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INTRODUCTION

The acceleration of GHG emissions indicates a mounting threat of runaway climate change,
with potentially disastrous human consequences. The utilization of Renewable Energy Sources
(RES) together with improvement of the energy end-use efficiency (EE) can contribute to the
reduction of primary energy consumption, to the mitigation of GHG emissions and thereby to the
prevention of dangerous climate change?.

Thenot utilized potential of biomass, solar, hydro, wind and geothermal source is still high.
However in the recent years due significant public incentives in the form of feed-in-tariff, in many
European countriesthe development of the sector has progressively increase.

EU adopted its own strategy to fight the climate change till the adoption of a plan for a
sustainable growth Europa 2020 in which it set ambitious objectives in terms of energy (the so
called 20-20-20).Moving towards a low-carbon economy requires a public sector able to identify
and support the economic opportunities. In particular the local public sector can play a strategic
role as manager of the territory and last implementer of public policies. Therefore in the field of
sustainable energy, it is essential to reinforce the capacities of the local public sector through
the empowerment of its workforce.

This is the key objective of the handbook: strengthen part of the skills and competences in the
field of planning and management of RES. The textbooks extensively, rely on the different
methodology, is organised on four sections, one for each main renewable energy sources:

(1) biomass,

(2) geothermal,
(3) hydropower,
(4) wind energy.

The aim of the handbooks is to present a good overview of the RESs, main technological
development, and case studies together with applicable example of utilization of sources. The
text tends 1 if available 7 also to focus on possible planning concepts like how to set up a map
to identify and provide a first dimension of the potential of each sources and also how to
implement feasibility study. The information is based on relevant international body of
knowledge. The publication includes at the end a brief annex related the financial evaluation
especially useful for those unfamiliar with it.

Our wish is that this work can contribute to overcome the existing barriers in the development of
the RES.

Marco Caponigro Azrudin Husika
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*Human activities attributed to the energy sector cause as much as 78 % of the Community greenhouse gas emésdiva<2(I0i6/32/EC of
the European Parliament and of the Council of 5 April 2006on energysenefficiency and energy services and repealing Council Directive
93/76/EEC).
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1. Background

This report is a tool for the local training foreseen as part of the activities of the European
Project ENER SUPPLY. It takes in consideration different aspects about sustainability,
i nnovation, engineering and science. 't 6s
background as: definition and classification; evaluation of potential and available sources,
technological options for biomass using; it also provides guidelines for addressing critical issues
and for identify major strategic opportunities. These items are presented by the following macro-
sections:

Biomass and Sustainability

Biomass Resources classification

Biomass evaluation

Biomass Processing Technologies
Evaluating and Monitoring Bioenergy Projects

Sections from 1 to 3 are finalized to analyse sustainability and biomass production issues. Key
information for understanding the details of specific technologies are provided in section 4.
Section 5 integrates the findings into a sustainability analysis tool designed to assist projects,
with a summary the major strategic relationships with regards to the development of sustainable
bioenergy opportunities.

2. Biomass and Sustainability

Biomass considered as an energy resource is fundamentally different from carbon free energy
sources (i.e.: wind). It could generate energy and material products similar to the traditional
ones produced by existing fossil fuel uses. Biomass has also a very important utilisation as food
and as raw materials for industry which must be correctly integrated with the energy use to
respect the sustainability principles which will be discussed in the following sections.

2.1 Biomass definition

According to the definition given by Directive 2009/28/CE, biomass is "the biodegradable
fraction of products, waste and residues from biological origin from agriculture (including vegetal
and animal substances), forestry and related industries including fisheries and aquaculture, as

well as the biodegradable fraction of industrial and municipal waste"*.

This means that with appropriate industrial processing, newly harvested biomass can be
converted into homolog of natural gas and of liquid and solid fossil fuels. By using various

® As defined under Article 2(e) in Directive 2009/28/EC

12
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transformation processes such as combustion, gasification and pyrolysis, biomass can be
t ransf or loefuelsd nft oor At bicheatop otrioteleBtridityd .

2.2 Biomass and Sustainability

The use of bioenergy is related to the impact on land u s e . 6Renewabl ed, 6Low
emi ssiond and 6Sustainabled are not synonymous t
the biomass projects.

More in details, the ASustainabilityo is fulfildl
negative or, at least, neutral CO, balances over the life cycle.

The biomass chain could be characterized by carbon negative balance (net removal of COq.
from the atmosphere) as well as carbon positive balances (net addition of COq): this depends
on field practices, transport and processing technologies *(BCT, 2007).

The GHG emissions represent one of the environmental criteria included in a sustainability

anal ysi s, but ités not sufficient. The sustainal
other different aspects as ecological, cultural and health and has to be also integrate with

economic aspects (Fig. 2).

From a general point of view, the concept of sustainability applied to bioenergy sector cannot be
therefore untied from Environmental, Economic and Social aspects, as pictured below (Fig. 1,
Fig. 2). If one of these aspects is not included, it could belong to equitable, bearable or viable
conditions, but not sustainable.

Then, biomass projects will not be completely successful unless they can demonstrate
sustainable biomass supply, viable business conditions and social support, as summarised
below (Tab.1).

The concept of biomass evaluation has undergone remarkable evolution thanks to RED
2009/208/CE. At the beginning, the biomass estimation for a territorial planning was based on

potential biomass values, going on, it was based on available biomass values; now, according

to the RED directive, itods necessar y Sustainalleo a s
Biomasso . Not al bmasswanibd saskainable.b i

* A carbon negative balands achieved if the standing stock of biomass increases or carbon is removed from the carbon cycle via inactive soil
carbon, pyrolysis char or carbon capture and storage.

13



Handbookon Renewable Energy Sources

Viable
S/

4

Figure 1.7 General Concept of sustainable approach, (Adams W.M., 2006)

Environmental
Indicators

Economicindicators

NPV, IR, IRR
Cost & Revenues

Sustainabliity
Criteria

Social & Cultural
Indicators

n* Job

Per Capita Incomes
Social Cohesion
Social benefits

Figure 2. - General approach for a Bioenergy project
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Table 1.7 Hierarchy of sustainability considerations for biomass projects (Crucible Carbon, 2008).

Sustainability Criteria Aspects evaluated

- Land Availability
- Water Availability

Ecologically sustainable and viable biomass

supply - Biodiversity
Commercially and Technologically Viable - Feedstock Supply
- Technology

Processing Business = Products and Market

- Government Directives
Licence to operate - Community Directives
- Public Consensus

In conclusion, producing energy from renewable sources in sustainably ways is also a social
challenge that entails an evolution of the international and national rules (as in part started with
the RED 2009/28/CE), a planning both for urban and transport sectors and a changing of the
individual lifestyles and ethical consumerism.

2.3 European Union Sustainability Scheme for Biofuels

The benefits of biofuels over traditional fuels include greater energy security, reduced
environmental impact, foreign exchange savings and socioeconomic issues related to the rural
sector. The concept of sustainable development embodies the idea of the inter-linkage and the
balance between economic, social and environmental concerns, (Demirbas A., 2009).

As a consequence of to EU level, with the resolution of 25 September 2007 on the Road Map
for Renewable Energy in Europe, the European Parliament stressed the importance of
sustainability criteria for biofuels and requested the Commission to undertake action to build a
mandatory certification system for biofuels.

In with the publication of RED Directive (2009/28/EC), the environmental sustainability criteria
and verification requirements for biofuels and other bioliquids have been included.

The Commission has also asked to focus on standards needed for the implementation of the
Directive 2009/28/CE and a standardisation activity is ongoing within CEN (CEN Technical
Committee 383) for the definition of sustainably produced biomass for energy applications.

With the last Directive of sustainability criteria for Biomass uses, the European Commission has

introduced the most comprehensive and advanced sustainability scheme and the Member

States are responsible to confirm and implement them for biofuels/bioliquids produced in the

UE. Another important point of the sustainable criteria scheme is the land typology. In particular,

bi ofuels couldndédt be produced in I ands in high
be obtained from primary forest, or from designated nature protection areas, or from high
biodiversity grasslands. The Commission will define the criteria and geographic ranges to

identify high biodiversity grasslands.

Other sustainable criterion considered by RED directive is the high level of carbon stock: raw

materials should not be obtained from wetland, continuously forested areas and from areas with
10-30 % canopy cover and peat-land.
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Finally the Red Directive examines the biofuel coming only partly from non-renewable sources.
For some of them, such as ETBE, the RED Directive indicates which percentage of fuel is
renewable on the purpose of target accounting.

For the not listed fuels, (including fuels produced in flexible processes, with different mix of
sources, i.e. co-firing system), analogy can be appropriately drawn from the rule for electricity
generated in multi-fuel plants: the contribution of each energy source have to be taken into
account on the basis of its energy content.

