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Abstract - GHG emissions, eutrophication and energy
dependence are problems that the EU has to face ihg near
future.

The BioWALKA4Biofuels project aims to find a common
response to these challenges, taking advantage gfomtaneous
biological processes: the growth of algae and anashic digestion
of biomass.

This project is being built thanks to European fundng under
the 7th Framework Programme.

To evaluate the results obtained,a first LCA study wa carried
out that, as regards the data on infrastructure andon the
assembly of the plant, refers to data supplied by anufacturers,
while the study of algal growth was made on the basof a model
of cultivation that takes account of the aspects #t most affect
this key process among all the ones that cooperate the whole
plant.

The electricity and heat produced through a co-genetor
fueled by biogas produced from algal biomass, acading to this
study, are responsible for GHG emissions reduced byp2%
compared to traditional technologies.

The biogas produced during the 4 years of the projeéallows
the substitution of 85 tonnes of oil equivalent (i®).
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I. INTRODUCTION

The idea that led to the creation of the B4B progtems
from several considerations:

1. Europe imports 60% of its energy needs from adbro
This situation is unsustainable and a solution #rables to
get away as far as possible from energy exporterst rbe
sought.

2. Our targets for reducing emissions of greenh@ases
identified by the Kyoto Protocol require a furttreduction of
GHG emissions in many European countries.

3. The phenomenon of eutrophication of water asfecany
coastal areas of the continent, as well as intezoatses and
ponds. This phenomenon caused by the dischargérofjen
compounds in sea causes primarily a high growthopfatic
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plants. When they die and decompose the subsequent
absorption of oxygen causes the death of all bfen§ in the
stretch of water affected.

4. The macro-algae are plants that, even under alorm
conditions, have a very high photosynthetic efficig
approximately twice that of terrestrial plants

(energetic crops) traditionally used for the prdarcof 1st
generation biofuels.

5. On the other hand, it has been observed in aksterdies
that such an injection of carbon dioxide in thetigation
medium of algae can increase the rate of daily grddGR,
allowing production to be three times larger in sospecies
than in standard conditions of cultivation

Policy-makers in making appropriate and urgent ad®iin
terms of energy must take into account all theped@s, while
the role of research should be that of propositeyrstives to
choose from, providing at the same time an asseasofi¢he
value of the proposed solution.

The BioWALK4Biofuels project proposes
multidisciplinary approach to these issues, tramsiog the
negative aspects listed above into benefits.

Four tanks with a total area of 5008 will be installed in a
stretch of sea in the industrial port of Augustabdler, a few
meters away, serves an industrial plant and emitpresent,
about 500 tons per year of carbon dioxide that bellinstead
directed into the tanks to stimulate algal growth.

Finally, to support and stimulate furthermore tlyatkesis
of new biomass through photosynthesis, the injactad
nitrogen compounds will be provided in an algaewgho
medium to recreate the conditions of eutrophicatiwhich
will cause a further increase in production.

The biomass thus obtained will be sent in an intiega
anaerobic digester, able to convert almost all lissninto
biogas.

In this way, from the limited space available, wid ty to
get a quantity of biofuel comparable to those otadifrom
terrestrial plants only from areas several timegda This
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FIG.1. BLOCK DIAGRAM OF THE BIOWALK4BIOFUELS PLANT[1].

reduction will have a beneficial
environmental and social issues.

First of all, the limited extension of cultivatiosill mean
that farm machinery will not be required to moved ahe
harvested biomass will not need to be transpontenh fone
place to another. The movement of water, necessaayoid
mutual shading and thermal stratification, will ¢besigned in
such a way that biomass is transported to thegseofiharvest
and collection.

Secondly,
efficiency in the absorption of CO2 and nitrogempounds.

Finally, no land surface will be taken away fronmiagiture
and thus food production.

impact on energy, together with the cultivation, to the production lmibgas

from anaerobic digestion of marine biomass.

The calculated emissions over the lifecycle ofgilaat B4B
will be compared with the alternative represented the
current situation.

This will give the opportunity to quantify the bédite
gained through the adoption of the process tested.

