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Abstract. The study is aimed at evaluating the potentialiofmass energy production as an
alternative to fossil fuel depletion and to analylse environmental benefits and drawbacks of using
biomass. Synthetic data related to Romanian cas@rasented and a method of biomass potential
assessment is developed. A life cycle assessmethibdwogy is presented in order to evaluate the
environmental impacts. The paper concludes by suinm@ the biomass energy production potential
and suggests steps for identifying and utilisatibbiomass for energy.
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INTRODUCTION

The potential source for bio-energy in Romaniaricadjure is large, where diverse
and high biomass production are possible. The gmwioncerns on needs to develop
sustainable energy sources, as well as, on enventahimpacts of all processes involving
fossil fuels have renewed the interest in usingnaiss for energy production

On the other hand, the potential environmental fisnef biomass utilization as
alternative source of energy are numerous. In @adib a dramatic decrease in the amount of
carbon dioxide produced per kWh, implementatiobiofnass energy production will reduce
fossil fuel consumption and significant mitigatépgwr and nitrogen oxide emissions.

Additionally, compared to conventional crops, bi@saglantations may increase
biodiversity and reduce soil erosion. However, assmused for energy production may also
have some negative effects on the environment anth® costs of energy which is higher
than that of fossil fuel [2].

METHODOLOGY OF EVALUATION

There are many questions in connection to energdyation from biomass: What
parts of the integrated system are responsiblehBoemissions? Is biomass a potential source
of renewable energy for the case of Romania?

To answers to these questions a systemic analydiseowhole energy production
process is required. Broadly speaking, the ovesgdtem consist of biomass production, its
primary processing and transportation to the pgulants, conversion of biomass to energy,
environmental stressors that are associated witlrezting the raw material to energy (e.g.
emissions, resources, consumption and energy use).

Fig. 1 shows on integrated system of energy pracluétom biomass.
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Fig. 1. Integrated system of energy production flmomass

Thus, systemic analysis of integrated energy proglusystem from biomass must be
based on quantitative descriptions of the inteoactamong the input factors (e.g. fuel
consumption for biomass production and primary @sstg and transportation, tractor and
implement manufacture and operation, fertilizerl@agtion, harvested yield) and the output
factors (e.g. resulted energy, emissions, waste).

The equation that govern the biomass energy pramusystem may be written as

Q=f(1) (1)

Where Q represents the output of the process atiddies the final products of the process
(energy, emissions and waste) andihput of the process consists of total energyliag to
the whole process and the material involved (@g.materials, intermediate feedstock).

The factors in equation (1) are abstract becauseh @s not clearly defined
guantitatively, but they do represent distinct edats in the integrated biomass energy
production system. If we can express and corréet@lements of equation (1) in quantitative
terms, the total economic and environmental beneifitd drawbacks of the process can be
quantified.

To complement this study, a life cycle assessmgbAf methodology is presented to
quantify the total benefits and drawbacks of thérersystem from biomass crops including
emissions and costs from diverse sources suchaasimg and harvesting, transportation and
energy production.

It should be emphasized that the evaluation ombss and energy production from
biomass in a life cycle perspective is a very hand complex task. In this activity should be
involved experts, researchers, decision-makerspaaghle who are involved in the overall
processes of production and utilisation of bio-gger

Generally, such an evaluation is developed asvgaaative analysis highlighting the
economical and environmental benefits and drawbatksne over the other (e.g. biomass
over the coal).

The systemic analysis is considered to be suit@bt®nduct this study. This method
has the potential to consider the overall proceasea system or black box, in which there
may be introduce all category of data related éostystem of energy production from biomass
(Fig.1).

Most and difficult work in a systemic analysistasdefine, quantify and correlate the
factors included in the system (e.g. energy reduioe soil cultivation, energy embodiea
the machines involved in the process,,@missions, energy embodied in biomass etc.).

Other problem of this method is the system bouedaand data availability for the
evaluation of energy from biomass in a life cyospective. The system boundaries should
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be drawn as large as possible (e.g. from the didraof raw material for fertilizer needed to
grow biomass). If a large system can not be quadtift may be divided in subsystems which
can be expressed in a quantitative way.

The methodology for analysis of energy productitcom biomass has mainly three
components:evaluation, impact analysis and continuum improvements. The evaluation
involves quantifying the energy and material reguients, air and water emissions, and soil
waste from all stages in the life of products amatpsses involved in the production of
bio-energy.

Evaluation of biomass and biomass ener gy potential

Biomass is a short cycle renewable fuel that fwdsrpial to reduce or even substitute
the current fossil fuel. It may be used for tramtguoon (e.g. ethanol, methanol, vegetal olil,
biogas), for electricity production, for heatingdaior chemical production. For electricity and
heating, may be use as a single source of comiustim combination with other sources.

