
B iomass appears to be an attractive 
resource because of its potential for 
energy supply: it could be the 

source of 30% of the world's energy by the 
middle of next century (IPCC, 1991). At the 
present time it provides 14 % of the primary 
energy supply and represents the fourth 
major source of energy in the world (2.5 % 
in the European Community (EC); 15 % 
Sweden; 4% in the U.S.A.; 7% Canada; 35% 
in developing countries; etc.) (1). 
Recent interest in biomass derives from 
benefits in agricultural diversification and 
land management, sectoral integration, 
balance of trade and socio-economic im
provement of depressed rural areas. 
In the last few years, because of increased 
attention being paid to nature 's decline and 
climate changes, the low environmental im
pact possibilities of the biomass system have 
made it seem more and more attractive, 
with a wide consensus calling for sup
plementary investigations on suitable and 
un-suitable effects of exploiting this renew
able resource . 
Some general environmental criticism 
against large scale biomass energy produc
tion and utilization schemes focus on the 
following points: 
- Carbon balance would not be favorable 
- Soil degradation is increased by in-
creased erosion 
- Excessive use of fertilizers and pesticides 
required 
- Loss of biodiversity. 
First of all in this paper it is assumed that 
in all scenarios forecasted, closed biomass 
energy systems respect sustainable develop
ment principles, that is, biomass energy not 
only provides significant amounts of uncon
taminated vegetal resources, but also con
tributes to socio-economic improvement 
and takes into account all the necessary con
straints imposed on the carrying capacity of 
the environment (2). 

Carbon balance 

In most modern, innovative, closed biomass 
systems, the global energy balance can be 
largely positive; that means, there is no con-
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I Abstract 

Climate change, environmental degradation, agriculture decline burdened with heavy socio
economic implications and increasing energy needs for sustainable development and economic 
growth, have stimulated a frenetic search for acceptable solutions to improve this critical 
situation. Biomass production and utilization for energy has given rise to many discussions for its 
environmental impact. This paper presents a point of view that bio-energy could assume 
sustainable environmental features for our future . 
The principal arguments of this paper are: bio-energy system and carbon emission -including 
confrontation of CO, emissions between a biomass electricity closed system and a coal-.based 
electric generation system -, soil erosion, fertilizer use, pesticide use, and biodiversity. 
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tribution to the carbon build-up in the at
mosphere . Most of the atmospheric CO2 

absorbed during the growth of biomass, is 
again released into the atmosphere during 
its conversion and combustion processes . 
Therefore, if biomass energy is used as a 
substitute for fossil fuels, there will result 
a net reduction in atmospheric concentra
tion of CO2 ' 

This is supported by several detailed scien
tific studies. Some argumentation is report
ed in the following sections. 
There are two options for affecting green
house gases through vegetation/land use 
management . 
The first is to collect and store for long term 
(100 years) atmospheric carbon in forests 
through the photosynthetic process (3). 
The second option is to grow and use bi
omass for energy in an endless cycle of at
mospheric carbon «put and take» (4). High 
productivity biomass systems would require 
less land and reduce the forest areas need
ed for accumulating carbon, thus, saving 
forests in developing countries. 
Results of a Peruvian study (5) show that 
large areas of forest clearing could be avoid
ed by introducing sustainable new agricul
tural practices: biomass energy crops avoid 
forest clearing. In industrialized countries , 
biomass plantations may be located primar
ily on lands prodUCing excess food. In de
veloping countries these plantations may be 
located primarily on marginal, deforested or 
degraded lands not suitable for food 
production. 