3. Biomass

The bio-energy chains of given territory have to be realized considering the technologies and
the biomass types to achieve the best outcomes. Classification and peculiarity of the different
biomass resources therefore have to be known.

This section contents the general biomass description and its connections to the processing
conditions. At the same time, it highlights the biomass features which can have more influence
on the sustainability scheme and their use for bioenergy applications.

3.1 Types of Biomass

The overwhelming majority of biomass available for bioenergy is derived from plant material
also that from animal products.

Some of the important features of different biomasses are presented below. A first distinction
can be made considering the origin of the biomass from the different sectors such as:
agricultural sector, forestal, industrial and urban sectors. Another classification can be as well
as by its nature can be represented by both energy crops or residues and wastes.

3.1.1 Biomass by energy crops

The biomass represented by energy crops is obviously coming by agricultural and forestal
sectors.

Annual Grassy Crops

Grassy (monocotyledon) plants form the bulk of modern broad scale agriculture. Annual grassy
crops include cereal as grains, barley, oats, rye and other minor cereals; sugar beet, sugar
cane; forage crops, as clover grasses species.

Seeds from these cereals crops, tuber and stem of other plants tend to be a good source of
starch which can be used by technological processes for biofuels or energy production.

Selective breeding (particularly for Afino food

biomass ratio in many species which with large increases in seed yield.
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Perennial Grassy Crops

This type of biomass can be used as bioenergy feedstock when the economics are viable. Fast
growing reeds and canes (such as Arundo Donax, Elephant grasses) are examples of grassy
crops that can make good use of nutrient availability to increases biomass productivity; but at
the same time, some other agronomic characteristics represent yet weak points such as floral
sterility, prohibitive cost for crop establishment, low relative harvest mechanization, high
moisture during harvestable product and high ash content. (Ranalli P., 2010).

Cardoon and Mischantus are other energy crops with the Mediterranean characteristics of
growing with low water: for this reason, they are obtaining high interest and research activities in
agronomic and genetic fields with programmes of improvement.

Oil Crops
Oil crops include Annual oil-seed crops and Perennial oil-tree crops.
Oil Seed Crops

From an agronomic point of view, the oil seed crops have an evolutionary history different form
cereal crops and therefore can have an additional benefit as a break crop in reducing plant soil
pathogens.

The most representative oil crops in European areas are rapeseed and sunflower. Vegetable oll
is usually extracted through mechanical pressing and/or solvent and is used for food
preparation, soaps and cosmetics. Oil in these crops usually contains other seed constituents
(protein or starch) as part of the crop revenue stream. The lignocellulose part of oil crops,
which is traditionally used as mulch or fodder, can also be combusted for heat and power, while
vegetable oils can be used for higher value bioenergy applications, especially as a diesel
replacement (Crucible Carbon, 2010).

Vegetable oils deriving from these crops and modified in m-ethyl esters are commonly called
66bi odiesel 0 and prominent candi dates to be

Oil Tree Crops

Actually, a number of tree crops produce oil: palm, coconut and macadamia. Palm oil in
particular is used in the developed countries to produce both edible oil than primary products for
biodiesel.

But extensive use of edible oils may cause significant problems such as starvation in developing
countries. The twofold use of palm oil increases the competition between edible oil market and

biofuels market with a consequent increase of vegetable oil price in the developing countries.

The use of non-edible plant oils, when compared with edible oils, is very significant in
developing countries because of the tremendous demand for edible oils as food and they are far
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too expensive to be used as fuel at present. The production of biodiesel from different non-
edible oilseed crops has been extensively investigated over the last few years® (Balat M., 2010).

Oil tree crops with their lower food values can be a resource for bioenergy and, as perennials
crops, provide water and carbon sink benefits. Non-food crops will also not display spikes in
value associated with food supply and demand issues. Many food oil producing species, such
as Jatropha (in subtropical areas), can be useful for bioenergy and are often promoted as not
competing with food crops. However these species can display many properties associated with
weeds and can become subject to bans in order to limit infestation risks (Crucible Carbon,
2008).

The problem of great concern regards the rate of vegetative growth and seed yield (Balat M.,
2010).

Table 2. - Comparison between different oil crops for Biodiesel production (Balat M., 2010)

Oil Crops Oil production (t/ha) Reference

Rapeseed 1 M.Balat, 2010

Soybean 0.52 M.Balat, 2010

Sunflower 0.9 Foppa Pedretti et al., 2009
Palm 5 M.Balat, 2010

Jatropha® 0.5 M.Balat, 2010

Microalgae 50 M.Balat, 2010

Lignocellulosic Crops

Corn and soybeans are annuals, differently forms of lignocellulosic bioenergy crops are typically
perennials.

Lignocellulosic crops include perennial grassy crops and others tree crops.

Herbaceous species include crops as: Switchgrass, Panicum virgatum; Phalaris Arundinacea
and Miscanthus (Miscanthus spp.)

Hardwoods species include woody species such as willows Salix spp., Poplars Populus spp.,
Eucalyptus, others. Among them, Poplar, Miscanthus and Switchgrass have received particular
attention for their high biomass yield, efficient nutrient utilization, low erosion soil potential,
carbon sequestration capability and reduced fossil fuel input requirements in comparison with
annual crops, (Abbasi T. et al, 2009).

Several research activities have been carried out on poplar which is considered one of the most
important plants for its short rotation: this has permitted to develop important genetic
programmes with an increase of varieties and clones, exportable around the world. Other
woody crops as Eucalyptus let produce biomass at warmer conditions, as Mediterranean
climate (Ranalli P., 2010).

® The production of biodiesel from different redible oilseed crops has beextensively investigated over the last few years. Some of these
nonedible oilseed crops include Jatropha tréstropha curcgs KaranjaPongamia pinnath, Tobacco seed\jcotiana tabacum I, Rice bran
, Mahua Madhuca indicj Neem Azadirachta inita), Rubber plantHevea brasiliensjsCastor, Linseed, and Microalgae, etc.
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3.1.2 Biomass by Residues and Wastes

The analysis of biomass by residues and wastes is more complicated for the complexity of the
materials managed and the different sectors of origin (i.e.: from agriculture to urban sector).

At first, UE Directive 2008/98/CE defines a difference between co-pr oduct s armnCdo- wast
product all material that can be re-used while waste is defined as material reached to the end of
production cycle and cannot bere-cycledd ( Cast el | i S. , 2010) .

Waste materials are generated in manufacturing processes, industries and municipal solid
wastes; the typical energy content is from 10.5 to 11.5 MJ/Kkg.

Waste management practices differ for developed and developing nations, for urban and rural
areas and for residential and industrial producers.

The starting situation of a developing country in waste management differs from that of
industrialized countries. The transfer of proven technology from one country to another can be
guite inappropriate although technically viable
the local factors such as:

- Waste characteristics and seasonal variations in climate
- Social aspects, cultural attitudes towards solid waste and political institutions
- Awareness of the more obvious resource limitations which often exist.

The role of sustainable waste management is to reduce the amount of waste that is discharged
into the environment by reducing the amount of waste generated. Large quantities of waste
cannot be eliminated. However, the environmental impact can be reduced by making more
sustainable use of the Waskehierarchypbhi s i s known as t

The waste hierarchy refers to reduce, reuse and recycle and classify waste management
strategies according to their desirability in terms of waste minimization. The aim of the waste
hierarchy is to extract the maximum practical benefits from products and to generate the
minimum amount of waste (Demirbas A., 2010).

Part of biomass is also classified as waste deriving from industrial, agricultural, forestal and
urban activities: it is simple to apply the HAwa
included in the biomass sector, as showed in the following section.

Potential biomass based residues and wastes include plants and animal residues. They are
represented by agricultural residues such as straw, vegetable/ fruit peels; forestry residues and
wastes such as leaf litter and sawmill food wastes and biomass components by municipal solid
wastes. Energy can be produced from these wastes because, globally, several billion tonnes of
biomass is contained in them. (Abbasi et al, 2009).

There are various options available to convert residues or waste to energy. The technologies
are sanitary landfill, incineration, pyrolysis, gasification, anaerobic digestion and others. Short
informations will be given for each one in this section; further descriptions will be given in
section 5.
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The choice of technology has to be based on the waste typology, its quality and the local
conditions; but a classification and assignment of different wastes is not easy. In UE countries,
the wastes ar e EWCE&aed, (ERAc2002)wTablens sliowsta general scheme of
promising waste treatment processes.

