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2. ABSTRACT

How assess and quantify the environmental impad¢hefbiomass power plants systems (biogas
and wood combustion) at territorial/provincial/reigal planning level?

To do this we did: 1) We build the biomass GIS laedisters for 2015 and 2016; we catalogued
them on the base of their technology and produathe&ns; we did it for wood combustion and
biogas plants, not for bioliquid. 2) Using the adrsirative, planning and environmental territorial
cartography we created the GIS regional sensilmtiaps that show what are the areas adapted to
built solid biomass and biogas plants, and whattewee where them should not be built, and why.
3) Using GIS forest and roads and agricultural naaqpsdata, we built the GIS regional forest wood
potentiality map, to obtain the sustainable formesbd energy budgets and compare them with the
relative actual regional/provincial solid biomassnbustion plants systems. 4) We implemented in
the Simapro 7.3 LCA software 15 different wood coistipn and biogas case studies and/or
scenarios, including the scenario analysis of aeextly big wood combustion plant of 30 MW
electric power actually under construction. 6) Weated 4+4 different, theoretical but realistic,
standardized unitary wood combustion and biogasepoplants with their relative productive
chains, so to have the quantitative referencesdata of what and how much do consume each
standardized plant of 1MW electric power that wo80 hours/year and produce 8000 MWh.
electricity/year, so to be able to multiply themitary LCA Ecoindicator'99 environmental impacts
and damages with the correspondent biomass el@ower installed ad provincial/regional level in
2015 and 2016. 7) So that, he unitary standardir@miass plants will can be used also to estimate
and quantify the environmental impacts of otheriaegterritories, both starting from their
guantitative resources consumptions than startimgmf their corresponded unitary LCA
Econidicator'99 impacts and damages values. 8) Wk & DIPSR specific indicators model to
assess the regional/provincial territorial planngitgiation obtaining 7 main indicators judgments;
to do this we got 5 environmental/territorial GI&yérs, getting from these only the geographic
information reputed important overlapping them witie biomass plats GIS land registers 2015 and
2016, so to obtain descriptive numerical indicatsugable to be subtracted from each other that
show quantitatively their time trends, which inrtuwill be used for territorial assessment for
territorial planning purposes. 9) At the end of thikse processes, we propose some final general
conclusions, coming From the above analyzes andirgctjknowledge. 10l the data and tables
and GIS layers here presented are available tafremload at the following link:

https://drive.google.com/drive/folders/0B_Zr5PU8xivR2hUSGJvdIpiSXc?usp=sharing
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3. INTRODUCTION

MAIN QUESTION: HOW ASSESS AND QUANTIFY THE ENVIRONMENTAL IMPACT
OF THE BIOMASS POWER PLANTS SYSTEMS (BIOGAS AND WOOD COMBUSTION)
AT TERRITORIAL/REGIONAL PLANNING LEVEL ?

To evaluate these systems at regional and teaitenel we had to:

Analyze the general regional energy budget.
Create biomass power plants GIS land registerrsy2@l5 + 2016.

Divide the GIS land registers in 3 separated typth their correlated subtypes:
- Biogas plants;

- Solid wood combustion plants;

- Bioliquids (not analyzed in this research).

Create two GIS territorial sensibility maps: one bsogas plants and one for solid biomass
plants, that permit us to define for each singknplof our GIS land register in what type of
territory they are located.

Create a useful forest wood potentiality GIS mapdigator, that measures the
regional/provincial forest wood potential annuahiability, and then calculate the forest wood
energy budgets referred to our solid wood combugilants system.

Define a group of specific DPSIR indicators caltedbthrough the integration between:

- GIS territorial cartography and sensibility maps;

- GIS land registers of biogas and solid wood bionpdessts of different years;

So to be able to overlay them and calculate thesaggaphical pressures/states indicators for the
considered time period.

