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EXECUTIVE SUMMARY




This report covers the possibilities of using biomass for energetic purposes, specifically for elec-
tric production and biofuels on the basis of the present technology situation. In particular, the
report examines the opportunity to integrate various biomass sources and the different systems
of conversion both within of each sector (from agriculture through industrial conversion) and
between different sectors (electricity, ethanol, biodiesel).

To consider the relevance of biomass today, the real costs of fossil fuel including social and envi-
ronmental costs have been also evaluated.

Greenhouse effect is one of the environmental damages attributable to the use of fossil fuels.
Others are the phenomenon of acid rains caused by the emission into the air of gases such as
S0, and NO,, and particulate emissions.

The evaluation parameters of the damages suffered by the environment and by human health
from the use of fossil fuels both for electricity production and for transport, that is “the internali-
sation of the externalities”,classify the human health damages as local effects, while damages to
the environment are classified as global effects.

The study has reported what in literature has been calculated for human health, in terms of ili-
ness or death and also in terms of moral and economic damages. Local damages of the emis-
sions depend anyhow greatly on the territorial characteristics, mainly the density of population.
However the cost evaluation configuration can be considered well defined. Future researche will
serve to improve the modelling of the damage/dose correlations and the parameterization of the
human life values, but will produce minor changes in the magnitude of the damages estimated
values.

Global effects, due to acid rains, are more uncertain as valuation. As far as damages to forest,
agriculture and historical monuments are concerned, their value is quite high specifically for for-
est damages. Particulates damages are mainly imputable to reduction of visibility, whereby their
impact on human health is negligible: it has been therefore evaluated through the willingness to
pay approach and the estimates are not very high.

The damages connected with the emission of CO, concerns essentially the global heating of the
Earth (Greenhouse Effect) phenomenon. While there is certain knowledge of the carbon cycle dis-
equilibrium, caused 70 % by the consumption of fossil fuels and 30 % by the destruction of the
forests, and the data of carbon cycle are sufficiently certain, no quantifiable or localizable dam-
ages exist associated to the emissions of CO,. However, as the possibility does exist of the
occurrence of damages, also serious, through a foreseeable change in the earth climate, the cal-
culations of eventual damages are mainly based on the willingness to pay approach and relative
to the considered risk on the part of the society.

The estimates of social costs of production of electric energy, thus, has been evaluated by the
individual authors taking into account the emissions of the pollutants on the basis of the differ-
ent types of power plants (coal, oil, gas, et.). Making reference to the emission per gr./kWh and
by multiplying these values by the estimates of damage per gr. of pollutant emitted, the cost of
damages for kWh, in the production of electric energy are obtained. These values range from 57
to 160 Lire/kWh for coal, from 13 to 25 Lire/kWh for gas and from 35 to 97 Lire/kWh for oil.

viii



1EXECUTIVE SUMMARY

Another way to evaluate social costs or externalities of the polluting emissions is the avoidance
costs principle, i.e. not quantifications of damages, but quantification of the cost to avoid them.
Such costs are more homogeneous among the various researches in that they are costs of engi-
neering or of economic derivation and can be estimated a priori.

Considerable impulse has received the use of the avoidance costs for the CO, effects where a
path could be the avoidance or reduction of the emissions. Estimates of such avoidance costs
vary from 5.500 to 168.000 Lit/ton of CO, emitted. Such variation is due to different type of inter-
vention and in different locations.

A response to reduction of atmospheric pollution may arrive from an extended use of biomass
obtainable by forest and energy crops. Afforestations and good forest management are the solu-
tions which in absolute are the most effective in terms of reduction on CO, emissions. The sub-
stitute use of wood as energy source through an adequate forestry policy could reduce the net
emissions of CO, to the atmosphere permanently and thus modify the secular trend of accumu-
lation of greenhouse gases.

It has been calculated that short rotation forestation may cost from 20 to 40 US$ per ton of C.
This still represents the most valid option for capturing the CO,, considering that the cost of its
removal, through chemical absorption or molecular sieves in thermal station is reported to be
120 US$ per ton of C. Also a total cost for a reforestation program in USA could be financed
through a tax of 15%/ton of C in fossil fuel, which will represent an increase of cost of 0.4 cents
for kWh and of cost of petrol of 1 cent for litre.
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Energy crops are also of an immense potential. For Europe it has been calculated that by the
early 2005 more than 720 million tonnes of biomass would be available for energy purposes, and
biomass could pass from an energy contribution of 4% in 1991 to 8 % in 2005. For the same year
biofuels could cover 5 % of the entire requirement of fuels for autotraction.

Large-scale exploitation of biomass for energy has been demonstrated that has a real and eco-
nomic feasibility: with present technologies already an important quota of energy could be sup-
plied at costs comparable to those of fossil fuels with a price of crude oil of 20 US$ per barrel.
In the future, the prices attributable to bioenergies have good prospects of decreasing following
the progress of related technologies. On the contrary, the price of fossil fuels will increase as the
large deposits gradually become exhausted and higher extraction costs will be necessary.
Further, oilprices are uncertain due to political motivations. Bioenergies produced at local scale
will represent a medium for reducing the energy dependence of a country, apart the beneficial
effects on local development and employment.

Further, bioenergy is produced on a small-medium scale (1 - 50 MW) and production is decen-
tralised. That means that no very high investments are required for the production centres to be
built, no costly infrastructures are required for transmission and storage of energy.

Beneficiaries of the bioenergy would be both the primary sector and the industrial and tertiary

sectors, with a positive impact on all the endogenous development of the rural areas, thus par-
ticipating in the economic and social cohesion.




The principal limiting factor in the use of biomass is certainly of an economic nature, due to the
low current price of fossil fuel (14 — 15 US$ / barrel) which makes any other energy resources
scarcely competitive. It is, however, widely accepted that the present fossil fuels “monopoly” can
be reduced once: 1) fossil fuel subsidies are reduced or totally eliminated, 2) a tax on CO, or on
energy is introduced and 3} the external costs on environment and health relative to the use of
fossil fuels are recognised.

Another limiting factor is still at a technological level due to the fact that many technologies are
new and the traditional technologies have not high conversion efficiencies. In addition it is to be
considered that bioenergy production involves considerabey complex design and organisation
and there is still a general scepticigm on the part of the political class and also private industries.

The energy policy for the use of forest biomass leads are to consider the exploitation of ad hoc
forests with fast growing tree species.

Species identified inciude the willow for North and Western Europe, the poplar for North and
Central Europe, the black locust (robinia) for the Mediterranean Regions, the eucalyptus for
Spain, Portugal and Southern France.

This report studies the results obtained for Short Rotation Fenestry usma robinia effected in ltaly,
Umbria. Chemical and physical characteristics are examined in comparison with other tree
species. Robinia is considered a robust species, capable of adapting to a wide range of soil con-
ditions; tolerates well both drought and salinity and has a nitrogen - fixation activity comparable
to the activity of certain soybean cultivars.

Robinia has also a strong regeneration capacity. This characteristic has led to test plantations of
high planting intensity (10.000 plants for ha.} with very short cutting cycles (2 — 3 years) and with
“agricultural” and not forestry cultivation techniques. Such trials have clown a good return in
terms of average quantity of biomass for year (10 ton/y) and in terms of the cost for ton of SRF
wood (ECU 26/t) inclusive of forestry management costs. To reduce further the cost, research is
still on going for an optimum cutting-collection-chipping machine.

While the S.R.F. approach will take some years to be fully integrated in a bioenergy production
system, an eventual bioenergy production Centre will serve as an important way forward for the
present local forest management as an effective outlet for forest products and residues, now that
traditional wood market for heating purposes is continuously declining.

In the energy crop sector, fiber sorghum is of strategic importance, in reiation to its peculiar char-
acteristics, such as good productive capacity, relatively short crop cycle, lower crop inputs than
the other substitution crops. Sorghum is a tropical plant which grows in the warmer regions,
requires medium high temperatures, has a low rate of transpiration and a high resistance to
drought. It belongs to C4 group of plant and, thus, has a very high photosynthetic efficiency.

The agronomic objective is to obtain 20 tons/ha. of dry matter, already reached and exceeded in
the experimental trials. Due to the fact that the crop needs irrigation, the cost of cultivation for
ton obtained is still quite high in relation to the purpose of an adequate profitability for the farmer
if a set-aside subsidy would be reduced. Therefore researches on the crop are advisable to
continue to check on yeld and method of cultivation as well as availability of seeds.
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Sweet sorghum, as an energy crop, has been selected as one of the most promising crops
because of its potential in terms of alcohol (ethanol) production and biomass production
(bagasse) to be used for electricity, paper or composting. Biomass production in Europe ranges
in average from 90 to 100 tonnes / ha. From this, about 5 —~ 6 ton /ha of ethanol could be pro-
duced.

Sweet sorghum is a plant of tropical origin and shows a wide adaptability to temperate Countries
and to a wide range of soil conditions. It is a C4 plant and presents a high water efficiency.
Cultivation of the crop on a large scale causes no major problems: conventional farm equipment
may be used.

Harvesting causes problems, in that it requires special equipment to cut the stalk in pieces, with-
out leaves and panicle. Recently prototype machines have been produced. Transport, storage
and processing have still to be developed for industrial use. No large scale projects have yet been
implemented.

The report considers the results of all the major researches and trials effected in Southern
Europe, with particular emphasis to research carriedown in Umbria, Central ltaly. Cost of ECU
50/ton for dry bagasse has been calculated if a production of 20 tons/ha. is achieved.

Sweet sorghum requires the separation of the sugar containing juice from fibre. Juice extraction
may be effected by milling or diffusing system and once the sugary juice has been separated it
is used to produce ethanol by yeast based fermentation and subsequent distillation of ferment-
ed juice. No industrial/commercial processing unit has been implemented until now. At industri-
al scale, sugar cane factories and traditional alcohol industries are taken as reference.

The extraction process considered more valid for European condition is by countercurrent hot
water diffusion, combined with screw presses for a more complete dehydration of the effluent
bagasse. Extraction efficiency is strongly linked to the bed characteristic (depth, speed), to the
quantity of water, quality of cane and juice and to degree of cell break-up. Given the very high
cost of a diffusion plant, it is advisable to carry out careful tests on the behaviour of sorghum
which may be different from the known behaviour of sugar cane.

Fermentation of sugar juice may be effected in various modes. Generally the fermentation
process occurs inside simple tanks, where nutritive materials (yeast) are introduced. The process
can be of a batch, cascade, continuous and yeast recycling structure. The increase in yield
entails a greater complexity and thus a higher capital and management costs. A choice of the dif-
ferent types of fermenters requires a comparative study of the investment costs which are quite
high and need careful examination.

The fermented wine can be stored in tanks with no limitation of time, before being sent to distil-
lation for ethanol production. Numerous are the distilleries which extract alcohol from the most
diverse raw materials. The principal distillation techniques currently in use are: 1) azeotropic dis-
tillation, 2) membrane reverse osmosis and 3) molecular sieves.

At present, the preferred method is the molecular sieves which gives a final product of good qual-

ity at contained operating costs and a high level of safety both for the operators and the envi-
ronment. They do not require the use of any chemical substance (reagents) or external gases.
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However, the investment costs and the high degree of specialisation of the distillation process
do not justify the installation of a specific distillation plant in an agricultural centre, at least of
medium size. Fermented wine should thus be sent to outside distilleries

The production of ethanol has increased of importance with the evolving of the environmental
problems and of the recent changes in the oil producers policies to use ethanol, in ETBE, as an
oxigenated additive of petrol instead of lead.

In EEC the petrol market exceeds 100 million tonnes/year and speaking of 10/15 % of petrol
market means speaking of 10/15 million tonnes/year of ETBE, which is equivalent to 5/7 million
tonnes of ethanol. Considering the average yelds/cultivated hectares in terms of ethanol (4/5
t/ha), it would be possible to bring under dedicated cuitivation about 1/1,5 million hectares of set
aside agricultural lands.

The forms of conversion of biomass can be of traditional type (direct combustion) or of more
modern and efficient types such as gasification and pyrolysis, biochemical and chemical con-
version. In the report, combustion, pyrolysis and gasification systems have been specifically
treated.

