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Abgtract - The main goal of this paper is to analyze the
innovative process of production of biogas (via fenentation
processes) using marine macroalgae as feedstock @& pilot
project plant in Augusta (Sicily, ltaly). Algae, duing their
growth, have the capacity to assimilate nutrients rrd thus

Moreover the recent report of the Food and Agricelt
Organisation [5] underlines the need to focus aonfood’
energy crops for the production d2jeneration biofuels and
to develop cost-efficient solutions which directeele more

subsequent harvesting of the algal biomass recovettse nutrients
from biowaste sources giving the possibility to trasform negative
environmental externalities in positive mainly in erms of
eutrophication and climate change impact categories

The paper presents a novel environmental technologfpr the
production of biogas and 29 generation biofuel (liquid
biomethane) after an upgrading process through theuse of a
cryogenic technology. The paper would also like to ake the first
attempt at understanding the possibility to implemat this
innovative technology in the Latvian context.

The first calculations and assumptions for the Life @cle
Inventory for a further Life Cycle Assessment are pesented.

Keywords — biogas, biomethane, LCA, marine macro algae,
Ulva Prolifera.

I. INTRODUCTION

attention to the importance of biofuels productidm.fact,
currently, the production of biogas is principatigirried out
through anaerobic fermentation of (mixed) cereabpsr
Hence, the need to further explore new feedstockcss for
biofuels is a fundamental issue and the improveragkhow-
how about second generation biofuel technology yetidn is
the natural consequence.

In this direction the development of technologiesthe use
of biowaste as a nutrient feedstock for algae gngwand
algae itself as a catalyst for producing biofusla inovel field
to be investigated.

Production of algae as a second generation biofuel

feedstock has been the subject of research irasislecade.

If used as an interface between biowaste and energy

production, macroalage allows direct utilization bwaste

and, at the same time transforms negative enviratahe
The European Commission Green (Directive 2009/28/E@xternalities into positive ones. Aife cycle assessment

[1]) paper takes into account the consideratiorthef main (LCA) of th_e overall Process from cradle to grave is
conceptions of the Kyoto protocol outlining optiofsr a fundamental in ordgr to opt|m|_ze the overall pr@cﬁsm the
future strategy of a Community energy policy aftex United environmental point of view, thus addressing the

Nations Climate Change Conference in Bali Decen#t¥y7
where two ambitious key targets were set: a rednaif 20%
of GHG by 2020, and a 20% share of renewable ep®rigi
EU energy consumption by 2020.

At the moment, in Latvia, the share of electrigitpduced
from Renewable Energy Sources (RES) is attestdtbatalue
of 42.4 % but should increase to 49.3% (Directi08271/EC
[2], Directive 2009/28/EC [1]). At the same timbetshare of
renewable energy resources in the final energyuopson
for 2020 should reach the level of 40% from 30%réDiive
2009/28/EC [1]). In this context, land filling ofdwaste — that
is one of the major sources of methane emissiorsuimpe
(2% of GHG emissions in 2007) — must foresee tleicton
of biodegradable waste to 35%
according to the EC Landfill Directive [3].

The Council Directive 91/676/EEC4 [4],
underlined the need to control the reduction ofewabllution
caused by nitrates from wastes to protect humahhdiaing
resources and aquatic ecosystems and additiortédiytian is
being focused on the treatment of biowaste.

has alsot

environmental “hot spots” in the process.

In fact the constant increase of the use of bisfuel

immediately addresses the issue of reducing theotisen-
renewable resources (fossil fuels) and the impawtslimate
change (especially carbon dioxide and the
greenhouse effect) but it does not always addresadtion of
overall improvement. For instance, it is well ursteod that
conversion of biomass to bio-energy requires aniobi
energy inputs, most often provided in some forrfossil fuel:
hence a holistic approach of the overall productigstem of
the biofuels is needed. In this context the todéreid by the
LCA methodology seems a suitable instrument

understanding the environmental benefits and therestof

of 1995 levels by 6201non-renewable sources still needed for the procBEsough

the LCA approach it has also been demonstratedetrext if
he life cycle energy balance of a biofuel compateda
conventional fossil fuel should be positive, intfadepending

n the processing choices, the cumulative fossirgn
demand might, at times, only be marginally lowerewen
higher than that of liquid fossil fuels [6].
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In this paper, after a brief description of the mpfocesses
regarding a two-stage bioreactor system for thelyetion of
biogas, the example of a biogas plant includedhm pilot
project biowalk4biofuels [7] will be described. Thailot
project is devoted to the construction of a biogkst using

same reactions as the first stage but running diffarent
retention time. For rapidly fermentable wasteswa-stage
reactor can have a lower overall retention timenthasingle
stage. The second stage could be a stirred tankphug-flow
digester or an anaerobic filter [5].

macro algae as feedstock and poultry manure (oeroth The anaerobic microbiological decomposition isphecess

biowastes rich in nitrogen and phosphate) as inmeuboth
for algae growing and for the biodigesters. Thegqmtohas to
be implemented in 4 years from April 2010 till Ap#014.

The second part will be mainly addressed on theaspand
calculations for building up the LCA system mod#ihg into
account: the base flow chart needed for the mddelchoice
of the possible functional units and main impadegaries to
be investigated, the first calculations regarding amount of
algae produced in the system in correlation to final

expected biogas production, and the basis for ti&@A L

inventory. In the last part some preliminary aspederms of

necessary to obtain biogas from algae. The biogaduped
without any upgrading is a mix of several gase# wie main
share allocated to biomethane and carbon dioxider Ahe
algae harvesting step, the biological process imsImicro-
organisms to derive energy and grow by metabolisiygnic
material in an oxygen-free environment resulting the
production of methane (GH The anaerobic digestion process
can be subdivided into the following four phase$][lach
requiring its own characteristic group of micro-angsms:
e Hydrolysis: conversion of non-soluble biopolymens t
soluble organic compounds,

avoided impact from CQOs also described together with some e Acidogenesis: conversion of soluble organic compglgun

aspects regarding the possibility to implement teéehnology
in Latvian conditions.

Il. PRODUCTION OF BIOGAS FROM ALGAE

Biomass has been defined as a contemporary plattérma

formed by photosynthetic capture of solar energy stored as
chemical energy.