[ll.  FUNCTIONAL UNIT
The system function is the production of electyicitnd

an intensive cultivation allows for gezat heat, and the processing and absorption of carboxide

contained in exhaust fumes of an industrial boiler.
The functional unit is defined as follows:
e Electricity: 4,44 TJ (1,11 TJ/year)

The objective evaluation on the values and benefits « Thermal energy: 8,88 TJ (2,22 TJ/year)

provided by the installation B4B will take into a&cmt
environmental impacts both local and immediateaygd in

e CO; produced: 2045 tons (511 tons/year)
These amounts reflect the potential performancthén4-

time and space as well. The instrument that cant begar duration of the project under the hypothesithe study

accomplish this task is the Life Cycle Assessmef4), the
more so because of the variety of issues relatéliktproject.

Therefore this study seeks to provide an initiaductive
assessment on what may be the energetic and emeérdal
performances reached from the manufacturing ofdsdgom
anaerobic digestion of algal biomass produced bgnsive
cultivation of macro algae.

[I. STUDY OBJECTIVES

carried out.

The B4B plant will be compared with the presentnsci®
in which energy needs and greenhouse gases ang@&mtsas
follows:

e Covering the energy needs with traditional fo$séls
(EN590 diesel for heat and fuel mix representatifre
Italian thermoelectric power generation);

¢ Release of boiler flue gas into the atmosphere.

This study aims to assess the GHG emissions due topn gverview of the process used in the B4B plarghiewn

construction of the plant and processes that dmrig]

schematically in the block diagram in (Fig.1):
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FIG.2. BLOCK DIAGRAM OF THE SCENARIO REPRESENTINGHE PRESENT SITUATION.
Algae broth should be fed with the necessary eldmen
The focus of the process is the cultivation of alghat to guarantee optimal photosynthesis rate:
occurs in a system of pools created by floatingtpons « Carbon dioxide [49];
in HDPE (High Density Poly Ethylene) and geomemlgran

sheeting EPDM (Ethylene Diene Monomer Propylene). * inorganic nutrients (N, P, K) [22,23, 24, 39].
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The CQ is piped from a boiler to an industrial fan thagas emissions, namely the amount of ,GBat the algae
mixes it with ambient air and sends the resultiras go cannot absorb.

the algae cultivation ponds. The key test for defining this assessment is thiyda
The inorganic nutrients come from local availablgrowth rate of algae.
manure, rich in N5, NOy and PQ. This parameter is defined as [25]:

The manure must be collected and transported daily
from the surrounding farms to the plant and dissdhn W, Y,
water to facilitate the best chemical and physical DGR = [( rf'rL-l-—’D) - 1] - 100(2)
conditions for algae uptake.

The resulting enriched water is sent for cultivatigith
an appropriate system of pipes and pumps, whilesthiel
residue of the treatment is prepared by a gringinmp to
co-feed the anaerobic digester for biogas produactio

The algae are grown for an appropriate time andh the
extracted with a mechanical system of grids plaicethe
exit channels of each bath and then shredded andtse  ® Temperature of cultivation
digesters. e Solar energy

The anaerobic digestion process that allows the Photoperiod
transformation of biomass into biogas takes platehie
digesters. It is then used in a process for theenegation
of electricity and heat.

Each of the processes listed and displayed in theThe joint analysis of these parameters in reall@iti
system’s block diagram is responsible for alant led to the determination of the achievable FD(
environmental load (in terms of emissions of GHigste  Sicilian plant and then the expected biomass prodoc
examined in this study) due to the assembling afhea Literature references used to develop the cultorati
examined component (materials, production proceasds model are: [2, 3, 6, 7, 11, 12, 13, 14, 15, 18, 28, 22,
transport system) and the production phase (energ$ 25, 34, 47, 48, 49].
required to complete the process and associatedBy knowing the need for inorganic nutrients, the

In which:
e W= biomass weight at day “t”;
e Wy= biomass weight at day “zero”;

And is a function of parameters such as:

e Amount of CQ injected
e Amount of inorganic nutrients injected.