Combustion and steam cycle of biomass is well established. Fluidized bed boiler equipped with
different kinds of fuel distributors are gradually substituting the old grate-combustion systems.
Efficiency in large plants (50MW) may arrive at 35/40 %. For smaller sizes (5-20 MW), circulating
fluidized bed boilers (CFB) and Cylindrical Multi-Inlet Cyclons (CYMIC) are in use with an effi-
ciency of 30/35%. The use of the combustion/steam systems is today a commercially viable
option at low risk and it could provide in many istances the needed experience of biomass pro-
duction, harvesting and logistics, while the other more advanced technologies, like pyrolysis and
gasification will be demonstrated.

Pyrolysis is a process where the biomass are subjected to high temperatures and low tension of
oxigen to obtain an incomplete combustion and therefore producing pyrolysis oil, char and gas.
According to the parameters of the process, different percentage of the three products are
obtained.

With the modern RTP process up to 75 % of liquid can be derived from biomass. RTP process is
now infact one of the most advanced in pyrolysis sector. It has been tested in a pilot plant and
already medium size commercial plants are available.

The bio oils vary considerably depending on feedstocks species, moisture content and process
parameters. However bio oil from wood from RTP plants have been proved; negative aspects are
viscosity, instability, water content and corrosiveness. Upgrading of the oil is thus under testing
through hydrotreating process to produce lower oxigen content hydrocarbons or through zeolite
technology to directly produce hydrocarbon fuels.

The use of bio oil as such in diesel engines of small/medium size is another possibility under test-

ing. At present, it seems the most realistic option. Also cofiring bio oil in existing boilers is anoth-
er way to use bio oil directly.
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Many other pyrolysis processes are also under testing and all the researches are a confirmation
that the pyrolysis process is increasingly considered as the most convenient system to process
biomass for energy purposes.

Total efficiency conversion rate is estimated at 30 % if bio oil is applied to a diesel generator sys-
tem. Costs of the systems are estimated to be ECU 0.7 — 0.9 M per MW installed in the size range
of 5-20 MW.

Thermochemical gasification is the conversion by partial oxidation at elevated temperature of a
carbonaceous feedstock such a biomass or coal into a gaseous energy carrier. There are numer-
ous reactor configurations and the technology is known in respect to coal. Gasification of bio-
mass brings instead problems connected to gas clean-up for particulates, tar elimination, alkali
metals and fuel bound nitrogen.

The product gases from gasification of biomass may be then used in either gas turbine of in
engine for the generation of electricity. In gas turbine major problems exist for particulates con-
densible tars and alkali metals which spoil the turbine.

In engine operation there is higher tolerance to contaminants, but still there are uncertainties on
gas quality specifications. Efficiency of the system is estimated to be 30 — 31 %.

In the gasification field the most advanced and efficient system today is the Integrated
Gasification Combined Cycle (IGCC) system. The fuei gas is burned in a gas turbine or in a dual
fuel engine to drive the electric generator. Exaust gases are passed through a heat recovery
steam generator to produce steam for a steam turbine bottoming cycle that generates more elec-
tricity. This system can reach an efficiency of around 40 - 45 %.

Capital costs of gasification plants differ according to the system chosen (pressurised or atmos-
pheric) and according to size (gasification is suggested for plant over 20 MW). The larger plants
are expected to cost ECU 1 Million per MW, while smaller plants are estimated to cost ECU 2
Million per MW.

Due to the still high costs of a gasification plant and the problems connected with products gas
clean-up, it is appropriate to consider the realisation of a gasification system, using biomass as
fuel for energy production in a commercial set-up as a possibility to be evaiuated after the
demonstration plants under construction will solve the various existing bottlenecks.

By the comparisons of the three systems, according to the state of art, it can be stated that only
the combustion systems are commercially available while the gasification and pyrolysis systems,
both of high interest, are still on demonstration level and final feasibility indications will be
obtained only within the next two - three years.

Sweet sorghum cultivation could well be integrated into energy production. Bagasse, resulting
product of the ethanol production, is a good feedstock for combustion, pyrolysis or gasification
system. However, the matter of sweet sorghum is linked to its economic aspect, because given
the limited period of potential use of the plant, 60/90 days period, the investment costs are diffi-
cult to amortize.




A proposal has been identified where sweet sorghum will be processed only up to the fermenta-
tion stage. The wine will be sold to a nearby distillery and bagasse will be sold to the nearby elec-
tricity plant. In this way, reasonable prices for bagasse and wine (which is correlated with the
ethanol market), will render the project feasible at comprehensonal level, due to the reduced
investment.

The size of the plant has been designed for production capacities of 250 — 500 - 1000 tons of
fresh sorghum per day (2.5 - 5 - 10 ha per day) for 60 days producing a total of 800/3500 tons
of ethanol. At 1000 t/day, bagasse will be 150 ton/day (6 ton/hour) which could be sufficient to
fuel a power plant of between 5 and 10 MW depending on the process used. This would be
reduced to 2.5 - 5 MW if 500 t/day is the operating quantity and as low as 1 MW at 240 t/day of
fresh sorghum.

The cost of investment for an industrial plant, integrated within other bioenergy sectors, of the
capacity of 1000 tonnes/day is estimated at ECU 3.5/4 million. and ECU 2/2.5 million for a plant
processing 500 tonnes/day, considering the stages of storing, shredding, diffusing, fermenting
and drying.

Due to the fact that, at present, no plants have been operated, it is justified the construction of a
smaller demonstration unit, in order to verify the processing parameters, before entering into a
high investment. The pilot piant should be based on the diffusion system. The capacity of the
plant has been defined at 100 tons of fresh sorghum per day (1 ha/day).

In order to initiate a development strategy, which allows a commercial operation to be started as
from now making use of the existing biomass conversion industrial technology, biomass power
production should thus be based on proven technology. That means using in a first stage the
combustion technology. Diesel power plants may be also a feasible choice, since they are multi-
fuel plants and can be operated initially with traditional fuels.

A fiuidised-bed power plant of 10 MW for lignocellulosic biomass and a diesel power plant of 5-
10 MW for bio-oil could be therefore the first immediate steps at comprehensorial level to intro-
duce into a farming area the concept of electricity from biomass. A project of this type would tend
to demonstrate that a biomass fed power plant would be of a well-proven technology and that a
reliable and economical biomass supply chain could be developed.

xiv
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OBJECTIVES AND WORK METHODS

This report covers the potentiality of biomass as raw material for production of electricity and
liquid fuel (specifically ethanol), taking in to consideration the actual situation of productivity of
specific agro-energy crops and the state of art of biomass conversion technologies.

Objectives of the report were as follows:

—  examine the fossil fuel environmental damages and biomass advantages on environ-
ment, social and rural development;

—  define the effective scenario and models for integrated biomass systems in European
conditions;

— analyse the integrations and dimensioning of potential agro-energy centers;
—  provide practical input to the biomass information system on synergistic effects.
The report has been based upon:

—  project engineering work carried out in conjunction with experts and firms in the frame-
work of EC Research & Demonstration Programs;

— recent literature in order to establish the up to date results in agricultural researches and
technology capabilities;

—  visits to projects and liason with other EC financed projects;
—  attending seminars, meetings, workshops in related subjects.

It is also aknowledged the valuable collaboration in writing the report of Federico Berna, Tropical
Agriculturist, and Daniela Segoloni, Physic Engineer.
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Energy and sustainable development

The development attained by our society has been possible only thanks to the exploitation of
huge energy reserves accumulated in the course of thousands of years under the form of fos-
silized biomass. Today we consume fossil fuels at a pace 100,000 times greater than that with
which they were formed. In the early 1800s 8 million PEB (Petroleum Equivalent Barrels) per day
were consumed as against about 130 million used at present, a quantity equal to the amount of
fossil biomass accumulated in the course of 2 million years! Furthermore, according to the United
Nations forecasts energy requirements are in continuous and substantial increase due to the high
population growth and the increasing world economic activity.

Quoting the report “OUR COMMON FUTURE” by the Brunthland Commission “The earth is going
through a period of dramatic growth and of significant changes. Our world of 5 billion people
must find room in a limited environment for another world. According to the United Nations pro-
jections by 2050 the world population will number 8 to 11 billion people. Economic activity has
reached 13,000 billion dollars and is expected to grow 5-6 times during the next 50 years”. 90%
of the population growth will occur in the Developing Countries which, due to the combined
effect of population growth and expected economic development, will experience an increase of
5-6%/year in their energy requirements.

Imagining a world of 11 billion people with the same per capita consumptions as those of an
average USA citizen (40 PEB per capita/year), the existing oil reserves would be consumed in 4
years instead of 40! At present per capita consumptions in Developing Countries are 1 or at the
most 2 PEB as against the 40 PEB of the USA and of Canada.

~ The major problem, however, is not so much that of finding energy resources but that of the envi-

ronmental risks connected to their uncontrolled exploitation. In fact, a study conducted by Shell
(1990) shows that the present reserves of fossil fuel would suffice for the next 100 years but,
should the present consumption trends not change, the damages caused to the atmosphere
could be second only to those deriving from a nuclear war (World Resources, 1992).

The temperature on the earth’s surface is influenced by the equilibrium between incoming solar
radiation and the loss of energy in space due to infrared (IR) radiation. Certain gases present in
the atmosphere, due to their property to absorb infrared rays, prevent more than half of the radi-
ation reflected by the earth’s surface to disperse directly in space, thus ensuring the habitabili-
ty of our planet. This so-called “Greenhouse Effect” is due mainly to water vapour, carbon diox-
ide (CO,) and other minor “greenhouse™ gases (CH,, SO,, CFC, etc.).

Man, with his activity, is altering the radiative equilibrium of the earth’s surface by emitting to the
atmosphere enormous quantities of “greenhouse” gases. Every year 8 GtC (Gigatonnes of
Carbon) are emitted to the atmosphere; of these, 5.6 Gtonnes derive from the combustion of fos-
sil fuels and about 2 Gtonnes from the deforestation of large tropical forest areas which is evolv-
ing at a pace of 17 million ha/year (Hall, 1990).

From thirty-year surveys performed at the Mauna Loa (Hawaii) observatory and from analyses
and dating of “air bubbles” trapped in the ices of the ice-cap, it has emerged that the atmos-
pheric concentration of CO, has in fact increased. Concentration has already increased from 280
ppm of pre-industrial age to the present 355 ppm. The UN and WMO (World Meteorological
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Organization) forecasts speak, for an unchanged scenario, of a concentration of 550 ppm by
2050, about double that of pre- industrial age.

This modified “Greenhouse Effect” creates climat change. It is difficult, however, to foresee what
the direct consequences are or will be. In fact many factors are involved in the formulation of cli-
mate models. In the first place, not all the CO, emitted by man accumulates at atmospheric level,
but part is re-absorbed - for a still not completely clear mechanism - into the natural Carbon
“reservoirs” such as oceans and biomass, probably due to a carbonic fertilization effect.
Moreover, a non-homogeneous global warming between oceans, poles and the earth would lead
to an upsetting of the normal high and low pressure flows.

The IPCC (Intergovernmental Panel on Climate Change), an organization purposely created in
1987 to study the subject, observed that the temperature of the earth has increased by 0.3°C
since pre-industrial age and estimated an increase of 3-4°C by the middle of next century unless
serious measures were taken to limit the present rates of emission of “greenhouse” gases. The
damages caused by a 3-4°C increase in temperature can be “badly” calculated. For comparison
purposes it is to be noted that 18,000 years ago, during the last glacier age, the temperature of
the earth’s surface was 4°C lower than the present.

The greenhouse effect is not the only environmental damage attributable to the present abundant
use of fossil fuels. Many northern Countries (Germany, Scandinavian Countries, Russia, etc.) are
in fact witnessing the destruction of vast boreal forest areas with serious economic and environ-
mental damages. This is due to the phenomenon of “acid rain” caused by the emission into the
air by man of gases such as SO, and NOy.

The SO, is produced mainly during the combustion of diesel oil and of coal, two fuels rich in sul-
phur. More than 60% of the electric energy in Europe is still derived from thermoelectric plants
supplied by coal.

To this is to be added the air pollution which threatens the large cities, a problem that will acquire
increasingly more significance in newly urbanized Countries where fuel costs are very low and
traffic always very intense, vehicles are normally in a poor state of maintenance and a large part
of the population lives along the roads. But also in the urban centers of the western Countries
the degree of air pollution has reached such limits as to oblige the local authorities to ban auto-
mobile traffic on the days (increasingly more numerous) when pollution exceeds the limit thresh-
old for human health.

