PO ABG

AlgaeBioGas

AlgaeBioGas

Algal treatment of biogas digestate and feedstock production

D4 .3
LCI, LCA of the case study instalation
PUBLIC
Contract ECO/12/333018
Instrument CIP Eco -innovation - Pilot and marketre p-
lication projects
Call Identifier CIP-EIP-Eco-Innova tion -2012
Project website http://algaebiogas.eu/
Project coordinator Robert Reinhardt
Task Leader *BA9 ijBMGBD
Contact e-mail mailto:algaebiogas@algen.si

Start date of project 1. September 2013
Duration 36 months
Reporting Date 730. April 2016

Co-funded by the Eco-innovation
Initiative of the European Linion

m European Executive Agency for CI]I)%“

Commission | small and Medium-sized Enterprises


http://algaebiogas.eu/
mailto:algaebiogas@algen.si

CIP Eceinnovation - Pilot and market replication projectsECO/12/333018IgaeBioGas .ABG

IS T =Y/ USSR 4
P2 e (o] = Tox Y o 1] 1 =T AR 4.
3 Task Descriptio N and ODJECHVES  ......uvviiiiii i e eree e e e e B.
v/ 11 oo [F o1 1o o I 5
o R = T ToTo Fo TSR oot (o ) g T T U o] o= 5
4.2 Digestate and its challenges for biogas Operators  ......euiiiiiiiiiiiiiiiiiiiceee e 5
4.2.1 Digestate treatment technologies and its drawbacks ..o 6
4.3 Microal gae and biogas digestate treatment ..........ciiiiiiiiiiiiiimrmre 6
4.4 Benefits of microalgal treatment of digestat ... e 7
5 LCA and MiCroalgae  ......coooiiiiiiiiiiiie e 7
6 Demonstration CENIIE OVEIVIEW .ooiiiiiii e e e et e e e e e e e mmem e e e e e e e e e eeneann s 8.
7 LCA of microalgal -bacterial biogas digestate treatment technology —  ...coooeviriiiiiinnnnn. 9.
7.1 Goal and scope definition ..o e ————— 9
7.2 Life cycle inventory (LCI) and impact aSSESSMENt ..ooiiviiiiiiiiiiiiiiiiieeee e 11
7.2.1 LCI for mic roalgal -bacterial treatment of biogas digestate technology ............ 11
% N R o] o IKS3 1 (=] o PP 11
7.2.1.2 Biogas digestate supply from biogas plant to microalgal ponds  ................... 12
7.2.1.3  SediMENtatiOn PIrOCESS  ..eeeiiiiiiiiiiiiiiiiieieeesameeeeeeeeeeeeeeeeeeeeeeesssmmanseeeeeeeeeeeeeeeeeeeeeesannn 12
7.2.1.4 ReVErSe flOW SYSEIM oo e e eree e e e e e e e e e e et e e mmmm e 12
7.2.1.5 BiOMASS SIOMAGE  iiiiieiii e mmmm e mmmm e 12
7.2.1.6 Biomass transporting system to biogas plant = ..., 12
7.2.1.7 HEALNG SYSTEIM ..oiiiiiiiiiiiiiiiiiiiutttttmmmeeeeeeeeessseesessessse s s mmmm s s e eeseeeeesessseee e e s s s mmmm e e e e eeeeeeees 13
7.2.1.8 CO, introdUCtion SYSIEM  ...ciiiiiiiiie e eeee e e e e e e e e et a e e e e e e e eananes .13
7.2.1.9  CONMIOI SYSTEIM  ..oiiiiiiiiiiiiiiiiittitetttcmeeeeeeeeeeeeeee et e e et mmmn e e e e e ee e e s seeese e e e e e e s mmmm e e e e e e e e e e e 13
7.2.1.10 Parameters and substances released from biogas plant entering the

Algaebiogas SYSIEIM it eree e ———————— 13
7.2.1.11 Output parameters release from algaebiogas system to technosphere ... 14
7.2.2 LCI for application of biogas digestate to agricultural land ... 15
7.2.2.1 Output parameters from biogas plant ... 15
7.2.2.2 Parameters included in transport of biogas digestate to farms and its

=T o] o] [T07=\ 1[0 ] o PP RUSRPP 15
7.3 LCA results and iSCUSSION  ..coiiiiiiiiiiiieeeeeeeeiimmmme e e e e e e e e eeata s s e e e e s mmmmeaaean e s s e eeeeeesnnnnnnmmnns 15
A T R O 110 = (=1 o] 1 = o [T PSSP 16
7.3.2 0z0N€ dePIELION  ooiiiiiiiiie e 16
7.3.3 Terrestrial acidifiCatiOn  ....oooiiiii e e 17
7.3.4 Freshwater eUtrOPNICALION  .....oiiiiiiiiiiiiiiiiiiiie e ceee et ettt e e mmen e e e e e e e e e eeeeeeeeeeeeeeen 17
7.3.5 Marine eutrophiCation ..o e 18
7.3.6  HUMAN TOXICILY  1oiiiiiiiiiiiiiiiiiiiiii et eeee ettt ettt ettt et e ettt ettt e e et e e et e e e e e e e e e e e e eees 19
7.3.7 Photochemical oxidant formation ... 19
7.3.8 Particulate matter formation .......ooiiii e 20
7.3.9 Terrestrial @COtOXICILY  ....iiiieiiieiiiie e e e e e e e et e e e e e e e e meem s 21
7.3.10 FreShwater @COTOXICITY  ....uuuuuee e mmmn e 21
A B0 = ] g TR =Yoo () [ I /PP 22

D4.3 LCI, LCA of the case study instalation 2



CIP Eceinnovation - Pilot and market replication projectsECO/12/333018IgaeBioGas .ABG