Estimate the impact of the main biomass plants typeps in terms of LCA impacts/damages,

through:

- Creating realistic hypothetical realistic standaedi biomass plants of reference, equal at 1
MW .electric power working for 8000 hours/year amdduce 8000 MWh.el per year (and
also for solid wood biomass equal to only 2,4 M\thal power working 4000 hours/year
and produce only 4000 MWh.therm for remote heatuthout electricity production) for
each single subtype of biomass plant, with theiretated productive chains.

- Implementing the above standardized reference l8snmant in to a LCA software
(Simapro 7.3, in our case) applied with one or m&€A reference methods
(Ecoindicator’99, in our case), also comparing &agth references of energy productions
from biogas and wood combustion of Ecoinvent LCfabase.

- Multiplying the impact calculated by the LCA methofll MW.el of each different type of
biomass plant for their total electrical power (ahdor thermal) installed on the
regional/provincial territory so to obtain theilattve cumulative values of environmental
impact calculated in terms of the LCA methodologg@ted (Ecoindicator’99).

We can see the conceptual visualization in thefahg Synthethic frame of DPSIR model used in
this research:



Cap. 1 Main index - Abstract - Introduction

Drivers:
Pressures:

—>

State/Pressure Forest Indicator:
Sustainable useful forest wood potentiality

(maps and budgets)

Responses:

Pressure/States Territorial In

Sensibility maps:

Impacts:
States:

Figura 1- DPSR conceptual scheme.

Drivers:

P FesSSUres.: datafromARPAEGIS land registers for regional biomass plants (2015 and 2016)

Gharaterized from following fields: type, category, subcategory, number, electric power, suoply type, GIS position. Energy production and consumption for sectors
il * In red the 4 groups types and sub!

of biomass power plants on whichis applied our
RESSURES/STATES regional INDICATORS METHOD

*SOLID BIOMASSES:
*L.  (woodcombustion)
*0  (oreanic Byproducts combustion)

°C (eneray croos + zootechnical effluents)

. BIOMASS PLANTS *AC  (agri-food industry bvoroducts +agri-z00)
- sk (FORSU + oraganic waste)

R (landfills)
*D  (sewagedepuration)
*na. (tyoe not vetidentified)

*BEP (bigethanol production)
*BDP (biodiesel production)
*BPP  (bigoroducts production)

Responses:

Regional plans and programs synthesis

State/Pressure Forest Indicator:
Sustainable useful forest wood potentiality
(maps and budgets) =

Impacts: a

Multiplication of LCA Ecoindicator’99 impact/damage categories values resulted from analysis for each tvoe
of REALISTIC STANDARDIZED BIOMASS PLANTS of 1 MW.el electric power 8000 hours/vear working
for the sums of their powers on from ARPAE-GIS land registers
*Wood combustion solid biomass plant
*Agricolture biogas plant
Agri-food industry biogas plant
*FORSU and organic waste biogas plant
and/or
*Ecoinvent Swiss energy production from wood combustion
*Ecoinvent Swiss energy production from biogas

Pressure/States Territorial Indicators:
regional INDICATORS METHOD

Sensibility maps:

Soto obtain the sum of their hvpotetichal impacts for their entire systems in terms of LCA estimes.
with Ecoindicator’99 impact/damage. categories misures :

States:

Territorial cartograpt — * So that after they can be compared with any other different energy system and / or production system
barduee. IMPACT CATEGORIES | IMPACTDAMAGES | FINALDAMAGE |
— - - = - Earcinogenicity
~~~~~~~~~~~~~~~~~~~~~~~~ | espiratory inoreanics
Main rivers ecological water quality 2013 (low+bad classes) Respirat anics HUMAN HEALTH
Organic carbon soil stock 0-30cm 2010-2015 (poor org.C. soil 0-60t./ha) Eimatechage
ir guality classification DAL 51/2011 (red municipalities) Ediaton T —
[Agriculture feedstock Sl TR
JAgriculture livestock - Cows and pigs — manure and slurry Ed&ﬁcaﬁ@emroﬂicaﬁon ECOSYSTEMS QUALITY
Forest wood availabilig nd use.
[Territorial sensitivity maps (violet areas, bad for biomass plants construction) il fuel
. m”-‘i-u&-s—lmrm RESOURCES
Pl

Figura 2- Synthethic frame of DPSIR model used in this research.
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1. SUSTAINABLE DEVELOPMENT

Sustainable development is the model of developntleat "meets the current needs without
compromising those of future generations” [Brunail&eport, 1987].

A subsequent definition of sustainable developmehtch includes a global view, was provided in
1991 by economist Herman Daly that defines sudtééndevelopment as "... to develop, remaining
within the carrying capacity of ecosystems” andscording to the following terms and conditions
concerning the use of natural resources by manwtight of human impact on natural systems
must not exceed the carrying capacity of nature;rdte of use of renewable resources must not
exceed their regeneration rate; the placing ofupatits and slags must not exceed the absorption
capacity of the environment; the removal of norereable resources must be offset by the
production of an equal amount of renewable resayge to replace them.

This definition also introduced the concept of drale" desirable between man and ecosystem, in
which resides the idea of an economy where consampf a given resource must not exceed its
production in the same period.

In 1994, the ICLEI (International Council for LocBhvironmental Initiatives) provided a further
definition of sustainable development: "Developm#rat provides environmental services, basic
social and economic services to all members ofmanconity without threatening the operability of
natural systems, built and social systems too, framch the supply of these services depends ".
This means that the three economic, social and@mviental dimensions are closely related, and
each programming operation must take into accduntrtutual interrelationships.

ICLEL, in fact, defines sustainable development@selopment that provides ecological, social and
economic opportunities to all the inhabitants oE@mmunity, without creating a threat to the
vitality of the natural system, urban and socidrastructure which from these opportunities
depend. (...)

Today, the widely accepted definition of sustaieadevelopment is the one contained in the
Brundtland report, drawn up in 1987 by the World@aission on Environment and Development,
and named by the then Norwegian Prime Minister Geslem Brundtland, who chaired this
commission: "Sustainable development, far from dpeardefinitive state of harmony, this is rather a
process of change in which the exploitation of veses, the direction of investments, the
orientation of technological development and instinal changes are made consistent with future
needs as well as with the current. (...) Sustasmdblelopment requires satisfy the basic needi of a
and extending to all the opportunity to implemeneit aspirations for a better life. (...) The
satisfaction of basic needs requires not only a e@awof economic growth for nations in which the
majority of the inhabitants are poor but also tlhiargntee that these poor people have their fair
share of the resources needed to sustain suchlgrdwis equality should be supported both by
political systems that ensure the effective pgraittion of citizens in decision-making, both by
greater democracy at the level of internationai sy

For these reasons, the sustainability revolvesrattiree fundamental components:
* Economic sustainability: meaning the ability tengrate income and employment for the
sustenance of the population.
» Social sustainability: meaning the ability to guaee human welfare conditions (safety, health,
education, democracy, participation, justice.) Hgudistributed to classes and gender.
» Environmental sustainability: meaning the ability maintain quality and reproducibility of
natural resources.

[Wikipedia, 2015, a.]
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Figura 1- Representations of the concept of suatdadevelopment. - [Wikipedia, 2015, a.]

1.1. Ecological Footprint and Biocapacity

The Ecological Footprint can be defined as thel @mtaa of land and water ecosystems required to
produce the resources that the human populatiosucoes and to absorb the waste that the
population itself produces.

The Ecological Footprint is an indicator of envinoental pressure internationally recognized, used
to evaluate the human consumption of natural ressurlt answers the question: "What is the