Table 3. - Waste processes (Demirbas A., 2010)

Type of Waste Waste disposal method

Roaster incineration

Fluid bed incineration

Pyrolysisi incineration

Pyrolysisi gasification
Separationi compostingi
Combustible Waste Incineration
Separation-pyrolysis
Separation-gasification
Separation-incineration in a cement plant
(Wet and dry) separation-digest-
incineration in a cement plant

Non-Combustible Wastes Landfill

Pyrolysis and co-incineration in a coal

power plant

Pyrolysis and co-incineration in a coal
power plant

Incineration in a fluid bed furnace

Wood

Partially combustible

gasification
Gasification
Feedstock recycling
Fermentable | Composting
Organic

waste streams

Plastics

Anaerobic digestion

Wastes

The best compromise would be to choose the technology, which has the lowest life cycle cost,
needs the least land areas, causes practically no air and land pollution, produces more power
with less waste and causes maximum volume reduction, (Demirbas A., 2010).

Nowadays, to obtain the energy in a clean and cost effective manner is a major challenge yet to
be met. Actually, one of the biggest problems is to find how to convert quickly and economically
convert the lignocellulosic components of these wastes into simpler sugars to enable their
subsequent biochemical conversion to clean fuels (Abbasi M. et al, 2009).

S*EWC is European Waste Catalogue that is used for classification of all wastes and hazardous wastes. It is desighamtsitentavaste
classification system across tB& for disposal and recovery. The new codified Waste Framework (Directive 2006/12/EC), is now the only legally
valid version.
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Recently, producing energy and biofuels by wastes and residues is obtaining considerable
importance for the positive environmental and economical effect. Using organic urban wastes
for energy purpose would avoid an enlargement of urban landfills with a consequent reduction
of GHG emissions and more independence from utilization of fossil fuels.

At last point but not least, it is also important to recognise that wastes often contain both energy
and nutrient components.

A Dbasic rule for ecological sustainability is that energy may be extracted from
production/consumption systems but nutrients must be recycled. It is not advisable to base a
bioenergy project on waste streams that should be minimised or converted to higher value
outcomes, (Crucible Carbon, 2008).

Biogenic wastes from urban and industrial sectors

Wastes from industrial and municipal sources is an attractive biomass source (especially if the
organic fraction called biogenic fraction is considered), because the material has already been
collected and can be acquired at a negative cost, due to tipping fees (i.e., sources will pay
money to get rid of waste) (Demirbas A., 2010).

On t he basWaste hidrarchyth e ¢ éin c e puse part af tha lgEogenic fraction of
municipality and industrial wastes could be an interesting biomass for energy recovery by
anaerobic digestion process.

A particular consideration has to be done on the use of Waste Cooking Oil for biofuel
production. The production of biodiesel from waste cooking oil to partially substitute petroleum
diesel is one of the measures for solving the twin problems of environment pollution and energy
shortage.

Residues and wastes from agricultural sector

Major agricultural residues include crop residues, straws and husks, olive pits and nut shells.
More in particular, the residue can be divided into two general categories:

- Field residues: material left in the fields or orchards after harvesting as stalks, stems, leaves
and seed pods.

- Process residues: materials left after the processing of the crop into a usable resources
husks, seeds, bagasse and roots.

Some agricultural residues are used as animal fodder, for soil management and in
manufacturing.

The stover is the above ground portion of the corn plant, other than grain and consists of stalk
(including tassel), leaves, cob, husk and silks. On average, the dry matter weight of a corn plant
is split equally between the grain and the stover. Currently, about 5% stover is used for animal
bedding and feeding and the remaining is ploughed into the soil or burned as activity practiced
for straw disposal, but due to energy content of straw, many UE countries are using it for energy
purposes.
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Residues and wastes from forestal sector

Still now, most of the wood derived from forestal sector is a predominant source in non-OPEC
and developing countries and ités also used
rural areas where gas fuel is not common. It well competes with fossil fuel and it is used both in
the houses for cooking and water heating and in commercial and industrial processes (for water
heating and process heat).

Alternative use of wastes from forestry or industrial activities connected as sawmill, represents
an attractive source of biomass and a successful example for energy production by residues.
The forestal residues are cutting wood, logging residues, trees, shrubs, bark and etc. (Demirbas
A, 2000).

Normally, forest wood residues are considered better fuels than agricultural residues but their
density value and harvest system (above all when slope of the soil is high) keep high their
transport costs; the net-CO, emission produced for every unit energy delivered by forest logging
residues is lower than that produced by other agricultural residues, due to fertilizers and
pesticides utilized (Borjesson P, 1996).

The wood analysis shows the following components (Tab.4).

Table 4.7 Woody biomass characterization

as

Parameters Wood Bark

Volatile Matter 80 % 74.7 %

Fixed Carbon 19.4 % 24 %

Ash 0.6 % 1.3 %

The energy content of different plant materials determines their calorific value (heat content).
The CV depends on the percentage of carbon and hydrogen, which are the main contributors to
the heat energy value of biomass.

Generally, one of the most important characteristics of fuel-woods is represented by the wood
density, ranged between 400 i 900 Kg/m® and the energy content, generally expressed as Low
Heating value LHV (kcal/kg) ranged between 4200 i 5400.

To get the maximum energy, the plant materials should be air dried, because the amount of
energy contained in the plant varies with the amount of moisture content.

In the fire-woods indicates the calorific value decreases linearly with increasing moisture
content (Demirbas, 1995).

Around UE, energy plants and connected activities have been developed and are still
developing for energy production by using agro-forestal residues and urban wastes. Some of
them have been highlighted by projects UE like "Make It Be Project - Decision Making and
Implementation Tool for Delivery of local & regional bio-energy chainsd6 wi t h t he
them as best practices in the bioenergy sector and taking them in consideration as potential
repeatable examples in UE countries if there will be sustainability requirements (Make It Be
Project, 2010).
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4. Analysis and estimation of Biomass production

The availability of biomass for a given territory permits to estimating at estimating how much
bio-energy can contribute to the energy supply. This section provides to define the potentiality
and the availability of biomass in sustainability conditions in several sectors (agriculture,
forestry, industry and wastes) as listed before.

The analysis of biomass production will be adopted for the studied regions according to each
specific situation: some UE regions will have a sector more developed than others.

In a preliminary analysis the amount of biomass can be converted from tonnes per year to an
energetic unit such as Joules or kwh or TOE.

It is important to underline that, the specific energy conversion and relative technology has not
been chosen yet but they will be considered in the section.

4.1 Biomass Classification

To estimate the biomass of specific territory needs, at first, to be identified and classified. This
subdivision can be based on different parameters. In the European norm on solid biofuels, the
classification is based on the biofuel origin/source (CEN/TC-335) but it does not indicate the
origin of biomass in terms of economic sectors such as agriculture, forestry, industries or waste
management.

In this section the classification of biomass is done on the basis of the sectors mentioned
before, such as: agricultural residues/crops, livestock waste, forestry residues, waste from
industries and waste from civil sector.

Each of these classes includes different types of biomass, the main ones being products
(harvested biomass) and residues (by-products from cultivation, harvesting and processing).

It is useful to gather data on availability of biomass from different sources in term of tonsly.
Another classification of the biomass considers the conversion of the biomass to respective
biofuels.

In terms of productivity, the production indexes are considered in relation to the type of biofuels
and expressed in tly, Ily and m3l/y.

Itdés also Iimportant to consider the bioenergy ci
and expressed in terms of MJ or kWh or TOE produced for tons, litres or m3 of fuel used.
Finally, it can be useful to compare results in term of biomass availability’ (i.e.: tons /year that

"In order to compare results in term of Eaergy potential (using tons/year):

- the calculation has to be estimated taking in consideration dry biomass for woody, herbaceous and frbasegthiomass

- the average energy content (MJ/Kg) have to be know as well as the percentage of organic matter of the agricultural pomdsdene,
YIEydNBEs SGO0X0

- the methane contents e. g. for sewage sludge/landfill gas has to be know.
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can be converted into MJ/year). An overview of biomass classification is reported in Tab. 5 of
Handouts of Biomass.

4.2 Estimation of the biomass potential

The key business challenge for potential bioenergy projects is demonstrating the profitability of
bioenergy chains when compared to other uses of territory, within a complete life cycle analysis.
This requires lowering the costs of biomass production and its transport as well as a more
detailed estimation of the potential and available biomass on the basis of the characteristics of
given territory.

In this step, an important factor is to determine the biomass production by each above-
mentioned sector.

Species selection is an important factor in productivity; however it is important to remember that
plants are governed by natural laws.

As a general line, high productivity of biomass is intended by large woody biomass production
systems with yield around 5-15 dry t/ha per annum, when averaged over growing and
harvesting cycles.

Other higher productivity systems have been demonstrated, such as rapid growing grasses,
with annual yields as high as 50 dry tonnes per hectare. However these systems require
appropriate land and climate conditions to support high growth rates. Productivity defines the
land footprint supporting a bioenergy project.

