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1. Introduction

Biogas production from energy crops has strongbyvgrover the last years in Italy, as a
consequence of the subsidization policy. Despiebibgas policy scheme concerns the whole
Country, in Italy biogas plants are mainly concated in regions of the Po Valley (i.e. Lombardy,
Piedmont, Emilia-Romagna and Veneto), whose agduillsystems are highly productive and
urban areas are densely populated. With one diigfest concentrations in Europe, Lombardy is
the region with the highest share of biogas plantsaly (361 at the beginning of 2013, equal to

40% at national level, Peri et al., 2013).

However, as many biogas plants use maize silagh,amerging activity has been accused to
increase maize demand with two main consequengesshing up (locally) land rent price and ii)
raising its opportunity cost as livestock feed iregion where, before the proliferation of biogas
plants, animal production represented about 60%e¥alue of agricultural production

(Cavicchioli, 2009). According to such criticism, ltaly maize area devoted to biogas plants has
grown sharply between 2007 (below 0.5% of aralbi@ cnix) and 2012 (10% of arable crop mix),
covering more than 18% of arable land in Lombaiglé& and Canali, 2014). Therefore this
competition may put under pressure agri-food suppgin, among which some important Protected

Designation of Origin (PDO), such as Grana PadawdioRParma ham.

As pointed out by Carrosio (2013), the huge exmansi the number of biogas plants has been
mainly driven by dedicated subsidization schemegalticular the feed-in tariff (FIT) introduced
in Italy in 2009° has boosted agricultural biogas production betv2889 and 2012Fjgure 1)

shaping the technology adoption by farm@hinese et al., 20)4Under such scheme, all plants

with an electric capacity up less than 1 Megawlettteéc (MWe) were entitled to receive the all-

2 See Law 99/23 July 2009.



inclusive feed-in tariff of 0.28 €/kWh for 15 yedrkeading the majority of biogas plants to build a
capacity slightly less than 1 MWe in order to maiziensubsidies (Carrosio, 2018%uch incentive
system has oriented the majority of biogas planstd the exclusive production of electric
energy, rather than cogeneration (production aftetaty and heat) even if the latter would be more

efficient in terms of biogas utilization (CRPA, Z)Mela and Canali, 2014).

This consideration is in line with previous studfeg). Haas et al., 2011, Britz and Delzeit, 2013)
pointing out the distortive effect of subsidizatimechanism for renewable energies, like the FITs.
this payment scheme assures a higher profitabdggociated to a diminished level of risk, charging
taxpayers with associated additional costs (Chieesé, 2014). As a result, the level of public
support to renewable energy has been put undersdien (Galeotti, 2012), leading to a new biogas
subsidization structure in 2022nore in line to those adopted in other Europeann@ies (Hahn et
al., 2010). The new support scheme applied fromay2013 and provides, with respect to
previous policy, a payment reduction in absolutmeand new criteria more favourable for smaller
plants (see Table 1). Moreover, in order to enageitae utilization of manure and by-products
instead of energy crops, the subsidies have béatedeo the type of feedstock used in the blend
(Gaviglio et al., 2014). In the present paper the different incentive systems described above will

be hereafter referred to pg2 2013 ancpost2013 renewable energy policy system.

The evolution of Italian biogas market and incemfpolicy has been examined in some recent
papers’. Carrosio (2013) proposed an analysis based oneténstitutional lens. In particular, he

argued that the incentive system associated tmtdatly uncertainty led to a non-competitive

% With the introduction of the Law 99/23July 2008dms plants up to 999 KWe, were entitled to reeaisingle
payment (feed-in tariff, FIT) of 0.28 €/kWh, ensdifer 15 years. The same time span of subsidizatmsassured to
plants bigger than 1 MWe, under iBecen Certificatesystem.

* According to the Law 99/23July 2009, FIT, morefjiable than theGreen Certificatesncentive mechanism, was
available only for plants below the threshold dfltVe. Within this category, plants that better maizierthe profits
were those with capacity slightly less than 1 M\W@89 kWe), more efficient and able to produce morergy
compared to smaller plants (e.g. 250 kWe).

® Decree of the Ministry of Economic Developmensafuly 2012.

® More in general, many studies analyzed the agevggnsector in Italy from different view point. Fexample,
Donati et al. (2013) investigated the water requiats of energy crops production in Emilia Romadatolini and
Viaggi (2012) and Bartolini et al. (2015) studiemahdifferent Common Agricultural Policies (i.e. CA2®14-2020
reform) affect the adoption of agro-energy produtin Emilia Romagna and Tuscany, respectively.



market structure, resulting in one prevalent madiéliogas production (999 kWe plants fed with a
blend of energy crops and livestock manure), vath éfficiency in energy use and environmental
outcomes. Chinese et al. (2014), used a linearanoging approach to study the effecpoé

2013 andpost2013 Italian biogas incentive systems on plant dsran, input bend and profits.
Such a simulation makes assumptions on maize supglyg cultivation and harvesting cost as a
proxy for input price. Main results show that f@st2013 new regulation would make the system
to shift toward smaller plant size, mainly fed bgmre, and so reducing the pressure induced by

energy crop-based plants.

Building upon and extending existing literatures thm of this paper is to analyse the impact of
biogas production in Lombardy on maize silage daeimprice and, in turn, on potential competition
with other agri-food supply chains in terms of ogpoity cost for maize silage. To do so, we build
up a partial equilibrium framework, by explicitlyadelling and integrating demand-side biogas
industry and supply-side agricultural sector. Usngh a modelling framework we perform a
comparative-static exercise, deriving market ctepprice and quantity for maize silage unges
andpost2013 support scheme. This integrated model altbers to emphasize the differential
effectd of alternative energy policies for biogas produeton maize silage equilibrium price and,
in turn, on the related outcomes, such as enemuation, biogas plant profitability and allocation

of land devoted to biogas production.

This paper is the first application to the Itallzingas sector of a partial equilibrium framework,
firstly developed by Delzeit (2010) and Delzeiakt(2012) for the German biogas sector. In
particular, we applied this method in differenta@nd under different policy schemes. From this
perspective, our contribution to the literaturéasfold. Firstly, we can assess the suitabilityhod
proposed methodology when applied to a specifiitye&econdly, from the modelling exercise we

can draw important policy implications for the ital agro-energy subsidization schemes.

" Such simulated differential effects are not fréepotential distortions due to assumptions madeetuder the
modelling exercise tractable, as explained in 8aci.2.2.
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Moreover, we add to the existing literature on &mtopics in Italy (i.e. Chinese et al., 2014)
contributions in terms agquilibrium displacement effeatsder different renewable energy policy
options, through: i) the comparison of market aleaprice for maize before (actual) and after
(simulated) the introduction of biogas sector, anderpre andpost2013 biogas energy policies;
i) the estimation of differential biogas energpguction and profitability; iii) the related

differential demand of land for maize silage.