Several studies have been carried out to give evaluation parameters to the damages suffered by
the environment from the use of fossil fuels. In this context economists employ the expression
“internalizing the externalities”.

The externalities related to the use of fossil fuels to produce electric energy are in particular:
— damages caused by sulphur dioxide (SO,) emissions to the atmosphere that affect
human health significantly at the local level, while at the giobal level, through acid rain,

are significant for: the acidification of water, the damages to the forest assets, the dam-
ages to agriculture and the problems due to the corrosion of materials;




ENVIRONMENT AND BIOMASS PRODUCTION

— damages connected to the emission of nitrogen oxide (NO,) which are limited at the
local level to human health, while at the global level they also participate significantly
(30%) to the phenomenon of acid rain and the “greenhouse gases”;

— damages connected to the emission of particulates; these are limited to the local situ-
ations (human health and visibility);

— damages connected to carbon dioxide (CO,) which, instead, concern the greenhouse
effect problems, i.e. the global warming of the earth’s atmosphere through interception
of the reflected infrared radiation.

Also the fossil fuels used for transport produce damages to the environment. Here we are con-
fronted with two types of auto emissions: those generated by combustion (exhaust emissions)
and those produced by evaporation from petrol-engine vehicles (evaporative emissions).

Exhaust emissions concern, besides CO,, SO, and particulates (for diesel engines) and NO (for
petrol and diesel engines), also other emissions such as unburnt hydrocarbons (CnHn), carbon
monoxide (CO) and, in particular for the petrols, toxic pollutants, i.e.: benzene, butadiene, alde-
hydes and aromatic polynuclear hydrocarbons (IPA).

Evaporative emissions are represented by volatile organic compounds (VOC), mostly hydrocar-
bons, emitted by evaporation of the benzenes in the fuel tanks (storage and distribution) and by
the carburators of vehicles.

All these emissions produce damages to the health and the environment: besides the damages

due to the already mentioned SO, and NO,, carbon monoxide (CO) causes blood poisoning,
~ while benzene is cancerogenous. Nitrogen oxides, combined with unburnt hydrocarbons and
oxygen, form ozone and photochemical smog; substantial quantities of ozone in the low layers
of the atmosphere can cause respiratory problems, besides damages to plants.

In Europe 35% of the hydrocarbons and 20% of the carbon dioxide (CO,) released into the
atmosphere are from motor vehicles.

In European cities this average rises to 65%, while 80% of the carbon monoxide (CO) concen-
tration and 60% of nitrogen oxides (NO,) are due to road traffic.

Table 1.1 shows the consumptions of fuel in 1993 in the major industrialized Countries and indi-
cates that the vehicles in circulation in Europe consumed about 200 million tonnes of fuel (111
million tonnes of petrol and 97 million tonnes of diesel fuel).

Pollution is not only due to the number of motor vehicles, but also to the type of traffic (a cat-
alyzed vehicle in city traffic emits similar quantities of gas as an uncatalyzed vehicle in regular
traffic), the age and maintenance of the vehicles (a poorly maintained vehicle can generate 50%
more emissions and consume 15-20% more fuel), as also to the consumptions and average dis-
tance covered by the vehicle (highly powered vehicles consume more fuel, see the case of the
USA).
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Table 1.1. Fuel Consumption in 1993 (million tonnes)

Countries Diesel Fuel/Auto

EEC area 97
Germany 25
United Kingdom

France

[taly

OCSE area

United States

i*) rot available

Source: AIE, OCSE. (*): not available




ENVIRONMENT AND BIOMASS PRODUCTION

Social costs of environmental pollution

Besides production and commercialization costs, the use of fossil fuels for production of elec-
tricity and for autotraction thus have a social cost, a cost that is paid by the community as a
whole.

Besides the mentioned environmental costs there are also macroeconomic costs, such as the
cost of the safety of supply or the political costs, which are even more difficult to quantify than
those connected with poliution.

Among the political costs, for example, .it has been estimated (Hussard, 1991) that the US gov-
ernment spent, in 1989, more than 15 billion dollars (in reality the amount seems to have reached
54 billion dollars) to guarantee the safety of supply of petroleum from the Persian Gulf, while for
the Gulf war, in 1991, 30 billion dollars were spent. Calculating only these figures the Author
points out that $ 23.50/barrel should be added to the cost of the petroleum imported into the
USA.

Among the costs of supply often the case of the Exxon Valder oil-tank is also recalled, when in
Alaska, in 1989, 44,000 tons of crude oil were spilled into the sea and 1.2 billion dollars spent as
direct costs for the cleaning and collection operations. Of non-negligible importance are also the
various accidents occurring in oil transport by sea all over the world, and the still widespread
practice of cleaning oil-tankers at sea without any regard for water pollution.

An analysis of the studies performed on the “external” costs of fossil fuels has been carried out
by Nomisma on behalf of ISES (1993). A high number of researchers have in fact been concerned

~ with this important problem during the last decade. The data shown hereafter are taken from this

study.

The damages derived from the use of fossil fuels are caused to human health and to the envi-
ronment. The damages to human health are essentially localized in the areas adjacent to the cen-
ter of emission (near electric power plants or in urban centers) and, thus, can be considered as
local effects. The damages to the environment, in particular the greenhouse effect (CO,) or those
caused by acid rain, occur also in areas which are far from the center of emission and, thus, are
considered as global effects.

In fact, in the atmosphere SO, with the water vapour oxidises and becomes sulphuric acid; this
acid precipitation, made more acidic by a concurrent addition of nitric acid, has negative effects
also in areas which are far from its source and formation and is responsible for the damages to
the forests of Europe and North America, and has also negative effects on soils, agricultural har-
vests and on architectural monuments.

Table 1.2 provides the cost of damage (in million lire/1992) per ton of emitted SO,, as evaluated
by various researchers and specialized organizations, both for the local and global effects.

The table summarizes the different valuations: some differ considerably but, however, permit hav-
ing a quantified estimate of the costs on the basis of the currently evoluted methods of approach.
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The SO, emissions are evaluated at 160-180 million tonnes/year, with an anticipated increase,
under the present conditions, of 4%/year. it is to be noted that of the 160 million tonnes, about
70 million are due to the western Countries and 30 million to the ex USSR area; the rest is due
to the Developing Countries (World Resources, 1990-1991).

Table 1.2. Evaluation of Unit Damage from SO, (million lire ‘92/tonne of SO, emitted)

Author ) Qualification

OTTINGER 90 most probable estimate

OTTINGER 90 higher estimate

OTTINGER 91

ECO 83 local effects only near coal-fired power plant, Boardman, Oregon

ECO 84 ( local effects only near comb. turb. power plant, Frederickson

EPRI 87 in rural areas from Koomey 90

EPRI 87 in suburban areas from Koomey 90

SCHILBERG 90 R: in California from Koomey 90

SCHILBERG 90 outside California from Koomey 90

CEC 89 (%) 7

SCHULZ 85 ,7-3, global effects only 1,9-3,0 damages to German forests and 0,8 to materials
WICKE 86 - global effects only 1,9-2,7 damages to forests and 0,8 to materials
GRUBB 89 - global effects only 0,6-3,4 damages to forests and 1,2-1,5 to materials
JOCHEM 88 - forests only from Holimeyer 88

EWERS 91 forests only

LIPFERT 87 , materials only

DUTCH MIN. ENV 0,10 materials only from OECD 89

ECE 0,07-0,3  materials only from OECD 89

HEINZ materials only from OECD 89

Source: ISES 93. (*): California Energy Commission
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Local effects

Concerning the local effects it should be recalled that the World Health Organization (WHO) con-
siders essentially the parameters for the guarantee of the health relating to the concentration of
SO, and particulates.

The SO, should not exceed 150 micrograms/m? for more than 7 days a year: the consequences
of greater concentration are respiratory diseases for children and aged persons, which can
become chronic in case of persistence. The Global Environmental Monitoring System (GEMS)
estimates that more than 600 million people live in urban areas with higher SO, levels than those
indicated by the WHO (World Resources, 1990-1991).

Particulates should not exceed 230 milligrams/m?®; consequences may differ as they depend on
the chemical and biological characteristics and on the activity of the particulates: normally they
cause disturbances to the respiratory system but, for example, particles of heavy metals or of
hydrocarbons condensed with atmospheric dust can be very toxic and contribute to serious res-
piratory ailments; GEMS estimates that 1.25 billion persons live in conditions above the recom-
mended levels.

To evaluate the damage to human health, epidemiologic studies were conducted which general-
ly estimate an incremental and not absolute damage, i.e. the increase of events corresponding
to an increase in the concentration of pollutant material. ECO, whose methods are more wide-
spread, carried out studies relating to two different power plants in the United States. The resul-
tant values range from 1.5 million lire/tonne to 0.03 million lire/tonne. The great difference can be
attributed mostly to the different location of the plants: the first is near a much more populated

. area than the second. In this case of local effects in fact, the territorial characteristics (existing

population, houses, monuments, etc.) are more important than the quantity of tonnes emitted.

A method for quantifying the social cost in relation to health or loss of human life consists in cal-
culating the average economic contribution expected by the community from the activity of an
individual.

A second method is the Willingness to Pay (WTP) or Willingness to Accept (WTA) method, i.e.
how much each individual would be willing to pay or accept to avoid or face certain risks.

In the case of death the two cases are summed in that the first reflects the economic cost of the
loss and the second the moral cost (risk of human life).

The value that is assigned to human life (or to the days of sickness), however, is a point of criti-
calness. The values used vary from one billion lire to several billion lire dependent on whether
only the direct economic damage or also the moral damage are considered.

ECO (1987) valued death at 1.9 million dollars. Holimeyer (1988) in Germany calculates an eco-
nomic cost of 1 million D. marks ‘82 (about 1 billion lire ‘92) for each death from cancer and
550,000 D. marks (0.5 billion lire ‘92) for each non-fatal cancer. These values result from the cal-
culation of a gross product of 50,000 D. marks ‘82, a working life of 40 years and a loss of half
such working life due to the damage. For a non-fatal cancer he considers the loss of 10 years of
work.
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ISES (1994) for Italy gives a similar value of 1 billion lire ‘92 for each death for lost income.

To this direct damage is to be added the moral cost which is even more subject to diversified
evaluations. However, the studies available in the United States and in England based on analy-
sis relating to the American reality and founded on risk-propensity values give estimates which,
translated into an average, lead to evaluate the moral damage at about 7.5 billion lire {see Table
1.3).

On these basis the overall damage suffered by a community for the death of one of its members
due to environmental risk will be 8.5 billion lire ‘92, a value which is inclusive of both moral and
material damages.

Concerning human health evaluation, again both economic and moral damages are considered.
ECO (1987) calculated one day of sickness at 75 dollars (120,000 lire ‘92), Holimeyer (1988)
200,000 lire ‘92, whereas ISES (1994) estimates a value for Italy of 317,000 lire ‘92. This last fig-
ure is obtained considering a human life value of 8.5 billion lire divided by a life expectancy in
ltaly of 75 years.

Table 1.3. Life Risk Value (in billion Lire ‘92)

SMITH

THALER

OLSON

SCHUMAN CAVANAGH 0,7-71
VISCUSI 13,8-20,9
ECO 5,4

MOORE-VISCUSI 75
MOORE-VISCUSI 8,7-10,5
OTTINGER 6,5

England Value
M.PH. 3,2
VELJANOWSKY 6,9-9,3
AVERAGE 75

These values must be correlated to the dose-damage coefficients, i.e. the increase of harmful
events corresponding to an increase in the concentration of pollutants in the soil and the atmos-
phere. The “dose” the population of the area suffers is correlated to certain damages with appro-
priate coefficients: for example, for each g/m® of SO, concentration we have 74 million cases of
laryngitis. If we multiply the number of exposed population for concentration of SO, in the soil
due to an Electric Generation Plant by the dose-damage coefficient we will obtain the number of
cases of damage.
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Table 1.4. Example of Dose-Damage Coefficients for concentration of SO, (million cases a year mg/m® of SO,)

Deaths I ~_Particulates
age 18-44 ' ) 08
age 45-64 08
age > 65 0,8
Ailments Particulates
Bronchites ' . 360
Respiratory pr.

