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Abstract

A territorial analysis was carried out to provide the main elements of agricultural
land use planning for a bioethanol production chain. A model was developed at a
regional level in a GIS environment where the land use map of Emilia-Romagna
region was integrated with alphanumerical data on the energy inputs and outputs
related to corn production.

A simulation was done converting part of the areas previously cultivated with
sugar beet and vacated by the sugar industry sector reorganization to the
cultivation of corn for bioethanol production. Data allows to foresee the location
of two ethanol plants in the Emilia-Romagna region. An energy analysis was
carried out on a territorial base to highlight the energy expense due to corn
production, transportation and processing into ethanol. Energy balances were
calculated for each single supply area as the ratio of output/input, considering
coproducts energy credit as part of the energy output. Energy balances vary in a
small range of 1.15443 - 1.16576 according to supply areas and corn yields.
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Notation

Adm_boundi  Administrative area boundaries (Municipality) (ha)

Ax Homogeneous area, intersection between Adm_bound; and Land_use; (ha)
Caf Gas oil average consumption (0.33-0.36 I/km)

D« Distance from the centre of each k area to the processing plant (km)

Eao Energy expense for agricultural operations and Diesel oil (MJ hat)

Eick Energy input for farming activities in each k area (MJ)

Eix Total energy input in each k area (MJ)

Eip« Energy input for corn conversion into ethanol in each k area (MJ)

Eity Energy input for corn grain transport in each k area (MJ)

Eocopx  Coproducts energy credit for each k area (MJ)

Eoethy ~ Ethanol energy output for each k area (MJ)

Ep Corn processing energy input (MJ 1)

Erm Raw materials energy expense (MJ ha?)

Land_use; Land use area (ha)

LHVen  Ethanol lower heating value (26.79 MJ/kg)

LHV; Gas oil lower heating value (42.68 MJ/kg)

M Loading capacity of trucks for corn grain transportation (30 t)
NTcop Net value of coproducts energy credit (4.01 MJ I1)

Reuffer Circular object representing the supply basin

Fceth Conversion ratio grain/ethanol (0.37 I kg?)

RE« Ratio of energy outputs to energy inputs for each k area

Y Corn grain yield (t hal)

Ypa Provincial corn grain average yield (t hat)

Yra Regional corn grain average yield (t ha)

Greek Symbols

y Specific fuel consumption for corn transporting trucks (MJ km™)
Peth Ethanol density at 20° C  (0.79 kg/1)

P Gas oil density at 20° C  (0.815-0.855 kg/l)

(51 Factor that considers the return journey with the unloaded truck (1.5)
() Factor that considers the non-linearity of the street route (1.5)
Subscripts

k index referred to homogeneous areas

i index referred to administrative areas
i index referred to land use areas
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1 Introduction

The interest in renewable energies has been favoured by a number of factors in the
last years. Increasing oil consumption and prices together with the emissions
reduction goals stated by the Kyoto Conference have challenged the European
Union in finding energetic development programmes that promote renewable
sources use. One of the EU energy policy main aims was supporting the use of
biofuels in transport sector. The Directive 2009/28/EC on the promotion of the
use of energy from renewable sources in the EU (RED) [3, 21] in fact, established
mandatory target and introduced a 10% binding minimum target for renewable
energy sources in transport by 2020. To facilitate the achievement of these goals a
policy-driven demand to encourage an increased use of renewable fuels in the
transport sector was promoted. The mandatory targets set by RED require a very
high demand for biomass that the current use of forest resources, wastes of food
processing industry will not be able to meet, so agriculture is required to provide
feedstock by crop residues and dedicated energy crops. In particular, the gap to be
covered by the European Union is still very large with regard to the market of
biofuels. Indeed, for the production of ethanol, the most common biofuel, Europe
contributes just for 4.5 billion liters, which corresponds to only 5% of the world
production [19].

The Italian National Renewable Energy Action Plan (PAN) [12] defined
guidelines to achieve the targets at 2020. Energy consumption in the transport
sector is estimated at 33,973 ktoe in 2020 and the requirement of 10% will be
achieved mainly by means of biofuels. The Italy PAN estimate the achievement of
this target through the production of 600 ktoe for bioethanol, 1880 ktoe for
biodiesel and 50 ktoe for biomethane and vegetable oils.