Biomass productivity depends also on the costs of harvesting, transport and logistics. For this
reason, a mapping analysis of the biomass is also suggested in identifying the spatial
distribution.

If the ubiquitousness is one of the great advantages of biomass, at the same time it also
represents one of its key disadvantages. To aggregate all biomass of a given territory in central
processing facilities is expensive, but a concentrated biomass production and good storage
stocked let in achieve economies of scale at processing plants.

Even if the resource biomass is "ubiquitous”, not all biomass can be used for energy purposes,

because o festrgtonse r a l i

Clearly, for a better territorial strategy about the estimation of biomass supply, it is important to
develop a "Biomass Approach", which takes in consideration its potential and available values
within sustainability conditions.

Biomass potential represents the whole quantity of source that is present in a given territory; it is
quite common to refer to the biomass potentials from different points of view: theoretical,

technical, ecological and economic.

In practical terms, the actual biomass available for energy uses derives from the application of
certain restrictions (technical, environmental, other restrictions related to competing uses) to the
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theoretical potenti al as depicted in figure
Supply Project, 2010).
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Figure 3.1 Estimation biomass approach (Make It Be Project, 2010)

On t he b a s Biamass Approabhé & bmentiened, from the "theoretical potential
val ues™
given time.

Usually, resource estimation is related to a specific period because its value is changeable is
liable to over time.

4.3 Calculation of Potential Biomass

When speaking of resources, especially for all the biomass type in relatively large geographical
areas, two types of problems are to be focused of available resources (ranges and medium
average value) and the reliability of data. This difficulty is intensified since availability is often
considered in a technical and economic context. In this study, an attempt to strictly separate the
meaning of availability from supply costs and prices, different from country to country has been
made.

4.3.1 Biomass potential by energy crops

The agricultural sector is one of the most important in terms of biomass potential that can be
supplied to energy conversion processes by using both energy crops and agricultural residuals
(they will be analysed in the next section). In this section, theoretical potential biomass deriving
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from energ y

crops

is taken

i nto

productions related to agricultural materials produced.
On the basis of biomass descriptions and relative classification, a general overview of potential
biomass production by energy crops is showed in Tab 6, in which different harvest indexes of
the principal energy crops are reported as examples; all the values overall derive from
experimental activities carried out in Greece and ltaly.

account . A

Table 5. - Biomass production indexes by Energy Crops: general overview

correct

Energy Crops Type of Biomass Harvest Lower References
Biomass production® moisture Heating
(tam/ha) ° Value
(%) (MJI/kgam)
Annual grassy crops
Cereals Seeds 2071 3.5, 3.0 14 - Cioffo, 2009
- 14 - Foppa Pedretti et al.,
2009
5.5° 12-14 16.5
Sager A., et al, 2009
4.1-9.2,7.08 - -
Casagrande L. et al.,
2005
Corn Corn stover 10.60171 8.34, 59171 64, 62 17 R. Canestrale et al, 2007
9.93
Corn 7.097 8.34, 7.86 - - Barbieri S. et al, 2004
10.9 - - Sacco et al.,2007
12.8-14.6, 13.4 19 -24, 20.4 - Casagrande et al., 2005
4 14 - Cioffo, 2009
Silage corn 19 34.5 17 Candolo G., 2009
Sweet 13171 45 30 - Mardikis et al., 2000
sorghum
9.1 30 17 Jodice R., 2007
Fibre 27 30" - Mardikis et al., 2000
Sorghum bicolour | sorghum
(Sorghum) 207 30%° 5571 70° - Candolo G., 2006
22171 28,25 40 16.9 Foppa Pedretti et al.,
2009
20.5 - -
Coaloa D., et al., 2010
Silage 18 30 17 Candolo G., 2009
sorghum
Canapa Stem, 51 15 50 - 60 1817 25.6 | Candolo G. 2006
leaves

®Range and Average value
° Biomass production is calculated as dry matter per year.
10 Range value by Candolo 2006.
" Harvest humidity is depending fronthi area. In Greece it is estimated 30%, while in Italy within to range78%b.
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Clover and Stem 8 80 10.2 Data elaborated (Candolo
grassy forage G., 2009)
crops 17 6,35 84.57 83.5 2.4
Perennial grassy crops
Arundo Donax Stem, 207 30 - 16-17.1 Mardikis M. et al., 2000
(Giant reed) leaves
157 35 557 70 167 17 Candolo G., 2006
2071 35, 28 40 17.5 Foppa Pedretti et al.,
2009
8.68 - -
Coaloa D, et al., 2010
Mischantus spp. Stem, 1171 34 - 17.6 Mardikis M. et al., 2000
(Elephant grass) leaves
157 25 507 60 17.37 17.6 | Candolo G., 2006
1571 30, 23 157 30, 25 17.0 Foppa Pedretti et al.,
2009
Panicum Stem, 147 25, 19 - - Mardikis M. et al., 2000
Virgatum leaves
(Switchgrass) 107 25 507 60 17.4 Candolo G., 2006
107 25,18 3571 40, 35 15.9 Foppa Pedretti et al.,
2009
Cynara Stem, 171 30 - - Mardikis M. et al., 2000
Cardunculus leaves
(Cardoon) 10 -15, 12 (201 30) 20 15.6 Foppa Pedretti et al.,
2009
7.12171 14 147 18
Ranalli P., 2010
Hibiscus Stem 7671 23.9 224171 26.9 - Mardikis M. et al., 2000
cannabinus
(Kenaf) 107 20 507 60 15.57 16.3 | Candolo G., 2006
107 20, 15 35 15.9 Foppa Pedretti et al.,
2009
Qil Crops
Sunflower seeds 3.0-3.9, 3.0" 9 37.7 Foppa Pedretti et al.,
2009
1.3-1.6,1.1" - -
Coaloa D. et al., 2010
2.82"
Brassica Napus seeds 147 2.0 9 - Mardikis M. et al., 2000
(Rapeseed)
2781 1.1 37.6 Foppa Pedretti et al.,
2009
1.0 -
Balat M., 2010
1.88"

Coaloa D. et al., 2010

2 The value is referred to the seed productiQr/fa per year)

3 The value is referred to the raw oil extracted (t/ha per year)
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Brassica Carinata seeds 147207 - 14.6 - 21 | Mardikis M. et al., 2000
(Ethiopean
mustard) 1.01 Coaloa D. et al., 2010
Glycine Max Seeds 0.52** - - Balat M., 2010
(Soybean)
2.7%7 0.5 - - MarsonT. Andrade R.,
2010
- - 39.6
Vegburner.co.uk/oils.htm
Cotton Seeds 0.27™ - - Tickell, 2000
3.026"- 0.5 - - MarsonT. Andrade R.,
2010
- 39.4
Vegburner.co.uk/oils.htm
Palm Fruit-seeds 5+ - - Balat M., 2010
13.28% - 45" - - MarsonT. Andrade R.,
2010
17.08% i 5 67 18.871 20.1
Nasrin A.B.,2008
Jathropha Seeds 0.5" - - Balat M., 2010
- - 43-46 www.jatrofuel.com
Microalgae™ all biomass 25-75 - - Trabucco F. et al., 2010
50 - - Balat M., 2010
- 92 49.4 Demirbas A., 2010
Ligneocellulosic Tree Crops (SRF)™
Poplar Wood 91 125 507 60 17.71 18 | Candolo, 2006
9-13 11 50 18.6-19.1 | Foppa Pedretti et al.,
2009
11.87 17 50 -
Ranalli P., 2010
9.56 - -
Coaloa D. et al., 2010
Salix spp. Wood 107 15 507 60 17.81 18.4 | Candolo, 2006
(Willow)
1071 15, 125 50 18.4-19.2 | Foppa Pedretti et al.,
2009
Robinia Wood 561 17.1, 7 - - Mardikis et al., 2000
Pseudoacacia
(Black locust) 107 13 50 - 60 17.71 17.8 | Candolo, 2006
1071 15, 11 50 17.8 Foppa Pedretti et al.,
2009
8.75
Coaloa D. et al., 2010
“aAONRIE3ILS FNB F ySs TFNRYGASNI &9 ypisideHgrodutti® Bifodg painkslake: skokt Jif cytld?2 G Sy G A

photosynthesis activity is made with a £@eater than Plants, lipid content range is (Z5) t/ha.