The well-known study on climate change 
by IPCC (6) concludes that the end use of 
fuelwood biomass , from a sustainable well 
managed short-rotation forestry (S.R.F.), can 
produce net reductions in CO2 ' 

In a recent study (7) for Shell International 
Petroleum Ltd. , the carbon storage poten
tial of forests was compared with the poten
tial of energy plantations (S.R.F.). If a plan
tation is not cropped, carbon would con
tinue to accumulate over the full time scale 
(hypothesized at 50 years), with a carbon cy
cle impact of about 400 tonnes/ha in 50 
years - leveling off only after a century or 
more . If a plantation is cropped to gener
ate electricity instead of using coal-based 
power plants, after 50 years the carbon 
stock is of about 200 tonnes/ha. The fertiliz
ers and diesel fuel used to grow, irrigate and 
harvest the biomass have been taken into 
account. The conclusions of the study have 
been: «The biomass power option would 
have a larger carbon cycle impact than the 
carbon storage option in the medium-term 
as well as long in the long term». 
Also, even in the case of ethanol derived 
from food crops (wheat, corn, sugar beet, 
etc.) used as an additive (5% in a mixture 
with gasoline) for transportation in unmodi
fied engines, the CO2 emissions from 
agricultural practices, to ethanol production 
and utilization, still presents a small advan
tage (e. g., decrease of 0.25 % of the CO2 

emission in the European transport sector 
if 5 % of total transport fuel is substitut
ed) (4) compared to the use of 100% fossil 
derived gasoline 



In the best cases, 7-B tonnes oil equivalent 
(T.O.E.) of fossil fuel consumption (e.g., for 
electricity generation) could be replaced by 
one hectare of cultivated area using ncw 
high-yielding C4 plants (high photosynthet
ic efficient annual crops), or woody planta
tions (S.R.F.). 
New energy crops require less energy inputs 
than comparable conventional food-crops 
and could considerably dent the overall 
CO2 emissions (B , 4) . 
Direct combustion of short rotation forests 
(taking into consideration harvesting and 
processing energy needs) will result in a net 
sequestration of up to 160 tonnes of CO2 

per GWh of power generation (9). 
Energy crops grown on crop land offer the 
greatest benefits for long-term carbon 
reduction from fuels such as coal, oil, or 
natural gas':; For example, an evaluation of 
U.S. carbon sequestration potential is about 
1 to 2 billion tons (one American ton = 

0.90718 metric tonnes) over a 20 to 30 year 
period. In contrast, 0 .25 billion tons per 
year of net carbon emissions could be 
avoided using energy crops instead of fos
sil fuels (10). 
Some estimates of global annual deforesta
tion rates are over 15 million ha of land, 
where the estimated carbon release in the 
atmosphere is in the likely range of 1.5-3 .0 
Gt. (1) 
Most of the time , these forests are never 
replanted so that the quantity of the carbon 
emitted by the combustion of wood in
creases atmospheric carbon stock. 
For comparison, well managed forests and 
energy plantations can recycle atmospher
ic carbon indefinitely provided the biomass 
is grown on a continuous and sustainable 
basis and is then used in place of fossil 
fuels (4). 
A study prepared for UNSEGED (United Na
tions Solar Energy Group for Environment 
and Development) by )ohansson, Kelly, 
Reddy and Williams (1993)11 shows in
teresting economic possibilities in a scenario 
which hypothesizes the entire substitution 
of actual electricity generation (coal- BO% 
- and gas - 20% -) in Northern Califor
nia, by biomass (45%), gas (about 4%), 
hydro (21 %) and intermittent renewable 
sources (30%). The carbon emissions in this 
case would be 98% less than the conven
tional case. 
Among electricity generating technologies , 

