biogas plants in Italy. CIB
members are concretely experiencing in their companies after the investment in anaerobic digestion a sort of
"agricultural revolution”. The production of renewable energy has allowed their companies to strengthen
competitiveness in the agro-industrial sector and promoted investments in technologies for more sustainable
agriculture. Indeed, now they have a new marketplace, in addition to the food market, suitable to promote
double crops and they can develop technology to make more efficient use of productive resources, from
water to organic fertilization. The agricultural revolution that they are experiencing, originates from the
conviction that agriculture have to produce more, with fewer emissions, and anaerobic digestion is an
efficient technology even for plant sizes that allow its widespread and decentralized distribution. In the future
when agriculture will change, they want to shift the perception from being part of the problem, to represent

part of the solution of climate change problem.

Thanks to the virtuous examples of companies that apply "Biogasdoneright®" model we can understand how
anaerobic digestion can be a useful tool to push farmers to produce both food and energy in an environment-
friendly way, just doing well what they already do: till the land, intensify in a sustainable way production and
take organic matter back to the soil. That reflects each of the consortium farmer, which from his land and
from his farm wants to produce more: more fodder to feed cows, chickens and pigs; more milk to produce
cheese; more meats, more wine etc. more local quality products, recognized around the world as a flag of
iMactet al yo

The models described before are confirmed with the data of table 1.5 where it is possible to observe that
among the 379 biogas producers that have compiled the survey 133 produce food excellence. It is important
to underline that in the survey we have asked to fill this part only if the farms produce certified excellence
food products with controlled designation of origin (DOC) that is a quality assurance label for Italian food
products, or protected designation of origin (DOP), as regulated by COUNCIL REGULATION (EC) No
510/2006 of 20 March 2006 on the protection of geographical indications and designations of origin for
agricultural products and foodstuffs. This means that the 35% of the farms that have installed a biogas plants

produce also certified food excellence products.
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REGIONE | number of farms that produce food
number of biogas plants excellence
LOMBARDIA 177 54
LAZIO 9 3
VENETO 65 19
PIEMONTE 23 7
TRENTIN@ALTQADIGE 4 0
TOSCANA 13 7
MARCHE 8 1
FRIULYENEZI&SIULIA 13 3
CAMPANIA 4 3
UMBRIA 5 1
SARDEGNA 1 1
PUGLIA 3 1
SICILIA 2 1
ABRUZZO 2 0
CALABRIA 7 6
BASILICATA 3 2
EMILIA 52 24
TOTAL 379 133

Table 3.5 number of farms that have compiled the survey and that produce food excellence

1.3 Feedstock used in biogas plants

The feedstock used for biogas plants is inevitably connected to the size of plants: to feed the larger plants
(1,000 kWe) it is indispensable, unless special exceptions, to use at least a part of ensiled organic matrices.

It is possible also to change the diets of the plants using byproducts of agriculture or agroindustry.

The census carried out by CIB has collected information on the categories of products used in biogas plants.
The analysis was done on the type of products and by-products used as feedstock for the plants as a
percentage and not on the amount (weight) of the latter because the first results obtained from the
guestionnaires showed the unfeasibility of the latter option because in most cases the quantities withheld
were not consistent and realistic.
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To simplify data collection and to make results more understandable and intuitive, all possible substrates for
anaerobic digestion were divided into 3 main categories:

1 Energy crop
1 Manure
1 Byproduct

Within the questionnaire it was asked to biogas producers which of these products were used in the plant
and the percentages. The results at the national level (graph 1.5) demonstrate that, in contrast to what is
generally thought by most of the stakeholders, the biogas plants that use only energy crops represents only
the 11% of the total.

Most of biogas plants in Italy are fed by a mixture of 50% of manure and 50 % of energy crop representing
the 15%, also the codigestion of 50% energy crop with 25% of byproducts and the 25% of manure represent
the 15%. The same percentage (15%) was represented by the codigestion of 75% energy crops and 25% of
manure. An important percentage of the feedstock is represented by the combination of 15% of manure and
the 25% of energy crop with a percentage of the 13%. As is possible to see in the graph 1.5 the plants fed
only with manure represent the 8%, the mixture of 50% of manure, the 25% of energy crops and the 25% of
byproducts represent the 6% and so on.

In each regions of Italy there is a different scenario for what regards the feedstock used for the biogas plants
that reflects the typical characteristics of the regions. In the following paragraph the scenario in the most
important Italian regions will be described, with details on the number of biogas plants; to have information
also about other regions is possible to look in the following graphs (from graph 1.6 to graph 1.22).