Waiting that the European Commission revising the section of Directive
2009/28/EC covering biofuels and bioliquids (scheduled for 2014), Italy has
confirmed the 2020 target of 10% for biofuels which, in terms of the costs to the
system, could reach about €1 billion and in terms of quantity amounts to about 2.5
MTOE/year (National Energy Strategy, [13]). The National Energy Strategy also
sets out to will push as strongly as possible for the adoption of second generation
biofuels while preserving however the investments already made on the
production of first generation biofuels. Indeed the technology to completely
replace first generation “conventional” production to the second and third
generation, is not yet sufficiently developed [13]. Against this technical and
political context, must be added the restrictions on authorizations for imports of
biofuels produced in non-EU Countries introduced by European rules that requires
a greater contribution by member states in biofuels production.

Many of the crops for energy purpose are food crops (wheat, corn, soybean,
sunflower, etc.) and they may be used as biofuels source. Some dedicated energy
crops, both annual and perennial, that would have a high productivity, as sweet
sorghum, Arundo donax, Miscanthus spp. show often critical issues in relation to
harvest and storage technique, low input response and mechanization [2, 4].

Corn is a culture particularly suitable for ethanol production and with high suitabi-
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lity for the areas of Northern Italy where, following the 2006 reform of sugar
Common Market Organisation (European Council, 2006) were released large
areas prior cultivated with sugar beet. The sugar industry reorganization has in
fact resulted in the closure of 13 of 19 processing plant with the drastic reduction
of the crop districts from 253,000 to 61,000 ha [9]. Further reductions in the area
of sugar beet cultivation are expected following the abolition of the quota regime
planned for 2017.

Thanks to specific EU funds destined to sustain sugar beet farms and factories that
will cease beet cultivation or transformation [6], the plan for rationalization of
sugar-beet production [11] provides for the conversion of 9 sugar plant for
building 15 biomass plants that would provide new opportunities for the excluded
areas from the sugar beet cultivation. In particular, the plan provided for the
construction of four plants for the bioethanol production and two for biodiesel.
The aim of this study was to assess the suitability of the development of a corn to
ethanol production chain at a local level in the Emilia-Romagna region, by
assuming the conversion of areas previously cultivated with sugar beet to biomass
production. Analysis on the energy efficiency was carried out to assess the
sustainability of the energy conversion in the considered areas.

2 Methods

2.1 GIS model implementation

In order to define an ethanol production chain, corn was considered because it is
one of the main crops commonly grown in the world as raw material for ethanol
production [14].

Moreover corn is a very well established crop in the Emilia-Romagna region
where it registers high yields. Thus, it would not carry any problems connected
with the introduction of some of dedicated energy crops that does are not well
established and can show critical issues in relation to cultivation techniques and
mechanization.

The basis for the development of the model is the conversion hypothesis of 60%
of the areas prior cultivated with sugar beet into corn-to-ethanol farming, in
relation to sugar industry sector reorganization that resulted in a significant
reduction of areas cultivated with sugar beet. Integration among all the
information layers that build up the model (Fig. 1) is achieved by using a
Geographic Information System; software Mapinfo 8.0 was used for this
territorial analysis. Cartography was supplied by the Cartography Service of
Emilia-Romagna Region using administrative boundaries map and land use map
as territorial base.

Intersection of these maps defines homogeneous areas used as a base for all the
elaborations. Maps intersection is achieved with SQL queries by means of
calculation algorithms deriving from the set theory.



GIS-based territorial model for energy balance evaluation 6639

Land use Administrative boundaries Corn yields Sugar beet
map map areas
I | | |
| |
Cartography Alphanumerical territorial
database database
| |
V
Geographic Information System
SQL Queries
Energy input for | v
corn production | Development of model |
Energy Input Tor Energy input H| Implementation of model |
corn transportation database
Energy input for | |

corn processing Guidelines to development of

a corn-to-ethanol production chain

Figure 1. Flowchart of GIS model implementation.