The recent oil crisis and the consequent pricecaes have
spawned considerable interest in the exploratiorenéwable
energy sources. Bioenergy will be the most sigaific
renewable energy source in the next few decadéssofdr or
wind power production offers an economically attirge
large-scale alternative. The energy that biomasgagts can
be reclaimed by various methods.

As mentioned before marine macro algae represgaod
feedstock for production of second generation ktsfu

In this context the utilization of biowaste candsen as an
excellent use for feeding algae growing ponds aedlly, to
fully meet a plant’s energy supply through renewabhergy
sources. The means the feeding of the algae poausbe
conducted via animal litter digesters (e.g. poultnanure),
water from the waste water treatment plant andidustrial
purified water. In the process the volatile so[dS) would be
converted to biogas. The biogas would be then cateluto
produce electrical and thermal energy for the afgam, and
the exhaust (carbon dioxide) reused by the ponénwht fact,
the algae-based plant should be theoretically eneegjf-
sufficient, since the biogas should be sufficieot &ll the
energy required by the overall plant [8].

Moreover the wastewater-grown biomass would contain

sufficient levels of fatty acids (FA) to competethwiother
potential feedstocks. Although there is renewedrétt in the
production of algae for biofuel, there are few mpmf the
biofuel potential of wastewater-grown algae [9].

One of the methods used to convert algae into bidga
two-stage fermentation process [10]. The same demented
in the pilot plant analyzed placed in Augusta (gjdialy). In
a two-stage digester, the residual substrates tiherfirst stage
can be reduced at the second-stage digester, rgroyit the
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to volatile fatty acids (VFA) and CQ
e Acetogenesis: conversion of volatile fatty acidatetate
and H,

e Methanogenesis: conversion of acetate and [ H,

to methane gas.

A simplified schematic representation of the anbiero
degradation of organic matter is given in Figure The
acidogenic bacteria excrete enzymes for hydrolyeigl
convert soluble organics to volatile fatty acidsl aicohols.
Volatile fatty acids and alcohols are then conwertgy
acetogenic bacteria into acetic acid or hydrogeth e@arbon
dioxide. Methanogenic bacteria then use acetic amid
hydrogen and carbon dioxide to produce methane.
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Fig. 1. Simplified schematic representation of #weaerobic degradation
process [11].

In order to increase the growing rate yield of algthe
initial mass can be provided by protoplasts. Prasstp are
living plant or algae cells without cell walls whiooffer a
unique uniformed single cell system that facilisatgeveral
aspects of modern biotechnology. The main appticatf
many protoplast studies is to produce somatic kghtfirough
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protoplast fusion in order to obtain fast growirlga@ species
[12].

The use of protoplasts as feedstock for cultivafioran
incubator under a controlled condition allows a hieig
regeneration rate. This type of cultivation in arcubator
results in an increased productivity of cultivatiamnd a higher
biomass vyield.

The following section will describe the productiohbiogas
obtained in the plant placed in Augusta includedhia pilot
project biowal4biofuels. The biomass comes from dipen
ponds in the open sea in front of the plant sited &me
collected biowaste is pumped in a hydrocyclone fioe
removal of sand. This removal process is to aveicthage to
the stirred hydrolysis and acidification reactor.

The acidification phase (in a complete mixing anbar
digester) will be carried out at 38°C. The use tiexmophilic
process accelerates the macromolecule demolitifter Ahis
first phase, the effluent is clarified: the solidrpis then
recycled to complete the hydrolysis, while the iigpart will
pass through the second phase for methanationsyidiem is
then fitted with instruments for the automatic cohof the
mechanical operations and the acidification reactiend.

The second phase of the anaerobic digestion usesabs
patented rotors, “Archimedes Rotors”, to maintainhigh
concentration of bacterial methanogenic flora apiihaze the
stripping of biogas.

The direct use of biowaste in biodigestors is peotatic

PLANT DESCRIPTION

due to the heterogeneity of the compound and thgh hi

nitrogen content (e.g. in poultry manure). This s
problems in the fermentation process, so the inirtdn of
other biomasses (e.g. cereal crops) or other compte-
treatments are usually required in order to hakieraogenous
mixture within the biodigestors. A low quality biag is
produced that requires adequate treatment and doés
provide advantages in terms of eutrophication dudatge
amounts of liquid discharge during the anaerobocess [13].
The scheme of the plant is briefly described iruFég.

The system is centered on a two-stage bioreactor fo

production of biogas through anaerobic digestiangusarine
macroalgae as feedstock and in this part of that@i the
processes of biological anaerobic decompositiomiocc

The biogas mix, after being collected, is senthi® biogas
treatment plant where the removal of3akes place. At the
same time, the outflows from the digestion phasecarried to
a stainless pool for the clarification processthis phase the
solid part is removed from the liquid, in order &édter drying,
obtain pellets and fertilizers. The liquid fractianindented to
be reused in the open ponds for algae growing. iShesgood
way to reuse the co-products of the biogas produatiith a
consequential decrease of the total environmentglact of
the plant.

The pilot plant foresees (at the end of the seadritde four
project years) the implementation of an innovativgogenic
technology for optimizing the process obtaining aste
efficient liquid biogas (LBG) for the production bfomethane

destined to be used as energy carrier for trarsfpomt
purposes.

The foreseen production of biogas is around 4%hm
Before the implementation of the cryogenic techgglothe
amount of biogas is allocated at 50% to the bdér ni/h),
for production of heat necessary to the plant, &6éb (20
m*/h) to a co-generator (40 kWe) for the needed eyt
designate to the plant demand and heat to be osprbtide
the constant project temperature for the two-staigesactor
reactions (38°C).

When the criogenetic system will be installed, #meount
of gas stream allocated to the upgrading cryogemdgint will
be around 10 fh, and consequently the boiler will work with
the use of diesel, and the exhaust gas will be used
accelerant for the algae growing in the pond [7].