As described before the analysis of the surveys is focalized on the agricultural biogas plants because the
first attempts to distribute the surveys also to other type of biogas producer had a very low success rate
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FEEDSTOCK USED IN BIOGAS PLANTS IN ITALY
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Graph 1.5 feedstocks used in the Italian Biogas plants (% of feedstock referred to surveys)
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Graph 1.6 feedstocks used in the Lombardia Biogas plants

As described in graph 1.6 in Lombardia mostly manure is used to feed the biogas plants. The main reason is

that in Lombardia there are lot of big livestock and usually biogas plants were built nearby them. The biogas

plants that use the 100% of manure represent the 9% of the whole number of plants in the region; the 15,8%

is a mixture of 50% of manure and 50% of energy crops, the 15% a mixture of 75% of manure and 25% of

energy crops, the 13% is a mixture of 75% of energy crops and 25% of manure and the 18% of the

feedstock is represented by a mixture of 50% of energy crops, 25% of manure and a 25% of byproducts.
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Graph 1.7 feedstocks used in the Lazio Biogas plants
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Graph 1.8 feedstocks used in the Veneto Biogas plants

In Veneto region (graph 1.8) there is a larger use of energy crops than in the rest of Italy. The 15% of biogas

plants use 100% of energy crops, the 34% of the plants use a mixture of 75% of energy crops and 25% of

manure. The 21% of the total feedstock used in Veneto for biogas plants consist in a mixture of 50% of

manure and 50% of energy crops.
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Graph 1.9 feedstocks used in the Piemonte Biogas plants

Also in Piemonte region (graph 1.9) the energy crops represent an important part of the feedstock used for

biogas plants. The 25% of the biogas plants use 100% of energy crops and the 43% use a mixture of 50% of

manure and 50% of energy crops, the 13% use a mixture of 75% of manure and 25% of energy crops.
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Graph 1.10 feedstocks used in the Trentino Alto Adige Biogas plants
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Graph 1.11 feedstocks used in the Toscana Biogas plants
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In Toscana region (graph 1.11) it is registered a larger use of by products as feedstock for biogas plants

together with energy crops. The 23% of the total feedstock is represented by a mixture of 25% of byproducts

and 75% of energy crops; the 23% is represented by a mixture of 50% energy crops, 25% of manure and

25% of byproducts. The 15% is represented by a mixture of 50% manure and 50% energy crops.
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Graph 1.12 feedstocks used in the Marche Biogas plants
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FRIULI VENEZIA GIULIA

50%BYPRODUCT 25%MANURE 25%EMN.CROP
50%EN.CROP 25%MANURE 25%BYPRODUCT
50% MANURE 25%EMN CROP 25%BYPRODUCT
TE%BYPRODUCT 25%EMN.CROP
TE%EN.CROP 258%BYPRODUCT
TEM%EN.CROP 25%MANURE

TE%MANURE 25%BYPRODUCT

To%MANURE 25%EN.CROF

50%EN.CROP 50%BY PRODUCT
50%MANURE 50%BYPRODUCT

S0%MANURE 50%EN. CROP

EMERGY CROP

MANURE

0,00

{1

0,00

'l

0,00
0,00
0,00

ll

0,00

000 500 1000 1500 2000 2500 30,00 3500 40

Graph 1.13 feedstocks used in the Friuli Venezia Giulia Biogas plants

In Friuli Venezia Giulia region (graph 1.13) most of the plants use 100% of energy crops representing a

percentage of the 38% of the total. A mixture of 50% of manure and 50% of energy crops represent a 15%

and another 15% is represented by a mixture of 75% of energy crops and a 25% of manure.
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Graph 1.14 feedstocks used in the Campania Biogas plants
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Graph 1.15 feedstocks used in the Umbria Biogas plants
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Graph 1.16 feedstocks used in the Sardegna Biogas plants
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Graph 1.17 feedstocks used in the Puglia Biogas plants
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Graph 1.18 feedstocks used in the Sicilia Biogas plants
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Graph 1.19 feedstocks used in the Abruzzo Biogas plants
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Graph 1.20 feedstocks used in the Calabria Biogas plants
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Graph 1.21 feedstocks used in the Basilicata Biogas plants
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Graph 1.22 feedstocks used in the Emilia Romagna Biogas plants
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2. Residual biomass potential in Italy and in Europe

By the end of 2014, Europe had reached a total of 17240 biogas plants with a total installed capacity of 8287
MWel. The Average installed capacity depends on the type of biogas plants; capacities range from 0.23
MWel for sewage sludge biogas plants to 0.67 MWel for landfill-based biogas plants. Agricultural plants have

an average installed capacity of 0.48 MWel

Biogas plants
Europe total

N

Biogas plants
Europe total

V.