emissions). amount of manure needed to sustain the cultivatem be
The equivalent system on the current situationhiswen ~ determined.
in (Fig.2):
TABLE |

IV." LCI- DESCRIPTION OF PROCESSES AND MATERIALS MONTHLY INPUTS AND OUTPUTS FROM THE CULTIVATION PROCESS

A.Algae production
. Bi co Cco Poult
The heart of the process is the growth of algaee Th Month pro'zzliis;n T mz:u:‘i
. . apsoroe release
most important conversions operated by the systeen a ton/month |ton/month | ton/month| ton/month
cgncentrated in this proces;: ppllutmg compoqndsh_sas January P 5 ~ >
nitrogen ones and carbon dioxide are synthesizeplant February 71 17 21 49
tissues and then their impact on the environment is ||March 164 39 3 114
avoided, allowing moreover the anaerobic digestifn April 18 37 2 110
. . " May 178 42 0 124
biomass obtained to produce biogas.
, i ) | |pune 178 42 0 124
The massive and continuous growing of macro-algae i [, 173 P 0 124
tanks has yet to see industrial applications anenth August 178 42 0 124
waiting to produce experimental data in the systéms September 172 M1 0 120
assessment will be based on assumptions and pieslict | }october 184 43 0 129
models of crop derived from the analysis of literat and Nopember 18 2 2 2
P ) y ] ] December 52 12 16 36
the results of the first laboratory studies carrimat by
institutions that collaborate with the project. [tot [ton/yr]] 1729 208 02 1208

The analysis of cultivation here will be made witre
aim to quantify the biomass produced (over eaclr,yiea
the 4 years of the project) and the remaining gneese
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The data in the table relates to a constantly updat The system of pipes for enriched water supply cstssi
model developed by “Sapienza” University of Romatth of two sections:
refers to the knowledge achieved at the time of its The first section makes use of a PVC pipe with a
completion. The development of the model is conttyan diameter of 0.3m to carry water from the pumpinatisin
evolving and updated results will be publishedhe hear up to the tanks (40m approx.).
future. The second section makes use of PVC piping of 430m
The LCA study has the aim to define and quantifyith a variable diameter along the duct to get ithe
emissions and consumptions, related to the prosesganks for the enriched water.
involved in the B4B project, necessary to produce Applying the ‘Darcy-Weissbachformula it is possible
electricity and heat previously defined in the Fimcal to calculate the pressure drop in the ducts thatesponds
Unit [4]. In order to assess algae production intpads to about 67 kPa.

necessary to define: In order to guarantee a correct algae broth mixing
« Emissions that are ahead of the growing phase aHtpide the pools, it is necessary to furnish a camswater
that make it possible; flow of about 36 rivh.

e Emissions which make possible the transformation of The pump that accomplishes this work has a power of

algal biomass in the energy service examined aﬁ?'d5 kW and is in operation for 24 h/day for 320 slay

defined by the Functional Unit. year implying an energy consumption of 27 MWh/year.
The selected pumping system has a mass of about 110
B. Algae cultivation tanks production and transport kg and consists primarily of steel.

_ The construct|on_ of these components Is & Veryn gases insufflations and transport infrastructures
important element in the impact assessment procass,

those examined are very heavy structures made ofT,he procedure adopted -for th,e ev_aluanorl of
plastics, whose manufacture requires a lot of e a environmental burdens associated with this procisss
lot of valluable raw materials similar to that performed for the analysis of theater

In order to assess algae cultivation impact, it ig|str|but|on system.

necessary to set up the LCA on the basis of dataiged T:e plpkellne_‘ﬁ fcl)r the co_nve;;ance of 9""5 f.rom thiebo
by the manufacturer. to the tanks will also consist of two sections:

Tanks manufacturer: The first section makes use of PVC pipes with atan

) of 50m and a diameter of 300mm. It carries gasesnfthe
e EPDM (ethylene propylene diene monomer): 7400 kgentilation station to the tanks

» Distance transport (TIR): 200 km The secondary section makes use of PVC pipes with a
e Distance transport (boat): 1400 km length of 430m and a variable diameter along thet dor

Pier manufacturer: distributing the gas mixture inside the tanks.