The biomass is being divided in two main categamgin andwaste biomass.

Virgin biomas refer to that part of biomass which is grown oih @errestrial biomass)
and into water (aquatic biomass) and is destineth®production of energy or other product.
A realistic assessment of biomass production, asggresources, can be made by calculating
the average surface areas needed to produce snffimiomass at different annual yield to
meet certain percentages of fuel demand for ountry, and then to compare these area with
those that might be made available. For an hypitiseenario, it is assumed that biomass,
whether it be trees, plants, grasses, algae, arwé&nts, has a heating value of 15.5 GJ/dry t
[6], is grown under controlled conditions, at yi@tl15 tonne dry mass per hectare per year
and is converted to energy. This condition of biesnproduction and conversion either are
within the range of present technology and agnrealt practice, or are believed to be
attainable in the near future. Let assume that \@etwo reduce or eliminate the import of
natural gas and replace it with virgin biomass gpeAccording to Romanian statistical
yearbook , 10.2 % of total primary energy resoslinoe2006, come from imported natural gas
(Fig. 2) . It represents approximately 4883 thodsaroe (tonne of oil equivalent),
respectively 204,360 thousand GJ (one toe = 4G.85 respectively 13065 thousands tonne
of dry biomass per year. Considering a yield ofiiyptonne of biomass per hectare per year,
there are necessary to cultivate 1,306,500 hedfnargin biomass per year. It may be
concluded that, in the case of Romania, this scemarealistic.
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Fig. 2. Structure of primary energy resources,dae
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This scenario may be applied to any primary enagyrce substitute by using the
following formula:

Sha= Ms.. G /HV} /Pra 2)

Where m represents the amount of primary energy sources fassil fuels to be
substitute, in toe; C - the conversion unit factor (e.g. toe to GJ);,H\heating value of
biomass, in GJ/dry t; B . production of biomass per hectare, in dry t/ha.yaad J,
represents the total area to be cultivate to dulstn primary energy sources, in hectare.

Another large source of renewable energy suppiesste biomas. It consists of wide
range of material and includes agricultural crod &orestry residues, municipal solid waste,
sewage, industrial waste, animal manures, landsgapid tree clippings and trash, and dead
biomass that results from natures life cycles. Semste can be recycled but most of the
waste biomass is a potential energy source, agbigmass is.

According to EU strategy, Romania will increase téeergy production from
renewable sources up to 11% in 2010. It representsalistic possibility due to the high
energy potential from biomass, evaluated at 758&4dands toe per year, which represents
19% of total primary resources consumption, in 2B)0The sources of waste biomass are:

e agricultural crop residues 4,799 thousands of toe per year;

» forestry residues and fire wood — 1,175 thousahdise per year;

e wood wastes— wood dust and other wood residue87thbusands of toe per year;
* biogas - 588 thousands of toe per year,

e municipal and industrial waste — 545 thousandsefper year.

The biomass consumption represents an importacepe&ge in the primary energy
resources, as it can be seen in Tab. 1. During-2996, the biomass consumption decreased

by 21.57% as a result of decreasing total consiompf primary resources and increasing
of fossil fuels consumption.

Tab. 1
Consumption of biomass energy compared to totatqm energy resources
Specification Units | 1996 | 1997 1998 1999 2000
Total consumption of primary resources PJ 2341 2146934 | 1666 | 1689
Biomass consumption PJ 205 141 127 118 116
% 8.76 6.57 6.56 7.10 6.87

Source: Romanian Statistical Yearbook, 2001

It is important to examine the potential amountdiotfuels that can be produce from
biomass and to compare these amounts with othewadrle energy sources. This would
make it possible to estimate the percentage ofggndemand that may be satisfied by
particular renewable energy type. In Tab. 2 is gme=d a comparison between different
category of renewable energy potential in Romana@uding biomass energy.

Tab. 2
Energy potential of renewable energy sources aodyation plan for 2010
RES sources Potential Destination Production plan for
[toelyear] [%] 2010, in [toelyear]
Biomass 7594 52.85 Thermal and electric energy 3347

Hidro 3444 21.54 electric energy 1565

Wind 1978 13.70 electric energy 27

Solar 1536 10.71 Thermal and electric energy 7.5
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Geothermal 167 1.20 Thermal energy 17.5

Total 14719 4964

Source: ICEMENERG, ENERO

As it can be seen, there is a considerable potersftiniomass energy in Romania,
evaluated at about 7600 thousands toe/year (mame H9% of total renewable energy
potential). If we take into account new dedicatéahfations for biomass (poplar, willow,
sorghum, aquatic biomass etc.) a more realistiesassent of bio-energy potential might be
developed.