The structure of the paper is the following. Setdoriefly reviews the relevant literature on
bioenergy modelling, describes models used to upldur partial equilibrium framework, and
motivates our methodology. Additionally, data anodels parameters are described. In Section 3
we illustrate and explain the model results undterative policy scenarios. Section 4 summarizes

the main findings and draw policy implications.

2. Methods

2.1 Modelling framework for biogas production

Agricultural biogas production uses bulky biomasgsauits (energy crops, manure and/or by-
products), with localized demand and high trangtmm costs (Delzeit et al., 2010). This demand,
in turn, influence regional markets for bioenerggdstock (Mertens et al. 2014) and will interact
with the market for crops devoted to non-biogasuSech “side-effects” call for a comprehensive
assessment of all these inter-linked markets. fifpact of alternative agricultural and bioenergy
policies has been assessed using different appesdikle micro-economic and multi-criteria
methodology (Rozakis et al., 2013), partial-equilim framework (Delzeit et al., 2012), mixed
integer linear programming (Chinese 2014), nonlimpeagramming (Sttirmer et al. 2011), survey
information and farm-household mathematical prognamg (Bartolini and Viaggi, 2012), Positive

Mathematical Programming integrated models (Dostatal, 2013), dynamic mathematical



programming (Bartolini et al., 2015), multi-agendaelling approach (Mertens et al. 2014) or using
approaches based on geographical information sgstPeizeit et al., 2009a; Fiorese and Guariso,

2010; Sorda et al., 2013).

In the present study, we apply a partial equilibrionodel on two areas of Lombardy Region in
order to assess the impact of Italian subsidiebifogas production on energy and agricultural

markets, using a demand-side biogas industry mantkh supply-side agricultural model.

Following the approach proposed by Delzeit (2011@) Belzeit et al. (2012), we firstly applied at
the Lombardy context a location model based oralipeogramming that estimates regional
demand for maize silage from biogas production fametion of prices and further explanatory
factors such as transport costs and economic @bdftly of biogas plants (see Section 2.1.1).
Secondly, in order to assess the impact of biogadygation to the agricultural sector, an arable
agricultural supply model is developed. Using tb&dim-up approach proposed by Sourie and
Rozakis (2001) to investigate the energy crop sectbrance, we built an agricultural model in
which farmers maximize their welfare under resoweeg agronomic constraints (see Section
2.1.2). By matching the industrial location mod#difhand function of maize silage by biogas
plants) to the agricultural model (supply of masdage for biogas plants) we built a partial
equilibrium model of maize silage for biogas indyssuch a model delivers the market-clearing
prices and quantities under different energy paicgnarios, allowing also to estimate the

differential demand of land for maize silage in #ugicultural sector (see Section 2.2.3).

2.1.1 The industrial model (ReSI-M)

The starting point of our analysis is the ReSI-M¢R®nalised Location Information System —
Maize)model, developed by Delzeit (Delzeit et al., 20092012 and Delzeit, 2010) simulating,
through an iterative maximization of the Returnimrestment (ROI), the optimum number of

plants established in German regions.



Operational profitsr, ¢ for each plant typology established in the location regiomre computed
by subtracting the costs for input procurementrfi@es) and other costs (fixed and variable
costs), from plant revenugyfs). The former costs are the sum of transport dosiad feedstock

pricew multiplied by the variable input demardFormally,

Tes = YsPs — (tcc,s + W)xc,s — 0Cg (1)

Input availability (feedstock) in the region affed¢tansport cost, and it depends on specific
features of nearby agricultural systems like theamt and the distribution of arable land, its
biomass yield and the extent of biomass alreadygaléd to biogas production. We comptate

following Delzeit (2010) and Delzeit et al. (2012):

Xt

Bt (2)

tcrl,rz,t = at + mT'l,T'Z ﬁt + T[e‘rz

bTZ,cur

where a; represents per unit transport costs of maize wahiay of 1 km around the plant,
including maize loadingg; is per unit cost for each additional kilometerard the plantin,. ,, is
inter regional distance between the region whesgtant is locatedrf) and the region where
feedstock is takenrf). The last term as a whole represents intra-regimansport costs, whexg

is maize demand to feed the plany; andb,, are, respectively, maize yield and arable landeshrar
the region where the plant is located. After eaefration of the model, the share of arable land is

diminished b, ., ) according to the area devoted to feed each addltfant, raising feedstock

transportation costs.

Plant density, typologyg and locatiort is driven by each plant’s profitability at inputige w, with

profitability expressed in terms of ROI:

ROl g ) = ”I— 3)

where r ; is the yearly operational profit amgs the total investment cost.



The plant type-location with the highest ROI is &0 iteratively by the model: in the region with
lower transportation costs (and then a higher aldity and density of feedstock) is located the
first simulated plant. After each model iteratiamailable biomass input diminishes and additional
simulated plants incur in higher transportationteofhe increase of transport costs affect plant
operational profits (1) and consequently plant R&)) who progressively decrease. The iteration
process continues until ROI falls below a predefimgerest rate threshold or the input biomass is

out of stock.

Given exogenous input prices the model yields the optimal input demahiesh each regiom as an

aggregation of each plant demand:
d.(w) = X Nes (w) xg (4)
wheren, s is the number of plants in regicrandx; is the input demand of each plant.

The model specifications (key objective functioml @rde conditions, indices, parameters and
decision variables) and the ReSI-M flowchart arpl@xed in details in Delzeit et al. (2009b),

Delzeit (2010) and Delzeit et al. (2012).

2.1.2 The agricultural model (MAORIE)

This model is an adaptation of the MAORIE model (die Agricole de I'Offre Regionale INRA
Economie, see Carles et al. 1997) in which thelaraiop sector is represented by a sub-model for
each farm in the sample and the sub-models areasitsembled in a block angular structure with no
common constraintSsEach farmef optimizes a profit function (5) that equals th@tgross margin

from non-energy crops and from energy crops. Thegymargin of energy crops is expressed as a

function of the crops' pricepﬁ) which is parametrically imposed in multiple rusfshe model.

8 Farms are considered separately: do not shareirseso among them, so there are no common variabnids
constraints.
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Various type of constraints are included, like lavdilability (6), sugar beet quota (7), agronomic
constraints (8) and non-negativity constraints T®e model therefore simulates farmer choices in
terms of crop mix and land allocation (RozakislgtZz001; Kazakgi et al., 2007), following a
normative perspective where a sub-group of agroa@amstraints, namely flexibility constraints, is
the means to approach the actual crop hiecision variables, indices and parameters are

explained more thoroughly in Figure 2.

Objective function:

max Z Z gy,fxfy],f + Z (pé )/C{,f — cd,f)xeé,f (5)

fEF yeyY fEF deD

S.t.