earth's surface to which a person or populationlsiée satisfy his lifestyle?".

Imagine a city, surrounded by a large area thatrefeverything the population needs to live
(wheat, water, natural resources, etc.); Imagirethalt a glass dome over the city, through which
light passes, but the material things they cardodib get it to come out; Order for citizens arkeab

to live in it, it is necessary that the dome cowvarsugh land to produce food and energy, to absorb
waste and pollution, etc ...; If citizens inside thome consume many resources the Ecological
Footprint of each of them greatly increases; Tlze sif the dome corresponds to the ecological
footprint of the city.
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Figura 2- Conceptual representation of the domelégical Footprint of a city. - [Wikipedia, 2015,]a.

Biocapacity is an indicator that measures the supplbio-productivity, otherwise the organic
production associated to a specific area. In pmacti is an indicator of available resources.
Expressed in global hectares (gha), is the sunraifl@ land, pastures, forests, productive marine
areas and, in part, of built up areas or degradateds. It does not depend only on natural
conditions, but also on farming and forestry domtr@actices, so it can change over time.
[Lenzerini Filippo, 2015, a.]

The "fathers" of the Ecological Footprint are Math/ackernagel and William Rees (1996). The
ecological footprint is a measure used to assesdtiman consumption of natural resources in
comparison with Earth's capacity to regenerate them

The ecological footprint measures the area of bioklly productive land and sea needed to
regenerate the resources consumed by a human popudad absorb waste produced. Using the
ecological footprint is possible to estimate hownmdPlanet Earth” would take to support

humanity if everybody lived according to a certifiestyle.

Comparing the footprint of an individual (or regjar state) with the amount of land available per
capita (ie the ratio of the total world populatiand area) you can understand if the level of
consumption of the sample is sustainable or not.

To calculate the ecological footprint you relate #tmount of each good consumed (eg. wheat, rice,
corn, cereals, meat, fruit, vegetables, roots abers, legumes, etc.) with a constant performance
expressed in kg/ha (kilograms per hectare). Thealtrés a surface quantitatively expressed in
hectares.

One can express the ecological footprint also firpoint of view of energy, considering the
emission of carbon dioxide quantitatively expresgedonnes, and consequently in terms of the
amount of land-forest required to absorb the altons of CO2.
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Ecological footprint -

Biocapacity !

Figura 3- Visual comparison between the domestisamption of the Ecological Footprint and the natuavailability
of Biocapacity. - [Wikipedia, 2015, a.]

The ecological footprint is calculated as followsu consider the use of six major categories of
land:
e land for energy: surface area required to absogbctrbon dioxide produced from fossil
fuels;
e forests: areas used for timber production;
e Duilt area: space devoted to human settlementsysindl plants, for services and
transportation routes;
e agricultural land: arable land used for the promunctof foods and other goods (jute,
tobacco, etc.);
e sea: sea surface dedicated to the growth of fisteagurces;
e pastures: surface intended for rearing.

The entire emerged land area of the world is apprately composed of:
forests and woodlands (34%)

permanent pastures (23%)

arable land (10%)

built earth (2%)

other soils: glaciers, rocks, deserts, etc. (32%).

The different surfaces are reduced to a common umeagiving each a weight proportional to its
global average productivity; thus identifies tleglivalent area™ needed to produce the amount of
biomass used by a given population (world, natioreglional, local), measured in "global hectares"
(gha).
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Figura 4- conceptual framework of the Ecologicalofarint. - [Wikipedia, 2015, a.]

The ecological footprint F is calculated using thenula:

F= ZE, = ZC;Q,
where: = =

* Eiis the ecological footprint from the consumption

e Ciis the i-th product;

* (i, expressed in hectares/kilogram, it is the mexdpl of the average productivity for the
product i-th;

The ecological footprint per capita f is calculataddividing for the population N residing in the

region concerned:
2_

Many studies carried out on a global scale and scoumtries show that the global footprint is
greater than the world's biologically productivgp@eity. According to Mathis Wackernagel, in
1961 humanity was using 70% of the global capadfitthe biosphere, but in 1999 had increased to
120%. This means that we are consuming resourcter fthan we could, that we are eroding
natural capital and that in the future we can héexger raw materials for our consumption.
Relatively to some states, the data are as follewseach country is given the footprint per capita
The figure compares with the world average biocépdtat is 1.78 hectares per capita.