« Aluminum: 1200 kg The ventilation will absorb a total capacity of kBV

and an energy requirement of 56 MWh/year.

* HDPE (High Density Poly Ethylene): 24550 kg The pair of fans that perform this function hasogal

» Distance transport (boat): 1000 km. weight of 320 kg and consists primarily of steel.
C. Water pumping and transport infrastructure E. Manure treatments
The water that comes out from the manure washing gefore being processed through the anaerobic digest
process is subsequently pumped to the tanks. manure shall be subjected to different treatments.

The environmental burden related to this process firstly, it should be finely choppedand then

mainly depends on the energy consumption of thghsequently crossed by a stream of water thatwallo
circulation pump, and on the resources consumeslitl  ammonia to dissolve, representing the nitrogen form
the machines used and the transport of the finishggeferentially absorbed by the algae.

product. _ It is necessary to filter the enriched water resgit
In order to evaluate the impact due to water pumpirrom this process in order to avoid the presence of

among the pipes, it is necessary to know exactiyttd syspended particles that can absorb light usefuhligae’s
characteristics related to water flow and pipe geo, pnotosynthesis.

that allow to calculate the type and size of thechiae The solid residue of the washing will be sent te th
and, subsequently, the materials used to build it. anaerobic digester in order to contribute to thedpiction
of biogas.
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To perform this task, a chopper pump and a ciréhat vary depending on time of cultivation from a few
pump are needed. centimeters to a few tens of centimeters.
On the basis of data provided by the manufactuaes On the basis of data provided by the manufactuaecs
considering 4000 h/year of functioning it is pddsito considering 8000 h/year of functioning it is podsilio

determine: determine:
e Installed power: 0,8 kW e Installed power: 2 kW;
e Electricity consumption: 3 MWh/year e Electricity consumption: 16 MWh/year;
¢ Weight of equipment: 200 kg ¢ Weight of equipment: 1000 kg;
e Transport distance: 100 km e Transport distance: 100 km (local manufacturer).
F. Manure transport H. Archimede Rotors for Anaerobic digestion
Algae subjected to intensive cultivation requiréaege The B4B project adopts an innovative rotating
amount of inorganic nutrients, particularlybiological contactor capable of increasing anaerobi
ammonia(NH), nitrates (NQ) and phosphates (Rp digestion efficiency reducing maintenance costs and

The average manure daily need is equal to 3,3 &yn/denergy consumption.
that has to be regularly fed to the system withaa,vthe The archimede system is based on rotating bioldgica
fuel consumption and emissions of which should beontactors (RBCs) exploiting fixed biomass procssse
considered in the evaluation of the life cycle. including low energy consumption, simple operalikind

The distances that the van has to cover daily démen good capacity to withstand shock loading.
which farms will conclude the agreement for thepoisal “Archimede Rotors” represent advancement in théesta
of sewage. At this stage the assumption made istttea of the art in comparison with existing equipmentr fo
distance traveled daily by truck is 50 km/day. several reasons as described below.

Even if the main application of RBCs is for aerobic
processes, the B4B project adopts a fixed film for
producing Biogas through anaerobic process.

The two-Phase anaerobic digestion has the advanitage
create a microenvironment existing between the omadi
and the liquor, determining the activity and fuoctality
of a fixed biomass system.

RBCs “Archimede Rotors” will permit to obtain:

G. Algae harvesting

This point is one of the major advantages of th8B4
with respect to the current prototype of algal imation
for the production of bio-fuels through the cultiia of
micro-algae, because of the ease of the collecodn
biomass in the process studied.