Land availability:

D xfli+ ) xel, < wpop VfEF 6)

yEY deD

Sugar-beet quota:
x];<wpo; VYfEF (7)

Agronomic constraints:

z bywXfys + Z lqpXey; < mywpor VfEF  VveV (8)
yEY deb

Non-negativity constraints:

? Individual crops or classes of crops, i.e. oilsesaps, respect average historic percentages olsatwe regional
level. For instance if a highly profitable cropsd share never exceeds 30%, we assume that faamedosund by soil
characteristics or they follow agronomic rules s$f@to the region.
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xf), xe), >0 Vy€eY VdeD VfEF 9)

The model outputs the optimal crop mix distribu@upplied by farms at each level of the
predefined vector of exogenous pricpés Consequently the produced quantityof energy crops

for eachpé is calculated and a corresponding supply curvebea@stimated.

2.2 Case study for the Lombardy region: data andehoharacterization

Lombardy is a NUTS 2 region (Nomenclature of Teriil Units for Statisticsf with the largest
number of biogas plants in Italy. At the beginnof@013 there were 361 plants, particularly
concentrated in two NUTS 3 regions: Brescia (6&asoplants, with 50 MWe of installed power)
and Cremona (137 biogas plants, with 101 MWe dhitesd power). 73% of Lombardy plants had
an installed capacity from 500 kWe to 1000 kWe, a86ve 1000 kWe, 10% between 250 and 500
kWe, and 13% less than 250 kWe. To feed themastigsnated that each year about 3,000,000 tons
of maize silage, 800,000 tons of other energy ¢rapd 5,000,000 tons of manure coming from
livestock are used (Peri et al., 2013). The shacpease of biogas plants in Lombardy began in
2009 (Figurel), when maize grain covered 253,741anes with a production of 2,944,814 tons
and the area for maize silage was 113,090 hecfamediicing 6,411,200 tons. In 2009 maize (grain
and silage) covered 35% of Utilised AgriculturaleAr(UAA hereafter), mainly used as feed for
livestock that represent the main production of bandly agriculture, both in terms of heads,
compared to national values (48% of swine, 26%attfecand 24% of poultry heads) and in value:
animal productions represented 60% of Lombardycafjtiral production value (Cavicchioli,

2009).

NUTS classification can be found &ttp://ec.europa.eu/eurostat/ramon/nuts/basicredgoms_en.html
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Below we describe the data set and assumptionfi#ivatbeen introduced in order to model the
biogas industry (feedstock demand) and the agullsector (feedstock supply) in Brescia and

Cremona, which together hold the 52% of the insteijower of Lombardy (Figure 3).

2.2.1 Demand-side biogas industry model

We set five possible size classes of biogas p{d3@, 250, 530, 999 and 2000 kWe) operating in
cogeneration (i.e. the combined production of lagat power — CHP) and with different maize and
manure shares (see Table 2). Size class segmentatiects differences in output prices (energy
sold by biogas plants) according to tive different subsidization policies compared, pee 2013
andpost2013 policies (see Table 1). While ung@ee 2013 policy the only plant size threshold was
1MWe (all plants below that size were more subgdjzsee Section 1, footnote 3 and 4), umpadest
2013 policy the incentive structure is more segmendccording to plant size. Furthermore, also
planning horizon used to calculate yearly operaligmofit in Equation (1) and (3) has been set
according to the duration of plant subsidizatianestablished by each policy (15 yearspie

2013 and 20 years fpost2013). We apply ReSI-M modelling framewatkscribed in 2.1.20

Brescia (BS) and Cremona (CR) provinces, assumiegtor of exogenous input (maize) prices
('Pée{maize} ={30...70 €/ton}). ROI for each combination of typechtion plant is computed in both
NUTS 3 regions according to their size and feedstiznsity.

Concerning the energy crop mix we consider onlyzenailage, so we have converted the remaining
energy crops (approximately 1/4 on the total) inz@@&quivalent units, based on their energy

efficiency (Frascarelli, 2012). Such a simplificatihas been necessary for a matter of model

tractability and may induce a slight overestimaiiomaize silage demarld.

™ This conversion has been necessary as the varsRaSI-M employed, kindly provided to us from thethors
(Delzeit, 2010 and Delzeit et al., 2012), considadusively maize silage as energy crop in thadhl&ee Britz and
Delzeit (2013) for an extended version of ReSI-M8RM2012), in which additional inputs are taketoiaccount by
the model.
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Regarding the demand for maize silage from bio¢mstpwe set 2012 as reference year, the last
one before the beginning of the new incentive sysiad for which detailed data are available
mainly as an outcome of a research project fungdddmbardy Region to assess the economic and
environmental impact of biogas on agri-food supghigins, hereafter referred as Eco-biogas project

(Regione Lombardia, 2013: Fabbri et al., 2013).

As in Delzeit (2010), biogas plants are chargettasfsportation costs for maize silage. Moreover,
even though Brescia and Cremona have high livesteokities, to account for the effects of new
policies on plants profitability, also transportaticosts for manure are assumed to be paid by
biogas plantsMountain and urbanized areas (as classified bytéian National Institute of
Statistics, ISTAT) have been considered not suwetéin biogas production, as a consequence of
both landscape planning laws and low agriculturplt availability. Transportation costs for maize
have been calculated according to equation (2arReters of equation (2) have been computed
using Lombardy data, with the only exception of peit transportation costs per km for maize and
manure &; andg; in equation (2)) that are instead taken from D&k2£10), assuming that a
similar technology is used in Lombardy to transpoaize and manuré.As regard the share of
arable land on total land, . ) we calculated these values using Italian Natidmstitute of
Statistics (ISTAT) data, that provides land usernnfation at municipal, provincial and regional
level. Maize need per plant sizg ), maize yield ¢,, ) and inter-provincial distancen(. )

between the province where the plant is locatedtla@grovince where feedstock is taken are
computed using the information and data colleetgdin the Eco-Biogas project (Regione

Lombardia, 2013) anthe Geographical Information System .

Exogenous data used to determine profits (operaina production costs) for biogas plants are

drawn from the literature (Frascarelli, 2012; Ragmi, 2011); revenues are computed using plant-

12 We found similar technological assumptions andaye values compatible with those adopted in ose caudy
(Ragazzoni, 2011). Moreover, we have tested theitbaty of our results, against a +/- 10% changepier unit
transportation costs per km for maize and manutieout finding any significant variation in modebtdts.

12



gate withdrawal prices for electricity as estalddiby past and the current legislatipne(andpost
2013 polices, see Table 1). Further assumptionsantt efficiency and operating hours per year are
also taken from Frascarelli (2012). Data on the amof manure available for biogas production
have been taken from the Decision Support Systeloris (Acutis et al., 2014) and from Regione

Lombardia (2013).

2.2.2 Supply-side agricultural model

We apply to Lombardy Region the model describe8antion 2.1.20nly maize silage is

considered as energy crop for biogas and its ggtliice is parametrically imposed within the same
vector mentioned in Section 2.2.1 for the induktriadel, i.e.pée{maize} ={30...70 €/ton}. For all

other crops the price is considered constant afiderwith the market price observed in Lombardy

during 2008

The model extends the optimal sample quantitiedamdi allocation to the universe of represented
farms using appropriate weights; {n equations 6-8) taken from RICA weighting systE®e
below for the description of RICA). Aggregating thetputs of the model we obtain the agricultural

supply function for maize silage in Brescia andrGoea.