The open ponds where macro algae are growing ade ma
from PVC. This allows the control of the cultivatio
parameters unlike at the open sea. An air streammemted
with the ponds will provide water and GQ@oming from the
use of diesel in the plant boiler and from the B®gpgrading
step) to the algae broth, thus guaranteeing mixhghe
biomass. At the same time eutrophicational ageptstly
coming from the biodigestors and partly coming from
biowaste — e.g. poultry manure, waste from wastéemwa
treatment, other types of biowastes) will be introed.
Summing up all the processes, a closed cycle wikhdhieved.
The cultivation assures strict control of severatagmeters
(pH, nitrogen compounds, phosphates, etc.) avoidiader
exchange with the open sea.

€02 | Algaeopen ponds F

| Protoplast

“ incubator

2 stages
bioreactor [
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Industrial
purified water
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manure,
local
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(stainlesssteel
[ pool) T
o] | [
| Cogenerator Electrcity fertilzers)
{ | (aokwel) | (for plant
Diesel demand)
boiler - -
Blogast?ryogenlc | ;
co upgradingplant

Fig. 2. Scheme of the production system [7].

In reference to the previous scheme the main system

inflows are:

e industrial purified water availablén situ, to be used
directly in the open ponds and to dampen the solid
biomass to carry out anaerobic fermentation;

e biowaste to be used for algae growth (e.g. poultry
manure) to provide the right amount of nitrogen
requested for algae growth;

o insufflated CQ (together with the right amount of air)
gained from the boiler (since starting of macroalga
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cultivation) and the upgrading plant (from the eing
of the third year);

o clarified effluents from the “Archimede” rotors;

e protoplasts from incubator for production of thétia
algal biomass;

e diesel necessary for the heating of the bioreacaoib
eventually for the open ponds (from project dat@aD0
kg/day).

As outflows, with the exception of G@lready mentioned

above, there are:

heat and electricity from the co-generator (20hnsince
biogas treatment commences);

residual from the “Archimede” rotors;

solid fraction to be used for pellets and fertilize
production;

liquid fraction of residual (clarified effluentsp tbe re-
used as input in the algae broth (about Fiday, after
the third year);

biomethane from the cryogenic upgrading plant (Ehm
after the third year).

IV. LCA: THE BASICS FOR THE MODEL

In order to identify the environmental “hot spotsf the
system and in order to understand and quantify t
environmental benefits provided by the plant preesstself,
the LCA seems to be one of the best tools, singeovides
the possibility to compare several scenarios on gshme
reference scale (functional unit). In this dirent@nd through
the use of cradle-to-grave, the LCA approach véllgmssible
to analyze the following aspects:

- the energy efficiency (ratio of energy in theafifiuel to
the amount of energy input [14]) and the energiprattio of
energy contained in the final fuel to the energgdusy human
efforts to produce the fuel in terms of non-renelwaimergy
inputs) associated to the types of plant systesd;us

- the sustainability of the underlying activitiettie long-
term feedstock supply should be guaranteed in dalassure
long-term biofuel supply to the market depending
sustainability at the local level;

- evaluation of the undesirable emissions of sultsts to
the environment (such as greenhouse gases - GHG).

A cradle-to-grave LCA will be developed followiniget ISO
standards 14040 starting from the supply of théesgsnput,
in terms of material (macroalgae, nutrient) andrgypeup to
the final disposal of the waste, including the se-of the co-
products.

The production system presented in this paper allmby-
pass the high nitrogen content problem of biowastig
macro algae; in fact macro algae represents anmapti
interface capable to transform the negative eutozpion
potential of such biowaste (related to the highteots of
nitrogen and phosphate compounds) in a benefitafgae
increasing their growth rate. Moreover, it is imamt to know
that the planet's biomass is for the most part maidalgae
and hence the use of biomass from an aquatic emaiat
shows a hig potential source factor for renewahkrgy.
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Algae need carbon GQand nutrients for optimal growth.
Increasing the concentration of €@ the growth media
increase the growth rates by a factor 1.2-1.8 186517, 18].

It appears evident that “eutrophication” as an iotpa
category for the LCA is of primary importance inder to
understand the level of environmental benefit piedi by the
system that will transform negative eutrohpicatioimapacts
(e.g. poultry manure and/or waste from waste watstment
plant and/or other biowaste) into positive ones.

The other impact categories on which to focus #tiarwill
be:

- Non-renewable primary energy: in order to evaluate

avoided usage of fossil fuels,

- Climate change: since it is expected that biogamilsh

contribute to the reduction of GHG emissions;

- Acidification: since in the plant removals of$loccurs.

In the first instance, the LCA scenarios to be carag in
the study can be resumed in the following:

- scenario 1: all the biogas produced is demanaedtife
production of heating (there will a lower consuroptiof
diesel in the boiler but the electricity needed foe plant
should be considered );

- scenario 2: all the biogas is used in the co-g®oe to

H:Jeroduce heat and electricity,

scenario 3: all the biogas is upgraded obtainiiogid

biomethane.
In this way the comparison can give the resultingsin
environmental process, but in this aspect the ehat a
correct functional unit is determinant for makihg fprocesses
comparable.

According to the ISO 14040 norms, the next pardynaili
describe the goal and scope of the intended LCA sifstem
boundaries, the choice of the functional unit ahd first
aspects for the life cycle inventory.

A. Goal and scope

The goal of the LCA study will be addressed to eatd the
environmental advantages and disadvantages of $beoft
facroalage as feedstock for the production of sogand
after upgrading liquid biomethane) through the tfation
and quantification of major environmental impadts.also
aims at contributing to the effort of clarifying Wwomarine
macroalage potential is an eligible biogas feedstoc
contributing to the environmental optimization bétgrowing
phase and the conversion processes.

Conclusions of the analysis will be addressed topett
decision makers and policymakers.

The intended audience is scientists, stakeholdetgalicy
makers.