AR 70 2 o 11 T T = o 7= U1 o] o TS 23
7.3.13 Agricultural land OCCUPAtION ..o 23
7.3.14 Urban [and OCCUPALION  ....coiiiiiiiii et ceee et e e et e e e e e e e e e e s s mmnn s 24
7.3.15 Natural land transformation ... mmmn e 24
7.3.16 Metal dePIELION  ....eiiiiiiiiiii et e e e e s mmnn e e e e e 25
7.3.17 FOSSIl dEPIBTION  ...eiiiiiiiiiiiiiei e mmme e eemn e 26
AR TR S =T o Y E= - 26
7.3.19 Endpoint category ~ Scombin ing midpoint results into three common

(oL aTo] 0 411 g F= Lo ] £ PP PPPPPPPP 27
7.3.19.1 Damage to human health ... 27
7.3.19.2 ECOSYSIEM QUAIILY  ..eeeeiiiiiiiiiiiiiiiiieiettmmme et s e e e e e e e e mmmm e e e e e 28
7.3.19.3 Resource availability .........ccooiiiiiiiiic e 29
8 CONCIUSIONS ...t ii ittt ettt e et mrr e e ettt e e e e e s mmmm e et e e e e e e e e e nibbee e e e e mmnn 29
O REFEIBNCES ..oeiiiiiiiiiiit ettt mme ettt ettt e e e e e e mmnn et e e e e e e r e e e e e e mmnn e 29
Y o] 011 T [ S 31
Figure 1 Demonstration centre SUDSYSIEMS .......iiiiiiiiiiiiiiiiiiiiimmee bbb eeee e 9
Figure 2 Overview of the system, scenario A, B and X. . 10
Figure 3 Overview of the microalgal S bacterial biogas digestate treatment process.
Dotted line shows  system boundary for LCA. i mmmm e 11
Figure 4 Climate change impact category for scenarios A, Band X. ..., 16
Figure 5 Impacts of scenarios A, B and X on ozone depletion.  .......ccccooiiiiiiiiiiniiiimemeees 17
Figure 6 : Impact of scenarios A, B and X on terrestrial acidification. ..., 17
Figure 7 Impact of  scenarios A, B and X on freshwater eutrophication.  ............cce. 18
Figure 8 Impact of scenarios A, B and X on marine eutrophication.  ....ccciiiiiiiiinnnn. 19
Figur e 9 Impact of scenarios A, B and X on human toxicity. ..., 19
Figure 10 Impact of scenarios A, B and X on photochemical oxidant formation. ... 20
Figure 11 Impact of scenarios A, B and X on particular matter formation. ~ ................ 20
Figure 12 Impact of scenarios A, B and X on terrestrial ecotoxicity. ~ ..viiiiiiiiiiiiennnn. 21
Figure 13 Impact of scenarios A, B and X on freshwater ecotoxicity.  .....cccocvivininnnnns 22
Figure 14 Impact of scenarios A, B and X on marine ecotoxiCity.  ....cevvviiiiieiiieeriineneeanns 22
Figure 15 Impact of scenarios A, B and X on ionising radiation. ..., 23
Figure 16 Impact of scenarios A, B and X on agricultural land occupation. ~ .............. 24
Figure 17 Impact of scenarios A, B and X on urban land occupation.  .......cccccceivnnnnnnns 24
Figure 18 Impact of scenarios A, B and X for natural land transform ation. ............... 25
Figure 19 Impact of scenarios A, B and X on metal depletion. ..., 26
Figure 20 Impact of scenarios A, B and X on fossil dep [etION. ..eieiiiiiii e 26
Figure 21 Impact of scenarios A, B and X on electricity USE.  ....iiiiiiiiiiiiiiiiiiiceee s 27
Figure 22 Impact of scenarios A, B and X on damage to human health. ................... 28
Figure 23 Impact of scenarios A, B and X on ecosystem quality. .., 28
Figure 24 Impact of scenarios A, B and X on resource availability. .................. 29
Table 1 Chemical composition of biogas digestate ... 14

D4.3 LCI, LCA of the case study instalation 3



CIP Eceinnovation - Pilot and market replication projectsECO/12/333018IgaeBioGas .ABG

Life cycle assessmentis a multi  -step procedure for calculating lifetime env  iron-
men tal impact of a service or a product. In our case, we have set up AlgaBioGa s
Demonstration centre for algal treatment of biogase digestate and the following

report descri bes LCA of AlgaeBioGas system.  Environmental impac ts of Algaebi o-
gas system were assessed using Simapro software and ecoinvent database; 18 i m-
pact categories were used. Impact categories for 3 different scenarios were a S-
sessed and compared.

D4.3 LCI, LCA of the case study instalation 4
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The objective of this  deliverable is to evaluate environmental impact of microalgal
treatment of liquid phase of biogas digestate and comparison with environmental
impacts of biogas digestate application as a fertiliser to agricultural land. To our
knowledge, AlgaeBioGas demon stration cent re is the only installation for biogas
digestate treatment connected to biogas plant in EU up until April 2016. Moreover
no LCA analysis has been published for this technology so far .

From DoW (task 4.3 Preparation of LCIl and LCA for he demo nstration centre)

The number of biogas plants in Europe is rising and has reached 17240 biogas
plants by the end of 2014 (EBA, 2015). This number shows great potential of the

technology where organic material is transformed into b iogas, a sustainable source
of energy, through the process of anaerobic fermentation. Biogas presents impo r-
tant renewable source of energy in Europe decreasing dependency of fossil r e-
sources and contributing to achieve the target approved by the renewable energy

directive (2009/28/EC) of 20% of final energy consumption based on renewable
sources by 2020. In most cases biogas is used for production of electricity, rarer in
combined heat and power units to produce electricity and heat, or for transport
use.

Beside biogas, biogas plants are generating large amounts of biogas digestate

daily. For example 1 MW biogas plant produces approximately 160 m ® of biogas
digestate per day and its processing presents an im portant issue for biogas plant
operator resulting in high costs and environmental impact (Fuchs & Drosg, 2013).