The separation of micro-algae from the culture medi
represents one of the most critical challenges he t

. o The largest surface to volume ratio;
energy balance of the production processes of bisli * g

Today it is necessary to centrifuge the culture e e Improved mass transfer through the biofilm;
with suitable sieves in order to obtain the isalatiof e Biofilm renewal with proper turbulence;
unicellular algae to extract the lipids to be tezhtater. e Enhanced operative flexibility;

It is therefore clear that, from the standpoint tbe
LCA, the process of separation of micro-algae itical

step that requires a high amount of energy andusiee of anaerobic digester and rotates on its axis by ffeceof

equipment and materials with high production costs. . : .
. . air or gas inflated. Its particular structure astaasupport
The use of macro algae in the B4B plant dramatycall

L . : . . . for the growth of microorganisms.
simplifies this process using simple, inexpensive éess
. . . The turbulence caused by the movement allows for
energy intensive harvesting system. The procespgsed

in the B4B foresees the use of separation grids andcontmuous mixing - of th? liquid .m(?dlum, promqtmg
. ) . . contact and exchange with the biofilm. The avaiabl
mechanical comb to be placed in the collection cleiin

order to remove produced biomass. The grids aredsizsurface for the settlement of the biofilm is 208 mer n7.

S It can process a quantity of volatile solids up2ttimes
considering the flows that affect the component aimel | . P q y i 2
. . . higher than that of common anaerobic systems becafis
size of the material to be filtered.

Growing conditions supposed for the B4B projecihe largest amount of k_Jacter_la and |mpr0yed sttybd_;rf
he system due to the fixed film. The Archimede &tas
expect to reach an outlet flow from each of 4 ba#ls

: :  placed int | with a total vol f 35-56.
around 9nYh, while the size of macro algae collected W|IIp aced into a poolwith a total volume o m

e Reduced energy consumption.
The Archimedes rotor is placed inside a conventiona
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Literature biogas yields for the algal species stdd I. Co-generator engine

ranges from 180 + 540 EfH-:/k [7,8,17,29,30, The biogas cogeneration will convert the energy
Gvs contained in the biogas into electricity and heat.
35,36,37],within  this wide range of values was The energy conversion occurs through the combustion
empirically determined the theoretical vyield ofof bjogas in an internal combustion engine, which
EEH-;/ converts fuel’s chemical energy into mechanical kyor
27C kgvs assuming [5, 34, 38, 10]: and then through a generator into electrical power.
Heat losses associated with this process, rathan th
e Carbon content in the algal tissues: 30% of drigeing dissipated into the environment are colledigda

weight; carrier fluid that then heats the stocked fuel dHus
e VVolatile solids removed:; 80%: reducing the workload of the boiler that feeds pient.
e % CH, in biogas: 60%. Assuming:
Taking into account the total amount of algae and ® Met: 30%;
manure injected into the digester, the amount aighs ® Nh: 60%);
produced per year and the average hourly amouffitelf « Biogas Low heating value: 21,6 MJm
available for the cogeneration engine were estithate « Biogas consumption: 20 n:

The calculation assumptions are the following: The data on the production of biogas can be used to

e CH, yield of algal tissues: Z'Eﬂf%‘ ; define the co-generator to be used and its energeti

Gvs outputs:
e Manure yield: 20 rifton (50% of raw material yield, « Installed power: 40 K\

since manure is diluted into water) [8,45,20]; i
e Hours of operation: 7700 h/year;

e Hourly biogas production referred to an usage of 24 i )
e Weight of equipment: 1000 kg;

h/day
The following production of biogas can be achieved e Transport distance: 100 km;
from the Archimedes Rotor: e Lubricant oil consumption: 116 kg/year;
TABLE Il e Electric power output: 308 MWh/year (1,11
BIOGAS PRODUCTION FROM DIFFERENT BIOMASSES IN THE T‘]ellyear);
ARCHIMEDE ROTOR e Thermal energy output: 2,22 §iyear;
Bio Bioga e CO;, emissions: 1800 &@/M>yiogas [9]-
mas s
s Poult |CH, |CH, Biogas | hourl V. LCIA LIFE CYCLE IMPACT ASSESSMENT
pro |ry from | from |CH, |total y A. Method used
duct |manu |alga |man [total | produ |mean
ion |re o g ure Etion rod The characterization of the effects on climate dgeanf
P . any substance has been issued on the basis of \tfie G
uctio L
kgeq.m'a]er..
n Global Warming Potentie[k, ] J
SFURILEnd
3 3 Emissions related to the production phase are
ton/ m-ly m°/y . . . ;
3 3 3 summarized in the following table:
yr ton/yr|r me/yr |r m°/yr | m°/h
7281|2406 | 9687 TABLE Il
729 1203 |7 0 7 161461 42 ENERGETIC AND ENVIRONMENTAL SIGNIFICANT OUTPUTS FROM