B. System boundary

System boundaries have to be defined iterativetyuphout
the production system definition and inventory elaion.
Since the object of this study is the productionbadgas
through the use of macroalagae as feedstock, thierais
flow scheme will be centered on the plant procegsteps, it
will comprise all chemical and technological praes that
will ensure the energy flow from its photochemifaim to the
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fuel's end use (fig. 3). This means that systemndades will be implemented from libraries available the AGoftware
theoretically should include the macroalage culibraphase, (e.g. SimaPro®).
its harvesting and conversion into the fuel and thel's Table 1 indicates the main data to be considerdtigroverall
consumption and the necessary transportation anadbded impact for a preliminary result.

new infrastructures of all production stages. TABLE |
The following picture presents the first model wsdér the DATA FOR LCA INVENTORY
implementation in a LCA software (e.g. SimaPro® RéP , .
Parameter Data/Assumption used in Source
Consultants, The Netherlands). the preliminary LC
inventory

Nutrients/Biowaste
(e.g. poultry manure)

Plant project Data

R e R A : Theoretical amount of 40nt/h [7]
! | Protoplast Algaecultivation | | | Industrial purified : biogas produced at plant
: incubator andharvesting | water : regime level
. | |
H yrm— ! Total volume of the pond 3000°m [7]
1 [ — . ~ emissions
Enerey [ — digestion process | CO; from diesel boiler 1400 frday [7]
1 | Spreadingof ! N
!| digestate Biogas 3 Em— Average monthly water See figure 5 [7,17]
. | collection Upgrading o temperature
E‘nergy o.r ! . l q O_t N | ] useof the . .. .
dieselboiler | Biogas biogas *| biogas Theoretical minimum algal 600 kg (fresh weight) [7]

daily production

treatment r
1
- [ . y | disposal
Use of biogasinthe | heat ! P
cogenerator

Extended System boundary

Specific algae data

‘ - Types of algae used Ulva prolifera -
2 electricty

System boundary

! Algae cultivation duration 10 days -

Pt

Algae daily growth rate Variable with temperature [19]

Fig. 3. Overview of the biogas system proposedtiie LCA model. The (DGR), natural condition | (see figure 5)

arrows represent the material or energy flows Biesy. Increase of the DGR due tp Ulva lactuca: 20% Ulva [7, 16]
nutrient and CO2 prolifera: 45%
C. Functional unit Increase of the RGR due tp Not consider at this stage
. . . . light
This study intends to estimate and quantify therggne Dissolved Organic %C = 5% of the dry weight (18]

balance and environmental impact of the marine csdgae Compounds (DOP) and

based on biogas production system. Particulated Organic
Depending on its final end use, the adaptationitérent Compounds (POC)
functional units can be investigated: equal to the same present in| [20]
-If transportation is the end use, the adopted fanat unit , | the normal has been choosen:
FU) can be reference to 100 km driven by a cetigie car | ~mount of CQin solution | a valie of 0.09 g/l (=0.09
( ekt . . n by in water kg/m®)
with liquid gas engine drived on certain types adds (e.qg. , —
local dust roads) fuelled by macroalgae biomethane starting assumption: 21]
. . y . g : Amount of CQ absorbed | percentage of the Carbon
-1f production of heat is the final scope of the mla for the algal biomass contained in the algal
production of single unit of thermal unit (e.g. 1NAtK) growing biomass equal to 30%
should be used as FU, CO;, per unit of bubble air | 1500pl/l 4, [18]
-If electricity (in the cogeneration system) is firal use of rate flow
the plant a production of single unit of electrinitu(e.g. Daily algae extraction 12 hours
1MWhel) should be considered. working hour
As mentioned in paragraph IV, the correct choicethaf Specific technical data
functional unit will be essential for making it milsle to Amount of nutrient for See table Il
compare between the different scenarios implemented macroalage growth (e.g.

poultry manure)

D. Life cycle inventory

The following section will present the list of timeain data  |"percentage of volatile See table Il
collected up to the present moment. Mainly, théheyad data | solids (VS)
proceeds from: Theoretical biogas yield 275 Ilkg (Ulva Prolifera) | [16]
- project data,

- literature data,
- data from experts.

Data obtained from published scientific literatare the main
sources for input and output modeling. All the dath gathered
directly (e.g. transport, land uses, infrastrudyseocesses, etc.)

Percentage of dry mass 20% [16]

Low biogas heating value |  23.3 MJm [22]
*kgys = kg of volatile solids

All the previous data and assumptions used for the
preliminary calculations will be better describedthe next
paragraph. The data referred to the algae speemsted in
Table Il is the result of a literature review inllaboration
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with the National Environmental Research InstitoteAarhus
University (NERI) [16].

Table 2 with the relative literature referencesvehithat the
foreseeable biogas production yield from a certsjme of
algae is rather wide depending on several facttyyse (of
algae, local environmental condition, temperatwsalinity,
pH, hours of daily light, and type of nutrientseaed).

TABLE I
DATA FOR POSSIBLE ALGAE SPECIES TO BE USED IN THE PNA
Ulvalactuca Ulva C. Gracilaria
prolife | linum
ra
Volatile 79 -87 [25] - - 52-6526]
solids
(%d.wh) 65-83[27]
65[28]
70-72[26]
Yearly 45 [29] - - 40-12730]
yield (t
d.wt/haly)
Maximum - - -
seasonal
yield
Biogas yield | 280[29] 275 125 83-430 [26]
(Mg VS) | 94-177 ICH/kgus [30] '[’fglvs (291 | 54030]
77-560 [26]

V.ALGAE GROWING. CONSIDERATION AND RESULTS OF
PARAMETERS THAT AFFECTS THE BIOGAS YIELD

At the moment, the first step for the Life cyclevémtory
has been addressed to the growing phase of theoatage in
open ponds in order to carry out the data regarthincghiogas
production yield.

One of parameter that affects the production yi¢lHiogas
is the total production of algal biomass that thkieation can
provide. In this light, it is fundamental to knowet daily
growth rate of the algal specie. The daily growater(DGR)
represents the growing rate as a percentage. Tdis be
calculated from the resulting increase in the aljamass in
fresh weight and is expressed as percentage oftignosv day,
The formula is expressed as follows [19]:

DGR = [(Wt/Wo)" — 1] x 100 (1)

where:

- DGR (daily growth rate) is the daily growth rate in

fresh weight per day,
- Wo is initial weight,
- Wtis weight after t days.

The algae growing phase is dependent on the tetopeaf
water of the growing medium [18, 19, 21] and consely,
the seasonal variation of temperature can affeet dglobal
biomass production yield.

102

As explained before, the main principle of the plarocess
is to use nutrients from waste for algae growingg.(e
wastewater from wastewater treatment plant, andltqyou
manure from local animal farm) and at the same tieesed
CGO, from the plant processes (from the diesel boiled the
biogas upgrading) in order to accelerate the grgwgrocess
and avoid negative environmental impacts.