D4.3 LCI, LCA of the case study instalation 5
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Biogas digestate is a mixture of undigested substrates, microbial biomass, and

metabolic products. Its composition depends on input biomass and the process of
anaerobic digestion. Digestate consists of water (90% S 95%), high concentration of
mineral nutrients, heavy metals, small percentage of organic matter and other u n-
defined substances (Xia & Murphy, 2016).

Other digestate treatment technologies, such as centrifugation and evaporation,
can efficiently concentrate the nutrients; however, they require high energy input.

Different technologies are available for biogas digestate treatment, from si mple
application of digestate to agricultural land as a fertilizer to mechanical drying,

thermal vaporization, physical ~ Schemical treatment (separation, ultra -filtration, r e-
verse osmosis, ionicexchan @> Kt FO0O>AE O *EEE>KND |l LLthigh2 AHL> |
energy input and most common practice in many biogas plants is separation of
biogas digestate to solid and liquid phase and simple application of the digestate to
agriculture land as a fertiliser. Solid phase presents approx. 10 -20% by mass and its
use as a fertiliser is not problematic. Liquid phase of biogas digestate is more diff i-
cult to process due to its big quantity 80 -90% by mass and its composition. Simple
spreading of liquid digestate can lead to nutrient loss due to NH 3 volatilization and
drainin g of the nutrients (N, P) to nearby waters causing eutrophication. Liquid

phase can contain contaminants like heavy metals, pathogen organisms or plastic

particles, which can reduce soil productivity (Lukehurst et al., 2010; Xia & Murphy,

2016). High conce ntration of cations, especially K+ ions, reduce S ion-excange ¢ a-
pacity of soil causing decreased fertility of soi I (Unterfrauner et al., 2010).

Another important factor is that land application of liquid biogas digestate depends

on the type of the soil, pl  anted crops, crop growth stage and time of year. Liquid
digestate cannot be applied in winter months or in bad weather and meanwhile d i-
gestate needs to be stored. During storage biogas digestate can emit greenhouse

gases (e.g., CH4, N20) and other substanc es due to present volatile solids. Tran S-
port of biogas digestate to agricultural area causes logistical problems and high

costs, since transported biogas digestate consists mostly of water. Biogas digestate

has to be transported to adequate agricultural ar ea to prevent over fertilization of

soils and to avoid negative effects on the soil or loss of the nutrients (Fuchs &

Drosg, 2013; Lukehurst et al., 2010; Xia & Murphy, 2016).

To avoid abovementioned problems and to optimize biogas plant process, altern a-
tive technigues for biogas digestate treatment are needed. Microalgae hold great

potential for wastewater treatment and present alternative option for biogas dige S-
tate treatment (Whitton et al., 2015; Xia & Murphy, 2016). Microalgae use dissolved
mineral nutrients from biogas digestate, CO » and organic matter for their growth

and produce O , and valuable biomass. This results in reduction of concentration of

mineral nutrients in biogas digestate, contributes to CO > sequestration and ox  y-
genation of biogas digestate. Microalgae also contribute to heavy metals removal

(Kaplan et al., 2013), organic pollutants like hormone disruptors removal (Mat a-
moros et al., 2015) and pathogen bacteria removal (Abdel -Raouf et al., 2012) . Pro-
duced microalgal biomass can be used for several applications, for example biogas

(Passos et al., 2014; Razzak et al., 2013), biofuels (Razzak et al., 2013), feed (Markou

and Georgakakis, 2011), bioplastics, protein production and others.

D4.3 LCI, LCA of the case study instalation 6
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Microalgae need sunlight for their growth. For that reason , microalgae cultivation

systems are designed as a shallow raceway ponds which require large area, which

=H>LGRM A90> MH ;> 9@KB<NEMNK9E cdodrGwhcheaBH@9L =B@
additionally reduce th e penetration of light into raceway ponds. Another factor that

can inhibit microalgae growth is high ammonia conce ntration in biogas digestate.

This can be avoided with higher retention times of biogas digestate in the trea t-

ment system or by larger area ne eded for digestate treatment.

There are several benefits that can be reached by using algae for biogas digestate
treatment:

i production of algal biomass that is returned to the anaerobic process as add i-
tional bio gas substrate;

9 production of algal biomass as a fertilizer (as an alternative to compos t-
ing),biological ;

i production of algal biomass that is used in biorefinery to extract useful products
(lipids for biodiesel, protein for animal food, special ingredients like polyunsat u-
rated fatty acids, antioxidants, and similar); the remaining biomass is returned to
biogas production as substrate;

i treatment of liquid digestate to remove organic residuals and all mineral nutr i-
ents; treated water can then be released to th e environment orre -used in the
process; such treatment is best done with algal bacterial culture; resulting bi o-
mass is again recycled to the biogas production;

9 use of nutrient rich substrate for production of algal biomass for other purposes
(e.g. edible products, animal feed products, nutriceuticals); provided that the
substrates for the biogas production are of organic / ecological origin, the r e-
sulting product may receive ecological status and be certified as organic pro d-
uct;

i1 quick pre -treatment of dige state by attached cyanobacteria to remove heavy
metals and/or endocrine disruptors and then using the treated digestate for any
of the above purposes.

All mentioned technologies for biogas digestate treatment have certain enviro n-
mental i mpacts. The most accepted method for assessment of these impacts is life
cycle ass essment (LCA). The objective of this deliverable is to evaluate enviro n-

mental impact of microalgal treatment of liquid phase of biogas digestate and

comparison with environme ntal impacts of biogas digestate application as a ferti I-
iser to agricul tural land. To our knowledge AlgaeBioGas demonstration cent reis
the only installation for biogas digestate treatment connected to biogas plant in

EU, up to April 2016. Moreover , no LCA analysis has been published for this tec h-
nology. M ost published LCA studies refer to energetic use of microalgae. The best
approximation of LCA for A lgaeBioGas technology was published by Collet et al.
(2011) and covers methane production from microalgal biomass as a biofuel. The

D4.3 LCI, LCA o fthe case study instalation 7
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article is based on lab scale an  d pilot scale data which can differ significantly from
real scale application.