Agriculture = Sewage Agriculture m Sewage

= Landfill = Other = Landfill = Other

Figures 2.1 and 2.2 feedstocks used in Europe (2.1) and feedstock used in Europe without Germany and
Italy( EBA report 2015)

The main feedstock used in Europe is agricultural biomass that consists in agricultural waste streams,
manure and energy crops. agricultural plants represent the 68% of total plants in Europe. Excluding Italy and
Germany the percentage of the used feedstock varies a lot: 45% agricultural, 23% landfill, 23% sewage 9%

biowaste and industrial waste (figures 2.1 and 2.2).

The percentage demonstrate that agricultural plants built within farms remain the dominant type of biogas
plant. In Hungary, France and Poland, biogas produced in agricultural plants derives mainly from manure,
whereas Latvia and Germany rely principally on energy crops. By the end of 2014, there were 11,670

agricultural plants with 5,546 MWel installed capacity.

There are big differences among different countries for what regards the use of feedstocks. This depends on
national political choice and different characteristics of each country. The UK, Sweden, Switzerland and
Ireland remain the front runners in using sewage sludge for biogas production. In the UK 75% of the 24 - 34
million wet tons of sewage sludge produced each year is processed through anaerobic digestion and this

figure is increasing as existing treatment processes are maximized and expanding.
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Food waste is a key feedstock in the UK anaerobic digestion market, second only to liquid feedstock, with

approximately 1.6 million tons of food waste being recycled by the sector.

Sweden processes nearly 6 million tons of sewage sludge in 139 plants. On a European scale, there are

2,861 of such plants with an overall installed capacity of 663 MWel.

The food and drink industries are turning into an important and reliable source of feedstock. In 2014 there
were 827 biogas plants running on industrial waste and biowaste. Austria, Belgium, France and the UK can
be considered leaders in this sector, with a share of 45%. This sector, though, so far contributes only 285

MWel to overall installed capacities across the industry.

For what regards the use of landfill material, it is expected a constant decrease of its use due to the ban to

use organic material in landfills in Europe.

In the following paragraph will describe the potential development of the biogas sector in the most relevant
countries in Europe, using as base the studies of the most important European association in the European

project BIOSURF (Horizon2020, grant agreement No 646533; www.biosurf.eu).

In Germany, the most important biogas producer with 9035 biogas plants and an installed capacity of 3859
MWel, in 2015, the 52% of the total feedstocks used for biogas plants consist in energy crops and 43% in
slurry and manure and the 5% are wastes and residues. For what regards energy content energy crops
supply 79% of biogas, slurry and manure only 14%. (Schweftelowitz, et.al. 2015). The total German
agricultural area is 17 million hectares, and 1.5 million hectares of them are used for providing feedstock for
biogas representing the 10%. Looking also at the future most of its potential is represented again by energy
crops. The German Biogas Association estimates their energetic potential in about 108 PJ/a (30 TWh/a)
electricity. Animal excrement has the second highest potential, with 38 PJ/a (10 TWh/a). Only minor
potentials can be expected from using different kinds of wastes. Altogether, about 108 PJ/a (30 TWh/a)
electricity is produced in biogas plants in Germany. The theoretical potential amounts to 216 PJ/a (60
TWh/a) according to GBA calculations. For what regards future potential of sewage as feedstock for biogas
plants he Federal Ministry of Economic Affairs and Energy, the potential is quantified in 1TWh/a (3.6 PJ/a)

(Scholwin et al.).

In 2014, in Austria there were 289 biogas plants with an installed capacity of 80.5 MWel. Most of these
plants use energy crops (about 60%) (mostly corn silage) and manure, Due to the unexpected rise in grain

prices, some plant operators, companies and scientists started to search for alternative feedstocks not
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directly linked to grain prices. In the Austrian biowaste strategy was reported that 1.4 Mio tons/year of
organic waste are already treated in composting and anaerobic digestion. Considering that it could be
possible to improve the separation collection process granting a better and more digestibility substrate, the
future potential from organic waste could be quantified in 2,5 PJ (calculations by ARGE Compost and Biogas
Association Austria). Currently about 1.35 million hectare of arable land is used for crop production and
570.000 ha are used as grassland (multiple cutting) in Austria (Statistics Austria 2014). Besides using straw
from cereals for the biogas process, the cultivation of catch crops (in addition to their already carried out use
for soil preservation measures) for energy production is slowly but constantly increasing. With regard to the
aforementioned possibilities, ARGE, the Compost and Biogas Association, estimated a future potential for

biogas production of 23,7 PJ.