Pneumonia

_ 0

Laryngites ) 0
0

7

Disturbances

Source: ECO 83, ECO 84

On the basis of these coefficients ISES has estimated, for example, that in the case of ltaly the
unit damage per lire/gr of atmospheric pollutants for the human health would be:

SO,: 1.9 lire ‘92/gr
Particulates: 0.25 lire '92/gr

In conclusion, the local damages of the emissions depend greatly on the territorial characteris-
tics, mainly the density of the population. However, the cost valuation configuration can be con-
sidered quite well defined. Future research will serve to improve the modelling, the damage/dose

- correlations and the parameterization of the human life values, but will produce minor changes
in the magnitude of the damage values.
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Global effects: acid rain

Acid rain is the result of the transformation, in the atmosphere, of the SO, into sulphuric acid and
of the NOy into nitric acid, acids that are transported to the ground with the rain (acid rain has a
pH below 5.6).

Thus the acid rain is the direct consequence of the burning of fossil fuels containing SO, and NOy
{(coal and diesel) and which are emitted by these to the atmosphere. The participation of the SO,
and of the NO, in the acid rain is normally considered to be 70% and 30% respectively (Torrens,
1985; Harrington, 1989; Ottinger, 1990).

The heavier damages caused by acid rainfall concern forest degradation. Though the acid rain is
not the only factor, it has been ascertained that it is the main cause. Other factors are ozone and
heavy metals. The damage, which is caused by alterations in the absorption of nutritive sub-
stances, results in a slow-down in the tree growth and in certain cases in the tree death.

In Europe the worst affected areas are the Scandinavian and German forests. In the United States
they are the Sierra Nevada forests in California.

The damage has been evaluated by different researchers as both direct damage and as reduc-
tion in “quality of life”.

For example, the damages in relation to the German forests have been quantified from 1000 bil-
lion lire ‘92 to 8000 billion lire ‘92 with an average of 4/6000 billion lire/year. Considering sulphur
dioxide responsible for 70% of the damage the average of the damage caused to the German
forests by the SO, is estimated at 2,700-4,700 billion lire ‘92/year.

Considering that, according to the official data (World Resources, 1991) the SO, deposited or
emitted annually, for Germany, is 1150 Mtonnes/year and 1800 Mtonnes/year respectively, the
estimated cost per tonne is 2.3-4.1 million lire/tonne for deposited SO, or 1.5-2.6 million
lire/tonne for emitted SO, (Table 1.5).

The corrosion of materials is a further damage caused by acid rain, through the deposition of ions
that react with the materials themselves. Some materials already corrode with normal rainfall
which, having a pH = 5.6, is already slightly acid.

Also in this case the damage is of two types: one relating to common materials, and the other to
historical monuments. For the common materials, the damage was evaluated using the direct
cost of the damage, whereas in the case of monumental buildings an objective evaluation is
extremely complex. Nor is it easy for such evaluation to apply the “Willingness to Pay” principle.

Pertinent literature provide direct cost data for the United States and for Germany and Europe.
The data are more or less homogeneous, with annual global damage values of 2-4000 billion lire
‘92, values which, when referred to the emitted tonne, range between 0.6 and 0.7 millions ‘92.
Resultant per capita values are $ 8.5 per capita for the United States, $ 7.14 for Holland, and $
15 for Germany. Table 1.6 shows the above-mentioned data.
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Table 1.5. Evaluation of the Damages to German Forests attributed to SO, (billion lire ‘92/year) (*)

Author

Schulz (2)
Wicke
Grupp
Holimeyer
Ewers (4)
average

Year 4 Total Damage

1985
1986
1989
1988
1991

5000-7800
4900-7000
1550-8800
850-3000
7000
3850-6700

Damages S0,
70 %

3500-5500
3400-4900
1100-6200
600-2100
_ 4900
2700-4700

Damages per ton
Emitted 502
millions Lire '92

1,8-3,0
1,9-27
0,6-3,4
0,3-1,2

2,7
1,5-2,6

Damages per ton
Deposited SO3
millions Lire '92

3,0-4,7
2,9-4,2
09-54
0,5-1,8

4,2
2,3-41

Source: ISES 93

(1) Refers to economic and quality of life damages

(2) of which 2200-2800 concern direct damages and 2800-5000 the quality of life damages

(3) 1150 Mtons of deposited SO, are considered. equal to 64% of emitted SO, (1800 Mtons)

(4) of which 2300 billions = direct damages, 4300 = quality of life damages, 400 = ground and water secondary damages
connected with direct damages

Table 1.6. Damages to Non-artistic Materials per Tonne of Desposited and Emitted SO, (billion lire ‘92/year)

Author Damage per tonne

deposited SO, emitted SO,
. million lire '92/tonne  million lire '92/tonne

Lipfert USA 3500 2,1 0,1
Min. Env.  Holland .33 0,15 0,1
. ECE Europe 1900-9500 1300-6000 1,14-5,7 0,07 0,3
Heinz 2400 1680 1,5 1
Schultz 2100 1470 08
Wicke 2200 1540 . 0,8
Grupp 3000-4000 2100-2800 1,2-1,5
0,6-0,7

Damage per tonne

Germany
Germany
Germany

Germany

average

Source: ISES 93

Acid rain is the cause of alterations also for agriculture and waters. Extensive studies in this con-
text have been carried out in the United States (Adams, 1986), Holland (Min. of Environment or
ECD, 1989) and Germany (Schultz, 1989). The evaluated damages, however, have moderate val-
ues: 19-142 million US$ ‘85 for all the United States, 13-102 million US$ ‘85 for Holland, 100 mil-
lion US$ ‘85 for Germany.

In actual fact, thus, acid rain has moderate negative effects on harvests (sulphur dioxide can pro-
duce a decrease in yield), but they could also be positive in some cases (nitrogenous compounds
constitute a fertilizer). Still uncertain are instead the long-term effects on absorption of minerals
by agricultural vegetables.

Acidification of waters due to acid rain is also a very limited phenomenon in terms of direct dam-

ages. The damages could be connected to the dying of fish in fresh waters. At pH values of
between 5 and 6 almost all fish suffer or die. Acid rain can not in fact modify substantially the pH
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of lakes, which normally ranges from 6 to 8. Thus, damages are limited, eventually quantifiable in
terms of loss of fish and in any case as a local effect.

The damages connected to the emission of nitrogen oxides (NO,), whose global production is
estimated at 75 million tonnes/year (World Resources, 1991) are related, as mentioned earlier, to
the acid rain and greenhouse gases. The opinion is widely shared that 30% of the damages due
to acid rain is attributable to the nitrogen oxides (NO,). Their relative importance, with respect to
the effects of CO, is negligible, whereas in the cities their role is more damaging because it
favours the formation of ozone in the troposphere, which is the real problem of cities with heavy
traffic.

Other significant damages occurring at the local level and attributable to NO, are due to reduced
visibility; thus, they can not be evaluated in terms of direct costs, but of Willingness to Pay to
avoid the damage. Hence, by taking the absolute values of the damages given in Tables 1.5 and
1.6, and applying the 30% of the value imputable to the NO,, and considering a value of 1.8 mil-
lion tonnes emitted each year, we will have the value of damage per tonne of emitted NO,. The
values range from 0.1 to 1.3 million lire ‘92 per emitted tonne, with an average of 0.6-1.0 million
lire ‘92 per tonne.

The same holds for damages to non-artistic materials attributable to nitrogen oxides. The same
tables of absolute damages utilized for the SO, referred to the 30% quota attributable to the NOy
lead to calculated damages of 0.2-0.3 million lire ‘92 per tonne of emitted NO, (see tables 1.7
and 1.8).

Table 1.7. Damages to German Forests Attributed to NOy (million lire ‘92/year)

Author - Total Damages Damage attribuited Damages per tonne
(tonnes) to NO (30 %) of emitted NO,
(tonnes) (million lire '92)

Schultz 5000-7800 g 1500-2350
Wicke 4900-7000 | M. 15002100

Grupp 1550-8800 o 450-1900
Jochem 850-3000 P
Ewers 7000 y 2100
average 3850-6700 . 1150-1800

Source: ISES 93
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Table 1.8. Damages to Non-Artistic Materials per tonnes of emitted NOy (million lire ‘92)

Author ' : Billion lire Damage by NO, Damage per tonne
92 (30 %) X
million lire '92

Lipfert 3500 , 1050 0,05
Min. Env. Holland KK 10 0,03
ECE Europe 1900-9500 570-2850 0,03-0,12

Heinz Germany . 2400 720 04
Schultz Germany 2100 630 0,35
Wicke Germany ' 2200 660 0.36
Grupp . Germany - 3000-4000 ' 0,4-0,5
average 0,24-0,29

Source: ISES 93
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Particulates

The damages caused by the emission of particulates differ from those caused by the emissions
of sulphur dioxide and nitrogen oxides in that they relate only to environmental effects at the local
level in a limited surrounding from the point of emission. Nearly all of their damage is imputable
to the reduction of visibility; in fact their impact on human heaith is almost negligible while that
on agriculture and on the ecosystem is virtually nil.

The damage caused by the loss of visibility, measured with the Willingness to Pay method, is very
high if the number of involved persons is high (cities), and nil if the area concerned is unpopulat-
ed. This explains the difference between the damage estimates in Table 1.9 which vary from 0.05
million lire for unpopulated areas to 7.4 million lire. However, the average considered valid is 3-4
million lire/emitted tonne. '

Table 1.9. Evaluation of Unit Damage by Particulates (million lire ‘92/emitted tonne)

WAutﬁhor

Ottinger ) most probable estimate

Ottinger . higher estimate
Ottinger )

ECO . coal fired power plant
ECO ‘ unpopulated area

Source: ISES 93
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Carbon dioxide

The damages connected with the emission of carbon dioxide (CO,) concern essentially the glob-
al heating of the Earth (Greenhouse Effect) phenomenon due to interception of the reflected infra
red radiation. The generalized increase of the temperature is a phenomenon which has not yet
been quantified with certainty and thus the possible damages can not be effectively evaluated.
The facts the scientific world and International Institutes have revealed are that the concentra-
tion of CO, in the atmosphere is rising. From 1958 to present day the concentration of CO, has
increased from 315 to 350 ppm; it is calculated that pre-industrial levels were 270-290 ppm.

The two main causes for the rupture of the Carbon cycle equilibrium have been identified with
certainty: 70% is due to the consumption of fossil fuels and 30% to the destruction of the forests.
For each kWh of energy produced 1 Kg of CO, is emitted to the atmosphere; for each litre of
petrol or diesel 2.5 Kg are emitted, and for each hectare of forest burnt 350 to 700 tonnes are
emitted.

At the present rate of consumptions or forest depletion the CO, in the atmosphere could triple by
2010 (Scurloch-Hall, 1991). Research data reveal that at present each year 5 billion tonnes of CO,
are emitted to the atmosphere from the use of fossil fuels and 1.5 to 3.9 billion tonnes from indis-
criminate use of the forests: this total is increasing (Houghton, 1991). This value must be com-
pared to the global equilibrium of the production and consumption of CO, which is calculated at
around 500 to 700 billion tonnes.

While the data on the carbon cycle are sufficiently certain in that they have been studied and col-
lected since 1958 through a network of monitoring stations along all the Pacific Ocean (from
Alaska to the South Pole) and connected to the research station at Mauna Loa in the Hawaiian
Islands, the effects of the warming of the Earth due to the CO, concentration are not yet defined.

The Intergovernmental Panel on Climatic Change (IPCC) has developed hypotheses on the
effects of changes in climate, and this study is considered a valid reference point. However, the
events most likely to occur consequent to a change in temperature between 1.5-4.5°C by 2030,
such as the melting of the polar glaciers with consequent rise in sea levels (0.3 to 0.5 m), a rise
towards the Poles of the temperate belt of the planet with consequent changes on vast crop
areas, high mortality of trees and increasingly frequent extreme variations in the low tempera-
tures, are not shared by all nor is the magnitude of these phenomena known or if the economic
effects at the global level will be negative, positive, or nil. Thus, as no quantifiable (definite) or
localizable damages exist, associated to the emission of carbon dioxide, but, as the possibility
does exist of the occurrence of damages — also serious — through a “foreseeable” change in the
earth climate, the calculations of eventual damages are based on the Willingness to Pay relative
to the considered risk on the part of the society.