LCA study of biogas processing techniques has been published by Rehl and Muller

(2011) which included one conventiona | digestate management option (storage and
application of untreated manure on agricultural land), one stabilization process
(composting), three mechanical drying options (belt dryer, drum dryer and solar

dryer), one option using thermal vaporization (conce ntration) and one physical S
chemical treatment (combination of separation, ultra -filtration, reverse osmosis and
ionic exchanger); but no micr  oalgae technology was included.

W e have to mention that comparison between different published LCA studies is

compl icated due to the differences in LCA methodologies, system boundaries and

life cycle inventory data (Bradley et al., 2015). Bradley et al. (2015) have published

guidelines for unified approach to LCA for algae biofuel facilities. In LCA of micr o-

algal bioga s digestate treatment we tried to consider the proposed guidelines, but

P> <HNE=GRM 90HB= FH=B?B<9MBHGL =N> MH =B??>K>GM

The concept and the technology of microalgal treatment of biogas digestate has

been successfully tested and proven within A IgaeBioGas project in demonstration
centre for microalgal -bacterial treatment of bioga s digestate. Demonstration cent re
consist of 0,5 MW thermophilic biogas plant and 100 m 2 high rate algal pond

(HRAP) covered with greenhouse. Liguid phase of biogas digestate is treated with

mixed community of microalgae and bacteria in HRAP, where microalgae use mi n-
eral nutrients and CO , from fu el gases and bacteria during growth and produce O
and microalgal biomass. O , and rema ining organic matter is used by bacteria, which
produce CO ,. Excess heat is used for mainten  ance of optimal temeprature in colder
months. Produced algal biomass is returned to the biogas plant as additional biogas
substrate. Within this process biogas dige state is processed directly on site. By a I-
gal and al gae -bacterial recycling of nutrients we can close material cycles, provide
feedstock for bio  -refining various high value products and decrease competition

between biogas and food use of agricultural crops . We can also prevent local
shortages of digestible feedstocks, which occasionally limit biogas productivity,

especially in larger biogas power plants (>1 MWe). Algal production can fully use

nutrients from anaerobic digestate, CO , that is otherwise emitte  d to the atmo s-
phere and some of the excess heat from the biogas operation.

D4.3 LCI, LCA of the case study instalation 8
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Figure 1Demonstration centre subsystems

7 LCA of microalgal -bacterial biogas digestate trea t-
ment technology

7.1 Goal and scope definition

The goal of this st udy is to evaluate environmental impacts of AlgaeBioGas system

for microalgal - bacterial biogas digestate treatment. Environmental impacts of

ABG system are compared to environmental impacts of application of biogas d i-
gestate to agricultural land. Three s cenarios were determined ( Figure 2):

Scenario A : includes all material and energy flows of the system (cradle to grave).
Produced microalgal biomass presents new sustainable energy (electricity) which is
released into electrical N etwork and replaces electricity production from other
types of power plants.

Scenario B : includes all material and energy flows of the system (cradle to grave)
where produced microalgal biomass presents new free feedstock for biogas plant,
resulting in add itional production of electricity and increased nominal power of
biogas plant. Electricity production increases for 15%.

Scenario X : includes storage of biogas digestate in storage containers, its daily
transportation to farms and application of the digest ate to agricultural land. Tran  s-
portation from biogas plant to farms includes average distance 50 km (one way)

and capacity of transport trucks 20 m %, Application of biogas digestate to agricu I-
ture land is provided by farm tractors on average distance 10 km (two way).

The scenarios are schematically presented in Figure 2. The biogas plantis noti n-
cluded in the LCA due to different types of anaerobic digestion process (mezo - and
thermo -philic process) and different substrates used b y biogas plants. The process

of microalgal S bacterial treatment of biogas digestate is presented in Figure 3. Mi-

D4.3 LCI, LCA of th e case study instalation 9
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croalgal -bacterial biogas digestate treatment process takes place in shallow rac e-
way ponds, covered with simple green house to provide optimal conditions for m i-
croalgal S bacterial culture in all weather conditions and to prevent contamination

and introduction of algae eating organisms. Microalgal biomass is concentrated in
sedimenter and then returned to biogas plant. In put parametersto  ABG system are
biogas digestate, CO ,, heat and electricity. Important environmental factor is smell

of biogas digestate, which is hard to evaluate numerically due to unknown conce n-
tration of substances causing bad smell. Output of the alg aebiogas system is algal -
bacterial biomass, which can be returned directly to anaerobic digestion process,

and effluent water. Effluent water can be partly reused in the system for replac e-
ment water loses due to evaporation.

Algaebiogas system is located in southern central Europe in Ljubljana, Slovenia. All

data for LCI were obtained from algaebiogas demonstration cent re and extrap o-
lated for the system with biogas digestate treatment capacity from 1 MW therm o-
philic biogas plant. The required area for the system is 5,1 Ha Functional unitisd e-

termined as MWh of energy produced in biogas plant per year.

The inventory includes extraction of resources, production of materials and parts

used in the system, production of energy, construction of parts of the sys tem, co n-
struction process, use of material and dismantling and disposal of material. Final

mounting of each system components, e.g. greenhouses, is excluded from LCA. Life

span of infrastructure is 30 years. Life span of electrical equipment is 15 years.

LCA follows the standard LCA guidelines according to ISO 14000 and 1SO 14040.