biomass from wood wastes/regrowth 
presents a CO2 emission value close to zero 
metric tons of CO2 per G Wh generated. Ge
othermal, large hydro and solar thermal, 
represents between 2 to 5 tonnes/GWh; pho
tovoltaic , wind and small hydro, is between 
5 to 10 tonnes/GWh. The current fuel mix 
is over 600 tonnes/GWh. (12, 13) 
Soil organic carbon is an important and 
complex issue. With respect to land use and 
biomass resource management , it is clear 
that any amount of biomass removed from 
the ecosystem will cause a proportional 
decrease in soil organiC carbon. Also an es
tablishment of bioenergy plantation will 
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cause an increase of carbon storage in the 
soil (14) (mostly from the roots). The car
bon soil flows need more study to quantify 
the contribution from different sources. 
At present we know that the rarbon ~t{)ck 
in the soil amounts to 1,500 Gtonnes plus 
about 1,000-5 ,000 Gtonnes of carbon from 
fossil fuel. The carbon flows of the world 
biomass to the soil is about 60 Gtonnes/year 
and the soil releases about 65 Gtonnes car
bon/year into the atmosphere (15). 
The decomposing process of leaves , 
branches and roots, for some regions in the 
world, contributes most to the increase of 
carbon in the environment, and ought to be 
monitored attentively. 
The ocean contributes to the control of car
bon build-up in the atmosphere: it absorbs 
102 Gtonnes , releasing 100 Gtonnes of car
bon every year. The total carbon stock ac
cumulated in the ocean is estimated to be 
36,000 Gt. 
A tonne of biomass during its life absorbs 
and releases about 1.6 tonnes of CO, 
(94-95 kg CO,lG)) including when biomass 
is burned. Also during photosynthesis 1.2 
tonnes of O2 (70 kg O ,lG)) , derived from 
the chemical splitting of water, is emitted 
into the atmosphere by biomass . The «vital 
role" of biomass is derived from 02 being 
constantly emitted. In the case of bioener
gy systems, the 0 , provided by biomass is 
reutilized during its combustion without 
depleting the existing atmospheric oxygen 
stock. This is an important aspect that 
should be always considered. 
Energy balance is a general indicator of car
bon emissions. 
In the new concept of a biomass integrated 
closed system for advanced electricity 
generation based on new energy crops, 
which takes into account all energy input 
requirements, from production through har
vesting, transportation, drying, pre
treatment, and conversion to utilization, the 
system shows energy ratios (outputlinput) 
which are largely positive (see Table 1 and 
Figure 4) (16). 
A general discussion about other emissions 
is needed here. Pollutant emissions are sen
sibly reduced if new biomass energy 
products and suitable advanced technolo
gies now available, are employed. 
Liquid fuels from lignocellulosic materials 
(produced, for example, by «flash pyroly
sis" conversion technology) contains less 
than 0.01 % of «S,,: therefore sulfur emis
sions during combustion are inconsis
tent (17). These bio-fuels, if burned effi
ciently and completely, would emit low 
quantities of CO, NO and NO, (50 
ppm) (13). 
The alkalis content in feedstock, which 
cause negative effects during conversion 
and fuel use , should be monitored and 
reduced by improvement in breeding and 
by improved conversion/use methods. 
If biomass is used in a developing integrat
ed biomass gasification (BG) technology 
(such as BG/combined cycle for electricity 
production) air pollutant emissions do not 

substantially differ from natural gas 
fired/combined cycle. 

A specific example: bio-electricity vs . 
coal ekLlricity 
New biomass thermochemical conversion 
technologies such as integrated gasification 
with aero-derived gas turbine-steam turbine 
combined cycle (B/IGCC) or simple cycle 
(BG/GT) have just begun to be developed 
(e.g., Sweden is building a-50 MWe 
B/IGCC, mostly using wood biomass, and 
Brazil a - 30 MWe B/IGCC, mostly using eu
calyptus trees and in future also sugar cane 
bagasse) with some commercial application. 
For the hypothesis which follows, this tech
nology has been considered, in a fiber sor
ghum biomass electricity closed system. 
The amount of CO2 emissions , which are 
referred to this bio-electricity system, is 
emitted during the early establishment 
phase of the system. In the second phase , 
CO2 emissions are reduced or eliminates 
depending on how much biomass electric
ity and bio-fuels (as well as o ther renewa
ble energy resources) are substitute for fos
sil fuels employed to grow, harvest, pre
treat and transport biomass. 
From the data shown in Table 1, the results 
highlight that one hectare of biomass could 
produce 33 ,082 kWh/year (1654.1 
kWh/tonne per year) . An equivalent of 
297.5 G) of coal, with 40% plant efficien
cy [represents a 20-23 % improvement over 
conventional coal units which should be 
feasible in the years 2000 by Coal/IGCC 
repowering (Sigel and Temchin, MIT ed., 
1991) (18)), is needed to produce the same 
amount of electricity (33082 kWh). 
Considering an emission factor of 94 kg 
CO2/G) (NOVEM, 1992) (19) for coal used 
in electrical generation (O.K. Sonju, lEA ed., 
1991 (20), reported an emission factor of 
103 kg/G)) the C02 emissions from coal 
power generation will be 27965 kg/330B2 
kWh (about 0.B4 kg/kWh). The CO2 emis
sions from biomass system (Table 1) are 
4072.6 kg/330B2 kWh (about 0.12 kg/kWh) 
Using biomass electricity instead of coal, the 
avoided CO2 emissions are, in this case, 
about 23,892 kg (27965 kg minus 4073 kg. 
See also note <I> in Table 1). 
Assuming that a 50 MWe biomass integrat
ed gasification combined cycle conversion 
plant will be utilized at 6000 hrs/year oper
ating time , IBl ,367.5 dry tonnes ofbiomass 
will be needed over a one year period for 
full power operation (plant capacity: - 30.2 
tonnes of dry biomass per hour). This 
amount of biomass requires about 9070 ha 
of land. 
The CO 2 emissions from the biomass 
closed cycle in the above hypothesized 
scenario (9070 ha and 50 MWe B/IGCC unit 
for electricity production) will be 36,938 
t/year. To produce the same quantity of 
electricity the CO, emissions from a coal 
electric utility generating unit will amount 
to 253,597 t/year. The difference in CO2 