'* Generally, somegheocellulosic Crops are cultivated as &§RFort Rotation Forestry.
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Eucalyptus spp. Wood 8i 9 50 16 - 19 | Mardikis et al., 2000
(Eucalyptus)
12 50 18.6 Foppa Pedretti et al.,
2009
Coniferous Wood 35-60 40 - 50 18.8-19.8 | Foppa Pedretti et al.,
coppice 2009
Deciduous Wood 36 -60 40 -50 18.5-19.2 | Foppa Pedretti et al.,
Coppice 2009

4.3.2 Biomass potential by residuals and wastes

Residuals from Agricultural sector

From the UE report about agricultural Residues evaluation, residues crops covers over 1% of
the total Farmed land (UAA)' in EU15 and produce dry lignocellulosic residues (moisture
content <50%). These concern: common wheat (10,8% of UAA), durum wheat (2,9% of UAA),
barley (8,7% of UAA), maize (3,3% of UAA), sunflower (1,6% of UAA), rapeseed (2,8% of UAA),
olive trees (2,8% of UAA) and vines (2,7% of UAA) and other crops (Siemons R., 2004).

The amount of residues produced by a specific crop (typically called residue-to-product ratio)
can vary significantly according to the agricultural practices, to the variety considered or to the
local climatic conditions. Therefore, estimates of the residue-to product ratio should be as much
specific as possible according the studied area. However, since these data are rarely available
at local scale, it is possible to refer to studies published in the scientific or sectorial literature.

The technical potential of these crop residues is estimated by multiplying the cultivated areas
by the agricultural production for each crop in each country taking in consideration each
average production value and the residue ratios or residue yields (in dry tonnes/ha) derived
from literature.

An overview of residuals production of agricultural crops are summarised in Table 8, in
according to different sources.

'®The range of calorific value is depending from part of plant more used: steam with or without leaves.
" UAAG Utilized AgriculturaArea.
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Crop production_statistics at regional_level
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Table 6.7 Residual values of Agricultural Crops

Residual Ratio ) Harvest Lower
Agricultural Type of - o priljoun;?i(s)?wm moisture Heating References
crops Biomass | (Residue/principal (tum/ha) Value
product) " (%) (MJ/Kgdm)
Grassy Crops Residues
19 Siemons
0.5 } 15 } R., 2004
Corrr:mct)n Straw 0.9% 15 Siemons
whea il ) ) R., 2004
5 17 1.66 2571 5.0 107 13 17571 19.5 Cioffo,2009:
urum Straw 1 1272523 | 10-14 | 175-195
wheat
Barley Straw 1.167 1.36 3 117 14 | 175-19.5 | Foppa
Avena Straw 0.347 0.39 17 1.6 97 14 | 17.5-19.5 | Fedrettiet
Stalks, 1.0971 15 47 6 407 65 | 13.87 17.6 | &~ 2009
Corn
cobs 0.7 - 50 - Si
Rapeseed Stalks 1.6 - 45 - R'ergggj
3.3 - 40 - "
Cioffo,2009;
Sunflower Stems and . . .
Leaves 077 1.3 1.7-4 147 20 | 15.271 17.9 Foppa
Pedretti et
al., 2009
Arboreal Crops Residues
Stone fruit 0.30 -0.50 4-6 35745 | 187 184 | ClOfM0:2009;
(Peach)
: Foppa
P‘zg‘:afrr)“'t 0.14-0.30 4-6 35 181184 | Pedhott et
al., 2009
Almond 0.60 3 35 1871 18.4
Pistachio 0.40 - 35 1871 18.4
Fig™ 0.21 2 55 187 18.4
Core™ 1.57-2 147 2.8 35 181 18.4
Orange Prunings 0.257 0.5 31 7 35-45 - Cioffo,2009
Clementine 0.277 0.5 1671 6.4 35- 45 -
Mandarin 0.237 0.4 047 1.6 35-45 -
Lemon 0.3371 0.4 0.4 35-45 -
Bergamot™ 0.391 0.5 3.61 6.8 35-45 -
Vineyards® 0.397 0.45 2.01 25 45-50 | 18.47 19.2 | Cioffo,2009;
Olive®® 1.147 1.25 17 4,37 35-45 | 18.47 18.8 Foppa
Pedretti et
al., 2009

The availability of these types of residues for energy purposes is restricted by several technical,
environmental or economic factors difficult to quantify. According to Dalianis and Panoutsou

® Range and Average value

¥ values referred for Northern UE

2 yalues referred for CentrglSouthern UE
#values referred to Southern Italian Regions (Sicilia, Basilicata, Calabria, Campania, Puglia, Sardegna)
2 yalued referred to planning of 6x6 and 10x10/ha.
2 y/alues of biomas®ferred to planting 5x5 by production pruning.
*Values referred to planning of 500 plants/ha.

By f dz8 &

NB F SNNB R

2 LXIyyAy3

HEmM

6 AGK

6 { LJdzNJ LINHzy Ay 3 ¢

% \alues referred to planning of 150 plants/ha with production of 25 Kg pruning/pleat

¢ SOKY Al dzSa
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(1995) from the total agricultural residues produced in EU15, 48% are exploited in non-energy
(e.g. animal feeding) or traditional energy applications and a further 40-45% cannot be exploited
for various technical and/or economical reasons (Siemons R., 2004).

In according to that, data reported by Cioffo highlight that in southern Italy, the straw residual
use as energy product is to exclude, because it's destinated to the zootechnical sector or land
filled for agronomic purposes. Pruning wood seems to have a discrete success as energy
product: statistic data confirm that 31% of wood pruning yearly collected is used for energy
purpose (Cioffo, 2009).

Residuals from Zootechnical sector

The average volume of manure and slurry largely differs from one species of animal to another
and mainly depends on their age and live weight. However, mean values have been developed
by various researchers in order to assist in the planning, design and operation of manure
collection, storage and pre-treatment and utilisation systems for livestock enterprises. In this
analysis, the ASAE standard coefficients, presented in Table 9 in according with other value
presented in the literature are adopted. The values represent fresh manure and slurry. Having in
mind the possibilities of collection and energy use of the manure (in view of keeping animals
outdoors, or in small farms), only the 50% can be considered available for energy production.

Table 7.7 Coefficient of wastes (manure and slurry) for animal category

Live TS VS
animal
Total . Biogas CH4in
mass . .
Animal fresh Moisture Tof[al Vola_mle Production | Biogas
Solids Solids References
category (kg) manur2(7a (%)
k 3, %
(kgm) (% on % on (m°Its,) (%)
Kdm) TS)
Bovine | 640 | 20155 | 83-88 i 807 85 | 3007 450 | 901 ASAE
51 86 15,12 65 D3sal:  F
Swine | 60 55' 26’ 90 619 8 | 75190 | 4507 550 6605' Pedretti 2009,
207 147 15 607 | Si R
Horse | 500 24.5 85 ’ 75 2507 500 iemons .,
15 65 2004
23.6
. 1.6 - 0.52 - 1971 25, . 60 i
Broiler 35 0.72 75 23 75 30071 500 65 ASAE
0.48 - i} . 607 | D384.1; F.
Turkey | 6-15 1o 74 19 957 98 | 3007 500 o5 Pedretti 2009,
0.52 - . 60 i
Duck | 6.5-8 0.64 74 49 33 3007 500 o5 Siemons R.,
Ovine | 70 -80 56'64' ; 2240 | 70i 75 | 300i 500 6605' 2004

On the basis of assumptions and data estimated by Siemons, the availability of wet manure in
the EU (UE15+10+2) is about 14 Mtoe, which could be used for Methane production by
anaerobic digestion.

" Eresh manure is referred for live weight animal indicated.
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As reported in tab 9, the amount of wastes produced by a single unit is estimated according to
the species of the animals (cattle, hogs, chicken and horses). Moreover, it depends on their age
and on their function (e.g., milkers and calves will produce different amount of wastes). The
theoretical potential should be estimated after an analysis of the animal farm, livestock units and
farming practices. However, in most cases, this survey is uneasy or too expensive to be carried

out.

Residuals from Forestal Sector

Forestry by-products are all those biomass that originate in the forests during forestry activities.
They include bark and wood chips made from tops and branches, as well as logs and chips
made from thinnings. As soon as these by-products are subjected to a manufacturing process
(like, e.qg., briquetting or pelletizing of saw dust and wood shavings) they are considered

industrial products.

Table 8. - Residuals value of Forestal sector.

. Harvest .
Forestal wood Type of Blomgss ” moisture Lower Heating
. Biomass production Value References
categories (tam/ha) (%) (MJ/kgam)
Hardwood tops and . . ;
Forest branches 21 4 251 60, 40 18.51 19.2 F. Pedretti E.,
Coniferous tops and 2§ 4 257 60, 40 18.87 198 2009
Forest branches
Wood from Tops and - 29 - Francescato,
river bank branches 081 16 401 60 16-18 20009.

Residuals and Wastes from Industrial Sector

Several analyses of industrial wastes around UE estimate that the industrial residues of the UE
countries (27) reach 13 Mtoe, (Siemons R., 2004).