Software program SimaPro 8.0.5 and ReCiPe methodology was used for prepar a-

MBHG H? )kdzn 2A> "Q<>E M>FI E9M> f0>kB->e-*B=t" G=|
<>F; >K Il LI} R ¥F$H20£3)vHs used &8 a BaBeéndocument for further

work. Environmental impacts were assessed using databases Ecoinvent, Agri -

Footprint LCI, European reference Life Cycle Database, Franklin US LCI 98, Eur o-

pean Life Cycle Data, US Input Output library, EU and Danish Input Output library,

Swiss Input Output, LCA Food, U.S. Life Cycle.
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2 &
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-
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Figure 2 Overv iew of the system, scenario A, B and X.
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Figure 3 Over view of the microalgal S bacterial biogas digestate treatme nt process . Dotted line shows
system boundary for LCA.

Detailed calculations of LCI are presented in Appendix .

7.2.1 LCl for microalgal -bacterial treatment of biogas dige S-
tate technology

7.21.1 Pond system

Algaebiogas system for treatment of biogas digestate is design as modular system :
consist ing of modular units. Each unit consist of 500 m % raceway pond and 64 m  ?
area for maintenance of the system. The depth of raceway ponds is 30 cm. Each

algal pond is covered with g  reenhouse. Determined distance between greenhouses

is 50 cm.

Number of algaebiogas units is calculated based on the data of algaebiogas sy S-
tem, which can process 300 L of biogas digestate per 100 m 2 of raceway ponds per
day. Daily amount of biogas digesta te from 1 MW biogas plantis 137,49 m 3. Based
on that number required area is 45,83 ha, which requires 92 modular units. Here we

have to add additional area required for maintenance, operation process, harves t-
ing of biomass and area needed for control sys tem with control room. Total area
needed is 6,5 Ha.

Each raceway pond base is made of concrete (27,8 m %) and cowered with geote  x-
tile (89,7 kg) and rubber foil (4503 kg). Mixing is provided with paddlewheel (200

kg of HDPE and 22,5 kg steel) and 250W motor. Total electricity consumption for
mixing is 3750 kW/year for 92 units.

Cooling in summer months is provided with ventilators. Each unit has 2 1,1 kW vent i-
lators. Operating time is calculated in warmer months May -September for 7 h/day.
Average operatingt ime of ventilators is 1050 h/year and total electricity consum p-
tion for algaebiogas system is 21300 kWh/year.

D4.3 LCI, LCA of the case study instalation 11
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The average measured growth rate of algal bacterial biomass in the system is 20
g/m ?/day, which is equal to 10 kg/ algaebiogas system unit.

7.2.1.2 Biogas digestate supply from biogas plant to microalgal ponds

Biogas digestate is pumped into system units with 750W electric pump. Operating

time for pumps are 6 minutes/day for each unit. Total el ectricity consumption for
pumps 10100 kWh/year for 92 un its. Ord inary pipes DN 160 mm are used for dige S-
tate manipulation. Biogas digestate is pretreated with 200W UV lamp before ente r-
ing to algal ponds. UV lamp removes potential pathogenic bacteria present in bi o-
gas digestate and improves the quality of the produced m icroalgal biomass and
effluent. T otal electricity consumption of UV light for 92 units is 1010 kWh/year.
Electromagneti c valves are used to regulate in  put flow of biogas digestate.

7.2.1.3 Sedimentation process

Microalgal bacterial biomass is pumped from raceway ponds to sedimenter, where
biomass settles down and concentrates at the bottom of the sedimenter. 750W

electric pump is used for pumping of biomass with operational time 20 min/day. El.
consumption for pumping is 8640 kWh/year/92 units.

Sedimenter is meta | container with conical bottom. V of the sedimenter has to be 2

m? for 100 m 2 of ponds. This means the total V at least 920 m % per 92 units. Sed -
menter has installed very slow mixer (1 kW) to prevent attachment of bioma ss to
the walls of the sedimenter. E  stimated el. consumption for mixer is 8400

kWh/year/92  units.

7.2.1.4 Reverse flow system

Reverse flow system ensures that part of the content of sedimenter is returned
back to the microalgal ponds. In sedimenter biomass is sedimented and part of the
supernatant and biomass is returned to the ponds to maintain optimal volume in

the microalgal ponds and to replace water losses due to evapotranspiration. Other

part is released out of the system. Reverse flow is provided by pumping with el.

pump 750W and operating t ime 20 min/day. System is controlled with electr o-
magnetic valves and standard pipes DN160 are used. Total el. consumption for

pumping is 8640 kWh/year/92 units.

7.2.1.5 Biomas s storage
Biomass from sedimenter can be stored in container for short period. This is 0 p-
tional and this is operational in algaebiogas demonstration cent re. Storage co n-

tainer should have capacity of 92 m % of harvested biomass per day (before drying).
Biomass storage unit consist of 750W electric pump, electromagnetic valves, pipes
and sensor. Operating time for pump is 0,1h/day per unit and total el. consumption

for pumping is 1680 kWh/year/92 units.

7.2.1.6 Biomass transporting system to biogas plant

Produced biomass from algaebiogas system can be directly used in biogas plant.
For anaerobic digestio  n wet biomass can be used. For this reason biomass from the
sedimenter or from storage unit can be simple transferred to biogas pl ant with
electrical pump 750W. B esides pump, transport system consist of pipes 160DN,
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flow sensor and eland data cables. Opera ting time for pump is 0,1 h/unit what r e-
quires 1680 kWh electricity/year/92 units.

7.2.1.7 Heating system

Heating system has to be installed in climates with colder winter s. The optimal
temperature for microalgal biogas digestate treatment is around 25 St Pksim- dz
ple radiator immersed in raceway ponds is used for heating. The source of heat is
exhaust gases which goes through heat exchanger. Hot water from heat exchanger

is pumped through isolated pipes to radiators with 25W electric pump. Total ele c-

tricity cons umption for pumping is 4970 kWh per year/92 units.

7.2.1.8 CO; introduction system

Exhaust gases from biogas engines are used as a source of CO ». Part of CO , comes
from bacteria in the system and  small amount isintroduced by dissol ving of CO ,
from air. CO , introd uction is regulated with pH of the microalgal bacterial culture

which is set to 6,5. If pH raises to 7, CO » is introduced through si  mple aeratori m-
2

mersed in the microalgal pond. Total length of the CO » introduction pipe is 1092 m
per 92 units.