If we indicate the set of areas defined by administrative boundaries as:

Adm_bound ={Adm _bound,;i=1,...,1} 1)
and the set of areas defined by land use as:

Land use = {Land _Uusey; | :1,...,J} 2
where j represents all possible attributes of land use (Table 1), then each
homogeneous area is obtained via an intersection described as follows:

A; = Adm _bound; (Land _use; (3)
and the set of all homogeneous areas may be represented as:

A=A;i=1.,1j=1., 3 A #Dj={Ak=1...,1-3;A =D} (4)

According to this work basis, only homogeneous areas in which land use attribute
is “arable land” will be considered.
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Table 1. Features of land use classification.

Numerical code Avrea typology

1 Urbanized areas

2 Industrial areas

3 Railway and road networks

4 Airports

5 Port areas

6 Extractive and dump areas

7 Urban green areas and sporting facilities

8 Arable lands

9 Rice fields

10 Vineyards

11 Orchards

12 Olive groves

13 Veg_etat_JIe gardens,  nurseries,  greenhouse
cultivations

14 Poplar groves

15 Chestnut woods

16 Grass areas

17 Grasslands and heathlands

18 Mixed agricultural areas

19 Broad-leaved woods

20 Coniferous woods

21 Reforestation areas

22 Bush areas

23 Wetlands

24 Salty valleys

25 Rivers

26 Lakes

27 Coastal beaches

28 Sea

Alphanumerical information refers to provincial data on corn grain Yyield
calculated as an average of a ten year yield data (Table 2), and on crops
distribution in each Municipality [5, 10].
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Table 2. Corn grain average yield in the Emilia Romagna Provinces.

Province Average Yield Standard Deviation
(thal) (thal)
Bologna 8.569 1.051
Ferrara 8.867 1.179
Ravenna 8.018 0.783
Modena 9.417 0.534
Parma 9.577 0.647
Reggio Emilia 9431 0.058
Piacenza 10.003 0.962
Forli-Cesena 7.214 0.487
Rimini 6.633 0.830

2.2 Energy balance

Table 3. Overall energy inputs [8, 17, 18].

Energy input Value

Corn farming: raw materials (except for Diesel oil) Em = 16913 MJ/ha
Farm operations + Diesel oil Eao = 9548 MJ/ha
Corn transportation vy = 12.25 MJ/km
Conversion ratio grain/ethanol Feeth = 0.37 leth /KQcom
Ethanol processing Ep = 15.70 MJ/letn

Territorial information allows to set the potentially available agricultural land for
corn farming according to the previously cited assumption (conversion of 60% of
areas traditionally cultivated on sugar beet). This information together with the
energy inputs database allow to calculate the energy balance based on each
considered area, assuming to convert corn grain into ethanol.

Calculation of all the energy inputs (Table 3) necessary to pass from corn grain to
ethanol production in a generic k area results from Eqn (5):

Ei, = Eic, + Eit, + Eip, (5)
where:
i Yoa
EICk = Ak ) [Erm ) YIO J—i_ an (6)

Eick represents the energy input corresponding to agricultural activities and it
depends on the area Axand on Ermand Eao factors. Axarea is the smallest area on
which all the elaborations are made. The first factor (Erm) represents raw materials
energy expense which varies with corn yield: in order to consider yield variability
over the provinces it was necessary to calculate a deviation factor of provincial
yield from regional yield, resulting in the ratio Ypa/Yra (Table 4). The second factor
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(Eao) represents the energy expense for agricultural operations and diesel oil,
which do not vary noticeably with yield.

Table 4 Correction factor for average provincial yield based on regional average

yield.