Data on farm structure, costs and yields come fiteerRICA dataset. RICA (Rete Italiana di
Contabilita Agraria) is the Italian network, manddwsy INEA (Istituto Nazionale di Economia

Agraria, National Institute of Agricultural Econoesi) that gathers data on structure, production and

13The Decision Support System ValorE is the outcofrer@search project funded by Regione Lombartlia. |
accessible, upon registration, at the following siteb(in Italian):
http://www.sistemaespertonitratiiombardia.it/Defaagpx

14 Average values obtained from data of Camere di@erio, Industria, Artigianato e Agricoltura dellambardia
(Lombardy Chambers of Commerce, Industry, Agriaeltand Handicratft).

13



accountancy from a representative sample of famesch Italian NUTS 2 region. RICA is the
ltalian version of the FADN (Farm Accountancy Dhletwork)

As the sharp growth of biogas plants installatiegdn in 2009 (Figure 1), we simulated farm
supply of maize in the previous year (2008), ineoridh estimate maize supply function before the
increase of silage maize demand from biogas sdétoithis reason we have used farm data from

2008, considering such year as a baseline to sienaleeference scenario (see Section 2.3).

Data on farms specialized in Cereals, OilseedsPaatkin cropgType of Farming 13 according to
FADN classification, 29% of the regional sampledl &rms specialized in other field crops (Type
of Farming 14, 12% of the regional samgi@ye been extracted from RICA Lombardy samphe
sample is therefore composed by 36 farms for Baemad 21 for Cremon&ccordingly, the model

contains 570 variables (57 farms having, over@lictbp processes) and 300 constraints.

The more representative crops included in the fsample are: maize grain, soft wheat, soya bean,

durum wheat, maize silage and alfalfa.

Following Rozakis et al. (2013), parameters usddrat and crop level are: utilized agricultural
area (hectares), prices (€/ton), yield (ton/hegtanel variable costs (€/hectare). The latter inetud

all costs directly attributable to each specifior

On the basis of data from Regione Lombardia (20d8gstimated that livestock farms provides
one third of maize silage necessary to feed biptgss existing in 2012 Maize silage produced

in livestock farms is intended exclusively for thestock feedindf and to feed no more than 1/3 of
the biogas plants in 2012. This implies that, eif@e consider the possibility to build biogas
plants also in livestock farms (Type of Faming 4taading to FADN), in our model only farms
without livestock can sell maize silage to the bimglants simulated by ReSI-M. This

simplification has been made for a matter of magdtability and implies that the simulated

15 Further information on FADN are available at: Hfgr.europa.eu/agriculture/rica/

8 Such assumption is based on survey results frorbimas project (Regione Lombardia, 2013).

7 Such assumption is supported by actual data (BietiPretolani, 2009;2013), according to whichdteek heads
did not change between 2008 and 2012, in spitharfiges in maize silage price.
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agricultural supply function may be potentiallytdised by taking out the livestock sector from the
modelling exercise. In so doing we do not allowdoect competition between livestock and
biogas activity for maize silage, that, in turn,ynhed to underestimation or overestimation of
supply functions, depending on the relative profitey of these activities. However, on one hand,
we cannot quantify the extent of such potentiaiodi®on and, on the other hand (as better clarified
in sections 2.3 and 3), the impact of such limiatmay be mitigated considering that the main

interest of our simulation is in tltéfferential effect of alternative subsidization polices.

2.2.3 The integrated model

Maize silage market for biogas production is sirtedantegrating the two model described in
Sections 2.2.1 and 2.2.2 with a partial equilibriapproach.

Assuming a vector of all possible maize prigas..={30...70 €/ton}) we derive, from the
industrial model, the maize demand curve origirgatrom biogas production and, from the
agricultural model, the corresponding maize supplye. Intersecting the two curves the
equilibrium and the relative market clearing prie@sl quantities are obtained. An overview on the

underlying logic of this partial equilibrium appidais provided in Figure 4.

2.3 Policy scenarios

As mentioned at the end of the introduction, thétiple impacts of biogas sector are estimated
using a partial equilibrium displacement approdotutating the maize silage market for biogas. In
this framework, changes in biogas energy polpng Gndpost2013) have a direct impact on the
demand-side biogas industry model, that is trantechforward (changing the amount of energy
supplied) and backward, shifting the demand forzengilage. Such shift displaces the market

equilibrium, changing market-clearing quantity gmite of maize silage for biogas production.
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Any change in market clearing price of maize silage a double impact on the agricultural sector:

firstly it changes, backward, the optimal land @tion in the supply-side agricultural model, and

secondly, it rises or decreases the opportunity @omaize silage for livestock farms. The

differential price of maize silage (driven by tHeaage in biogas policies) may indeed translate into

a change of opportunity cost for livestock feednéte although our model is not capable to assess

the impact of biogas policies on livestock sedtamay however highlight possible effects in terms

of opportunity cost for livestock feed, still uskfar a qualitative analysis of these (not modelled

effects.

We introduced three scenarios to better explaih sugltiple impacts of biogas production under

different policy incentive schemegré andpost2013 policies):

Scenario_Oreference scenaridt simulates the crop supply (and land allocatiord008,
thus before the biogas industry take d&fif Scenario_0 crop supply is simulated by igngrin
the effect of regional maize demand for biogasassliming average (2008) market prices
for maize silage (30 €/ton) and for other cropamgxogenous variable. The agricultural
supply model is then calibrated and validated umigeeiconditions of this Scenario, while
the demand-side biogas sector is not introduced.ifEnation process produces the optimum
allocation of land in each farm modelled in thei@agtural model. From such optimal crop
mix, the area allocated to maize silage is extendelde universe of farms represented in
the sample (Type of Farming 13 and 14) using apatgpweights (see section 2.2.2). Such
reporting to the universe yields the simulated duest of maize silage potentially available
for biogas production in each area under investigadnd, in turn, the simulated amount
(tons) of maize silage potentially available fondpms production. This scenario is the
baseline used to measure thange in demand for land for maize silagguced by the

biogas industry.
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Scenario_1: in this scenario we simulate maizgsilaarket, from 2013 onward, under the
old incentive systenpfe 2013 policy) accounting for the maize demand frdants
surveyed at the end of 2012. Such amount repreentatercept at the upper side on the
guantity axis (see “unavailable maize” in Figurarb)he estimated demand function. This
makes the demand function to shift on the righdprporating the effect of existing (at the
end of 2012) plants on market clearing price. Rlamné constructed with a planning horizon
of 15 years (see Table 1). Farm supply and biagassiry demand are derived assuming

different exogenous prices (from 30 € to 70 €)mf@ize silage.