7.2.1.9 Control sys tem

Control system of algaebiogas system is placed in a mobile unit S office container
with control room, including hardware and software systems, and electrical unit for

control system. Main electric consumers are air condition for heating -4

months/y ear and 8 hours/day and cooling - 90 days and 8h/day  for the control
room. El. consumption for heating and cooling is 2400 kWh/year. El. consumption

for PC (150W) is 2630 kwh/year and for lights 876 kWh/year. Mini PC units of co n-

trol system in each module requi re 3050 kWh/year.

7.2.1.10 Parameters and substance s released from biogas plant en tering
the algaebiogas system

Parameters and substances from biogas plant which enter the algaebiogas system
are CO ,, biogas digestate, heat and electrical energy (  Figure 3). Detailed calcul a-
tions of all parameters are presented in Appendix |.

CO2: 1 MW biogas plant produces 32 g CO  ,/kWh.

Biogas digestate: 300 L of biogas digestate can be treated per 100 m 2 of algaebi o-
gas ponds per day. Each 500 m 2 unit o f algaebiogas system can process 1500 L  of
biogas digestate daily. Biogas composition is shownin  Table 1 In LCA an assum p-
tion was made that all chemical nutrients are used by microalgae, which are used as

a substrate in biogas p lant for biogas production. With this assumption , no chem i-
cal elements are rele ased out of the system. In real algaebiogas system this a S-
sumption would cause accumulation of heavy metals, especially Cr, and non -
digestible matter in the system, which could decrease efficiency of biogas digestate
treatment process in the long term. Due to this reason , part of biomass should be
removed out of the system and could be used as a fertiliser, for biogas production

etc.
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Table 1Chemical compo sition of biogas digestate

Nitrogen total (N) 1938.0000
Ammonium Nitrogen (NH4-N ) 1421.8800
Nitrate as nitrogen (NO3N) 0.5712
Nitrite nitrogen (NO2-N) 0.3060
Phosphate phosphorus (PO4P) 427.3800
Phosphorus total (P) 1691.1600
Potassium (K) 137.7000
Calcium (Ca) 178.5000
Magnesium (Mg) 74.4600
Sodium (Na) 8155.9200
Arsenic 1.0000
Zinc 2.0000
Mercury 0.0200
Nickel 1.0000
Cooper 1.0000
Chromium 1.0000
Cadmium 0.0300
Lead 1.0000
Cobalt 1.0000
Selenium 0.3000
Chromium 3.0000
Heat: Heat is by -product of the biogas plant, therefore it is not deliberately pr  o-
duced and used for algaebiogas system. Due to this reason he at is not included in
LCland LCA.

Output parameters include algal biomass, oxygen and water. Detailed calculations
of all parameters are presented in Appendix .

Water: water losses due to evapotranspiration are 100 L/100 m ’/day. Evapotransp i
ration is needed for cool ing of the algaebiogas systemin the summer months.

Oxygen: Oxygen is end product of the photosynthesis process . For each kg of pr o-
duced microalgal biomass, 1 kg of O, is released. Major part of O , is used by bact e-
ria in algaebiogas system and for chemical oxidation of differe nt chemical su b-

stances. For example substances causing bad smell are immediately oxidised in a I-
gaebiogas system resulting in elimination of bad smell.

Algae biomass: 20 g/m ? algal bacterial biomass is produced daily in algaebiogas

system. For LCA caloric v alue of microalgae biomass is presented for easier inte r-
pretation and to provide right functional unit. Caloric value of microalgal biomass is

3580 kcal’lkg DW. This equals to 4,16 KWh/kg DW microalgae biomass. Based on
presented assumptions produced microa lgal biomass equals to 1,08 x 10  ° kWh e n-
ergy each year.
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7.2.2 LCI for application of biogas digestate to agricultural

land
7.2.2.1 Output parameters from biogas plant
Output parameters from biogas plat for application to agricultural land include bi o-
gas digestate and CO,. Composition of biogas digestate is presented in Table 1 To-

tal amount of 137,49 m * biogas digestate is produced from 1 MW biogas plant each
day. The same amount has to be stored and transported to agricultural land.

Produced CO, is released to the environment.

7.2.2.2 Parameters included in transport of biogas digestate to farms
and its application

137,5 tons of biogas digestate has to be transported daily to farms. Assumed ave r-
age distance of farms is 50 km. Digestate is transporte d by trucks with capacity 20
t and euro 4 motor. Distance made by trucks is 685 km/day.

Biogas digestate is  storage in storage containers with capacity 962,5 m % Biogas
digestate application to agricultural land is carried out by tractors and farm m a-
chiner y. Each application requires average distance of 10 km.

In the following chapters, LCA results for 3 scenarios are showed and compared

Scenario A includes all material and energy flows of the system (cradle to grave)
and assume s that produced microalgal biomass presents new sustainable energy
(electricity) which is released into electrical network and thus replaces electricity
production from other types of power plants

Scenario B includes all material and energy flows of the system (cradle to grave)
where produced microalgal biomass presents additional feedstock for biogas plant,
resulting in additional production of electricity and increased nominal power of
biogas plant.

Scenario X includes application of biogas digestate t o0 agricultural land.

The first part of the results presents midpoint damage level, focusing on negative

environmental effects (e.qg., terrestrial acidification, freshwater eutrophication, w a-
ter deple tion, etc.). The last part of the results illustrates the endpoint damage level,
where indicators from the midpoint category are combined into three common d e-

nominators (damage to ecosystem quality, human health, and resource availability).