Industrial residues include industrial waste wood from sawmills and timber mills (bark, sawdust,
wood chips, slabs and off-cuts). Also the wastes from paper and pulp mills (e.g. black liquor) are
included but the largest resource of industrial residues is generated by the food industry. These
residues may consist of wet cellulosic material (e.g. beet root tails), fats (used cooking oils) and
proteins (i.e.: slaughter house waste). Not all the residues can be taken in consideration in this
section due to lack of data, but some of them are here reported.

% Range and Average value
Pwlky3as @kt dS Aa
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Table 9.7 Residuals and wastes by Industrial sector

. Lower
Biomass Harvest Heating
Industrial Type of production humidity value References
categories Biomass
0
(tdm) (A)) (MJ/kgdm)
Residues and wastes from Forestal-Industry
bark,
wood from sawdust, . F. Pedretti,
sawmills wood chips, ) 25-60 187121 2009.
slabs, off-cuts
paper qnd black liquor - - - -
pulp mills
Residues and wastes from Zootecnical-Industry
Industrial Type of % Wastes on live o
categories Biomass weight (%) (MI/tgm) References
Bovine 719
. slaughter "
Swine 127 14
house waste i
507 60 1507 28.05 | - PeCret
Poultry 23 -26 '
Ovine 8-11
Residues and wastes from Agro i Industry
. Biomass (Biomass/Primary o
Categories type Product) Ratio t/ha (%) (MJ/Kggm) References
Hull, husk, ) ) ) i F. Pedretti,
Vegetables pod, shell 75-90 2000.
Peach Pit/stone 0.07 0.88 12-15 19.67 22 Cioffo, 2009
Almond Shell 0.73 3.65 <15 19.6 -22
0.50 070 | <15 | 1847 19 | Cioffo,2009
Hazel Shell
. . F. Pedretti,
0.507 0.55 0.77 12-15 16.97 17.8 2009,
Pistachio Shell 0.60 0.3 <15 19.6 - 22 Cioffo, 2009
Orange Peel, fruit 0.10 1481 1 S g0 . Cioffo, 2009
pieces 2
Olive residues | Sake after all 0221 028 |13 | 12-20 | 17.617 184 | Cioffo, 2009
oil extraction 2.8
0.251 0.30 457 50 . Cioffo, 2009
Grape Wine Marc waste 1.21 1.5 F Pedretti
0.157 0.21 40-70 | 165 -17.4 | o0

Residuals and Wastes by Urban Sector

As announced in the Art. 2 of the UE Dir 1999/31/ CE, biodegradable waste (BMW) is defined
as the waste that is capable of undergoing anaerobic or aerobic decomposition, such as food
and garden waste, paper and paperboard. Synthetic organic materials, such as plastics, are
excluded from this definition, since they are not biodegradable. However, the focus is on
biomass residues that can contribute to a net reduction in carbon emissions.

To estimate all biodegradable fraction of urban waste is complicated because countries have
different collecting and management of wastes. Therefore, just a list of the principal classes of
waste has been reported (Tab. 12).

Table 10. Principal classes of Urban wastes
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, , i Moisture LHV
. Biomass | (Biomass/BMW) Biomass
Categories type Ratio production References
(ty) (%) (MJI/kgam)
Organic fraction .
of Urban BMW Orgiitnlc - - - - -
(households) matter
Organic fraction
by commercial Oraanic
services: gtt - - - - -
restaurants, matter
schools, ecc...
Cooking oll .
exhausted Oil ] ) ] ] j
. Foppa
Wood pruning by ~ Wood 530 i i )
Urban streets | branches 8-25 80 -250 40 18-21 ngggttl,

4.4 Calculation of Available Biomass

The studies and estimates on biomass resources 1 (especially the studies that consider all
types of biomass for relatively large geographical areas) generally have to face problems
connected reliability of data relating to existing residues, wastes, potential biomass by energy
crops and connected also to the definition of available resource, when limits 1 including
technical & economics T are uncertain.

To evaluate available biomass it's necessary to include into the model the different restrictions
(environmental, social and economic) that can limit its availability.

Once those available biomasses have been found, their uses could be only partially
sustainable.

The evaluation of "Sustainability Biomass Supply" 7 SBS - is possible just evaluating and
monitoring al/l key aspects of Avalable BionmssiSapphply
ABS - f r oRuteritial Biomass Supplyo- PBS - is showed following.

In general, the amount of materials can be estimated using the following formula (Eq.1) that
returns the available tonnes of Biomass per year, taking in consideration the respective
biomass indexes above-mentioned. The aim is to estimate the amount of biomass (both like
primary product and residues) that can be collected over a certain region.

Biomass= Area_or _cattle_dedicateql(yield, GRtP 1~ loss)diL- current_use)di- ecol)Qecon)|  gq. 1.

Where:

Area_or_cattle dedicated;( ha/ nAcattl e): i s t hentkested#ed region;n A

Yield; (t/ha): is the yield of crop or manure by cattle i in the studied region;

RtP;: is the residue-to-product ratio for crop/or manure by cattle i;

®We assumed a percentages®5 % of residues wood/plant during thinning pruning
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Loss; (%): losses of residues due to technical issues i;

Current_use; (%): current use of residues i;

Ecol; (%): fraction of residues that should not be removed due to ecological issues i;

Econ; (%): fraction of residues that is economically convenient to use for energy conversion i.

5. Biomass energy conversion: Technologies overview

The majority of biomass that is available for bioenergy projects is solid unprocessed plant
material with moisture content generally around 50%. There is a wide range of available
biomass resources associated with human activity: particularly, residues and wastes from
agricultural, industrial, municipal, forest and other economic activities. All these resources can
be processed taking into account different technologies: direct combustion (for power and/or
heat, CHP System), anaerobic digestion (CHP, for methane rich gas), fermentation (of sugars
for alcohols, bioethanol), oil extraction (for biodiesel), pyrolysis (for bio-char, gas and oils) and
gasification (for carbon monoxide CO and hydrogen H, rich syngas) (Fig. 4).

Bioenergy routes
Oil crops crushing Vegetable | transesterification Methyl ester
{rape, sunflower, etc) refining oil e (biodiesel) ™

@'
./

1
Biof

==

Sugar and starch plants extraction — fermentation W
(sugar-beet, cereals, etc) hydrolysis a oo

hydrolysis

Solid biomass sombustion
(wood, straw, etc)
_E("VL,I Pyrolytic oil l»~ —— 2

Siicaton Fuelgas }—— -~
Bzl i e

Flecmc devncesJ

ogeneration

F:
Heating |

Wet biomass anaerobic 3
. Biogas 2
(organic waste, manure, etc) fermentation

\
pour H
Proc esq

Figure 4.7 Biomass technologies scheme (EC, 2007)

Each technology process can also be followed by an array of secondary treatments (i.e.:
stabilisation, dewatering, upgrading, refining) depending on specific final products. The
versatility of biomass processing technologies to produce energy and materials in electricity,
heat or CHP system, gas, liquids and solid forms are showed in the next table 16.
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Table 11. - Overview of biomass Technologies (Crucible Carbon, 2008)

Technologies Energy and Biofuel Outputs
9 Heat Electricity Gas Liquid Solids

Direct
Combustion v v
Anaer9b|c Vv Vv Vv
Digestion
Fermentation vV
Oil Extraction Vv
Pyrolysis V V V V \%
Gasification V \ Vv Vv

The selection of processing technologies depends on the nature and structure of the biomass
feedstocks and the desired project outputs. From the above table, it can be seen that direct
combustion or gasification of biomass are appropriate when heat and power are required.
Anaerobic digestion, fermentation and oil extraction are suitable with biomasses that have
easily extractable oils and sugars or high water contents. Only the thermal processing by
pyrolysis can provide the platform for all the forms of product above mentioned.

Many thermal technologies require the water content of biomass to be low (<15%) for proper
operation. For these technologies the energy cost of drying can represent a significant reduction
in process efficiency.

Ther ef or ertanttotiderdify therbiomass sources because some biomass species can
provide better quality of fuel or energy at lesser costs than others. For this purpose, energy-
from-biomass programmes are built around such species (Tasmeen A., 2009).

The energy density and physical properties of the biomass are critical factors for bioenergy
feedstock considerations and need to be understood in order to match a feedstock and
processing technology.

An overview about the capacity of generic biomass to be processed by using of available
technologies is shown below in table 17.