Scenario_2: in this scenario we simulate silageenaiarket, from 2013 onward, under the
new incentive systenpst2013 policy), still accounting for the maize demdrom plants
surveyed at the end of 2012 (and therefore incatpuy this effect on market clearing price
estimation as in Scenario_1), but, assuming tlegds plants receive FITs according to the
newpost2013 policy framework. Plants are constructed wifflanning horizon of 20 years
(see Table 1). Farm supply and biogas industry ddmnage derived assuming different

exogenous prices (from 30 € to 70 €) for maizegsila

From market clearing quantities obtained in Scenhrand 2, we derive backward the optimal

amount of land required for maize and downwardtire installable power (see Tables 5 and 6).

Note moreover that : i) the demand function chang&cenario 1 and 2, as a consequence of

different biogas subsidization policies; ii) thessing inclusion of livestock sector described in

Section 2.2.2 affects only the supply function, ethdloes not change across the two Scenarios.

Since the estimated maize silage price in eachesicederives from the match between supply and

demand functions, its value may be distorted irhits terms. However, thghangen estimated

maize silage price (that mediates tliéerential effecof biogas policies) may be considered non-

distorted. Therefore the comparison between outedneen Scenario_1 and Scenario_2 allows to

17



guantify the various differential effects of altative subsidization policies, so that potential@yp
distortions mentioned in Section 2.2.2 appear @ai&d.

Finally, the difference in the reference year bemvithe agricultural and the industrial model can be
matched inside both scenarios considering thaptie@omenon we wish to investigate (the
differential impact of biogas policy) has a direffiect only on the demand side, leaving unchanged
the supply side. As a result, the market clearimgepchanges as a consequence of demand change,

while the supply function is unchanged under the $aenarios (see Figures 6 and 7).

2.4 Models validation

To verify whether and to what extent the industmaidel fits the biogas production in Lombardy,
we set thesamepolicy framework under which plants existing in 20&ere built, namely thpre

2013 policy framework, and we fixed the maximum amtcof available maize equal to the share of
maize silage already used by these plants. Sint2 Bidgas plants consumed about 800,000
tons/year of maize silage in Brescia and 1,870t608/year in Cremona (Regione Lombardia,
2013), this is therefore the maximum amount of maifage that we made available to the model in
this first simulation. Figure 5 compares the repdishares of installed power in Brescia and
Cremona with the simulated shares from the modg#xercise. As we can see, the model fits quite
well the actual situatiorhe difference of - 7MW observed in Brescia is tluthe exclusion from

the simulation of some medium and small plantsygisnainly manure and then not affecting silage
maize market.

Acting as a profit maximization model, ReSI-M chesghe plant typology that maximizes ROI
(999 kWe, more efficient but using more maize). S&muently, with the same quantity of maize
silage, the simulation yields 43 MWe of installemyer, against 50 MWe actually installed.
Differences between the two scenarios are smal€remona than in Brescia as the former area

shows less plant heterogeneity, with an averageepoleser to the plant class simulated by the
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model. It should be noted that the class of plammilated by the model reflects well the real
observed trend resulting from thee 2013 policy (73% of Lombardy plants had an ene@pecity
between 500 kWe and 1000 kWe).

To test the agricultural model’s ability to repreéuarmers’ behaviour, we compare simulated and
observed crops pattern. As explained abtmea matter of model calibratipmwe have chosen 2008
as reference yealklodel validation has then been carried out by cammg optimal crop mix from
Linear Programming (LP) supply model with the olssdrones (2008). The LP supply model

allocates, for each crop £ y U d) the level of arable land (hectares) that maxinfezen gross

marginx,‘()pt to be compared with the observed land allocatiwalle??s for the same crofBuch
values are compared computing the Absolute Deviat{aD)*® of the predicted values from the
observed values and then calculating Total Weightesblute DeviationTWD)*® in order to have

a global index of the representativeness of theahod

Absolute deviations between observed and predlatetiallocatiorshown in Table 3t well the
most representative crops and, consequently, thbvieighted deviation is limited (below 22%)
and in line with the values found in the literattwe MAORIE type models (Kazakgci et al. 2007;
Rozakis et al., 2012).

The high level of AD for maize silage is due to endepresentation of such crop in the sample as
sample farms are specialized mainly in cerealsatinelr arable crops to be sold on the market.
However, if we consider the summation of grain it@he maize areas simulated by the model, we
observe lower AD values since the model fits bettertotal maize area. Such summation it is
appropriate as, at farm level, silage and graireenaurfaces are interchangeable: farmers aredree t

decide during the year whether to produce silagga&n maize according to the time of harvest and
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the expected market prices of the two productsréibee the agriculture supply model fits farmers’
behaviour concerning land allocation for cropsntérest for the present analysis. Optimal land
allocation presented in Table 3 is referred tosténmple; the model extends such results to the
universe of farms represented in such sample (se#o8 2.2.2) in Brescia e Cremona, yielding the
maize silage production from which are computedhtbetares potentially available for biogas

production (see Table 4).

3. Results and discussion

The three above mentioned scenarios allow to estimath a partial equilibrium approach, maize
silage demand and supply for biogas productionauthbiogas subsidization policies and under
two different energy policy schemes. Scenario_1 ghglield, for Brescia and Cremona, market
clearing quantities and prices, energy productimhthe amount of land allocated for maize silage
production. Consequently, a comparison betweetwbescenarios allows to quantify the impact of
changing energy policy on the above mentioned onécwariables (installed power, prices,
guantities and land allocation for maize silagdlje Tmpact on agricultural sector and agri-food
supply chains is measured in terms of change izersglage price, affecting the opportunity cost of

maize silage for livestock farms, and in termsldrying demand of land for its cultivation.

In Scenario_0, the simulated hectares of maizgesitotentially available for biogas production
(assuming an exogenous price of 30 €/ton equaled@verage market price for the maize silage in
2008) is equal to zero in Brescia and quite low38,ha, 1.29% of total UAA) in Cremona (Table

4).

In estimating maize silage demand in Scenario_1 we have accounted for the amount of

maize unavailable as already used by plants bil@012 (529,952 tons in Brescia and 1,248,266
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tons in Cremon&’ see tables 5 and 6). Furthermore we have boumgedemand of maize silage to
the maximum amount that can be produced in each(arpial to total UAA for farms with Type of
Farming 13 and 14) corresponding to 2,726,141 tolsescia and 1,870,549 tons in Cremona (see
Tables 5 and 6). Maize silage demand is therefstienated under such upper and lower bounds

(see Figures 6 and 7).