Certain scholars have attempted to evaluate the potential damages consequent to an increase in
temperature in the United States (Nordhaus, 1990; Coolfont Workshop, 1989) obtaining conflict-
ing data: minor damages per tonne according to the first, benefits according to the second; some
authors, foreseeing famine in many tropical Countries, prospected extremely serious damages.
Thus, the evaluation of the damage from emissions of CO, can not be considered as a general-
ized parameter to use in identifying the “externalities” that internalize the cost of fossil fuels. Table
1.10 provides the most significant evaluations currently existing in pertinent literature.
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Thus, the estimates of the damages deriving from the use of fossil fuels can be evaluated in var-
jous approximations referring to the definable costs of the damages accruing from the emissions
of SO,, NO, and particulates. Instead, for the CO, there are only global estimates of the dam-
ages.

Table 1.10. Evaluation of Unit Damage from emitted CO; (lire ‘92/emitted tonne)

_ Evaluation
almost nil
Coolfont Workshop benefit

Apara benefit

Schelling benefit

Nordhaus 4 500-18 000 for the USA
Beckerman benefit

Hohmeyer 9,2 mil drought
Ottinger 0,68-2,4 mil drought

Source: ISES 93
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1.7 Evaluation of costs for the production of electric energy

The estimates of environmental damage in the production of electric energy have thus been eval-
uated by the individual authors taking into account the emissions of the pollutants on the basis
of the different types of power plants (coal, oil, gas, with old or new technologies) making refer-
ence to the emissions per gr’/kWh and, by multiplying these values by the estimates of damage
per gr of pollutant emitted, the cost of the damage per kWh in the production of electric energy
is obtained. These values range from 57 to 160 lire/kWh for coal, from 13 to 25 lire/kWh for gas
and from 35 to 97 lire/kWh for oil (see Tables 1.11-12-13).

Table 1.11. Estimate of Environmental Damage in the Production of Electric Energy (lire ‘92/kWh)

Author . Lire '92/kWh Notes

Hohmeyer 13-154 mix of the power station in Germany
Hohmeyer ) 327-738 ‘ ditto + greenhouse effect 300-500 kWh
Ottinger . . ) 57-160 coal power station
Ottinger ' 13-25 gas power station + greenhouse effect
Ottinger 35-97 ’ oil power station
Ottinger . 95 coal power station 1,2 S existing plant
63 coal power station 1,2 S new plant
63 oil power station 1,2 S existing plant
17 gas/steam power station
15 confined gas power station
Friedrich coal power station with Denox

Source: ISES 93

Table 1.12. Emissions from Production of Electric Energy (gr/kWh emitted)

Fuel :  Technology S0,

Coal 3% S Traditional 20
Coal 1% S . Traditional 7.5

Coal 1% S ' FDG, low NOy
Coal 1% S CFB

Natural gas CCGT

Wood CFB

Source: IEA 94
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Table 1.13. Emission Relationships (gr/kWh)

GO,

Fuel Technology S0,
Coal 3% S

Coal 1% S

E:articulates

Traditional ATZ 13,8 0,5 700
Traditional 6,3 3 1000
Coal 1% S Traditional BTZ 4,6 0,5 700
Polyfuels : 1,4 0,18 1000
Gas Steam cycle 0 0,1 500

Source: ISES 93

Even if these values are approximate, nevertheless they are sufficiently valid to provide indica-
tions on economic interventions to arrive at reducing the consumption of polluting energies and
favouring the use of non-polluting alternative energies. ‘

For ltaly, ISES for example, has evaluated the damage estimates by type of electricity generation,
extrapolating the international research data. In particular the study considered the damages
from SO,, NO, and particulates, reducing by one half the data relating to the deposited SO,, con-
sidering that the situation is more favourable for Italy since one half of the pollutants are dis-
f persed into the sea and the damages for lack of visibility are greatly reduced (see Table 1.14).

Table 1.14. Estimates of Unit Damage for Italy from Emissions (million lire ‘92/emitted tonne = lire/gr)

Internaz. Values
(min. — max.)

Global Effects
(acid rain + greenhouse eff.)

! Emissions Local Effects

S0,
Health
1,9
Agriculture
0,4
0,7
Health
Agriculture
0,7
Particulates 0,25
Health
€O, 0,25

3,25
Source: ISES 93

1,7-2,7
Forests
1,1-2,0
Materials
0,6-0,7
0,8-1,3
Forests
0,6-1,0
Materials
0,2-0,3
0,25

Avoidance cost 0,02
0,02
2,52-4,02

577-7,27

0,05-8,2

Benef. 9,2

:
(n]
®)
e
O
—
®
9]
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The costs deriving from damages to monuments have not been included because these have a
significant artistic value for which no specific studies have yet been carried out.

The unit damage per tonne of emitted pollutant ranges from 5.8 to 7.3 million lire per tonne emit-
ted with a charge per kWh of 22 to 75 lire/kWh for coal fired electric generator plants (with coal
1% or 3% of S) or 36 to 89 lire/kWh considering also the damage due to CO, (see Table 1.15).

Table 1.15. Estimate of Damage from Emissions for Production of Electric Energy (lire ‘92/kWh)

 Particulates €0, Total without CO, Total with CO,

Coal 3% S - 01 14 59-75 74-89
Coal 1% S 1 20 ‘ 33-42 53-62

Coal 1% S 0,2 14 22-29 36-43
Polyfuels - 20 10-12 30-32
Gas/steam - 10 4-6 14-16

Source; ISES 93

Another way to evaluate the social cost or externalities of the polluting emissions and thus pro-
vide parameters for incentive or taxation proposals at national and local level is the avoidance
costs principle. Avoidance costs are not quantifications of the damages, but of the cost to avoid
them and serve to make a balance of the externalities and to see if it is convenient to tolerate the
damage or spend money to avoid it. The avoidance costs are more homogeneous among the
various researchers in that they are costs of engineering or of economic derivation and can be
estimated a priori.

A particular example is the CO, effect. Since the earth warming reflections are very much a mat-
ter of opinion the path most followed and to be followed is that of avoiding or reducing the emis-
sions. Research on the eventual avoidance costs to achieve a reduction of CO, emissions has
thus received a considerable impulse; an objective of such strategy, for example, would be to
gain time to better analyze the effects of the warming phenomenon.

Estimates of the avoidance costs vary from 5,000 to 168,000 lire/tonne, but in this case it is

because they are referred to different types of interventions and in different locations and with
different rates of actualisation (see Table 1.16).
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Table 1.16. Avoidance Costs to Avoid Polluting Emissions

Authorm Year S0, Pérlicuiétes HI)
e (Miire/ty ~ (Mire/t)  (Mlre/ty (lire/t)

Fritsche 1992 3,2 25 0,63

Barrington 1992 2,1 9,1 5,6 30 800
Chernich 1989 2.9 5 8,2 112 000-168 000
Nypsc 1992 2,2 48 -

QOttinger 1990 , ' 21 000-44 000
Buchanan 1989 : 27 000
Nordhaus 1990 ' 5600
World Res. 21 600
WW.F 10 200
Schilberg 80 000

Source: ISES 93

From this review certain conclusions are possible: the first is that there is a radical certainty that
it is necessary to undertake measures to reduce the damages from excessive consumption of
fossil fuels and from deforestation.

The second is that at present, even if approximate and thus susceptible for variation, there are
sufficient data on the type and on the costs of the damages caused by these consumptions.

The third is that, following the occurrence of the recent meteorological events at the world level,
also the common people, in particular those of the developed world, are sufficiently ready to
accept way-of-life changes that are directed at energy saving and/or modification of type of ener-
gy used.

The fourth is that it is duty of the Governments to act rapidly and give directives and institution-
al reference frameworks so that these modifications in consumptions become effective and of
significant quantities.

The politicians must decide which external costs they want to take into consideration and which
to ignore as well as decide how to intervene on the legislative and fiscal basis at both interna-
tional and national level in order to reduce the consumption of fossil fuel through energy saving
incentives and the expansion of utilization of other energy resources such as the renewable ener-
gies.
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Biomass, Forests and Energy Crops: a response
to reduction of atmospheric pollution

The stabilization of the greenhouse effect gases in the atmosphere and the reduction of the
immission of the other pollutants is one of the necessities currently recognized today. The solu-
tions required to reduce the present rates of emission of pollutants are all connected to the
reduction in the use of fossil fuels, and this can be achieved through four main strategies:

— Increase energy use and saving.

—  Reduce the rate of deforestation.

— Immobilize Carbon in large-scale forest systems.

—_ Substitute fossil fuels with renewable energy sources.

While the first point does not fall within the sphere of this report, the others are dealt with here-
inafter.

By arresting the present rate of deforestation, especially at the tropics, CO, emissions would be
reduced by 1.5-3 billion tonnes/year. The rate of deforestation in the tropics in the 1970s was 11
million ha/year (FAO-UNEP, 1981) and virtually doubled in the following 10 years (1980-1989)
(Meyers, 1990). At the present rate of deforestation, tropical forests could be totally eliminated
within the next 75-100 years, with a resultant increase of a further 50% in the concentration of
carbon dioxide in the atmosphere.

~ Forests retain Carbon 20 to 100 times more by unit of surface area than agricultural lands. When

forests are cut, the Carbon retained by the plants and in the organic material of the soil is oxi-
dized through fire or land disruption and is emitted to the atmosphere as CO,. Reforestation
instead, absorbs Carbon from the atmosphere as long as the plants are developing. Once
mature, the forests remain in equilibrium with respect to Carbon. They continue to hold it, but do
not absorb any more.

The effect of immobilization of CO, in forest biomass is temporary. For long rotation forest stands
it can last from 30 to 100 years, after which part of the CO, is released to the atmosphere at the
moment of combustion. Thus reforestation is a temporary medium by which the concentration of
CO, is stabilized.

Assuming that 500 to 850 million ha of tropical forests are reforested, the CO, in the atmosphere
could be reduced by 1.5 billion tonnes/year, for about 20-30 years (time of maturation) after plant-
ing. Thus the solution to be able to stabilize the concentration of CO, for an indefinite period of
time is to substitute the use of fossil fuels with the use of wood. This solution, on the one hand
annuls the emissions of CO, caused by the use of fossil fuels and, on the other, absorbs in a con-
tinuous manner CO, from the atmosphere through the correct management of the reforestation
and of the cutting of the forests for combustible use. In fact the CO, emitted every year by the
forests used as fuel is in practice reabsorbed by the forests under growth and, therefore, the net
flow of CO, would be nil, against the 7-9 billion tonnes/year emitted at present (5.5 from fossil
fuels and 1.5-3.0 from deforestation).
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The combustion of wood emits to the atmosphere slightly greater quantities of CO, than the com-
bustion of fossil fuels in that the energy-Carbon relationship is slightly lower than that relating to
oil and to gas. However, assuming that the efficiencies are equal, each GJ of biomass used in
lieu of fossil fuels results in a reduction of CO, emissions equal to the C content for one GJ of
replaced fossil fuel, equal to -0.014 tC, 0.019 tC and 0.025 tC for natural gas, petroleum and coal
respectively.

Since biomass have a calorific value of 20 GJ/t and a C content of 0.5 t/t, they can capture 0.5/20
= 0.025 tC per GJ of calorific value. In practice there is a direct correspondence, in terms of cap-
ture of C, between the substitution of one tonne of biomass with one of carbon, whilst in the case
of natural gas and of oil the correspondence is slightly lesser (Wood-Hall., 1994).

The substitute use of wood as energy source through an adequate forestry policy could reduce
the net emissions of CO, to the atmosphere permanently and thus modify the secular trend of
accumulation of greenhouse gas in the atmosphere (Houghton, 1991).

For an ideal solution, e.g. total substitution of fossil fuels with wood, it has been calculated
(Goldenberg, 1988) that 50 million hectares/year of used forests would be needed as against a
reforested area of 500 million hectares (10 years cycle) or 1,000 million hectares (20 years cycle)
(Houghton, 1991).

Obviously, global solutions of this kind are not achievable in practice; however, these data con-
firm the need, for both the western world and the new world, to examine urgently the implemen-
tation of reforestation policies for the highest possible substitution, in an organic and structural
manner, of fossil fuels with wood.

For example, in the U.S.A. (Hall et al, 1990) it has been calculated that reforestation, implement-
ed through short rotation forestation of 139 Mha of existing lands and the use of the so produced
biomass in gasifiers for the production of electricity, is able to lead to the reduction of 56% of the
present emissions in the U.S.A. This operation would have costs ranging from 20 to 40 US $ per
tonne of C; this still represents the most valid option for capturing the CO, considering that the
costs of its removal, through chemical absorption or molecular sieves in thermal stations, as
demonstrated by experiences in Holland, is reported to be 120 $ per tonne of C.