Province Ypa? Yl Y ra

(tha)
Bologna 8.569 0.959
Ferrara 8.867 0.993
Ravenna 8.018 0.898
Modena 9.417 1.054
Parma 9.577 1.072
Reggio Emilia 9.431 1.056
Piacenza 10.003 1.120
Forli-Cesena 7.214 0.808
Rimini 6.633 0.743
Regional yield (Yra) 8.932

& Average provincial yield (Table 2).
b Deviation factor of provincial average yield from regional average yield.

k Yra M 1 2 k

Eitx is the energy input for corn grain transport from the field to the transformation
plant and it depends on: grain yield in each k area (Ax-Y*(Ypa/Yra)); factor M that
represents the loading capacity of a usual truck used for grain transport (30 t); Dy,
distance from the centre of each area to the processing plant; two coefficients 71 e
2, respectively a 1.5 factor that considers the return journey with the unloaded
truck and another 1.5 factor necessary to take into account the route non-linearity.
Coefficient y expresses specific consumption of fuel for the truck:

y=LHV; - p; -Cy (8)

LHV: s gas oil lower heating value (42.68 MJ/KQ); pt is gas oil density at 15° C
(0.815-0.855 kgll); caf is an average consumption (a value of 0.33-0.36 I/km was
considered).

All this data derives from the analysis of normal conditions for corn grain
transportation in Emilia-Romagna region.

. Yoa
Elpk :A< 'Y'Y_'rceth'Ep (9)

ra

Eipx represents the energy input for corn conversion into ethanol. It depends on
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Ax area, grain yield plus deviation factor from the regional average yield
(Y-(Ypa/Yra)), and on reetnEp Which is the transformation energy input per mass
unit, a fixed value for the each plant. Different authors report quite similar data
regarding the E, value of the energy balance [8, 17, 18].

The ratio of energy outputs to energy inputs for each k area is the expression of
energy balance for the corn-to-ethanol process as reported in Eqn (10):

_ Eoeth, + Eocop,

RE 10
k 5 (10
where:
Ypa
Eoethk = Ak Y Y_ “Teeth * Peth * I—Hveth (11)
Y a
EOCOpk = A( Y2 Iee t'hNTc (12)

Yra °
Eoethx represents the ethanol energy output as a fuel. It depends on ethanol lower
heating value LHVemn of 26.79 MJ/kg, A area, grain yield and reeth.
Energy credit for the processing coproducts is included among the outputs. The
coproducts of the fermentation process are: DDGS (Distillers Dried Grains with
Solubles), that is produced by blending corn distillers liquid solubles on the wet
corn distillers grains before being dried [1]; corn oil; corn gluten meal and corn
gluten feed. These distillers coproducts are an excellent feed resource for cattle
that can be fed at 6% to 15 % of the diet dry matter, primarily as a source of
supplemental protein [15].
Coproducts can then partially reduce both energy and economic costs of ethanol
processing, being a good product as ruminants feed. DDGS is generally a
substitute for soybean meal, thus it is possible to calculate the quantity of
soybeans and soybeans protein required to replace the wet mill products.
There are different ways to calculate coproducts energy credit, but the most
reliable one seems to be the substitution value of ethanol in respect of other
animal feed products. The substitution value is the only one that can be measured
in energy units and as a matter of fact it represents the lowest value among other
values deriving from different calculation methods [20].
Eocopk can then be considered as a prudential estimate of the coproducts energy
credit. It depends on Axarea, grain yield plus deviation factor from the regional
average Yield (Y-(Ypa/Yra)), and on conversion ratio grain/ethanol reeth. Based upon
replacement the estimated credit was 4.01 MJ/I [8].
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2.3 Supply basin determination

The research hypothesis implied the choice of medium size processing plants (57
MI of ethanol produced every year equivalent to 15 Mgal/yr). In fact, considering
average corn yields in the Emilia-Romagna region the chosen size seems to be the
best scale to exploit grain yields and at the same time it can be considered as a
realistic plant size, since it has already been used for several plants in those
countries that already produce large amounts of ethanol.

Supply basins and plants location are conditioned by the distribution of corn
producing areas and its yields. In order to calculate the basin size in the GIS
environment it was necessary to define an object corresponding to a circular area
of variable radius and to use a SQL query that select the arable lands within
Municipalities inside the circle:

{A(' A( ﬂ I:zBuffer * ®} (13)
where Reutfer represents the circular object and Ax represents arable lands in the
regional territory.