Figure 6 shows the market equilibrium between estoh supply (MAORIE) and demand (ReSlI-
M) in Scenario_1 that yields market clearing priaad quantities, along with consequent relevant
outcomes shown in Table 5. Up to 55 - 60 €/tondiimand is totally inelastic in both provinces,
this means that, for prices lower than 55 €/toa,ttodel is limited by maize silage unavailability,
rather than by loss of plants profitability dudariorease in maize silage price and transportation
costs. Indeed, the maximum amount available is asddedstock for biogas production. As
compared to actual maize silage price in 2012 (86c¢h)** pre 2013 policies would make it to rise
to 57 €/ton in Brescia (+56%) and 60 €/ton in Cram(+64%). As silage and grain maize prices
are strongly interlinked, such sharp increase woaikke feed costs in livestock farms (in particular
those specialized in cows and pigs). The amountsnof required to produce market clearing
guantities of maize silage are 44,793 ha (25.6%A) in Brescia and 30,421 ha of maize (22.6%
of UAA) in Cremona, inducing a strong change in dathfor maize silage as compared to
Scenario_0. The same effects of this subsidizgtaicy scheme is observed by Carrosio (2013),
who argue that on local agricultural market thegifor land and row materials can be significantly

affected by biogas production.

% These values derive from the assumption thattidsfarms provide 1/3 of maize silage requiredeed plants
built until 2012 (overall 794.928 tons in Bresciadal.872.400 in Cremona). Such amounts have beeseqaently
reduced by 1/3 according to the above mentioneahasson.

2L Average values obtained from data of Camere diGernio, Industria, Artigianato e Agricoltura dellambardia
(Lombardy Chambers of Commerce, Industry, Agriaeltand Handicratft).
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In line with the trend observed until 2012, simetaplants are big sized (999 k\e)n addition to
the already installed (2012) power (101 MWe in Gsemand 50 MWe in Brescia), the new

installable capacity amounts to 32 MWe in Cremamé&ta 120 MWe in Brescia (see Table 5).

In Scenario_2 we introduced the new renewable graslicy system (policypost2013). Thus we
repeat the Scenario_1, replacing the old policgpnéaork with the new one. Table 6 reports main

outcomes under Scenario_2 assumptions.

By assigning a higher premium per kWh producedn#he incentive system is intended to reward
smaller plants (lower than 300 kWe), whose inp@t dna energy crops/manure ratio significantly
lower, with respect to bigger plants (see TableA2ordingly, the equilibrium price of maize

silage decreases significantly in both areas ingammon with Scenario_1: 38 €/tons in Brescia and
42 €/tons in Cremona (see Figure 7), to levelsetlos actual price in 2012 (36.9 €/ton) and in line
with the actual maize silage market price in Londlygca. 40 €/ton in 2014}. As show in Table 6,
land required to produce market clearing quantife®aize silage amounts to 14,299 ha (8.18% of
UAA) in Brescia and 26,500 ha (19.67% of UAA) ine@rona, far lower with respect to Scenario_1
(see Table 7). The impact of biogas productionamnl lallocated to maize silage is therefore

mitigated under the new incentive system with respethe old one.

The simulated (new) plants are smaller (130 kWel)tae demand for maize silage (used nfdjze
decreases, compared to Scenario_1, from 2,157¢623/,963 tons<1,829,660 tons, -85%) in
Brescia and from 577,017 to 341,739 tor®36,278 tons, -41%) in CremofiaThe smaller

guantity decrease in Cremona is due to the largauatrof maize silage already used to feed plants

built until 2012 that is made unavailable for nelants; such constraint is far smaller in Brescia.

2 Also in this case a similar result can be foundarrosio (2013), who identified the correlationvben the past
biogas incentive system and the establishmentdoihainant (unsustainable) biogas organizational tode

% Average values obtained from data of Camere di Cernim, Industria, Artigianato e Agricoltura dellambardia
(Lombardy Chambers of Commerce, Industry, Agriaeltand Handicratft).

% As explained above, used maize is computed byactiig unavailable maize for plants built until 20ftom
market clearing quantities.

% A similar result of the application of the newémtive system is also confirmed in the case stdddriali-
Venezia-Giulia Region (see Chinese et al. 2014).
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Moreover, under Scenario_2, the increase of biptads is not limited by maize availability but
by the loss of profitability due to incentives retlan. This is due to the lower quantity of maize
silage needed for small plants to operate (1,008/years rather than 18,000 of 999 kWe) given
their lower ratio between used maize and instadl@iolwer (Tables 5-6). Consequently, 43 MWe in
Brescia (compared to 120 MWe of Scenario_1) anifi¥e in Cremona (compared to 32 MWe of
Scenario_1). The new incentive system would consattjudecrease the pressure on agri-food
supply chains by diminishing both the demand ofi ltor energy crops, along with a substitution of
maize silage with other crops in the supply moded] reducing the (opportunity) feed costs for
livestock farms (by lowering maize silage pricés)first glance these results seem divergent with
respect those of Delzeit (2010) and Britz and De(2€13), who found higher competition for
maize in regions with high availability of manufiéese Authors explained such outcomes
correlating availability of manure and maize. O ¢vand, the lack of manure can limit biogas
production, but, on the other hand, in regions withrge amount of manure, maize can became
scarce and consequently its market clearing priceeases. Manure availability is therefore an
important factor, to take carefully into accoumtthe present analysis, we can explain the
decreasing maize demand under Scenario_2 focusitge different parameters: i) regional
manure density and availability; ii) the relatediomal transportation cost for mandfeand, iii)

the manure demand of simulated plants. Considéhnediigher amount of manure necessary to feed
130 kWe plants, during the iteration process matraresportation costs increase rapidly, causing
loss of profitability for further plants. This etfe combined with subsidies reduction due to the ne
policy system, shortly pushes the plants’ profiiabtowards zero, limiting the number of
simulated plants. This explains the lower maiz@aed in comparison with Scenario_1.
Notwithstanding, also if we do not consider tramggimn costs for manure, the high amount of
manure needed to feed 130 kWe plants, runs ouklgulwe available manure during the iteration

process in both regions, limiting in any case thects on maize demand and on its market clearing

% As explained in Section 2.2.1, we consider alangportation cost for manure in order to emphasieeeffects of
new policy on plants’ profitability.
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price. The above observation along with the comparisawéxen the different shape of each
demand function between Scenario_1 and Scenamoakes plausible that market clearing prices
and quantities would be ever higher in the forrhantin the latter. This difference would be
reflected in terms of opportunity cost for maiZege, highlighting, therefore, lower potential
competition (in Scenario_2 than in Scenario_1) leetwbiogas and livestock sector for maize
silage allocation. To conclude the analysis regaydhe shift in feedstock mix between simulated
plants under pre and post 2013 policy frameworis, @lso useful distinguish between the energy
content and the mass content of maize and manasemtrin the blend of simulated plants. As show
in Table 2, the 999 kWe plants simulated undeptiee2013 policy framework, have a maize
manure ratio 2 : 1 (18,000 tons/years of maize,08®tons/years of manure). In mass terms maize
is the 66.6%, but its contribution as feedstockgynés 95%, reflecting the higher energy content of
maize. This pattern is still present under Scen&jian which 130 kWe plants are fostered. Despite
a 1:10 maize manure ratio (1,000 tons/years of @nsz1.0,000 tons/years of manure) and a mass
content in manure raised to more than 90%, theestfagnergy from maize silage stands close to

50%, highlighting the strong link between this ceopl biogas production.