The total cost for a reforestation programme would amount to 19.5 billion dollars which could,
for example, be financed through a tax of 15 $/tonne of C on fossil fuels. Such a tax would have
as a consequence an increase in the price of electricity of 0.4 cents per kWh (7% increase) and
in the cost of petrol of 1 cent per litre (Moulton and Richards, 1990).

The efficiency of energy crops in capturing CO, depends also on the energy balance of the whole
process, from the land where they are cultivated till their transformation. Forest crops with ener-
gy balances of >10 are more efficient in capturing C than other types of agricultural crops such
as, for example, sweet sorghum whose energy balance does not exceed 4-5. It is however obvi-
ous that even the other lignocellulosic raw materials, though having lower energy value, can be
used for the purpose. These are the biomass of agricultural source, meaning residues from agri-
culture, agro-industry and energy crops, i.e. annual or multiannual crops, cultivated for the pur-
pose of producing dry material to be converted into energy (electric or liquid fuels), eventually in
combination with other industrial uses (essentially paper). Among these “dedicated” agricultural




productions, the most promising, currently under study, are: fibre sorghum and sweet sorghum, I
mischantus, arundo donax and cynara cardunculus.

Origin of GO ’ Present
in the atmosphere use

Fossil fuels 5,6
Deforestation . 1,5-3,0
Reforestation 0
Plantation by cutting 0 -
Total emissions 7-9

Refore- Fossil fuels
station : substituted with wood

56 ]

0 0

1,5 (average) 0
0
4

tred for what is cut vearlv, to be used as fuel (50 million ha), is matched by what is absorbed bv the new plantatic . .

Source: HOUGHTON, 1991
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Biomass potential

The potentiality of biomass is immense. The plants in fact, through photosynthesis, use the light
to organicise the atmospheric CO,, transforming the radiant energy of the sun into chemical
energy contained within the organic material. The quantiy of dm assimilated in a year on the earth
amounts to about 120 billion tonnes, equal to more than 5 times the present energy consump-
tions in the world. The sun, thus, represents for the earth the largest source of energy. The glob-
al flow of solar energy intercepted by the earth amounts to 178,000 TW (1 TW = 102 WATT) equal
to about 15,000 times the primary consumptions of man. Through photosynthesis the plants use
only a small percentage of the incident global radiation. In the first place the PAR (Photosynthetic
Active Radiation), i.e. the radiation actually utilizable by the plants during photosynthesis (400 to
700 A), represents only 50% of the global radiation. To this must be added the losses by
reflectance of the leaves or because the rays are intercepted by non-phosynthetically active
organs.

The efficiency with which the radiant energy is used during the photosynthetic process is then
mediated by factors intrinsic to the plant, such as species, age, resistance to adversities, and by
external factors, linked to the environment; these include temperature, availability of water and
of nutritive elements, adversities, etc.

The maximum theoretical yield does not exceed 6% (Hall, 1990). In reality even the most efficient
plants do not exceed the 3-3.5% threshold. Due to the high number of involved factors, it is dif-
ficult to have an estimate of the productivity of biomass for large-scale studies. In these studies,
concerning the yield in dry forest biomass, a production in the region of 10 odt (oven dry ton) is
considered, corresponding to the assimilation of 5-6 tonnes of C. For example, the Terrestrial
Ecosystem Model, applied in South America, estimated a net primary production for evergreen
tropical forests of 11.7 odt/ha per year. For intensive forest productions like short rotation forests
(black locust, populus, eucalyptus) average productions of 10-12 tonnes/ha/year were calculat-
ed (Johansson, 1989). Crops like fibre sorghum, mischantus, arundo donax can reach 20-30 odt.

For Europe, regarding the problem of agricultural surpluses, it has been calculated that by the
early 2000s more than 720 million odt of biomass would be available for energy purposes, a
quantity of energy equal to the production of the oil wells of North Sea or of the present nuclear
park (2 million barrels/day) without, however, the correlated environmental risks. Of these 720 mil-
lion odt, 320 million tonnes would be derived from agricultural and forest residues, 250 million
tonnes from energy crops and 150 million tonnes from products cultivated on marginal lands
(Grassi, 1992).

According to forecasts, in Europe biomass could pass from an energy contribution of 4% in 1991
to 8% in 2005. For the same year biofuels could cover 5% of the entire requirement of fuels for
autotraction, resulting in a reduction of CO, emissions of 180 Mtonnes (Scurlock, 1993). Within
the next century biomass might thus represent an important share of the future energy scenario.

Nowadays they are only the fourth energy resource by importance after petroleum, coal and nat-
ural gas, supplying about 14% of the entire energy requirements in the world (Hall et al, 1992).
For many Developing Countries they are still however the most important energy resource cov-
ering on the average 35% of their energy requirements (Pakistan, 70%).
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Some western Countries have already adopted policies aimed at the diffusion of this form of
clean and renewable energy. In Finland more than 18% of the energy consumed is derived from
biomass, mainly residues of wood and paper industry, producing in this manner more than
5 Mtep/year.

Sweden obtains 16% of its energy from biofuels. Also Denmark approved in 1992 a law accord-
ing to which within year 2000 it shall produce 20% of the energy of the Country through use of
biomass. In the United States already over 9,000 MW of electricity are produced every year from
biomass.
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Food production and energy crops

A question which is often raised is whether energy productions can represent a conflict of
resources with food productions.

On this matter it is to be considered, first of all, that in the near future the major portion of bioen-
ergies will be derived from waste and by-products of human activity and only in a second time,
when the appropriate conditions occur (prevalently of an economic nature) will we be able to
have a large-scale diffusion of energy plantations. In spite of this, it can be affirmed that the avail-
ability of areas to be devoted to bioenergies is very high in that in the world only a moderate por-
tion of the actually utilizable areas is used for production purposes.

Out of 13 billion hectares of emerged lands about one third are covered by forests, one third by
prairies, savannah and arable lands and about one third by non-productive areas such as
deserts, glaciers and mountains.

Cultivated areas are increasing to the detriment of forest areas. The IPCC has calculated that, in
the face of demographic growth, 50% more than the currently utilized agricuitural area might be
needed. The actual future availability of this larger agricultural area does not seem to create any
particular problems.

In the calculation of available lands is to be included (for example) the large number of marginal
lands which are not able to support agriculture but which, instead, would benefit from a wide-
spread reforestation which would contribute to arrest the phenomena of hydrogeological degra-
dation, soil erosion and desertification. According to FAO estimates, these more unfavoured
lands would amount to 700-1,000 Mha, nearly haif the arable land.

Houghton speaks of 850 Mha of marginal lands which could, instead, be available for their reha-
bilitation at the agricultural level. These include currently “fallow” lands in the shifting cultivation,
degraded forests, saline lands, etc. Of the existing 950 Mha of saline lands, 125 million could be
utilized for production of biomass. The potentiality of these lands is interesting because it is to
be considered that certain halophylous plants can produce from 3 to 7 tonnes of C a year (Alpert
et al, 1992).

Lastly, the problem must be distinguished with reference to two different situations: that of the
western Countries where, due to the problem of surpluses, many cultivated lands will have to be
excluded from production, and that of many Developing Countries where a large part of the pop-
ulation is undernourished.

In the EEC from 1973 to 1988 the volume of agricultural productions increased by 2%/year while
domestic consumptions increased only by 0.05%/year. A significant portion of production has
thus become surplus. To overcome this problem, 15% of the present agricultural surface will be
removed from production. About 700,000 ha have already been set-aside. It is calculated that
within the early 2000s about 10 Mha of arable lands and 15-20 Mha of marginal lands may be
abandoned and consequently be made available for energy crop cultivation (Grassi, 1992).
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The U.S.A. are in a similar situation: the US Cropland Reduction Scheme has in fact planned to
set-aside 30 Mha aiready as of 1988 and an equal number in the following years (Economist,
1993).

The Developing Countries are in much different conditions as regards availability of lands.
Certainly, the limiting factor is not so much the land, as other inputs such as labour force, fertil-
izers and irrigation water supply.

A distinction must also be made between the case of Asia, which has a higher crop intensity than
Africa, and South America, where only a small portion of the area is utilized for production pur-
poses. So we have for example Bangladesh where 70% of the available land is cuitivated, as
against Zaire where only 5% of its area is utilized.

From an analysis of the FAO data (Agriculture towards 2010) with reference to 91 DCs (excluding
China) it transpires that the utilized agricultural area of these Countries will increase from 706
Mha to 1059 Mha, corresponding to 40% of their arable land in 2050.

Currently Africa utilizes only 20% of its available area and in 2025 would still have 75% of unuti-
lized arable land. Latin America has an even more favourable situation since at present it utilizes
only 15% of the arable lands and, according to forecasts, in 2025 wilt still only utilize 23%.

In Asia instead, a large part of the available land is already utilized. When considering that at pre-
sent 348 Mha are utilized for agriculture (except China) and that at least 517 Mha will be required
in 2025 for the demographic growth as against the totally available 470 Mha, a deficit of about
47 Mha would occur.

' Hence, in the present world Asia is the only area where a conflict of resources might occur. Even
in this unfavourable situation, bioenergies will not necessarily be in conflict with food produc-
tions. By supplying energy at the local level and promoting the development of rural communi-
ties, these bioenergies can contribute to increase the unit productions per ha. The energy pro-
duced from biomass could be used, for example, to feed irrigation pumps or for processes of first
transformation and of preservation of foodstuffs.

Furthermore, it must be considered that in these Countries a great potential can be provided,
more than from “dedicated” energy crops, from agricultural by-products and agro-industrial
wastes. Studies carried out within the Cogen Asian Program, a program financed by the EEC to
transfer cogeneration technologies to the Asian southeast Countries, demonstrated that the by-
products and residues from the working processes of the five most important agro-industrial sec-
tors (rice, wood, oil palm, sugar cane and coconut palm) alone would suffice to satisfy the pri-
mary energy requirements of the industries of these Countries (25 Mtep). At the present state only
50% are used and usually with low-efficiency technologies.

Malaysia and Indonesia, for example, are among the larger exporters of wood. From 1 m®of wood
0.5 m® of wastes are obtained, for an energy value of 150 kW. From rice, hulls and bran can be
utilized. For each tonne of treated paddy 100 kW could be generated. In southeast Asia 151
sugar cane processing plants exist which produce 26 Mtonnes of bagasse having an energy
equivalent of 4.6 Mtep. The exploitation of these resources through efficient cogeneration tech-
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nologies would allow industries to be energy self-sustaining and in more favourable cases elec-
tricity to be supplied to the civil community (Wood, Hall, 1994).
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Biodiversities

A question that is raised, in particular by environmentalist groups, is whether energy crops may
be compared in the future to a new form of single-crop farming and, thus, be condemned as bee-
ing the cause for excessive exploitation of soils and of danger for the maintenance of biodiversi-
ties.

In this regard it must be said that, since energy crops are cultivated in a more “extensive” man-
ner than traditional crops, they have a lower environmental impact. Moreover, if marginal and/or
degraded lands are devoted to biomass cuitivation, the situation is even more positive at the
environmental level. In this case the vegetable cover provided by the biomass plantations
undoubtedly has a positive influence on conservation of the soil, mitigating its hydrogeological
degradation and, furthermore, biomass plantations could host more complex ecosystems than
could barren or degraded environments, favouring in this sense also the biodiversities.

Also where biomass were to be cultivated in highly productive, ex agricultural areas (set-aside
type), the cultivation of “dedicated” biomass, besides maintaining the soil structure, would
require lesser chemical inputs, like fertilizers and pesticides, because the use of the produced
biomass for energy purposes does not require quality optimisation as required instead, by the
food products market.