CULTIVATION

On the basis of data provided by the manufactuaecs
considering a 1 kW pump working for 8000 hly it isCO2 emissions BioWALK4Biofuels plant (4 years)

possible to. Qeterm|ne: | ?e?lelzgzdexhaust gases | _ . 248 ton CQ
e Electricity consumption: 8 MWh/year
e Steel: 1100 kg Biogas produced 629.288 m |- -

e Transport distance: 500 km.
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Each substance in the inventory has been converted,
through the factors defined GWP Global Warming

Heat from cogeneration 8,80 wJ 680 | ton C®

Potential in CQ equivalent.
5,13 Thi 396 | ton C® All emissions are calculated as summarized in the
following table:

Electric energy from
cogeneration

While referring to the assembly phase and processes
each of the entries in the previous tables was yaeal
with the software SimaPRO obtaining the impacts on
GHG emissions for those processes and materials.

TABLE IV

GHGEMIsSIONS(IN TERMSOF EQUIVALENT CO,) OF THE BIOWALK 4BIOFUELS PLANT
Material Amount U.M. ::e?ezazie[(;:;unit] Sizy:;lj:)%d (p[rl?é‘éc(;]“fe Description
AlSI| 304 Steel 200,00 kg 3680,66 736,1 Poultry manteatment
AIS| 304 Steel 1100,00 kg 3680,66 4048,7 ArchimBdéot
AIS| 304 Steel 320,00 kg 3680,66 1177,8 Fans
AISI 304 Steel 110,00 kg 3680,66 404,9 Pump
AISI 304 Steel 1000,00 kg 3680,66 3680,7 Algae isEjmn grids
HDPE 24550 kg 2515,47 61754,9 Floating dock
HDPE 1200 kg 2515,47 3018,6 Archimede Rotor
EPDM 7400,00 kg 3198,26 23667,2 Ponds
Aluminium 3300,00 kg 6088,66 20092,6 Floating dock
Cogeneration unit 40,00 kW - 1095,0 Cogenerator
Anaerobic Digestert 50,00 m - 3621,4 Anaerobic digestion plant
Lubricating oil 465,68 kg 105,72 49,2 Cogenerator

23



Scientific Journal of Riga Technical University
Environmental and Climate Technologies

2010

Volume 5

Tot. [ton] 123,3
Processes Amount U.M. [C;Séjﬁﬁfiﬁc release I(iifgzzrih;zs;g)(prmect Description
[kgCOy
Transport, railway 10,00 tkm 5,73 0,1 Manure trattreomponents
Transport, railway 7,00 tkm 5,73 0,0 Pumps
Transport, railway 100,00 tkm 5,73 0,6 Algae sefpamagrids
Transport, railway 2000,00 tkm 5,73 115 Archim&iteor
Transport, sea 10000,00 tkm 2,54 25,4 Ponds
Transport, sea 38000,00 tkm 2,54 96,6 Floating dock
Transport, road 1350,00 tkm 12,52 16,9 Ponds
Transport, road 20,00 tkm 12,52 0,3 Fans
Steel Product treatmenty 200,00 kg 189,03 37,8 kaineatment components
Steel Product treatmenty 320,00 kg 189,03 60,5 Fans
Steel Product treatmenty 110,00 kg 189,03 20,8 Bump
Steel Product treatmenty  1000,00 kg 189,03 189,0 par&son grids
Steel Product treatmenty  1100,00 kg 189,03 207,9 chikede Rotor
Tot. [ton] 14,9
Production processes Amount U.M. E;Séﬁﬂﬁ]c ific release I[Cil:ieozzril‘;?ezerg)(projed Description
gCOy
Electrical energy, MV 3,00 MWh/year| 580,00 6960 Memntreatments
Electrical energy, MV 56,00 MWhl/year| 580,00 129920 Gases somministration
Electrical energy, MV 28,00 MWhl/year| 580,00 64960 atev pumping
Electrical energy, MV 16,00 MWh/year| 580,00 37120 Igafe's separation
Electrical energy, MV 8,00 MWh/year| 580,00 18560 aarobic Digestion
Transport, van 224000,00, tkm 63,32 14183,0 Poutiapure daily gathering
Tot. [ton] 271,70