Selected midpoint impact categories are climate change, ozone depletion, terre s-
trial acidification, freshwater acid ification, marine acidification, human toxicity, ph  o-
tochemical oxidant formation, particulate matter formation, terrestrial ecotoxicity,

freshwater ecotoxicity, marine ecotoxicity, ionising radiation, agricultural land o c-

cupation, urban land occupation, natural land occupation, water depletion, metal
depletion, fossil depletion and electricity use.
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7.3.1 Climate change

Impact of scenarios A, B and X on climate change is shown in Figure 4. Algal treat-
ment of biogas digestate (scenario A and B) has positive impact on climate change ,
as expected, due to the process of photosynthesis in which CO » is used for micr o-
algal growth. On the contrary, scenario X S application of biogas digestate to agr i-
cultu ral land has negat ive impact on climate change, since more than 100 kg of CO ,
equivalent is released to the environment per MWh of energy produced in bi ogas
plant. Based on the results, a Igaebiogas technology contribute s to CO , sequestr a-
tion.

Climate change
kg CO2 eq/MWh

1.50E+02

1.00E+02

5.00E+01 - w3 SCENARIO A

ARI
0.00E+00 u; SCENARIO B

= SCENARIO X
-5.00E+01 -

-1.00E+02 -

-1.50E+02

Figure 4 Climate change impact category for scenario s A, B and X.

7.3.2 Ozone depletion

Impact of scenarios A, B and X on ozon e depletion is shown in  Figure 5. Microalg ae
technology scenario A and B has minimal impact on o zone depletion. Comparison

of scenarios B and X shows 3,2 times lower environmental impact on ozone depl e-
tion of scenario B, compared to scenario X.
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Ozone depletion
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Figure 5 Impacts of scenarios A, B and X on ozone depletion.

7.3.3 Terrestrial acidifi cation

Impact of scenarios A, B and X on terrestrial ac idification is shown in ~ Figure 6. Re-

sults show minimal impact on terrestrial acidification for microalgal systems (sc e-
nario A and B). Scenario X  has negative impact on terrest  rial acidification e  x-
pressed as 540 g SO , equivalent per MWh energy, compared to 20 g SO 2 equiv a-
lent per MWh in scenario A. Scenario B has no impact on terrestrial acidification.
Terrestrial acidification
g 502 eq/MWh

6.00E+02 -

S00E+02 -

A0D0E+02 =3 SCENARIO A

3.00E+02 B 5 SCENARIO B

B § SCENARIO X

200E+02 -

1O0E+02 -

0.00E+00 .

Figure 6 : Impact of scenarios A, B and X on terre strial acidification.

7.3.4  Freshwater eutrophication
Impact of scenarios A, B and X on freshwater eutrophication is shown in Figure 7.

Results show no impact on freshwater eutrophication for microalgae technology
(scenario A and B). Those results are expected due to  the assumption that all mi  n-
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eral nutrients are used by microalge and are later returned to biogas plant. Ho w-
ever, on the long period, some of the microalgae biomass will have to be removed

out of the algaebiogas system due to accumulation of heavy metals and other su b-
stances which can inhibit microalgae growth.

Results show big impact on freshwater eutrophication equal to 13 kg of P per MWh.
Reason for those high values is  transportation of biogas digestate to agricultural
land.

Freshwater eutrophication
g Peg/MWh

1.40E+04 -
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4,00E+03

2.00E+03 -
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Figure 7 Impact of scenarios A, B and X on freshwater eutrophication.

7.3.5 Marine eutrophication

Impact of scenarios A, B and X on mari ne eutrophication is shown in Figure 8. Re-
sults shows minimal impact  of scenarios A and B to marine eutrophication co m-
pared to scenario X.
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Marine eutrophication
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Figure 8 Impact of scenarios A, B and X on marine eutrophication

7.3.6  Human toxicity

Impact of scenarios A, B and X on hum an toxicity is shown in ~ Figure 9. Scenario B
has minimal impact on human toxicity compared to scenario A and scenario X.

Human toxicity
g 1,4-DB eq/MWh
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Figure 9 Impact of scenarios A, B and X on human toxicity.

7.3.7 Photochemical oxidant formation

Impact of scenarios A, Band X o  n photochemical oxidant formation is shown in
Figure 10. Scenario X has most negative impact on photochemical oxidant form a-
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tion, 9500 g NMVOC/MWHh. Scenario B has no impact on human toxicity while sce-
nario A has minimal negative im  pact compared to scenario X.

Photochemical oxidant formation
g NMVOC/MWh

1.20E403
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Figure 10 Impact of scenarios A, B and X on photochemical oxidant formation.

7.3.8 Particulate matter formation

Impact of scenarios A, B and X on particulate matt er formation is shownin  Figure
111In case of scenario B, no impact on particulate matter formation is seen, whereas
only minimal impact  is seen in case of scenario A. Scenario X has negative impact

on terrestrial acidification  , which is expressed as 250 g PM10 equivalent per MWh
energy.
Particulate matter formation
g PM10 eq/NMWh
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Figure 1llmpact of scenarios A, B and X on particular matter formation.
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7.3.9 Terrestrial ecotoxicity

Impact of scenarios A, B and X on Terrest rial ecotoxicity is shown in Figure 12 Sce-
nario A and B have n o0 negative impact on terrestrial ecotoxicity , while scenario X
has high negative impact, equal to 300 1,4 -DB eg/MWh.

Terrestrial ecotoxicity
g 1,4-DB eq/MWh
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Figure 12Impact of scenarios A, B and X on terrestrial ecotoxicity.

7.3.10 Freshwater ecotoxicity

Impac t of scenarios A, B and X on fresh  water ecotoxicity is shown in Figure 13
Scenario A and B have positive impact on freshwater toxicity while X have negative
impact on freshwater toxicity.
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Freshwater ecotoxicity
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Figure 13Impa ct of scenarios A, B and X on freshwater ecotoxicity.

7.3.11 Marine ecotoxicity

Impact of scenarios A, B and X on marine e  cotoxicity is shown in Figure 14. Results
are comparable to freshwater ecotoxicity impact. Scenario A and B have po sitive
impact on marinewater toxicity, while scenario X hasn  egative impact.