emissions represents about 216,000 tonnes. 
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Figure 1 is a comparison of CO2 emitted 
between coal and biomass power genera
tion (SO MWe/year during 20 years life time 
of the plant). 

Table 1 and Figure 2 show CO2 emis
sions from one hectare of fiber sorghum 
during a cultivation cycle. 
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Soil erosion 
Soil erosion is an important world wide 
problem. Europe alone loses about one bil
lion tons of soil each year and aboUl l' mil
lions hectares of European Community land 
are threatened by this phenomena (23,24) . 
The developing world is losing up to 20 mil-

Table 1 8iomass electriCity closed system: energy and CO2 

(Data are referred to one hectare- of fiber sorghum® per year). 

Stages 

PROOUCTION© 

HARVESTING 

PRE-TREATMENT 

TRANSPORP 

CONVERSION IN ELECTRICITY-

TOTAL 

Topics 

N 

P20S 

1<,0 

Ins.iherbicides 

Irrigation 

Machines Op. 

Harvesting 

Drying~ 

Pelletization 

Transport 

Biomass 

- A North Mediterranean pedo-climatic condition is assumed. 
® Productivity: 20 dry tonnes/hectare per year. 

Quantity+'6 

180 kg 

80 kg 

100 kg 

2 kg 

1500 m3 

15 hr 

2 hr 

20 t" 

20 t 

7.6 Km 

20 t" 

Energy Factors 
MJ/unit'6 

65 

15.5 

8.6 

760 

0.5 

173.3 

1750 

175 

66.5 

40'9 

17000 

Energy Input 
GJ'6,'9 

11.70 

1.24 

0.86 

1.52 

0.75 

2.60 

3.50 

35.00 

1.33 

0.30 

58.89 

lion hectares of productive land due prin
cipally to erosion. Most soil erosion is 
ascribed to the: impact ofhumarfactivity on 
the environment. This includes deforesta
tion without any re-plantation (in Asia the 
ratio between number of trees deforested 
and re-planted is 25/1!) and intensive 
agriculture, especially pastures. 

Energy Output CO2 Emiss. CO E ' k 
GJ Factors'9 kg/GJ. 2 miss. g 

119* 

56 

56 

56 

77 

73 

73 

73 

73 

73 

73 

-F 

655.2 

69.5 

48.2 

117 

54.9 

198 

255.5 

2555 

97.1 

22.2 

-F 

© Machine operation data include: ploughing, seed bed preparation, fertilization, seeding, weeding, pesticide treating, movement of equipment & materials, & lubricants. 
+ The highest quantities are considered in this column for fertilizers . 
• Fertilizer production emission factor corresponds to natural gas based fertilizers industry; for insecticides and herbicides are referred to petrochemical based pesticides industry; all other emis
sion factors correspond to diesel fuel use. 
~ Including pressing. 
• Dry tonnes (10% humidity). TA 
• 9070 ha is the production area (A=90,700,OOO m2) where the processing plants are located at the center. The mean farm-to-plant radial distance (d) is computed as: d=~ , where p=3.1429. 