VI.

e Electricity: fuel

LCI OF THE CURRENT SITUATION

) ) ) Emissions related to this system, equivalent tot tha
As mentioned earlier, assessment of the resultsiodd

under study, are in Table V:

should be made on the basis of comparison with an
equivalent system corresponding to the currentsitun.

In this comparison scenario it is assumed that the
services rendered by the system, quantified witlk th GHGEMISSIONS(IN TERMS OF EQUIVALENTCO2)FOR THE SCENARIO

functional unit are met in the conventional way:

e Heat: Diesel “EN 590” burned in conventional

industrial furnace;

24

mix

representative of mean

Italian thermo electrical generation.

TABLE V

REPRESENTING PRESENT TECHNOLOGY SATISFYING THEUNCTIONAL

UNIT

CO;emissions (present situation, 4 years)

Heat produced

8,88

HJ | 700 ton CQ
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Electricity produced 4.4 T |1059 | tonco use of biogas to produce an LCA study that takesdocount the
: environmental impacts on all the major categoriesngact
Boiler's exhaust gases | - ) 2045| ton£O (Human Health, Ecosystem quality, Resources depletof

different production and utilization of biogas sagos.

It is possible to compare the GHG emissions of lbth
analyzed scenarios:

TABLE VI 1.
GHG EMISSIONS FOR THE COMPARED SCENARIOS 2.
GHG emissions [CQ equivalen
ton ton 3
BioWALK4Biofuels plant assembly 123 0 4.
Production processes 15 0 5.
Processes' electrical energy need 272 0
Emissions related to energetic &
products 1133 1648 7
Boiler's exhaust gases 248 2045
tot [ton] 1791 3693 8.

9
The following graph shows the expected reduction of
Green House Gases;, highlighting the contributibeach

class of aspects accounted. 10.

The adoption of the installation of biogas prodanti

from algal biomass produced in Augusta will allow,

according to this assessment, the production ot hed
power with a GHG reduction of 52%, for the same
services provided by the plant.

13.

GHG emissions (4 years)

4000

3500 —
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O Boiler's exhaust gases

E Emissions related to
energeticproducts
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W Processes’electricalenergy

1500 @ Production processes

1000 assembly
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Fig.3.Comparison of GHG emissions for both the yareal scenarios.

VII. FURTHER STUDIES AND PUBLICATIONS

Sapienza University of Rome is carrying out an L&Ady
that analyzes in greater detail different methddsutiivation and

12.

ton €O, 14.

15.

2500 — 16

needs 17.

| BioWALK4Biofuels plant 18.

19.
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Andrea Cappelli, Emanuele Gigli, Luca Muzi, RobertoRenda, Silvano Simoni. TranspoSanas un komplekéSanas procesu ietekme uz enggtiku un vidi
biogazes razoSanasitpnica no jaras mikroalgem (FP7 projekts BioWALKA4Biofuels)
SEG emisijas, eitrofiicijas un enésttiska atkaiba ir probémas, ar kuitm ES saskarsies tikaja nakotre. Projekta BioWALK4Biofuels galvenaisarkis ir atrast kofgu
risnagjumu 8m probEmam, izmantojot biolgiska procesa priekSrimas - §u augSanu un anaerobisku biomasasdi&anos.