It is consequently fundamental to know the amounte
inlet CO, (CO,;) responsible for the algae biomass growing
(COsewm), the solution in the water (GgY), the releases in the
atmosphere from the surface of the open ponds{EL&nd
dissolved organic carbon and particulate organicbara
biomass (C&hp).

All these parameters can be summarized in the vidlig
equation that expresses the mass equivalenceetiGi):

COyin = COyre1 + COpm + (COp.p) + COopat 2)

In this equation

CGO,n = inlet CQ, in the open ponds = 1400 kg/day,

CO, e = part of the C@that leaves the open ponds,

COyy = part of the CQresponsible for the algae biomass
growing,

COupat = CO; in solution,

COup.p.= COpoc*+ CO: poc

Where:

DOC = dissolved organic carbon,

POC = particulate organic carbon.

Figure 4 better visualizes the equation 2.

CO2pp,

C02,,.;

A

C0o2

in

Fig. 4. Scheme used for the calculation of the rhosled for the C@®mass
balance.

The amount of C@ daily provided to the open ponds
(CGOyp) is known from the project initial data and is afto
1400 kg/day.

The amount of C@ transformed in algae filamentous
biomass (CG@y) can be calculated in this way: once the
amount of algae biomass produced is known (in azcare
with the DGR chosen) and the percentage of theocarb
contained in the algal biomass is also known (ist finstance
equal to 30% of the dry weight [21]) is possiblektiow the
amount of CQ@ by a simple proportion between the two
molecular weight (it is assumed that all the Carbiothe CQ
is responsible for the creation of the algal carbontent) and
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after multiplying with the carbon content in theydveight of
the algal biomass:

COyev [kg]= Biomass Dry Weight [kg] x %C x 44/12 (3)

In this formula, the Biomass Dry weight is assuneggial
to 20% of the total algal biomass [16, 29].

an increase of DGR due to adding of £J@6]. Part of the
final biogas production is provided from the digestof the
algal biomass and part directly from the digestminthe
poultry manure itself.

In the following section the input parameters neaes for
the calculations are better described.

The amount of C@that goes in solution needs to be studied A. Poultry manure

in more detail, at the moment the assumption tiggade the

The choice of feedstock to be used as nutrientaligae

putlet water a value of Gqual to the same typically present, 4 as medium responsible for the production ofgdso
in the seawater (0.0%g/! [20]) has been chosen. If the tOtalthrough anaerobic digestion has been addressecbutinp

hourly water recirculation rate is known togetheithwthe

working hours of the system, it is possible to eatd the

parameter Cg).. The final calculation is described below:
CQuat= Coz seawaterX ( X Aok =16.2 kg/day (4)

Where:

CO,at= CG;, in solution in the open ponds = 16.2 kg/day;

CO,, seawater = CO; content in the sea water = 0.09 kﬁ/m

q = hourly water recirculation = 15.0°n,
hwork = daily working hours = 12 h/day.

During the growing phase a portion of the algaentaiss
body is lost. This part could be not directly dédelcfrom the
weighting of the fresh weight of the harvested mdgss is
exactly the part of the dissolved organic carbo®(@ and
particulate organic compounds (POC). Regardingahisunt
from literature review [18] a total value equalb% of the dry
weight is assigned.

The last factor of the CQOrelease out of the open pond is

calculated by equation 1 only subtracting all teeo amounts
of CO, previously calculated.
After the description of the basic model for thécakation

manure. In the first instance this has been consie
sustainable substance present on site.

Since the nitrogen form that preferentially is absal by
the mentioned algae specie is ammonium {)kr nitrate
(NO,) the work has been focused to characterizing these
substances addressing the attention on the ratif/N€, and
NH,4/N « [30, 31, 32, 33, 34].

At this step of the modelling, it has been decitteédopt
the following values [30] that were representatige almost
all the data analyzed during the literature review.

NH, =567
NOx

ﬁ =05
Ntot

The relative amount of Nfi, NO, and N can be easily
derived:
NH," = 6.35 g/kg;
NO, = 0.112;
Nt = 12.7 g/kg.

B. Algae absorption capacity

conclusions can be carried out for the final pradiduc of
biogas in particularly regarding the macroalgaéva
Prolifera. This is better described in the next paragraph.

The pilot project foresees the possibility to optienthe
choice of the best suitable algae for the produadiobiogas in
terms of lower environmental impact and local Sustaility.
This step is still under development, neverthelee
following paragraphs report the results of the ipiglary
studies and calculation for the production of bedar a
feedstock of Ulva Prolifera using a certain type of
characterized nutrient (poultry manure).

VI. FIRST LIFE CYCLE INVENTORY ANALYSIS RESULTS

For the calculations, the values reported in tHéoviong
Table 3 derived by NERI own data have been adopted.

TABLE Il
NUTRIENT UPTAKE LEVEL FOR ULVA PROLIFERA

25 mg/gd.wt/d
20 mg/gd.wt/d
100 mg/gd.wt/d

Uptake Phosphate:
Uptake Nitrate:
Uptake Ammonium:

The dry weight (d.wt) presents a variable value,RNE
suggested values between 14 and 20% of the fresligat
[17] in our calculation we used a value equal t&620

Since not all the polluting components of the enéimount

As first result of the Life Cycle Inventory in thimragraph of feed-in poultry manure are up-taken from the aalg
the calculation of the final production of biogasrfi the use particularly attention should be further paid te ttollecting

of the macroalgadJlva Prolifera is presented. In these firstre-use and/or disposal of these environmentallygeeus
calculations, the following has been consideredceatain sypstances.

classification of the poultry manure use a nutr{80f, a fixed

nutrient uptake level for the algae [see table Hlyariation of C. DGR depending on sea temperature based on myonthl
the DGR [21] depending on sea surface tempera@agedon average temperature on-site (Augusta ltaly)

monthly average temperature on-site (Augusta,)I{fdly], and
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Figure 5 shows the variation of the mean tempesadfithe
surface sea water on the plant site in Augustatwaftects the
DGR. The temperatures data have been directly gedvirom
the owner of the plant site: the company Ecoil [17]

The formula used for calculation of the DGR depegdin
temperature rate is shown below [18].