Twice d is the mean round-trip value used!' 
# Integrated biomass atmospheric gasification with gas turbine-steam turbine combined cycle (B/IGCC). 
* From 35% net efficiency of the conversion plant (38-40% can be achieved by the year 2000). 
• The CO2 emitted at this stage has been taken up by plants in the growth process. The CO2 emitted by decomposition of residuals left in the field during harvest and during crop storage is 
equally assumed to be recycled each year back into the growing feedstock. 
9 Some authors report that energy requirements for sorghum could decline by about 30%/dry tonne under future production methods.22 

E The energy ratio is 2; the energy balance is 60.2 GJ/ha. 
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Figure 1 - CO, emissions comparison betweenfiber sorgbum and coal in 
electric power generation (50 MWe). 

Figure 2 - CO, emissions per year by one ba of fiber sorgbum. 

Soil erosion is the result of many processes 
and soil characteristics including the relative 
degree of infiltration, topography, raindrop 
impact, run-off scouring and run-off trans
port capacity (25). Climate, including the 
distribution of rain throughout the year and 
the return period of erosive rains, vegeta
tion and land management, intervene as 
primary influences and co-factors in deter
mining soil erosion patterns and intensi
ties (26). 
Herbaceous bio-energy crops can increase 
soil erosion, due principally to intensive 
planting and harvesting activity, especially 
in certain lands (e.g., the erosion rate for 
corn is about 21 tonnes/ha/year) . For those 
crops, cultivation methods as «minimum til
lage» improves soil structure stability and, 
as a consequence, controls erosion inci
dence. 
For perennial grasses the average erosion 
rates are low because planting is so infre
quent; for highlands the erosion is even 
lower (about 0.2 tonnes/ha-year) (25). 
Woody crops can contribute significantly to 
structural soil restoration. The annual rate 
of soil erosion can vary considerably from 
2 to 17 tonnes/ha. Such rates may be 
reduced by the use of a groundcover or 
weed strips between tree rows or by other 
similar agronomic methods. Generally 
speaking, total annual erosion for S.R.F. 
would be as high as for herbaceous crops, 
like corn, during the first three or four years 
of the plantation; but it would be lower in 
all following years , until re-planting occurs 
(after 20-25 years). 
According to Mitchell (1992) (27), the im
pact of S.R.F. on soils is strongly determined 
by the quality of management. 
The beneficial factors in the case of well 
managed tree energy plantation, are due to: 
a) disintegrating action by the roots; 

b) physical and chemical effects from the 
decomposition of plant residues ; 
c) protection of the soil from the eroding 
action of the rain and wind; 
d) protection of the soil from run-off ef
fects. 
A good and sustainable biomass energy 
production activity improves soil charac
teristics through better land use especially 
in areas which have been excessively ex
plOited and/or abandoned. 
The main results will be: 
- soil erosion control 
- improvement of the water infiltration, 
retention and atmospheric water cycling 

improvement of soil fertility 
- reduction of fire risk 
- increase of photosynthetic performance 
through the improved fertilizing stock 
A combined action between sustainable 
crops and correct agronomic practices (Le. 
minimum or no-tillage, controlled traffic, 
microdrains, furrow dikes, ... etc .) can have 
positive synergetic effects against soil ero
sion (28). 