Table 12. - Chemical characterization of the different biomass sources (Crucible Carbon, 2008)

Fats, Oils Protein Sugars/Starch .
Lignocellulose
Biomass Sources
Grassy Crops V V
Annual Crops Oil seed Crops V V V
Grassy Crops V
Perennial Qil Tree Crops V V
Crops Ligneocellulosic v
Tree crops
Green Waste V
Residues & gr;én;silCWaste v v
Wastes Fraction Urban \% \% \% \%
Waste
Processing Technology
Direct Combustion V \Y
Anaerobic Digestion \Y \Y Vv Cellulose only
Fermentation V V Cellulose Only
Qil Extraction \%
Pyrolysis V V V V
Gasification V V V \%
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A highly productive and scale able bioenergy industry must to make a full use of biomass
resources and constituents to recover maximum value. The overview shown in tab. 16
highlights that the lignocellulose is the constituent with the highest volume among the biomass,
therefore thermal processing and cellulose fermentation once tested could be one of the most
important sources for bioenergy world in next future; other specific processes (digestion, oil
extraction and fermentation) can be used as a primary processing treatment for biomass
sources with significant extractable non-lignocellulosic values (Crucible Carbon 2008). The
energy extracted depends not only on the available biomass, but also on the kind of energy
conversion technology used: using more efficient technologies produces more energy from the
same amount of available biomass. For this reason, in specific section about biomass
technologies has been discussed in Chapter 5.1 of the Biomass Handouts of the Project.

5.1 Integration between technologies: general aspects

A synthesis of the key factors for biomass processing technologies is presented below (Tab.
32). Thermal technologies are the least sensitive to the qualities of the feedstock and can
effectively process lignocellulosic materials. These technologies are the most size able and do
not require on grown purpose biomass. Technologies different from direct combustion are
significantly limited in scale for their dependence on specific and finite feedstocks. Technologies
that provide high volume and value opportunities are at present the less developed and are
candidates for future innovation.

Table 13.7 Comparison between Technologies for the energy conversion of Biomass (Crucible
Carbon, 2008).

Biomass processing Possible | Feedstock | Conversion Output Market Development
technology Scale® | Flexibility | efficiency® | Flexibility | YU of Status
Product
Direct Combustion Large High Low Low Low Established
Anaerobic Digestion Small Medium Medium Low Medium Established
Fermentation Medium® | Medium® Medium Low High Established
Oil : . .
Extraction/Esterification Small Low High Low High Established
. . : . . Early
Pyrolisis Large High Medium High Medium Commercial
e . : .35 . Early
Gasification Large Medium Medium Medium Medium :
commercial

The analysis highlights the strategic attractiveness of thermal processing to solid, liquid and gas
energy products, even if immediate term projects must be limited in scale.

# Scale of possibledustry is dependent on the scale of the available biomass resource. Those technologies able to use lignocellulosic biomass
are at an advantage.

* Energy efficiency measures the amount of energy in the feedstock retained in the products.

* De-polymerisation of cellulose to sugars will allow access to a larger biomass pool; however, this technology is not conestisliated.

* This may be higher if technologies that generate sugar feedstocks from cellulose become mature.

* The direct poducts of gasification are low, but this is the basis to a vast array of fuel and chemical products via synthesis reactions.
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6. Conclusion

The analysis conducted in this review highlights that the evaluation of sources supply is
c o mp | e xPotentiatl Sodirces Supplyd i s a di f f er Supply of Availabée mnd
Sustainable Sources".

Territorial analysis often predicts a good available biomass supply, but if the bioenergy chains
are realised, only, a small part of the total available biomass can be used in sustainability
conditions. Infact, the potential biomass is not the same available of biomass and this is still
different from sustainable biomass. Evaluating the availability and sustainability of feedstock is a
critical consideration in the strategic development of bioenergy projects and is intimately linked
with the selection of biomass technologies for energy conversion.

Lignocellulosic biomass sources (both from energy crops and from residuals or wastes) are by
far the most significant in scale and can work synergistically rather than competitively with other
existing biomass uses, such as food, materials, ecological services and natural habitat. The
use of longer rotation Multispecies Native of woody biomass represents the most significant
opportunity for the development of new large scale biomass resources that support biodiversity,
environmental carbon stores and ecosystem services with minimal impact on food resources.

Another highlighted aspect is that each processing technology class is suited to a specific range
of constituent biomass biochemistries. Thermal processing options are the most flexible of all
the technology classes and the best to make complete use of strategic scale lignocellulosic
biomass resources.

Processing technologies that produce multiple energy and material products with large scale
markets are most likely to meet societal needs and provide sustainable business opportunities.
A carbon neutral future will still require significant carbon based resources such as liquid
transport fuels, metallurgical reductants and organic chemicals so thermal processing
technologies that address these multiple outputs are preferred.

Finally, a sustainable bioenergy chain requires a maximum value captured from the biomass
resource. Those biomass co-products that make use of the inherent material qualities of the
resource typically capture more of the value. Pre-processing for the extraction of wood, oils,
protein and soluble sugars is therefore encouraged (if in economic proportions) in the feedstock
and should be seen as supporting the economic case for bioenergy production, if markets have
an appropriate scale.

The development of specific bioenergy projects is not therefore based only on economic
conditions but has to take as fundamental requirement social and environmental aspects like:
securing a societal licence to operate and incorporating environmental, technological, financial
and social concerns.

If the factors outlined in the tool have been adequately addressed, the proposed projects would
be expected to be scrutinised by case specific techno-economic modelling as a precursor to a
prefeasibility study, Life Cycle Assessment and a full feasibility assessment. Successful
conclusion of each of these stages is important for controlling the risk development as well as
for maintaining societal and investor confidence in bioenergy opportunities.
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1. INTRODUCTION

1.1 Basic definitions and processes

Hydroelectric power comes from water at work, water in motion. It can be seen as a form of

solar energy, as the sun powers the hydrologic cycle which gives the earth its water. In the
hydrol ogic cycl e, at mospheri c watp#ationrSenaecohtleiss t he
water evaporates, but much of it either percolates into the soil or becomes surface runoff. Water

from rain and melting snow eventually reaches ponds, lakes, reservoirs, or oceans where
evaporation is constantly occurring.

’ H Clouds Cool and Cause Precipitation -3z :

I

Precipitation R

Water Table

Ground Water Flows into Ocean

Figure 1: Hydrologic cycle

Moisture percolating into the soil may become ground water (subsurface water), some of which
also enters water bodies through springs or underground streams. Ground water may move
upward through soil during dry periods and may return to the atmosphere by evaporation. Water
vapour passes into the atmosphere by evaporation then circulates, condenses into clouds, and
some returns to earth as precipitation. Thus, the water cycle is complete. Nature ensures that
water is a renewable resource.

Small hydro is the largest contributor of electricity from renewable energy sources, both at
European and world level. At world level, it is estimated that there is an installed capacity of
47.000 MW, with a potential - technical and economical - close to 180.000 MW.

Small scale Hydro Power (SHP) is mainly "run of river", i.e. not involving significant impounding
of water and therefore not requiring the construction of large dams and reservoirs, though
where these exist and can be utilised easily they do help. There is no general international
consensus on the definition of SHP; the upper limit varies between 2.5 and 25 MW in different
countries, but a value of 10 MW is becoming generally accepted and has also been accepted by
ESHA (the European Small Hydro Association).

The definition for SHP as any hydro systems rated at 10 MW or less will therefore be used
herein. SHP can be further subdivided into fimini
capacity < 500kWw, and A mi capazitied ¢ WOkWOWhichever seey st e ms
definition is used, SHP is one of the most environmentally benign forms of energy generation,

based on the use of a non-polluting renewable resource, and requiring little interference with the
surrounding environment.

40



Handbookon Renewable Energy Sources

It also has the capacity to make a significant impact on the replacement of fossil fuel, since
unlike many other sources of renewable energy, SHP can generally produce some electricity at
any time on demand (i.e. it needs no storage or backup systems), at least at times of the year
when an adequate flow of water is available, and in many cases at a competitive cost with fossil
fuel power stations.

1.2 Advantages of small-hydro

Small-scale hydropower is one of the most cost-effective and reliable energy technologies to be
considered for providing clean electricity generation. In particular, the key advantages that small
hydro has over wind, wave and solar power are:

A high efficiency (70 - 90%), by far the best of
all energy technologies.

A high capacity factor (typically >50%),
compared with 10% for solar and 30% for wind
A high level of predictability, varying with
annual rainfall patterns

Slow rate of change; the output power varies
only gradually from day to day (not from
minute to minute).

A good correlation with demand i.e. output is
maximum in winter

It is a long-lasting and robust technology;
systems can readily be engineered to last for
50 years or more.

It is also environmentally benign. Small hydro
is in most-oftiaverso irium
any dam or barrage is quite small, usually just
a weir, and little or no water is stored.
Therefore run-of-river installations do not have S=EFes '
the same kinds of adverse effect on the local enwronment as large-scale hydro.
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2. HYDROPOWER BASICS

2.1 Head and flow

The objective of a hydro power scheme is to convert the potential energy of a mass of water,
flowing in a stream with a certain fall, into electric energy at the lower end of the scheme, where
the powerhouse is located.