Another source of controversies at the scientific debate level is the advisability or otherwise of
using exotic species massively. Also in this case it is well to distinguish two different situations.
The first is given by the more difficult environments, where only exotic species are able to sur-
vive and reproduce under certain environmental conditions as in the case, for example, of euca-
lyptus reforestations in semi-desert areas of Israel or Africa, whereas the situation may be differ-
ent for example in the case of a plantation of thousands of ha of Robinia pseudo-Acacia in
Europe. This is in fact one of the most productive and promising species for hot temperate areas.
Black locust is a nitrogen-sufficient, soil-improving plant (being a Legume), is very resistant to
adversities and produces wood of excellent quality. In ltaly, thanks to its adaptability and resis-
tance, it is used for protection of slopes and along road or railway banks. The plant is however
very aggressive and tends to choke out other crops, given its strong resistance and its regermi-
nation capacity. It is thus considered to be a possible invader. In this regard it can be stated that,
while such a risk is real in a promiscuous and uncontrolled crop, in a “dedicated” cultivation of
several hectares of black locust alone (in lieu of poplar, beech-wood, eucalyptus, etc.) the pos-
sible encrochment by black locust of other adjacent areas can be easily controlled through pro-
vision of inner spaces (to serve also as fire-break) since the regenerative capacity of black locust
is limited only to the spaces adjacent to the plantation. This is certainly an aspect that will have
to be considered in the planning of bioenergy integrated projects.
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Socio-economic aspects of biomass

Recent studies by Johansson et al (1993) in the framework of the Renewables Intensive Global
Energy Scenario have demonstrated that large-scale exploitation of biomass for energy has a real
and economic feasibility. Ahmed (World Bank, 1992) affirms that biomass are able to supply with
the present technologies an important quota of energy at costs comparable to those of fossil
fuels with a price of crude oil of 20 $ per barrel.

In these last years the price of crude has been lower than the above price condition. However, in
the future, the prices attributable to bioenergies have good prospects of decreasing following the
progress of related technologies. For exemplification purposes let us consider that in Brazil, in
the framework of the Proalcohol programme, the cost of production of ethanol fuel decreased by
4-5%/year. Also in Europe price of ethanol is expected to decrease as well as production of bio-
mass from S.R.F. or annual crops when large extension of such crops will be established.

On the contrary, the price of fossil fuels will increase as the large deposits gradually become
exhausted and higher extraction costs will be necessary. Furthermore, the price of oil is difficult
to forecast given the political instability of the producer Countries.

Since bioenergies are produced on a local scale, they represent also a medium for reducing the
energy dependency of a Country. The adoption of alternative energies would permit keeping in a
larger circle the flow of money which now, instead, is concentrated in the hands of a few oil pro-
ducing Countries that have amassed riches which have led, and will increasingly lead, to serious
world imbalances under the political and financial aspect.

Furthermore, for the western Countries biomass can represent an interesting option for tackling
the problem of surpluses and the costs connected to the inherent storage and disposal.

In Europe agriculture is a particularly important sector which has many interferences and con-
nections with other sectors of the economy. Today the agricultural sector represents the main
source of income for over ten million workers, equal to 8% of the European active population,
playing a fundamental role in maintaining the socio-economic activity in the rural regions and in
the protection of the land. However, due to overproductions and agricultural surpluses, the sec-
tor is experiencing a period of deep crisis. During the period 1975-1989 the active agricultural
population of the EU decreased by 35% and, in addition, over one half of European farmers are
more than 55 years old.

In fact, as we have seen, from 1973 to 1988 the volume of the EU agricultural production
increased by 2%/year while during the same period domestic consumption increased only by
0.5%/year. Consequently, the problem of storage of surpluses assumed larger proportions: in the
period 1984-1990 surpluses ranged from 11 to 23 million tonnes/year, with a cost of 4.6-11 bil-
tion ECU. In 1994, the storage of surpluses involved a cost on the order of 140 million ECU/week.

The opening of agriculture to the energy sector, which is a virtually inexhaustible market, is
viewed as a valid contribution to the solution of both the problem of reduction of subsidies and
surpluses, and of occupational stability.
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The creation of new employment opportunities in rural areas will in fact be one of the major social
benefits accruing from the use of biomass for energy purposes. Calculating that 500 tonnes of
dry biomass/year justify the creation of one job, it can be stated that for each 25 ha a job is cre-
ated, i.e. every 100 cultivated ha provides work for 4 units. A biomass power plant of 10 MW/h
capacity, that uses 60,000 tonnes/year of biomass (i.e. 3,000 ha of cultivations), provides occu-
pation at the local level for about 100-120 persons between direct work (plant) and indirect work
(agricultural).

Within 2000, 600,000 new jobs could be created in the EU by the agro-energy sector alone; to
these would be added the jobs created in associated sectors such as: paper, wood and elec-
tricity (Grassi, 1992). :

A characteristic of bioenergies is also that they require much less seasonal labour than the tra-
ditional agricultural sector. In fact an integrated agro-energy activity requires labour throughout
the year. Sugar cane requires 19.8 persons per km? for seasonal jobs and only 2.7 for permanent
jobs. If besides sugar also alcohol and electric energy were produced the permanent workers
would pass from 2.7 per Km? to 23 per Km? (Carpentieri, 1992).

As evidence of what stated above the data can be quoted relative to the Brazilian experience,
certainly the most important for diffusion and importance in the field of biomass. In this Country,
in the ambit of the Proalcohol programme, over 12 million m®of ethanol were produced (from the
3.8 million ha devoted to sugar cane). This programme absorbed more than 600,000 jobs of
which only 100,000 seasonal, plus all the jobs created in the correlated sectors (Goldenberg,
1992). Again in Brazil, about 7 million ha of SRF (prevalently eucalyptus trees) were planted for
production of charcoal for the cast iron industry. Productions amount to 35 million m*year and
. the jobs created have been 480,000. Although the wood industry requires much less labour per
ha (2.4 jobs per Km?), intensive forest plantations for production of 9% of the anticipated energy
requirements of the northeast region of Brazil would allow the creation of 32,454 jobs.

The relationship between investment costs and jobs created has a value ranging between $
15,000 and $ 100,000. In northeast Brazil this relationship has been of $ 15,000/22,000 per cre-
ated job, as against the $ 40,000 of the average industrial plants, the $ 800,000 of the petrol-
chemical industries and the $ 10 million of the hydroelectric plants. (Carpentieri, 1992).

Among the economic aspects account should be taken also of the fact that:

—  Agro-energy plantations have the possibility of supplying more products at the same
time (energy, industrial products and foodstuffs) reducing the risks connected to the
fluctuation of prices and increasing the value added of the products.

— Biomass could represent positive items within the balance of payments. First, they can
substitute traditional energy sources; Europe imports over 50% of its energy supply.
Second, they can supply a whole series of products for industry (wood, paper,
methanol, etc.): Europe imports 17 million tonnes of pulp paste for the production of
paper and 115 million m® of wood which could easily be supplied through reforestation
programmes and from the diffusion of fibre crops (kenaf, fibre sorghum, etc.).



—  Since bioenergy is produced on a medium-small scale (1-50 MW) and production is

decentralized, it does not require very high investments for the individual centres of pro-

~ duction. No costly infrastructures are required for the transmission and storage of ener-

gy which can consequently be supplied at a relatively low cost also in the less favoured
areas.

—  Beneficiaries would be both the primary sector and the industrial and tertiary sector,
with a positive impact on all the endogenous development of the rural areas, thus par-
ticipating in the economic and social cohesion.

The document of the Economic and Social Committee relative to the “Community Energy Policy”
recognizes that: “the social repercussions of the use of renewable energies are comparatively far
greater than their energy content in that they give a considerable aid to the development of the
peripheral regions, improve the quality of life of the populations who live in said regions, fight
energy concentration and create a significant number of jobs” (R.CES - 919/93).

In summarizing the points made above, it can be stated that among the renewable energies, bio-
mass certainly are one of the most valid options. In fact:

—  They are a largely available source of renewable energy.

—  They can be converted through technologies already in use, into solid, liquid or gaseous
energy vectors, since they can fully substitute fossil fuels.

—  They require, with respect to traditional food crops, lesser water, fertilizers and pesti-
cides as they can more easily adapt to the different climatic and pedological conditions
and are usually managed in an extensive mode.

—  Their increased production of biomass improves microclimate conditions and con-
tributes to arrest desertification processes.

—  They are C-neutral and can thus favourably contribute to reduce greenhouse gas emis-
sions to the atmosphere, thereby reducing the risks of climate upsetting.

—  They are poor in S and, thus, do not contribute to the phenomenon of acid rain.

—  They offer new outlets to agriculture, creating positive correlations between the agri-
cultural, industrial and energy sectors, and have an important influence on rural devel-
opment and in the occupational sector.

— By diversifying productions, they can offer a concrete answer to the problem of agri-
cultural surpluses and, thus, reduce the costs of subsidies.

—  They represent a form of low-cost and decentralized energy such as to guarantee ener-
gy self-sufficiency at the local level and promote the endogenous development of less
favoured rural areas, contributing to economic and social cohesion.

—  They can cover part of the primary energy requirements, thereby reducing the energy
dependency of a Country and intervening favourably within the balance of trade.



2.6 Limitations

Despite the various positive aspects previously examined in the energy, environmental and agri-
cultural policy field, energy biomass are still not utilized as they could be. In fact there are still
many factors inhibiting their spontaneous diffusion.

The principal limiting factor is certainly that of an economic nature. In fact the current price of
petrol (14-15 $/barrel} makes any other energy resource scarcely competitive. It is however wide-
ly accepted that an actual shifting towards the use of renewable energies in the face of the pre-
sent fossil fuels “monopoly” can be attained once: (1) the fossil fuel subsidies are reduced or
totally eliminated, (2) a tax on CO, or on energy is introduced and (3) the external costs on envi-
ronment and health relative to the use of fossil fuels (internalization of externalities) are recog-
nized.

All this will lead to a “real” competition between fuels and will facilitate the solution of the other
institutional, technical and organizational aspects relating to the massive use of biomass for
energy production. In fact a general skepticism still exists on the part of the political class as also
of private industry regarding the actual (besides economic) feasibility of bioenergy projects.

Many technologies in fact are new or are only in these years emerging from the research level,
while the traditional technologies have for the greater part not been managed in a very efficient
and sustainable manner and in any case have had a limited rate of efficiency. Research activities
in this sector are still very important and must be directed towards technological developments
that permit more economic and efficient exploitation of the different renewable sources capable
of supplying energy.

In addition, it is to be considered that bioenergy production programmes involve considerably
complex design and organization in that they must cover sectors which usually are distinct, such
as the agricultural, the industrial and the energy market sectors.

Thus, there is still need for a support action on the part of the national and regional Authorities
to create the appropriate conditions to put into action regional programmes for an adequate
introduction of biomass as energy source. These programmes shall consider the contributions of
the various sectors on a territorial scale, with medium/long term time prospects and with the for-
mation of juridical bodies which allow the necessary investments to be implemented and man-
aged ensuring their operativeness on the technical, commercial and, in particular, on the finan-
cial level.

Thus, economic, institutional and technical barriers still exist regarding the use of energy bio-
mass, but were these barriers to be overcome, biomass for energy production could really play

an important role both at the territorial level and as positive contributors to the environment in
general.

In practice, the two main sources of energy biomass, besides forest wood, are, in summary:
— organic residues and wastes from common human activities;

— purposely planted energy crops.



DEVELOPMENT OF ENERGY BIOMASS

The former include agricultural residues (straw, rice hulls, prunings, etc.); forest residues (dead
branches, saw dust, etc.); agrifood industry waste (fruit stones, cake, bagasse, etc.); stock rais-
ing wastes and the organic parts of municipal wastes. The latter can in turn be classified accord-
ing to the production aims.

Thus we will have:

—  Alcoholigenous crops (sugar cane, sweet sorghum, beets, maize, etc.) for production of
ethanol fuel.

— High photosynthetic efficiency crops. Among the herbaceous crops to be mentioned
are fibre sorghum (annual crop), mischantus, arundo donax, cynara cardunculus (pluri-
annual crops). For the tree crops, the formula that is gaining greater interest is the Short
Rotation Forestation (SRF), which envisages intensive planting of coppice species,
highly productive and particularly adaptable to the various conditions of Europe like
poplars and white willows for the northern countries, black locust and eucalyptus for
the warmer or arid zones.

The following chapters will develop in particular an analysis of the experiences (successes and
limitations) relating to tree crops, in particular black locust as S.R.F. example, and to annual crops
such as sweet sorghum and fibre sorghum as new crops in European conditions, for their capac-
ity of contribution both as lignocellulosic biomass for energy use and as liquid fuels (ethanol).
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Potential of S.R.F. — Black locust (robinia): an example

Concerning Europe, raw material, such as wood for energy use can be procured in the first place
through an appropriate use of the existing forests. The wood supply expected to be obtained in
Europe from the present forest system is estimated at 90 million tonnes/year, a quantity that can
be increased to 260 million tonnes/year (Grassi, Bridgwater, 1990).