In 2015 in the UK there were 813 biogas plants; 449 of them are from landfill, 129 from agriculture 150 from
sewage and 92 from biowaste and industrial biogas plant. Maize and grass silage are the most dominant
crops used by the industry. Meanwhile, total food waste is estimated at 15 Mtpa by the Waste Resource and
Action Plan (WRAP), Agricultural wastes such as manures and slurries remain largely under-utilised by the
UK AD sector; of a potential resource of around 90 Mtpa9 only around 1 Mtpa is used in AD. The use of crop
substrates by the UK AD industry has increased significantly over recent years, with total crop demand
having doubled from 0.9Mtpa to 1.8Mtpa between October 2014 and October 2015. Despite this rapid
growth, current demand equates to around 1.5% of total UK arable land, indicating that at its current scale of

development the sector is likely to have only a very minor impact on existing food markets.

In France, about 3% of dedicated energy crops are used for biogas production. The French Law on Energy
Transition (LTECV) regulates and further reduces their use in biogas plants, while supporting the use of
agricultural by-products, intermediate/catch crops for energy purposes. The French objective is to accelerate
the development of biogas with a national call for proposals (deadline end of 2017) for the completion of
1,500 new biogas plants (623 units are in operation today). In its country analysis, the European fiGreen Gas
Grido project found that 60% of French biogas production came from landfills in 2013. Sewage sludge was
the second source of production, accounting for approx. 15% of the biogas produced. According the IEA
Bioenergy Country report (IEA 2015), the vision of the French Environment and Energy Management
Agency is to produce 70 TWh biogas annually by 2030 and that 600 biogas plants will be built every year.
50% of the biogas produced will be injected into the grid, 30% will be used to generate electricity and the

remaining 20% will be used to produce heat. In 2050, the aim is to produce 100 TWh (IEA 2015).
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2.1 Residual biomass potential in Italy

Since the beginning, the Italian Biogas Consortium drew up a development plan that would allow to achieve

a significant goal of biogas production from agricultural matrices while still producing high quality food.

At the basis of this plan is the concept of fhiogasdoneright§ already mentioned above, that consist in the
idea that the application of anaerobic digestion in the farm can afford not only to produce vegetables for
digester continuing to produce fodder for the stable or food and fodder for market, but through the principles
of ibi ogas d tha entiré @ultivation system can be modified by covering the soil of vegetable all year,
diversifying crop rotations, reducing the consumption of chemical fertilizers through the use of digestate,

improving soil fertility, using renewable energy to power the machines and to dry fodder.

But the preconditions for the realization of this new way of biogas, is the capacity of the fhiogasdonerightoto
allow the farmers owner of a biogas plant to produce more from their land while polluting less. Specifically,
the base of the principle of "high efficiency in land use", in addition to the use of virtuous agricultural

practices, is an increasing use of:

a. cover crops
b. manure

c. other agricultural or industrial byproducts.

Thus the Italian agricultural sector will produce 8 billion cubic meters of biomethane without subtracting soil
to food production, thus preventing any effects of indirect land use change (ILUC4), and boosting agricultural

entity's ability to continue producing quality food in a competitive and sustainable way.

2010 2015 2020 2025 2030
Biometane potential (Gm3/anno) 0,70 2,20 4,20 5,50 8,0
Cultivated land dedicated to
biogas production (ha) 85000 200000 250000 300000 4000000
Land efficiency (m3 CH4/ha) 8,235 11000 16800 18333 20000

Table 2.1 biomethane potential, cultivated land and land efficiency till the 2030 following the

fbiogasdonerightomodel
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The characteristic of the so-called first-generation bioenergy is to make full use of monocultures: coarse

grains in the case of ethanol, oil crops in the case of biodiesel.

In the initial phase of the development of the Italian biogas market, the corn monoculture used for silage has
been mostly used. But since very often this led to a deficit in the degree of supply of biomass used for the
barn or cereal normally intended for the market, there was the need to gradually reduce the use of

monocultures for the production of biogas.