The vertical fall of the water, known as t he f#fheado, i's essenti-
flowing water on its own does not contain sufficient energy for useful power production except
on a very large scale, such as offshore marine currents. Hence two quantities are required: a
flow rate of water Q, and a head H. It is generally better to have more head than more flow,
since this keeps the equipment smaller.

The Gross Head (H) is the maximum available vertical fall in the water, from the upstream level
to the downstream level. The actual head seen by a turbine will be slightly less than the gross
head due to losses incurred when transferring the water into and away from the machine. This
reduced head is known as the Net Head.

The Flow Rate (Q) in the river is the volume of water
passing per second, measured in m®sec. For small
schemes, the flow rate may also be expressed in
litres/second where 1000 litres/sec is equal to 1 m*/sec.

According to the head, schemes can be classified in three
categories:

High head: 100 m and above
Medium head: 30 - 100 m
Low head: 2 - 30 m.

These ranges are not rigid but are merely means of
categorising sites.

Schemes can also be defined as

Run-of-river schemes

Schemes with the powerhouse located at the base of a dam
Schemes integrated on a canal or in a water supply pipe.

In general high-head sites are less expensive to develop than low-head sites, because for the
same power output the flow through the turbine and required hydraulic structures will be
smaller. In a river with a comparatively steep gradient over part of its course, the level difference
can be utilised by diverting all or part of the flow and returning it to the river once it has passed
through the turbine. The water can be brought from the intake directly to the turbine through a
pressure pipe.

2.2 Power and Energy

Hydro-turbines convert water pressure into mechanical shaft power, which can be used to drive
an electricity generator, or other machinery. The power available is proportional to the product

of head and flowrate. The general f or mul aowkermutpudissy hydr o

P=nj) gQH

where:
P is the mechanical power produced at the turbine shaft (Watts),
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n is the hydraulic efficiency of the turbine,

} is the density of water (1000 kg/m®),

g is the acceleration due to gravity (9.81 m/s?),

Q is the volume flow rate passing through the turbine (m®/s),

H is the effective pressure head of water across the turbine (m).

The best turbines can have hydraulic efficiencies in the range 80 to over 90% (higher than all
other prime movers), although this will reduce with size. Micro-hydro systems (<100kW) tend to
be 60 to 80% efficient. If a typical water-to-wire efficiency for the whole system of 70% is
considered, then the above equation simplifies to:

P (W) =7T 1Q (m/s)T H (m)

2.3 Main elements of a small hydropower scheme

/'_7_.

Figure 2: Hydro-scheme components

Figure 2 illustrates a typical small hydro scheme on a medium or high head. The scheme can
be summarised as follows:

1 Water is taken from the river by diverting it through an intake at a weir.

1 In medium or high-head installations water may first be carried horizontally to the

forebay tank by a small canal or 61l eat d.

T Before descending to the turbine, the water

which the water is slowed down sufficiently for suspended particles to settle out.
I The forebay is usually protected by a rack of metal bars (a trash rack) which filters out
water-borne debiris.

T A pressure pipe, or Openstock6é6, conveys t
is enclosed in the powerhouse together with the generator and control equipment.
1 After leaving the turbine, the water dischargesdowna ét ai | r ac e 6 thanver.l
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3. TECHNOLOGY

3.1 Overview

The main component of a small hydropower plant is the hydro turbine. All these turbines convert

the energy from falling water into rotating shaft power, but there is often confusion as to which

type of turbine should be used in different circumstances. The selection of the turbine depends

upon the site characteristics, principally the head and flow available, plus the desired running

speed of the generator and whether the turbine will be expected to operate in reduced flow
conditions.

There are two basict ypes of turbines, denot edT heaes i imppuls:
turbined converts the potenti al energy of water
and projected onto the runner buckets or ,asanes.
well as the velocity, of water to develop power. The runner is completely submerged and both

the pressure and the velocity decrease from inlet to outlet.

In contrast an impulse turbine runner operates in air, driven by a jet (or jets) of water. There are
3 main types of impulse turbine in use: the Pelton, Turgo and Crossflow (or Banki) turbines. The
two main types of reaction turbine are the propeller (with Kaplan variant) and Francis turbines. A
very rough classification of water turbines according to their type and the range of heads in
which they are applied is given in Table 1. These are approximate and depend on the precise
design of each manufacturer.

Table 1: Impulse and Reaction Turbines

Turbine Type Head Classification
High (>50m) Medium (10-50m) Low (<10m)
Impulse Peltgn, Turgo, Crossﬂpw, Turgo, Crossflow
Multi-jet Pelton Multi-jet Pelton
Reaction Francis (spiral case) Frgnms (open-flume),
ropeller, Kaplan

3.2 Types of turbines suitable for SHP

Most existing turbines may be grouped in three categories:
A Kaplan and propeller turbines.

A Francis turbines.

A Pelton and other impulse turbines.

Kaplan and propeller turbines are axial-flow reaction turbines, generally used for low heads

(usually under 16 m). The Kaplan turbine has adjustable runner blades and may or may not

have adjustable guide-vanes. If both runner blades and guide-vanes are adjustable it is
described as 'double-regulated'. If the guide-v anes ar e f i-keguthted.t i s Osi ngl
In the conventional version the Kaplan turbine has a scroll case (either in steel or reinforced

cast concrete); the flow enters radially inward and makes a right-angle turn before entering the

runner in an axial direction. When the runner has fixed blades the turbine is known as a
propeller turbine.

Propeller turbines can have mobile or fixed guide-vanes. Unregulated propeller turbines are
only used when both flow and head remain practically constant.

Bulb and tubular units are derived from propeller and Kaplan turbines, where the flow enters
and exit with minor changes in direction. In the bulb turbine multiplier and generator are housed
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within a bulb submerged in the flow. Tubular turbines permit several arrangements, namely
right-angle drive, S ducts Straflo turbines, belt driven generators etc. Right-angle drives
constitutes a very attractive solution but are only manufactured up to a maximum of 2 MW.

Francis turbines are radial flow reaction turbines, with fixed runner blades and adjustable
guide vanes, used for medium heads. The runner is composed of buckets formed of complex
curves. A Francis turbine usually includes a cast iron or steel fabricated scroll casing to
distribute the water around the entire perimeter of the runner, and several series of vanes to
guide and regulate the flow of water into the runner. Figure 9 illustrates a schematic view of this
type of turbine.

Pelton turbines are Impulse turbines with single or multiple jets, each jet issuing through a
nozzle with a needle valve to control the flow. They are used for medium and high heads. The
axes of the nozzles are in the plane of the runner. Figure 10 illustrates the scheme of a vertical
Pelton turbine and the axis of the nozzles placed on the same plan as the runner. Certain
manufacturers have developed special types of machines, with a limited range of discharge and
output, but which may be advantageous under certain circumstances.

The cross-flow turbine, also sometimes called as the Ossberger turbine, after a company that
has been making it for more than 50 years, or Michell turbine is used for a wide range of heads
overlapping those of Kaplan, Francis and Pelton. It is specifically suitable for a high-flow, low-
head stream.

The Turgo turbine can operate under a head in the range of 30-300 m. Like the Pelton it is an
impulse turbine, but its buckets are shaped differently and the jet of water strikes the plane of its
runner at an ater @itees the funnér @hfough dve side of the runner disk and
emerges from the other. The higher runner speed of the Turgo, due to its smaller diameter
compared to other types, makes direct coupling of turbine and generator more likely. A Turgo
may prove appropriate at medium heads where a Francis turbine might otherwise be used.
However, unlike in the Pelton, the water flowing through the runner produces an axial force,
requiring the installation of a thrust bearing on its shatft.
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Figure 3: Schematics of principal turbine types
3.3 Turbine selection criteria

The type, geometry and dimensions of the turbine will be fundamentally conditioned by the
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following criteria:

Net head

Range of discharges through the turbine
Rotational speed

Cavitation problems

Cost

o o o o I

Figure 4: Operating ranges of different types of turbines

Figure 4 presents the operating ranges of different turbine types as a function of the net head
and the discharge. The net head by itself constitutes the first criterion in the choice of the type of
turbine to install. Next table indicates the range of suitable net heads for the different types of
turbines.

Table 2: Range of heads

Types of turbine Range of head in meters
Kaplan and propeller 2<H<15
Francis 4<H<100
Pelton 30 <H <1000
Cross-flow 1<H<150
Turgo 50 <H < 250

For the same net head, certain turbines are more difficult to manufacture than others and
consequently they are more expensive. For instance, for low heads, a propeller turbine is
cheaper than a Kaplan designed for the same rated discharge. In a medium head scheme, a
cross flow turbine will be cheaper than a Francis, whose runner is more complex, although its
efficiency is higher. Regarding discharge it must be remembered that turbines cannot operate
from zero flow to rated discharge.

3.4 Turbine efficiency
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