Analyses of environmental impacts

Biomass cultivation offers the benefit of reduci@@, NOx and SQ, being in line
with EU new energetic police. One of its targabiseduce the emissions of greenhouse gases
up to 20% in 2020, in comparison with 1990 [4]. D, various studiegdicate that its
concentration will double by the latter period bfstcentury. Oil is the largest G®ource,
followed by coal and natural gas [3]. To developrenquantitative information regarding
atmospheric C@the emissions on combustion of oil, coal and natyaa per energy input
unit is used to calculate the gftom fossil fuel combustion.

Because of the environmental trends today, it ajgpibat international agreements to
limit fossil fuel consumption will be implementedhis will require much greater usage of
alternative fuels produced from biomass. The migsiificant negative environmental effects,
from this fuel cycle are caused by the use of chalwiand fertilizers to cultivate biomass.

The environmental impacts and socio-economical fitere all processes involved in
producing and converting biomass to energy mightgo@ntified by using life cycle
assessment (LCA) methodology. LCA is a tool that ba used to evaluate the potential
environmental impacts of a type of biomass througlts entire life cycle by quantifying the
use of resources ifput” such as energy to produce biomass, raw matesiachiemicals,
fertilizer and manufacturing of machinery forrtsport and biomass cultivation etc.) and
environmental emissionsdttputs’ to air, water and sailsuch as C@ NO, SO, and CO).
LCA performed in conjunction with a techno-econorfeasibility the total economic and
environmental benefits and drawbacks of the procasse quantified. This technique can be
used in project decision-making and in comparirgy\iability of different technologies and
processes and primary energy sources. The metlgydoloLCA, generally includes three
phases: inventory, impact analysis and improvements

The inventory stage involves quantification of gyyeand material requirements, air
and water emissions and solid waste from all stage¢be cycle of bio-energy production.
According to systemic analysis which had been dised in introduction and methodology,
the biomass life cycle might be presented as aesstree (Fig. 3). Each box represents a
process which forms part of the life cycle.
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Fig. 3. Schematic representation, as a processaf&o-energy production: I-input; O-output; E-
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Bio-energy processes have defined inputs and autfiie inputs are raw materials
and energy (e.g. energy for soil cultivation, inpéifproducts such fertilizer which is output
from other process etc). The outputs are emiss{ensironmental outputs), and energy
(economic output) and disposals.

With information about each process and a progessdf the life cycle, it is possible
to draw up a life cycle inventory of all the enviroental inputs and outputs associated with
the bio-energy production. The result is calledttiite of impacts. Each impact is expressed
as a particular quantity of a substance (e.g. eomsglues of one energy unit of biomass -
CO, NOy SO and CO). The data collected in the table of impace used for systematic
evaluation of the impacts through life cycle impassessment (LCIA).

In conclusion, LCA has the potential to identifyakiate and help minimize the
environmental impacts of bio-energy production psscor competing process. Material and
energy balances are used to quantify the emissiomspurce depletion and energy
consumption of all processes between transformaiforaw materials into useful products
and the final disposal of all products and by-piidu

CONCLUSION

Romania has a high potential of energy productimmfbiomass. By developing a
new concept of biomass energy production and auosingl based on bio-energy, biomass
have the potential of becoming basic energy souacekto substitute part of fossil fuels.
Increasing feedstock flexibility and smaller scedéative to fossil-fuel power plants present
an opportunity for bio-power in rural area, where biomass is cultivated.

Biomass offers the benefit of reducing £Q0,, SO, and CO emissions and soil
erosion can be substantially reduced. LCA methagoloan be used to evaluate the
environmental impacts of a type of biomass througlts entire life cycle.

Much more studies have to be conducted in ordev&buate the potential of all type
of biomass in term of ecological and socio-econatnieria.

REFERENCES

1. CIGR, (2000). Handbook of Agricultural Engineeringol. 5, Energy and Biomass Engineering.
Edited by CIGR — International Commission of Aggifreering, USA.

2. Klass, L. D. (2003). Biomass for Renewable EneFgiels and Chemicals. Academic Press, San Diego,
USA.

3. Mann, K. Margaret, (1997). Report on Life Cycle dssment of a Biomass Gasification Combined-
Cycle Power System. Midwest Research Institute. IUSA

4. Romania. Romanian Government. Romanian Energye§lyatComponent of Production of Bio-Fuels,
Bucharest 2006.

5. Ros, Olimpia, Cs. Gyenge, and DongiFitila (2004). Analysis of ecological impact of a prodoat
the environment using LCA method. Acta Mechaniaav&ka, ISSN 1335-2393, p. 33-38.

6. Stout, B. A. (1992), Energy in World AgricultureoV 5, Analysis of Agricultural Energy Systems.
Elsevier, Amsterdam.

464