Fertilizers and pesticides 

Biomass, when grown intensively , may 
cause an increase of environmental damage 
if large quantities of chemical fertilizers (in 
particular nitrates) and pesticides are uti
lized. 
Moreover, biomass by-products and waste 
may cause disposal problems and environ
mental hazards; their re-utilization could 
present difficulties. High yielding crops 
could cause significant variations in soil 
characteristics, if extended for a considera
ble period of time . 
«Compost» (by forced humification) from 
biomass by-products would solve these 

problems, by disposing of the organic re
fuse and making available a humified 
product which would then be easy to han
dle and store , and which would increase 
crop production and contribute to the 
preservation of soil fertility (29, 16) . 
Another example of positive exploitation by 
the sustainable biomass systems, is the use 
of ash from bio-energy thermal conversion 
plants as an agricultural amendant and fer
tilizer. Biomass ash is alkaline, therefore has 
a pH-increasing effect, and is relatively rich 
in Ca, K (1-2%), Mg, Si, Fe, AI, and P 
(3-4 %) (30). At the same time, there is grow
ing interest in the utilization of sludge, waste 
water and leakage water as nutrients for 
energy plantations. 
The choice of appropriate crops in rotation 
schemes and agricultural techniques could 
also be very helpful to minimize fertilizer 
and pesticide use. 
Mixed cropping, interplanting with 
nitrogen-fixing species (e .g. actinorhizal 
trees), use of mycorrhizae fungi (which fix 
nitrogen), infrared radiometry monitoring 
(which permits knowledge of exact nutrient 
deficits), are only a few examples of useful 
agricultural techniques (30, 16, 31). 
New C4 crops (e .g. miscanthus and sweet 
or fiber sorghum), are resistant to entomo
logical attacks and present low fertilizer and 
water needs (up to 50% less than corn). 
Plants like Cynara Cardunculus (indigenous 
to the Mediterranean area and well adapt
ed to dry conditions - e .g. , no irrigation 
needs) does not require a nitrogen contri
bution during its first years of growth (32) . 
These are examples of appropriate energy 
crops. 
Nutrient losses to surface waters from bi
omass energy plantations are expected to be 
much less than those from agricultural lands 
they replace. Woody crops , for example, 
may require much less fertilization (and pest 
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management) if diverse set of plants are in
terplanted. 
The application of herbicides, usually ap
plied immediately after planting are required 
to control weeds. Herbicide applications are 
utilized for both tree plantation and conven
tional food-rowcrops (such as corn and soy
beans) at about the same rates but, for tree 
plantation, herbicides after the initial two 
years would not be used again until see
dlings are replanted after about 20-25 years 
(six harvests), in the case of S.R.F. However, 
there is a general consensus that insecticide 
use on forest cultivation would be too low 
to have any significant ecological im
pact (33). 
Generally, well selected biomass crops re
quire less pesticides than conventional food 
crops which need a great amount of pesti
cides during the ripening period. 
According to an EC report (4), it can be con
cluded that some new high yield biomass 
(as C4 plants or improved wooden species 
for short rotation forestry method), requires 
much less fertilizers and pesticides than for 
traditional agricultural crops. 

Biodiversity 

«Biological diversity" encompasses all spe
cies of plants, animals, microorganisms and 
the ecosystems and ecological processes of 
which they are a part (34). Soil degradation 
by deforestation and mono culture is one of 
the main causes of loss of biodiversity. The 
relations between biomass energy and soil 
preservation have been presented in previ
ous sections. 
The impact ofbiomass energy on biodiver
sity is dependent, at the regional scale, on 
the measure in which the land is dominat
ed by farmland , grassland, or forest. 
Tree plantations could provide significant 
beneficial changes in regions dominated by 
land utilized for agriculture, highland, or 
pasture, providing for a greater number of 
microniches and a greater local biodiversi
ty with some unique habitats for unusual 
species (30). 
For example, significant increase can be ex
pected in earthworm content, as well as in 
soil fauna , in poplar and willow stands, 
which were formerly soil of pine planta
tions (35). 
The choice of appropriate crops and its 
management is important to biodiversity. In 
fact, inappropriate plantations will result in 
loss of biodiversity, but environmentally ac
ceptable plantations which include such 
techniques as nitrogen fixation , genetic 
selection, breeding, species propagation 
techniques, etc., could produce worthwhile 
biodiversity preservation and other environ
mental benefits (36). 
Furthermore, biomass is made up of a large 
variety of genetic cultures which, if judi
ciously, used need not result in difficul
ties (4), especially if continuous genetic im
provement efforts are carried out. 
The presence of organic matter in the soil 
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A: Inputs from 1000 ha of fiber sorghum energy system: 58600 G]lyear. This value differs from Table I because 
the transport data has been modified to 1000 ha instead of 9070 ha in Table l. 