Italy has about 12.4 million hectares of usable agricultural area (UAA), surface steadily declining because of
urbanization in recent decades at a pace of nearly 40 ha per day. In our assumptions we estimated that an
area of approximately 400,000 hectares will be destined gradually to the exclusive production for the
digesters, that represent around 3.0% of the Italian SAU, a realistic surface and certainly less than the

technical and economic potential.

In support of the statement, in the past the surface intended as "set aside” in Italy amounted to about
200,000 ha. In the same period the European reform of the sugar sector has in fact resulted in the closure of
many sugar factories (at least 7 out of 9 in the Po Valley), releasing an important total agricultural area; It
has moved from about 250,000 hectares of sugar beet before the 2005-06 to about 50-60,000 hectares of
recent years (2014-2015 ISTAT). The table below shows the expected production of biomethane distributed

among the main categories of usable biomass for its production

2030
Gm3/year %
Biometane potential 8,0 8,0
CH4 from 1% harvest crops 2,688 34%
CH4 from integration biomass 5,312 66%
-from integration crops 2,656 33%
-from residual biomass 2,656 33%

Table 2.2 biomethane potential till the 2030 following the biogasdoneright model
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It is important to remember that everything that is stated above is possible, achievable and sustainable over
time thanks to the peculiarities of anaerobic digestion, an energy conversion technology characterized by a

unique versatility of application as regards not only the plant size, but also the usable biomass.

The residual biomass, generated by agricultural waste (especially manure) and by the activity of the primary
processing of agricultural products (industry of canned vegetables, dairy and meat industries) are an

important part of the "integration biomass".

For what regards manure the considered species are cattle and buffaloes, pigs and poultry.
Overall, the forecast results are a total production of nearly 129 million tons of manure. It is an important
quantity distributed throughout the national territory; even the south of the country in fact has significant
concentrations of manure. Not surprisingly, the co-digestion of animal manure and other biomass is the most
widespread practice, as for the census of biogas plants described above, which described the national

situation.

Farming produces a large amount of potentially destined waste biomass for energy use, that consist in all
plant parts that do not represent the main product intended for human food or animal use. In practice these
are stems and leaves, cobs, etc. Also in this case it is a large size flows. it is estimated that a total of about
15 million tons of herbaceous crops residues, of which 10 million tons of straw and 5 other stalks (stalks,

stems leaves).

Of this total amount it is estimated an additional flow for biogas plants (in addition to the amounts already
contained in manure) of the 20% (about 3 million tons, accounting for 30% of the portion formed by straw
and stalks), mainly due to the increase of 'use of bedding material over the herds (increase of animal welfare
thanks to the drier and cleaner litter, transition from housing characteristics without litter to those with, for
example, for laying hens) in the presence of a digester, and thus contributing to reduce the use of other

types of bedding or absence of bedding at all on farms.

For what regards agroindustrial by-products, the productive sectors that regularly generate good quality
organic residues with significant quantities were taken into exams; in particular the industries of
manufacturing and processing of grapes, olives, citrus and tomato industries slaughter of meat and milk
processing have been taken into consideration. Once estimated the total amount of the most significant
agroindustrial by-products, the percentage used in anaerobic digestion was assumed to be ranging from
30% (waste water) to 70%; it is nevertheless deemed desirable by 2030 a recovery percentages close to
100%.
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However, it appears difficult to reliably estimate the share allocable to such use and therefore was opted for

a non-high share, equal to 10%.

On the basis of the estimations, the total contribution to 2030 of "residual biomass" amounts just under 3
billion Nm?® / year. The manure, given the large total quantities produced, definitely play a key role, but as
mentioned above, also the residual biomass will have a crucial role in the future in biogas plants /

biomethane.

2.2 Biogas potential from municipal solid waste

For reference, therefore, it follows a brief note on the situation and potential of "biogas from biowaste", taking
up official data provided by CIC and ISPRA.

According to the 2015 Waste Report (ISPRA, 2015) in 2014, domestic production of municipal waste
amounted to about 29.7 million tons, noting an increase of 83,000 tons compared to 2013 (+ 0.3%). This
increase showed a reversal of the trend observed over the period 2010-2013, when an overall reduction in

production of about 2.9 million tons (-8.9%) was recorded.

Graph 2.1 production of urban waste from 2002 to 2014 (ISPRA, 2015)
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