Finally, we can compare the effectmt andpost2013 energy policies on the Return on
Investments (ROI) of simulated plants, under ddfere maize silage prices (Figure 8). In
particular, we report the ROI of the first plannsiated by the model (under old and new policy)
for each level of maize price exogenously impogadif={30...70 €/ton}). The trend shown in
Cremona is similar to those in Brescia. Note ththisimulated plants after the first, have decregsi

ROI because of increasing transportation costsgseton 2.1.1).

Plant size having the greater ROI under Scenaii®999 kWe, while under Scenario_2 is 130
kWe. As shown in Figure 8, with thpge 2013 policy regime the plants simulated by the ehod
have significantly higher ROI than those simulateder thgpost2013 policy regime. Such

difference in ROI decrease as maize prices incréasder the old incentive system the maize price
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threshold that sets at zero the ROI is 63 €/tomjrntroduction of the new incentive system fosters
small plants (130 kWe), whicbespite using less maize, shutdown when the pficeatze exceeds

55 €/ton.

4. Conclusions and policy implications

This paper studies the effects of two alternativergy policies schemes for biogas subsidization on
the market equilibrium of the maize silage, as nemargy crop in Lombardy. We adopted a patrtial
equilibrium approach, simulating agricultural slypgnd biogas demand of maize silage for biogas
production under two alternative policy scenarlasso doing we measured, on one side, the effects
of biogas introduction and, on the other, the cqunsaces of different biogas subsidization systems.
Such a comparative static exercise allows indeedapare and to evaluate the two different
biogas subsidization policies analysed in the prieasicle, in terms of main market outcomes. The
change in policy option displaces simulated maekgtilibria, yielding different prices and

guantities of maize silage devoted for biogas petida, from which, in turn, we derive the related
demand of land for maize silage and biogas indti@lpower. According to the evidence of the
present work, the old biogas subsidization systemaZ013 policy), based on the feed-in tariff,
would foster investments in bigger plants (e.g. B@&) assuring higher profitability that would
lead to an increase in demand for maize silagd, @dhsequent negative effects on its (rising)

price. Therefore, if the incentive policies had eémed unchanged, in areas where the density of
plants is remarkably high, a significant competitamuld have occurred between the biogas sector

and agri-food supply chains (cow and pork meatraiiki sectors) even in the short run.

In comparison with the above mentioned policy aptibe new incentive systemgst2013
policy), simulates different market conditions, alniallow the adoption of smaller plants (e.g.130

kWe), and a lower maize slurry ratio. As a restik, maize demand from the biogas sector should
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significantly decrease, relaxing the pressure erdégmand of land for maize silage. We observe,
therefore, an important first effect due to theaduction of the new incentive policies: the
distribution of biogas plants is strongly linkedth@ availability of manure; from a hypothetical
situation of competition, the system moves to a@asibn of complementarity between the biogas

sector and regional meat and milk sectors.

The lower ROI of biogas plants under new policiesusd however contain the installed capacity in
the future as the profit margins, achievable utidercurrent regulatory framework, are
significantly lower than those made with the pgstam of incentives. Moreover, the plants’
profitability is more sensitive to the increasdlod maize price compared to the past incentive
system. It is therefore an obvious choice to exph@ manure and by-products, a key condition for
the containment of plants operating costs. Thdylikects of new incentive system are twofold.
On one hand it may discourage further investmemtsiogas sector, but, on the other, it would
reduce distortive effects on the maize marketedléd agri-food supply chains. Such conclusion
may indicate a possible way to use incentive systienmitigate competition between agricultural

sector and bioenergy production, also in area®bilite present case study.

Results and policy implications of the present welkuld be considered taking into account some
limitations of the underlying modelling framewo#krst of all, to make tractable the partial
equilibrium model, we have excluded livestock farfnesn the supply side sample, under plausible
assumptions (i.e. livestock farms providing 1/3ni#Hize silage used to feed plants built until 2012).
Such a simplification limits all the analysis o ttiemand of land for biogas crops to the universe
of farms represented in the sample (those speethlizarable crops: Type of Farming 13 and 14
according to FADN classification). Furthermore, leiing livestock farms from the modelling
exercise does not allow a direct competition betw@egas and animal feed for maize silage
allocation. Therefore, the competition between aggnd livestock sector is investigated

exclusively in terms of differential opportunityste for maize silage under the two different energy
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policies schemes tested in the present articleitéré potential extension would require to model
explicitly also the behaviour of livestock farmsibgluding them in the agricultural model. This
shortcoming may be overcome by Positive Mathemla@ioagramming (PMP) to better represent
unobserved preferences of farmers, as in recemrpam energy crops modelling (Donati et al.,
2013). Another interesting extension to overcongeatorementioned limitations concerns the
improvement of the spatial accuracy of the moddligintegration with an Agent Based
Modelling approach. The spatial dimension is indeigthly relevant because of the important role
of feedstock transportation cost on the demandandiebecause the establishment of one biogas
plant might change the investment opportunitieofber farmers in the surrounding area. Finally,
further developments should also pertain the gfieation of Direct Land Use Change (D-LUC)
that occurs on crop mix distribution at the equilibn price. For a more accurate quantification of
such changes, the supply model should accountagkphor crop mix allocation constraints
established by the new Common Agricultural Pol2§1(4-2020) in particular by the so called

“greening”?’

that bounds first pillar payments to permanentyras maintenance, crop
diversification and a certain share of farmlandates to ecological focus areas (EFA). In so doing

we shall overcome another potential limitationtcé turrent version of the agricultural model.

27 See Cavicchioli and Bertoni (2015) for a deta#eglanation of greening measures
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Table 1 — Policy changes in agricultural biogagiive system.

Policy intervention

parameters

Pre 2013 policy (Law
99/23 July 2009)

Post 2013 policy (Decree 6 July 2012)

Incentive value

Feed in tariff for plants up
999 kWe (280 € MWh)

Green Certificate for plants
> 1000 kWe (223 € MWh™;
average 2011-13)

Size class

Energy crops

Animal byproducts

(€ MWh) based (€ MWh)
1 - 300 kWe 180 236
301 - 600 kWe 160 206
601 - 1000 kWe 140 178
1001 - 5000 kWe 104 125

Substrate based

tariff differentiation

None

Different tariffs depend on the ratio between energy crops and by-
products (eg. manure or food industry residues): when lower than
30% the plants receive the incentive for energy crops, otherwise it
receives the incentive for energy by-products.

Time horizons

15 Years

20 Years

Source: Readapted from Chinese et al. (2014)

Table 2 — Feedstock mix of biogas plants for posl@sses in Lombardy Region (reference year

2012).
Power (kWe) Maize Silage (t/year) Manure (t/year) Reside (t/year)
130 1,000 10,000 10,680
250 4,000 12,000 18,162
530 10,000 13,000 17,621
999 18,000 9,000 29,708
2000 33,000 24,000 44,760

Source: Authors elaboration on Regione Lombardil@ data.
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Table 3 — Comparison between actual crop mix anignapcrop mix in Cremona (CR) and Brescia
(BS) using RICA sample data.