DGR =-0.234TF + 10.134T — 64.647 (5)

Where T is the temperature of the growing medium.

Figure 5 indicates the variation of the algae Di@Ratural
condition and the increase due to the use of grpwiedium

F. Production of biogas

In the following section, the main results for fmduction
of biogas and biomethane are shown with the folgwi
assumptions:

- initial algal mass: 100 kg (algal protoplast),

- duration of cultivation: 10 days (necessary to gutge the
minimum level of produced algal biomass per dag se
Table 1);

- COyin: 1400 kg/day;

- Water recirculation: 15/h;

- Algae dry weight= 20%freshweight;

-DGR increase due to medium rich in C@spect the
natural DGR: 20%;

rich in CQ, together with the seasonal sea surface temperaturey, - fived in algae: 30%;
variation. Between May and November the DGR shows ;oo o poultry m.anure' as nutrient: see table It floe

steady behaviour.

D. Air needed for the open ponds system

Based on literature data [20], a value of 150@O, per It
of air insufflate in the open pond has been assuisee Table

). Since 1400 kgCé&day has been assumed to feed the open

characteristics;
- Volatile solids: 78%d.wt (from Table II),
- CH, yield: 350 I/kg/s (from Table II).
- Contain of CH in the biogas mix: 60% (from table 1),
- Concentration of C@in the outlet water 0.09 g/l (see Table

It)

pond, and using the previously mentioned share @t C - Production yield CH only from the poultry manure:

concentration per liter of insufflated air, a tothount of

54000ni/h is consequently needed. In terms of the LCA, the

energetic load of this factor should be taken atoount.

E. Water needed to replace the daily harvestinglgdie

If the rate of insufflate air in the open pondsdmstant, the
water to supply in order to have a steady totalsntashe open
ponds is variable. The volume of the water thalydsas to be
let out is equal to the daily increase of the algaleme. As it
was mentioned before, the growth of the algae digpem
several factors with the consequence to constaut@riable
parameter.

60%

30

50% 25

40%

20

15

30%

DGR (%)
oC

20% 10

10% 5
-=-&-- Ulva Prolifera (natural coltivation)
—2#A— Ulva Prolifera (in medium richin CO2)

—l— Monthly average sea temperature
T T T T

0% T T T T T 0

June
July

>
©
=

January
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December

Fig. 5. Variation of the DGR for Alga Prolifera ieference to the surface sea
temperature. For the DGR variation has been usetbtimulation of Hiraoka
— Oka (2008) [21]. The second axis presents theosad variation of the
temperature of the sea surface.
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44.5ni/ton (conservative factor equal to 0.8) [29]

- Half of the nutrients re-circulate in the systereathe
digestion (factor 0.5 for the calculation of theilgla
amount of poultry manure).

As one can see, between May and November all the CO

inlet in the open ponds is theoretically fixed bg Balgae, thus
resulting in a null level of C&, in the atmosphere.

The yearly production of biogas is around 15706year
where the share of GHs around 60%. The average hourly
production is around 38 ¥, which is in line with what was
decrypted in the preliminary plant technical dat@n/h).

A more detailed analyses should be carried outrd@eroto
understand if the proposed algae will be the belsitisn for
the local condition in Augusta. Further informatitm also
essential to characterize and choose the real tied$o be
used as nutrient for algae.

In terms of a cradle to grave LCA, as describediggfit is
a really good starting point but further unit preses should
be analyzed taking into account several other syst&eps
like:

-energy and emissions necessary for the production o
materials and parts needed for the operation of the

biogas plant in all its portions;

- energy and the emissions for all the transportation

- evaluation of the impact of cultivation of protogiao be
transfer in the open ponds;

- final waste disposal scenario.

From data received from NERI the best suitable tilgh
scenario for algae growing should be at least efpuaP hours
of light per day. This situation can be only guaiehin situ
with artificial light. Nevertheless despite moreun® per day
of light an increase of DGR will be gained. In thisgard
further analysis should be assessed evaluating mmueh
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energy is required for the lightning system and houch is temperature of 1T in the open ponds (otherwise equation 4
the benefit in terms of the amount of gas produced. results in a negative value). Of course this camishould be

The following paragraph reports some consideratiorguaranteed only with external thermal energy regoéents
regarding the adaptation of the production of bsogal atvian that decrease the level of renewability of the psscand
conditions with the same previous assumptions. iBhiserely increase the level of environmental impact.

a theoretical approach that takes into account @inmoim

TABLE IV
PRODUCTION OF BIOGAS IN THE PLANT BASED ON MONTHLY AVEAGE SEE TEMPERATURE USIN&GJLVA PROLIFERA
COyel COpaps rF;g:nltge ;:I';; érom gg:;ltfrl;?m CH, tot. Biogas total
manure
Month t/month t/month t/month fmonth mi/month mi/month mi/month
January 19 9 25 1493 539 2031 3386
February | 21 17 49 2826 1038 3864 6440
March 3 39 114 6492 2437 8929 14882
April 3 37 110 6276 2356 8631 14386
May 0 42 124 7067 2658 9725 16208
June 0 42 124 7067 2658 9725 16208
July 0 42 124 7067 2658 9725 16208
August 0 42 124 7067 2658 9725 16208
September| O 41 120 6832 2569 9401 15668
October 0 43 129 7303 2746 10049 16749
November | O 42 124 7067 2658 9725 16208
December | 16 12 36 2093 769 2862 4771
* COzaps CO2m. + CO2pp. + COmar Tot. 157323
(1 year)
TABLE V
AVOIDED IMPACT
Heat (from avoided kg avoided CO, Electricity avoided CQ. Total Total CO, balance
cogenration) | of diesel girgsn;;j se of ((:fg;]?neration) g:]c;r;ﬁge)lectrlcal avoided CQ, | including COge*
Yy
Month MJth ton ton MJel ton ton ton
January 47330 1,1 35 27609 4.4 8,0 11,3
February 90038 2,1 6,7 52522 8,5 15,2 6,0
March 208046 4,9 15,5 121360 19,6 35,1 -31,6
April 201111 47 15,0 117315 18,9 33,9 -30,6
May 226593 53 16,9 132179 21,3 38,2 -38,2
June 226593 5,3 16,9 132179 21,3 38,2 -38,2
July 226593 53 16,9 132179 21,3 38,2 -38,2
August 226593 5,3 16,9 132179 21,3 38,2 -38,2
September | 219040 51 16,3 127773 20,6 36,9 -36,9
October 234146 55 17,4 136585 22,0 39,4 -39,4
November | 226593 5,3 16,9 132179 21,3 38,2 -38,2
December 66695 1,6 5,0 38905 6,3 11,2 4.4
*a negative sign means theoretical displaced f&@n the atmosphere L_o;;ar) -307,7
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The results, under the assumptions mentioned irpéper
VII. AVOIDED IMPACT shows that the total amount of biogas produced/ger, in the
This paragraph describes the avoided impact usiteg tpilot plant in Augusta, is approximately equal t67000
; ; ; + < mlyear with a saving of COemissions equal to 308 t/year for
yearly production of biogas only for the scenaribeve it is y _ gc q Vo Uy
assumed that all the biogas is used to supply DekW the scenario where it is assumed that all the kidggaised to