Sis projekts tiek realéts, pateicoties Eiropas 7. letvarprogrammas filamam. Lai no@rtétu ieditos rezulitus, tika izstidats pirmais diwves cikla anates (DCA)
petijums, kas balds uz infrastrukiras un fipricas pinu datiem, kas tika i&tj no razagjiem. Savukrt algu augSanasefijums tika modets ar kultidacijas modé
palidzbu, kas ielauj dazdu datu un piggmumu kopu. Kop atlastie faktori iz\Eléti, vadoties no titiskuma principa: parametri, kuri visvairietekn galveno razoSanas
procesu starp visiem procesiem, kas darbojgsrieficijas staci.
Elektiiba un siltums, kas tiek sarazotgéoescija, darbinot to ar bidgi, kas tiek razota nd@u biomasas, sask@ar Etijumu ir atbildgs par siltumtcefekta gzu (SEG)
emisiju samaz&umu par 52% sadzinajuma ar tradicioalajam tehnolgijam. Biogaze, kas ir saraZota projekta 4 gadualaidauj aizsit 85 tonnas naftas ekvivalenta

(toe).
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Amnppea Kanesm, Omanyan I'nru, JIyka Myuu, Po6epro Penna, CuiibBano Cumonu. Binsinue 3HepreTH4ecKHX M 9KOJOTHYECKHX (PAKTOPOB HA MPOLECChI
TPAHCHOPTUPOBKHU U COOPKHU CTAHLMHU IMPOM3BOJCTBA OHOra3a U3 MopcKux Bogopocieii (mpoext FP7 BioWALK4Biofuels)

BbIOpOCHI MTapHUKOBBIX Ta30B, 3a00/IaYMBAaHKUE U SHEPTO3aBUCHMOCTH — 3TO TpobieMsl, ¢ KotopbiMu EC cronkuércs B Onmmkaiiiem Oymymiem. I'J1aBHast 1enb mpoekTa
BioWALKA4Biofuels — naiitu obuiee peienue STHX mpodIieM, HCIOb3ysl IPEUMYILEeCTBa GHOIOMMYECKOro MpoLecca — POCT BOAOPOCIIEH U aHaspOOHOE PasioKeHHe
OGroMacchl.

IMpoext ocymectBisieTcs: 6aarogapst ¢punancupoBanuto EBpomeiickoif 7# Pamounoit I[Iporpammsl. [l OIEHKH MOIYYEHHBIX PE3yIbTATOB ObUIO Pa3pabOTaHO IEepBOE
HCCIIEIOBAHIE aHAIN3a Ku3HEHHOro nukiaa (AXKLI), ocHOoBaHHOE Ha JaHHBIX 00 MH(PACIPYKType U IUIAHAX 3aBOAA, MOYYCHHBIX OT MpomsBoauTeNnei. VccnenoBanue
pocra Bogopociei ObII0 CMOAETHPOBAHO C MOMOILBIO KYJIbTHBAIMOHHON MOJIEIH, BKIIFOYAIOLIEH B Ce0sl MHOXXECTBO PA3IMYHBIX JAHHBIX M NPE/IOIOKeHHiT. ITorossie
(haxTopbI ObLIM BHIOPAHEI HA OCHOBE NMPHHIIMIIA CYILIECTBEHHOCTH: MapaMeTPbl, OKA3bIBAOIIIE HAaHOOMbIIIee BIAMSHIC HA [VIABHBIN MPOM3BOACTBEHHBIN MPOLECC U3 BCEX
IPOLIECCOB, MPOUCXO/ISIINX Ha CTAHIIUH KOTCHEPALIHH.

DIeKTPHYEeCTBO M TEIUIO, MPOM3BEACHHBIC B IIPOLECCE KOTCHEPALMH C HCIOJB30BAHMEM OHOrasa, IOMY4EHHOTO M3 BOJOPOCIEBON OMOMACCHI, 1O pe3yiabTaTaM
HCCIIE/IOBAHMS 00ECTICUMBAIOT CHIXKEHNE BBIOPOCOB NMAPHHKOBBIX ra30B Ha 52%0110 CpaBHEHMIO ¢ TPaMIMOHHBIMI TEXHOJOTHsIMU. broras, mpousBe/ieHHbIi 3a 4 rona
HPOBE/ICHHUSI IPOEKTA, TI03BOJIUT 3aMeCTUTh 85 TOHH He(TAHOro SKBUBANICHTA (tO€).

27