The energy policy for the use of forest biomass leads however to consider the exploitation of ad
hoc forests with fast growing tree species. Among these species the following have been identi-
fied: willows for North Europe and Western Europe, poplar for North and Central Europe, black
focust for the Mediterranean regions, eucalyptus trees for Spain, Portugal and southern France.

The more interesting species in terms of quantity potential are the poplar and the black locust.
Eucalyptus has limitations in relation to low temperatures and, thus, is essentially present only in
Spain and in Portugal.

Short rotation plantations have been established since the 1970s in the United States through the
Short Rotation Woody Crops Programme (SRWCP) initiated by the Department of Energy with
the aim to produce wood for energy use at competitive prices. In 1989, 7,500 hectares of short
rotation forests were already in full operation in the United States and the black locust has taken
the bigger share. Due to its resistance characteristics in arid or poor lands, black locust has had
an important development not only in the United States, but also in Europe, South America,
Africa and Australia. For its development black locust requires infact humid climate zones with
precipitations ranging from 1,000 to 1,500 mm/year, but it grows also in drier climate zones.

In Europe black locust could be suitably utilized on the marginal lands of the Mediterranean
regions comprising ltaly, Greece, Spain and Portugal. The hectares potentially to be devoted to
this crop can be estimated at 2,671,000 ha, equal to a yearly production of 33 million tonnes of
dry biomass.

Assuming 1 tonne of dry biomass = 1543 kWh of electric energy, a production of 51.5 million
MWh (Table 3.1) could be obtained. This estimate, on 1990 data, is based on the existence of
13% of set-aside lands (8,906,000 ha) and considering that 60% of these are suitable for black
locust cultivation and that 30% (i.e. one half of the suitable lands) are effectively planted to black
locust (Baldini, 1991; A.L.E., 1990).
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Table 3.1. Possibility of Black Locust Production in Mediterranean Countries and Energy Equivalence

Set aside area

Area under black locust (30 %) 10E3 ha
Biomass production ton x 10E6
Producible energy/year © MWh x 10E6

Source: Baldini, 1991

2778 731
833 219
10 418 2741
16 077 4231

‘Spain
4 663
1399

17 486

26 987

ltaly 7 _Greece For[qgal

734
220
2753
4248

_Total
8 906
2671

33 398
51 543
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Quality characteristics

The calorific value of wood depends on the carbon content. Normally in soft woods the C varies
from 50 to 53%, while in hard woods it varies from 47 to 50%. In the black locust it has been
determined in 49% (analysis of woods in the U.S.A.). The remainder components are represent-
ed by: hydrogen (6%), oxygen (44%), nitrogen (0.4%), virtually no sulphur (less than 1%) nor
chlorine (Tables 3.2 and 3.3).

Table 3.2. Ultimate Analysis of Selected Tree Species

Species Element (% total weight) Reference
- H 0 N

Wood only _

Black locust Chow & Rolfe 1989
E. cottonwood B , Chow & Rolfe 1989
General (%) Baker 1983 a
Hardwoods () Baker 1983 a

Softwoods (%) . Baker 1983 a

Southern pine - Curtis 1978

Bark only General (*) ' Curtis 1978

Whole tree (wood + bark) .

Black locust : . Chow & Rolfe 1989
Black locust ’ , Walwender et al. 1988
E. cottonwood : Walwender et al. 1988
E. cottonwood 22 Chow & Rolfe 1989

(*) North Arerican tree species

Table 3.3. Proximare Analysis of Selected Tree Species

Component, species Proximate analysis (%) Reference
Volatile  _  Fixed carbon

Wood only

Black locust - 80,94 18,25 , Jenkins, 1989
Populus spp. 82,32 16,35 Jenkins, 1989
Ponderosa pine 82,54 17,17 Jenkins, 1989

The calorific value of black locust is quite high: it has been calculated as ranging from 4405 to
4718 cal/gr (dry) according to the age of the wood, a value slightly higher than poplar wood and
only slightly lower than hard woods (Table 3.4).

The black locust wood has a good combustion also when moist, inflames slowly but burns like
coal with a concentrated flame of clear, bluish colour; specific density is 0.66-0.69, resultant
ashes are 1% and 2% if with the bark (Table 3.5).

Table 3.6 gives the chemical characteristics of black locust as compared with the other woods
used for production of paper. Analyses are important to evaluate the energy yield in relation to
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other biomass and to have a basis to calculate the chemical requisites for combustion, the air
required to facilitate combustion, the estimate of potential emissions and ash content.

The characteristics of black locust, when compared with those of other species of wood, lead to
consider black locust as a promising resource for a large-scale production for energy purposes.

A very large variety of black locust exists, but these plants can aiso be classified according to
their growth form. In particular, three main types have been observed: fastigiate, palmate and
expanse. For the energy plantations the first two are used. The fastigiate type, characterized by
a single, erect stem and slender branches, adapts to larger spaces; the palmate type instead, has
a structure consisting of many slender branches where it is no longer possible to distinguish a
main stem and, for this reason, adapts better to more limited spaces where it tends to assume a
form similar to the fustigiate.

Table 3.4. Higher Heating Values for Selected Tree Species

Component: Heating Value Reference

species and age (dry) (cal/g)

Wood only ’

Black locust, 5 yrs Geyer 1991

Black locust, < 10 yrs Cushman & Ranney 1983
Black locust, 10 yrs Stringer 1981

Black locust, mature . Jenkins 1989

E. cottonwood, 2 yrs Geyer 1991

Populus hyb, 1-4 yrs. : Bowersox et al. 1979
Populus hyb, 5 yrs ' : Blenkenhorn et al. 1985
Populus hyb, mature ' . Stimey & Blenkenhorn 1985
Populus mature Jenkins 1989
Hardwoods, mature Baker 1983

Softwoods, mature Baker 1983

Bark only

Black locust, 10 yrs Stringer & Carpenter 1986
Populus hyb, 1-4 yrs Bowersox et al. 1979
Populus hyb, 5 yrs Blenkenhorn et al. 1985
Whole tree (wood + bark) .

Black locust, 5 yrs Walwender et al. 1988

E. cottonwood, 5 yrs Walwender et al. 1988
Populus hyb, 1-4 yrs Bowersox et al. 1979
Populus hyb, 5 yrs Blenkenhorn et al. 1985
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Table 3.5 Specific Gravity for Selected Tree Species (OVD wi/g vol.)

Component: ’ Specific gravity Reference
species and ages

Wood only _

Black locust, 5 yrs 0,57 Geyer, 1991

Black locust, 9-11 yrs » , 0,59-0,68 Ahn, 1985

Biack locust, 11 yrs 0,69 Maeglin, 1973

Black locust, 10-12 yrs ' 0,68 Stringer & Olson, 1987

Black locust, mature 0,66 . " Brown et al., 1949; USDA, 1979;
. Summit & Sliker, 1980

Populus hyb., 2yrs 0,23-0,34 Anderson & Zsuffa, 1975

Populus hyb., 6 yrs 0,35 Phelps et al., 1985
E. Cottonwood, mature - 0,35 _ Brown et al., 1949
Aspen, mature 0,41 Cantin, 1965

Bark only

Populus hyb., 2 yrs 0,16-0,51 Anderson & Zsuffa, 1965
Populus hyb., 6 yrs 0,35 ' Phelps et al., 1985
Whole tree (wood + bark) .

Black locust, 1 yr sprts : 0,44 Geyer, 1991

E. Cottonwood, 1 yr sprts 0,38 Geyer, 1991

The plantations can be by high forest or coppice management system. In the former case rota-
tion ranges from 10 to 60 years, in the latter case from 3 to 5. Maximum productions reach
around 8-12 m*/ha/year.

Black locust is considered a robust species, capable of adapting to a wide range of soil condi-
tions excluding exceedingly dry or compact soils, preferring fresh, siliceous and permeable to
calcareous soils to which, however, is able to adapt. Furthermore, black locust tolerates well both
drought and salinity due to chlorides.

The nitrogen-fixation activity of black locust is comparable to the activity of certain soybean cul-
tivars. In particular it was evaluated that about 60 Kg/ha/year are derived from the decomposi-
tion of the litter produced by black locust.
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Table 3.6. Chemical Analisys of the Hardwood Species Applied for Pulping Experiments (literature data)

Scientific  Holocellulose  Cellulose Pentosan Lignin Ethanolbenzene Hot water
- name % % % % extract % extract % %

Fagus 85,6 49,1 16,1 22,8 14 09
sylvatica

Robinia 81,7 50,1 23,7 20,6 2,8 4,6 0,3
pseudo acacia

Castanea 473 16,7 31,8 4,7 0.4
sativa

Quercus 40,5 175 22,2
Spec.

Carpinus ’ 19,3 20,0
betullus
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New system of cultivation

Black locust propagation can be both gamic and agamic.The seeds of this species have partic-
ularly hard and impermeable integuments, a high germination capacity (70-89%) and a very low
germination speed (about 5% during the first 15-30 days). In order to favour germination, differ-
ent methods are proposed, from pre-immersion in water for 2-3 days to treatment in hot water or
with rippers to break the external integument of the seeds.

Field planting can be performed both in spring and in autumn, where late frosts do not occur gen-
erally. Field tests have shown that for large-scale plantations much better results were obtained
by planting 1 year old cuttings after a good land preparation. Open field seeding gave a very low
percentage of success.

Propagation can however be by means of root cuttings or woody cauline cuttings. Black locust
has a high and durable (80-100 years) regeneration capacity, which allows it to multiply also by
agamic propagation. The suckers develop from dormant buds located along the older roots or
from the new ones situated along the 1-2 year old roots.

Given the strong regenerative capacity characteristics of the black locust, a research programme
has been in progress since 1986 in Central Italy (Umbria) to check the yield of plantations of high
planting intensity (Im x 1m, i.e. 10,000 plants per ha) with very short cutting cycles (2-3 years)
and with practically “agricultural” and not forestry cultivation techniques (Baldelli, 1991). This for-
mula has given the first encouraging results in terms of both yield per hectare of dry biomass and
of quality of wood.

Concerning the physical characteristics of the biomass it is necessary to underscore that an
appreciable difference was observed between the material of 1 year (suckers) and that of 2-3
years. In particular, as illustrated in Table 3.7, the values relating to dry weight/fresh weight, basic
density increase with the age of the wood while, conversely, the humidity tends to decrease; the
maximum specific weight instead, is reached at the second year of age after which it then
decreases.

The data in Table 3.8 underscore the negative incidence of the bark and of the branches on the
basic density and on the dry weight/fresh weight relationship. A positive evaluation can howev-
er be made, in absolute value, of the quantity of dry matter especially in relation to the young age
of the plants. ‘

Table 3.7. Physical Characteristics of Wood at Various Ages of Plants

Moisture, freshv Volumic mass Basal density Dry/fresh weight
material (%) ~ (Kg/m%) (Ko/m)  rate

Stumps, 1 yr 6625 764 461 0,60

Stumps, 2 yrs 62,78 931 572 - 0,61
Plants, 3 yrs 54,82 880 568 0,65
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Table 3.8. Phisical Characteristics of Wood (with bark, branches, only wood)

Moisture, fresh Volumic mass Basal density esh weight
_ material (%) ~ ~ rate

Wood with burk 62,60 585 0,62

Wood without burk 50,27 623 0,67
Branches with burk 64,69 539 0,61
Whole plant 62,39 572 0,61

The results obtained from the cutting trials on areas with plants of 4 years or sprouts of 2 years
gave a yield of 25 tonnes/ha of dry biomass. The third rotation (i.e. the second cutting with 2-year
interval) showed a reduction of 60% in production with respect to the first cutting. Data on longer
intervals (3-4 years) are not yet available. Regarding the sprouts, they proved to be more or less
equal even on stumps that had been mistreated or irregularly cut (Baldini, 1991).

Evaluations on the variations in humidity of the stored chipped wood revealed that, after a rapid
decrease from an initial 80% to a value of 30% during the first 2-3 weeks, in the following 30
weeks the humidity progressively lowered to values of between 13 and 19% (see Fig. 3.1).

Concerning the energy characteristics instead, no substantial differences were observed. In fact
the calorific value, evaluated on wood of different ages, averaged around 4500 Kcal/Kg. It is nec-
essary, however, to underscore the linear correlation that is established between calorific value
and humidity of the wood, as shown in Fig. 3.2.
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