cogeneration system. supply the 40 kW cogeneration system.
The results are summarized in the Table V and haiken In terms of eutrophicational benefits, the resshsw that
into account the following assumptions: the plant system can dispose around 1200 tons olftrpo
- Cogeneration efficiency for the production of thatm Manure peryear. _ _ y
energy: 60%; The calculations carried out for Latvian conditi@iows a
. y . . 3
- Cogeneration efficiency for the production of efial Yearly production of biogas equal to 498007ymar
energy: 35%; considering a minimum temperature in the ponds letpa
-Daily working load of the cogeneration system: 140°C . The results show that the £@et balance is positive
hours/day; with the consequence that ¢f@lease in atmosphere is greater
- Low heating value diesel: 42.6 MJ/kg [35]; than that absorbed. Under the same assumptionsfoiséue
- Low heating value of the biogas: 23.3 M3[36] calculations on the plant sit in Italy, at the meome good
- CO,diesel emission factor: 74.5 g/MJ [22] production of biogas, using such kind of technoloigy
- CO,emission factor, with reference to the Italian giety ~POSSible only between May and October. _ _
mix production = 0,58 kg CZkWhe [7]. In light of the final goals in connection with the
As one can see there is a total reduction of €ission Piowaldbiofuels project the paper highlights thepartance to:
equal to 308 t/year. - develop and strengthen the know-how in algae
cultivation and research, as well as the interegtemindustrial
A. Avoided impact for Latvian conditions field, with the concrete possibility to set-up spiffis or to

stimulate private investors by furnishing a clearcis-

The same calculations have been carried out fovidmt economical and normative framework useful to enbatihe

conditions using the monthly average temperaturéhefsea competitiveness of European industry:
surface in the Gulf of Riga [36] gnd the _emissi.antd).rs of - local reduction of nitrogen and phosphates whictieha
0.181 kg/MWHR, [37]. The production of biogas in this Caseseriously degraded the aquatic ecosystems thrdwgluge of
equals 49800 Myear but in this condition considering |0cal biowaste:

minimum temperature in the ponds equal tFCL@with a  renewable biogas from waste:

consequence big amount of thermal energy spenldefating) _contribution to a progress in a profitable way of

the results show that the Q@e.t balance is pogltlve with the remediating the nutrient pollution from fish farnagyriculture,
consequence that GOelease in atmosphere is greater thaﬁ'\dustry etc.:

that absorbed. Further investigations are necesdary
understand if this novel technology is exploitalliso for

Latvian conditions. Under the same assumptions fmethe

calculations on the plant sit in Italy, at the maema good

production of biogas, using such kind of novel tebgy is

possible only between May and October.

- delivering raw material for Cfneutral bioenergy;
- provide a good evaluation tool for private invesfor
stakeholders and policy makers.
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Francesco Romagnoli, Dagnija Blumberga, Emanuelei@i. Biogaze no jiras makroalgem: jauna vides tehnol@ija — dzives cikla inventarizicija
talakai dzives cikla nowrt gjuma veikSanai
Nemot \&ra Eiropas Komisijas un ANOdrtikas un lauksaimnigbas organiaciju centienus veiciit petijumus par "nefrtikas” enegijas kultiru izmantoSanu
otras paaudzes biodegvielasiiggnai, Sraksta galvenais &rkis ir anali£t inovatvu biogizes razoSanas procesu s makroBem, izmantojot fermentijas
procesus izgtes projekd August (Sidlij a, Italija). Alges augSanas ladilsgEj uznemt batbas vielas, uratlgjadi var iedit talak izmantojamu Bu biomasas raZu,
kas radusies, asinjbt biologisko atkritumu @rstrades produktus. Izmantojot bigiskos atkritumus, rversot tos par lgu baibas vieim, iesgjams noerst
eidot biolgsisko atkritumu negato ietekmi uz vidi uz pozitu, mazinot eitrofikciju un ietekmi uz klimatagymaigam. Tikmér tieSi CQ izmantoSana, kas rodas
razoSanas procg&sr noamigs faktors, kas nosak$za augSanaatrumu.
Faktiski, makrogzes izmantoSanaakvienojoSu posmu starp bigisko atkritumu @rstradi un enegijas razoSanudauj izmantot biol@iskos atkritumus ar augstu
slapela un fos#tu saturu, radot CLuzt\vergju ogleKa kvotu tirdznietbai, un izvairoties nottsneslu parstrades izmakam, pretim liekot makroges K labu
pdnu neso3as ,naptikas" enegijas avotu biomasas un efgas ieguvei.
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Rakst sniegti pirmie apmkini un pieémumi daves cikla inventaricijai, lai tlak izstadatu pilnu daves cikla no@rtgjumu, kas nepiecieSams tm
makrodgu razoSanas ietekmes uz vidi Bdgjumam.

Rakst veikti teoktiski apikini par biodgizes un bioména razoSanu, augpt jaras makroes Ulva Prolifera atktos dkos, par babas vieim dgem

izmantojot biolgiskos atkritumus (putnu &slus), un raksturotas ieefisS un izejods produktu un piespojuma plismas jiras dgu audzSanas procés
pamatojoties uz literatas datiem un eksperimélut anaizi. Fetjjuma gaigais nerkis ir noteikt vides aditajus un imeyatamju sliekus.