B: Output. Direct combustion in power station option: 23% net efficiency; 78200 G]lyear. Energy ratio: 1.3 3. 
C Output. Pyrolysis oil fuelled in power station option: 23% overall efficiency; 85000 G]lyear. Energy ratio: 1.45. 
D: Output. Pyrolysis oil fuelled in diesel power engines option: 27% efficiency; 91800 G]lyear. Energy ratio: 1.56. 
E: Output. B/IGCC option: 35% net efficiency; 119000 G]lyear. Energy ratio: 2.03. 
F: Output. Combustion/ceramic gas turbines option: 36% net efficiency; 122400 G]lyear. Energy ratio: 2.08. 



promotes the increase of soil organisms and 
direct effects on metabolism and other 
processes. Biomass production systems can 
constantly recycle and/or add amounts of 
organic matter to soil and litter; therefore, 
biomass systems, established in degraded 
land, could provide excellent habitats for 
wild fauna. 
However, the loss ofbiodiversity cannot be 
ascribed only to an eventual un-sustainable 
agro-bio-energy system. Human pressure on 
land and ecosystem, from food production 
to exploitation for industrial, chemical, 
mineral and energy resources, are all liable 
for damages to biodiversity in different 
proportions, depending on local situations. 
Globally, several technical and economic in
itiatives are needed in order to manage 
growing populations in a sustainable way 
and to meet demand of land for various hu
man activities, assuring at the same time 
conservation of the environment and main
tenance of biological diversity, which can 
be attained more by dynamic nature con
servation rather than by strict and passive 
preservation. 

Conclusions 
If sustainable plantations and appropriate 
technologies are chosen, biomass energy 
closed system (Figure 3) could show the 
following environmental advantages: 

favorable carbon balance 
- control of soil erosion 
- low requirements for fertilizers and pes-
ticides 
- compatibility to biodiversity 
There is no doubt that: a) adoption of bi
omass crops which are not compatible to 
the local environment, b) inappropriate 
agronomic interventions, c) indiscriminate 
use of fertilizers and pesticide, d) adoption 
of low efficiency and high pollutant, con
version/ utilization technologies, ..... etc., 
can all give rise to an intensification of en
vironmental damage. 
In other words, the adoption of an un
sustainable biomass energy open system, 
from biomass production to its process and 
utilization, could be the effects of a misun
derstanding (and a big mistake) about a 
promising environmentally friendly sector. 
It is important to make a comparison be
tween bio-energy and fossil fuels resources 
(oil and particularly coal), also monitoring 
the quantity of CO2 and other pollutants 
emitted during the extraction, mining, trans
port and processing (e.g. coal pulverization) 
of those conventional sources of energy. 
Considerable amounts of CO2 emissions 
can be avoided using biomass as a substi
tute for fossil stock resources: about 
216,000 tonnes/year producing 50 MW of 
power. Favorable energy balances are 
achievable through new biomass conver
sion technologies (Figure 4). 
A serious program for encouraging develop
ment of biomass energy on a small or a large 
scale, must include a careful investigation 
of all possible environmental aspects. 
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Definition of ecological guidelines and limi
tations , as well as adoption of specific regu
lations for bio-energy activities and strict 
controls of its application are suggested «in 
order to avoid environmental disaster and 
capture ecological opportunities» (3) . 
As a consequence of the horizontal dimen
sion of biomass and considering agricultural 
needs, population growth, ecosystem and 
environmental degradation, energy deficit ... 
etc. , to which bio-energy may offer signifi
cant contributions, this sector is now locat
ed on a multi-interest/multi-policy area 
where the policy-makers begin to stir (37) . 
If the above strategic attributes are recog
nized, then some appropriate measures are 
needed to reduce the delay in the develop
ment and commercialization of bioenergy 
technologies in view of the urgency of such 
problems. 
The first step is take measures to stimulate 
R&D and demonstration activities which 
would show the real potential and limits of 
this new sector. • 
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