3 Results and discussions

. Corn production (t)

M 2,500 - 16,700 (40)
1,500- 2,500 (33)
[ 900- 1,500 (29)
B 400- 900 (35)
B 0- 400 (42)

kilometers <J

Figure 2. Corn production map: the two circles represent the supply basins for the
two hypothesized plants.

On the basis of the conversion ratio reen, 153,330 t of corn grain are necessary to

feed a 57 Ml/yr ethanol plant. Supply basins and plants location are conditioned

by the distribution of corn producing areas and its yields. Considering average

corn yields two ethanol plants of the indicated capacity are foreseeable in the

region (Fig. 2).




GIS-based territorial model for energy balance evaluation 6645

The best locations for the two plants were identified as those sites in which it is
possible to minimise distances from each supply area. Therefore they result in
being located in the centre of the circular areas that were considered as supply
basins. These are represented as a small circle in the centre of circular areas (Fig.
2).

To guarantee a feeding capacity of 153,330 t/yr of corn grain to each plant, the
first supply basin must have a radius of 75 km, while in the second case it is
sufficient a radius of 40 km.

Energy input for farming operations has a territorial distribution directly
proportional to corn yield (Eqn (6)) and it is represented in Fig. 3.

e —— Energy Input for Corn Farming (GJ)

M 6,400 - 38,800 (38)
[7] 3,500 - 6,400 (35)
[]1,900- 3,500 (32)
800- 1,900 (37)
0- 800 (37)

= S 3 f/'
kilometers S

Figure 3. Map of energy input for corn cultivation.

Transport energy input (Fig. 4) depends not only on distance of the cultivation
area from the plant but also on yield (Egn (7)) and hence it is possible that areas
close to the plant present energy inputs higher than areas further away. If
transportation is considered for its energy contribution to the total energy expense,
we can see how it represents only a modest part of the total.

Fig. 5 shows the distribution map of energy balance index, calculated as the ratio
of output/input, considering coproducts as part of the energy output (Egn (10)).
Energy balance varies in a small range of 1.15443-1.16576 according to supply
areas and corn yields.
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e Energy Input for Transportation (MJ)

A ™~ W 700-941 (35)
] N [ 470-700 (39)
N [[] 370-470 (33)

[H 240 - 370 (36)

[ 0-240 (36)

0 40
kilometers L

Figure 4. Energy input for transporting corn from the farming area to the plant.

m— Energy_Output/Energy_Input Ratio

= Ny M 1.16574 - 1.16576 (30)
W 1.16572-1.16574 (34)

B [] 1.16569 - 1.16572 (33)
M 1.16561 - 1.16569 (45)
\ W 1.15443 - 1.16561 (37)

0 40 s
‘ kilometers L

Figure 5. Map of energy balance including coproducts credits.

The inclusion of coproducts in the energy balance leads to a positive result as
indicated by other studies [7, 16].
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4 Conclusions

The production of bioethanol could be assured by food crops cultivation as corn
as considered in this specific case study but its cultivation require high energy
inputs. The energetic sustainability of corn grown in districts prior cultivated on
sugar-beet is variable and is strongly influenced by the inclusion in the energy
balance of energetic credit of coproducts.

Concerning costs per hectare of cultivation and delivering, corn grains transport is
a fixed value per km. Thus it depends on distance and yields, whereas processing
energy input is not influenced by variables that can be controlled during the
farming phase, but it could be reduced using more mature technologies in order to
increase processing plants efficiency.

More favourable energy balances correspond to those Municipalities with a good
yield and with a larger area available for corn farming. These aspects lead to the
conclusion that important factors for increasing the energy efficiency of the
overall process are the size of areas converted from food to no-food crops and the
introduction of high yielding corn varieties.

The region analysed in this paper is new to the ethanol industry, even though
agriculture has always represented a strong economy sector. Nevertheless the
crisis that gripped the sugar market pushed this sector to open up to different
perspectives for the future and this study could represent a useful background for
further studies aimed at analysis of energy supply chains that could offer
opportunities for the areas prior cultivated with sugar beet.
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