Raksts atspoda inovaivu vides tehnolgiju biogazes un ofis paaudzes biodegvielakifs biomeins) razoSanai pilnveiddproces, izmantojot sasatdanas
tehnola@iju. Raksts arcen3as izprast iegp istenot o inovayo tehnol@ijas Latvijas apgklos, tostarp sniedzot néngjumu CQ emisiju samazigsanai ar

tehnolgijas paldzbu.

®panyecko Pomarnouu, Jarausa Baymobepra, Imanyaias I'mrimm. buoras u3 MOpcKHX MaKpoBOJOpOcCJIeii: HOBAasi TEXHOJIOTHS — Mepey4yéT )KM3HEHHOI o
nukJaa 1is gaasueiimeii QXKL

B cBere mocnenHmx nombiTok EBpomeiickoid komuccuum u  OpraHM3aluy IHINEBOTO M CEIBCKOTO XO3fHCTBA YCHIMBAaTh W IIPOABHIATh YYCHHS U
HCCIIeI0BAaTeNbCKHIE pabOTHI Ha TEMY HETIPOJOBOIbCTBEHHBIX SHEPIreTHIECKUX 3CPHOBBIX KYNIBTYp IS IPOU3BOJICTBA OMOTOIUINBA BTOPOTO IOKOJICHHS, TJIaBHAS
1IeMTb TOH CTAThH IPOAHAIM3HPOBATH HHHOBALIMOHHEII MPOLECC IPOM3BOACTBA Grorasa (depe3 mporuecc HepMEHTANH), HCIOIb3YsI MOPCKHE MAaKPOBOJOPOCIH B
Ka4yecTBE HCXOJHOrO ChIPbsl, B MpOeKTe MpobHOM cranumn B Asrycre (Cummms, Wtamus). Bo Bpemst pocta BOJOPOCIH CIIOCOOHB! YCBAaMBATH IHTATEIbHBIC
BEIIECTBA, TAKUM 00pa3oM, Mocieayomuii coop 6MomMacchl BOIOPOCIEH BO3BpalllaeT NMUTAaTeNbHBIC BElIeCTBA B BUe OMOTX010B. Mcronb3oBaHne OHOOTXO0B
KaK IMUTATENBHYIO cpedy B (aze pocTa BOJOPOCICH eraeT BOSMOXKHON TpaHC(HOPMAIIHIO HETATHBHOTO BIIMSIHHS Ha OKPYXKAIONIYIO CPEy B HO3HTHBHOE C TOUKH
3peHHs TaKUX KATEropuil Kak SHTpodMKalMM M M3MEHEeHHs KiuMmata. Tem BpeMmeHeM, mpsiMoe Mcronb3oBanue CO,, MpOM3BEIEHHOIO B Mpoleccax paboThl
3JIEKTPOCTAHINH, ABIACTCSA BaXKHBIM (hPaKTOPOM Il CKOPOCTH MPUPOCTa OHOMACCHI BOJOPOCIIEH.

ITo daxTy, HcHoMb30BaHHE MAKPOBOAOPOCIICH KaK IPAHHIy MEXTy OHOTXOJaMH U IIPOU3BOACTBOM YHEPIUH HO3BOJIIET UCIIONB30BaTh OMOOTXOABI HAIPSIMYIO H:
OUHIIATh OMOTXOIBI C BBICOKHM COJepKaHHeM a3oTa U ¢ocdaros, ucnonb3oBats CO, B moms3y pelHKa kBOT Ha COp, m30eraTs IUIATHI 32 MOCTENCTBHS OT
UCHOJIb30BaHMS Y00PEHHIA, HCIIONIb30BaTh MAKPOBOJOPOCIIH KaK BBICOKOIIPOIYKTHBHBII HEIIPOIOIbCTBEHHBII HICTOUHUK OMOMACChI U SHEPTUH.

IMepBble pacd€THI U MPEAIOIOKEHHS AT epeydéTa JKH3HEHHOTo nukia Uit fansHeimei OXKI] mokasaHsl B 9TOH CTaThe € IENbIO OLEHUTH KOHEYHOE BIMSHUC
Ha OKPYXaIOIIyI0 Cpexy OT CTaHIHN.

AHanu3 OlIEHHBAeT TEOPETUYECKYIO NPOAYKIMIO OHorasa u OGuoMeraHa, MCIHOJB3ysl Mopckue MakpoBopopocin Ulva Prolifera,kymbruBupyembie B OTKPBITBIX
BO/I0EMAX, U KOJIMYECTBO GHOOTXO0B (IITHYHIA TOMET), HCMOIB3YEMBIX B POJIM IUTATENIBHON CPE/Ibl JUIS BOAOPOCIICH; a TaKkKe HAYMHACT XapaKTepPH30BaTh BITYCK
U BBIMYCK B KYJIBTUBALMM MOPCKHX BOJOPOCICH Ha OCHOBE YUCHHH M OKCIICPHUMEHTOB M3 IuTepaTypbl. [locinenHue HamepeHHe HCCICIOBAHHS ONPENCTUTH
MHANKATOPBI IS OLICHKH BIMSHUS HA OKPYXXAIOIIYI0 CPpey 1 HEOOXOIUMBIC 3TAIlbl BHEAPEHUS.

Cratbsi HalpaBjieHa Ha MPE3CHTALMIO HOBOI TEXHOJOTHMH OKpPYKAIOIIeH Cpeibl Il MPOW3BOACTBA OHOrasa M OHOTOILUIMBA BTOPOTO MOKOJCHHS (KHUIKUH
OuomeraH) MOCIE MPOLECCa YCOBEPLICHCTBOBAHHMS C NPHMEHEHHEM KPHOTGHHOHM TexHomornu. CrTaThsi [AeiacT MEPBYK IOMBITKY MOHSATh BO3MOXKHOCTb
BHEJPEHHSI JTOH HHHOBATHBHOW TEXHOJIIOTMH B KOHTEKCTe JIaTBHM, BK/IIOYas IMEPBOHAYATIBHYIO OLCHKY BO3MOXHOTO cHIKeHus ypoBHS CO, sMmuccuii B
YCIIOBHSX HCIIONB30BAHMUS 3TON TEXHOJIOTUH.
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