Observed LP Optimal CR Observed LP Optimal BS
crop mix in crop mix Absolute crop mix in crop mix in Absolute
CR (ha) in CR (ha) deviation BS (ha) BS (ha) deviation

Maize (grain and

silage maize) 568.41 651.14 0.146 383.84 382.66 0.003
Grain maize 559.41 596.54 0.066 375.26 382.66 0.020
Silage maize 9.00 54.60 5.067 8.58 0.00 1.000
Soft wheat 171.70 189.44 0.103 51.09 51.09 0.000
Other grain legumes 62.92 43.07 0.316 - - -
Soybean 62.69 0.00 1.000 2.56 0.00 1.000
Tomato 17.88 17.88 0.000 - - -
Lettuce 17.79 17.79 0.000 - - -
Sugar beet 15.14 7.29 0.518 - - -
Mellon 14.29 17.15 0.200 - - -
Durum wheat 10.71 10.51 0.019 - - -
Watermelon 10.38 10.38 0.000 - - -
Sunflower 7.21 0.00 1.000 - - -
Grassland 2.97 0.00 1.000 18.42 0.00 1.000
Alfalfa 1.96 0.00 1.000 29.48 53.10 0.801
Savoy cabbage 1.34 1.34 0.000 - - -
Other forage crops 1.25 1.25 0.000 - - -
Potato 1.00 1.00 0.000 - - -
Herbage of gramineae 0.59 0.00 1.000 35.7 55.32 0.550
Barley - - - 21.08 0.00 1.000
Total weighted abs. dev. 0.213 0.187

Source: Authors elaboration on RICA data and resaftagricultural model described in Section 2.2.2

Table 4 — Scenario_0: simulated hectares of maagespotentially available for biogas production
and their incidence on Utilized Agricultural ArddAA) under the average market price of 2008
(before the growth of biogas plants).

Brescia Cremona
Simulated hectares of maize potentially available for biogas production 0 1,738
Simulated amount of maize potentially available for biogas production in 0 104.316
TF 13-14 (tons) assuming an average yield of 60 ton/ha !
Total UAA (ha) 174,784 134,660
Share of land required for maize (% Total UAA) 0 1.29

Source: Authors elaboration on Istat data and resaf agricultural model described in Section 2.2.2
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Table 5 — Scenario_Estimated market clearing prices and quantitiasaize silage undgare 2013

policy; main outcome of the model are in bold.

Brescia Cremona
Average actual maize silage price in Lombardy in 2012 (€/ton) 36.9 36.9
Market clearing price (€/ton) 57.6 60.6
Increase in market price compared to 2012 (%) 56 64
Market clearing quantities (tons) (A) 2,687,584 1,825,283
Unavailable maize (tons used to feed plants at 2012) (B) 529,952 1,248,266
Maximum amount of maize (100% UAA TF 13-14, tons) 2,726,141 1,870,549
Used maize (tons need to feed simulated plants) (A-B) 2,157,623 577,017
Increase in maize demand: Used/Unavailable (%) 407 46
Land required for maize (ha) 44,793 30,421
Share of land required for maize (% Total UAA) 25.62 22.59
Installed Power until 2012 (MWe) 50 101
Future installable Power (MWe) 120 32
Total Power (Current + installable Power, MWe) 170 133
Increase in power: Installable/installed until 2012 (%) 240 32
Used maize/Installable Power (ton/MWe) 17,980 18,032
Source: Authors elaboration on results of partigudibrium model described in Section 2.
Table 6 — Scenario_2: Estimated market clearifgpprand quantities of maize silage unolest
2013 policy main outcome of the model are in bold.
Brescia Cremona
Average actual maize silage price in Lombardy in 2012 (€/ton) 36.9 36.9
Market clearing price (€/ton) 37.9 42.0
Increase in market price compared to 2012 (%) 3 14
Market clearing quantities (tons) (A) 857,915 1,590,005
Unavailable maize (tons used to feed plants at 2012) (B) 529,952 1,248,266
Maximum amount of maize (100% UAA TF 13-14, tons) 2,726,141 1,870,549
Used maize (tons need to feed simulated plants) (A-B) 327,963 341,739
Increase in maize demand: Used/Unavailable (%) 62 27
Land required for maize (ha) 14,299 26,500
Share of land required for maize (% Total UAA) 8.18 19.67
Installed Power until 2012 (MWe) 50 101
Future installable Power (MWe) 43 44
Total Power (Current + installable Power, MWe) 93 145
Increase in power: Installable/installed until 2012 (%) 86 44
Used maize/Installable Power (ton/MWe) 7,627 7,767

Source: Authors elaboration on results of partigudibrium model described in Section 2.
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Table 7 — Comparison between scenarios 1-2 in tefmmarket clearing price, installed power and
land use change in Brescia (BS) and Cremona (CR).

BS diff. CR diff.
BS/S1 BS/S2 (51.52) CR/S1 CR/S2 (51.52)
Market clearing 57.6 37.9 -19.7 60.6 42.0 -18.6
price (€/ton)
Market clearing
" 2,687,584 857,915  -1,829,669 1,825,283 1,590,005 -235,278
guantities (tons)
Total Installed
Power (MWe) 170 93 .77 133 145 +12
Land required for 44,793 14,299 -30,494 30,421 26,500 -3,921
maize (ha)
share of land for 25.62 8.18 -17.44 2259 19.67 -2.92

maize (% Total UAA)

Source: Authors elaboration on results of partigl@ibrium model described in Section 2.

Figure 1 — Number of biogas plants and installeddtan Italy between 2000 and 2012 years.
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Source: Readapted from Fabbri et al. (2013).
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Figure 2 - Indices, parameters and decision vasabt the agricultural model (MAORIE).
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Figure 3 — Biogas plants in Lombardy Region and areder investigation (plain of Brescia and
Cremona).

Source: Geo-referenced data, readapted from Bei2di 3).
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Figure 4 — Multi level model flowchart***
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Figure 5 — Comparison between observed (instadled)simulated power (MWe) of biogas plants in
Brescia (BS) and Cremona (CR). Reference year 2012.
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Figure 6 — Scenario_1: Estimated market clearingeprand quantities in Brescia (BS) and Cremona

(CR).
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Source: Authors elaboration on results of partiqu@ibrium model described in Section 2.

41



Figure 7 — Scenario_2: Estimated market cleariigeprand quantities in Brescia (BS) and Cremona

(CR).
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Source: Authors elaboration on results of partigudibrium model described in Section 2.

Figure 8 — Return on Investment for the first pl@it interaction) built in Cremona as a function of
maize silage price (€/ton): comparison betwpr2013 — Scenario_1 — apdst2013 — Scenario_2 —
policies.
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Source: Authors elaboration on results of partiqu@ibrium model described in Section 2.
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