Marine ecotoxicity
g 1,4-DB eq/MWh
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Figure 14 Impact of scenarios A, B and X on marine ecotoxicity.
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7.3.12 lonising radiation

Impact of scenarios A, B and X on m arine ecotoxicity is shown on Figure 15 Sce-
nario X has the h ighest negative impact  on ionising radiation (1000 g U235

eg/MWh) |, followed by scenario A (380 g U235 eq/MWh). Scenario X has minimal
impact on ionising radiation.

lonising radiation
g U235 eq/MWh
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0.00E+00 -

Figure 15Impact of scenarios A, B and X on ionising radiation.

7.3.13 Agricultural land occupation
Impact of scenarios A, B and X for agricultural land occupation is shown in Figure
16. Results shows minimal impact on agricultural land occupation for all scenarios, -
5 m?/MWh for Scenario Aand 2 m  2/MWh for scenario X. Only scenario X has neg a-

tive impact on agricultural land occupation, while scenario A has positive impact
and scenario B has no impact on agricultural land occupation.

D4.3 LCI, LCA of the case study instalation 23



CIP Ecainnovation - Pilot and market replication projectsEC0O/12/333018AlgaeBioGas “ABG

Agricultural land occupation
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Figure 16 Impact of scenarios A, B and X on agricultural land occupation.

7.3.14 Urban land occupation

Environmental impact of scenarios A, B and X for urban land occupation are shown
in Figure 17 Results show minimal negat ive impact on urban land occupation for all
scenarios, 0,15 m 2/MWh for Scenario A, 0,05 m 2JMWh for scenario B and 0,45
mZ2/MWh for scenario X.

Urban land occupation
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Figure 17 Impact of scenarios A, B and X on urban land occupation.

7.3.15 Natural land transfo  rmation
Environmental impact of scenarios A, B and X for natural land tran sformation are
presented in Figure 18 Results show negative impact on natural land transform a-

tion for scenario X (0,006 m 2IMWHh). Scenario A has positive im pact and prevents
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natural land transformation (- 0,002 m %MWh), while results show minimal negative
impact for scenario B (0,0002 m 2IMWh).

Natural land transformation
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Figure 18Impact of scenarios A, B and X for natural land transformation.

7.3.16 Metal depletion

Impact of scenarios A, B and X on metal dep letion is presented in  Figure 19. Results
show negative impact on metal depletion for all scenarios. Scenario B has the lo w-
est impact on metal depletion 0,8 kg Fe eq/MWh, while scenario A has the highest
negative impact 5,4 kg Fe eq/MWh. Scenario X has negative impact on metal de-
pletion, equal to 4 kg Fe eq/MWh.
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Metal depletion
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Figure 19 Impact of scenarios A, B and X on metal depletion.

7.3.17 Fossil depletion

Impact of scenarios A, B and X on fossil dep letion is presented in  Figure 20. Results
show negative impact on fossil depletion only for scenario X with 3 t oil/MWh. Sc e-
nario A has positive impact, while scenario B has no impact on fossil depletion.
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Figure 20 Impact of scenarios A, B and X on fossil depletion.

7.3.18 Electricity use
Impact of scenarios A, B and X on electrici ty use is presented in  Figure 21 Results
show positive impact on fossil depletion for scenario A and B, while scenario X has

no impact on electricity use. Positive impact of scenarios A and B is expected due
to production of electricity from produced microalgal biomass.
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Figure 21Impact of scenarios A, B and X on electricity use.

7.3.19 Endpoint category S combining midpoint results into
three common denominators
The endpoint approach is presented in terms of damage to the ecosystem quality,

human health and resource availability. More detailed information about endpoint
modelling can be found at (Goedkoop et al., 2013a).

7.3.19.1 Damage to human health

Damage to human health is expressed in DALY (Disability Adjusted Life Years),
which could be expressed as the number of years lost due to illness, disability or
early death, or | ost year of healthy life.

Impact of scenarios A, B and X on damage to human health is presented in  Figure
e_

22. Results show positive impact on human health for scenarios A and B while sc
nario X has negative impact on human health, 0,0022 DALY.
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Figure 22 Impact of scenarios A, B and X on damage to human health.

7.3.19.2 Ecosystem quality

Ecosystem quality reflects the proportion of species that have disappeared in a ce r-
tain area due to anthropogenic environmental p ressures. Impact of scenarios A, B

and X on ecosystem g uality is presented in  Figure 23. Results show that scenarios

A and B have posit ive impact on ecosystem quality, while s cenario X has negative

impact on ecosystem quality.
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Figure 23 Impact of scenarios A, B and X on ecosystem quality.
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7.3.19.3 Resource availability

O>LHNK<> 909BEY9; BEBMR BL > QioKir3kpgand 6flectsfl NKI ENL
damental increases in extraction costs in the future. Impact o f scenarios A, B and X

on resource availa bility is presented in  Figure 24 . Results show that only scenario A

has positive impact on resource availability . Scenario B has minimal impactonr  e-

source availability with 0,07 $ while sc enario X has higher negative impact with 1,9

$.
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Figure 24 Impact of scenarios A, B and X on resource availability.

The aim of this deliverable ~ was to assess the environmental impact of algaebiogas
technology for treat ment of biogas digestate through the LCA methodology. M i-
croalgal technology as an alternative method for treatment of biogas digestate was
compared to most common practice for biogas dige state processing - application

of biogas digestate to agricultural la nd. Results based on three scenarios and a S-
sumption that all produced biomass is returned to biogas plant, show positive i m-
pacts of algaebiogas technology in all endpoint impact categories, damage to h u-
man health, ecosystem quality and resource avai labilit y.
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Vallle RELATIVE
algae weight q for 1 ABSOLUTE VALUE
Amortisation during amort- Value for each pond unit Val_ue for 1 MW MW =VALUE Valueper MWh
: (564 nf) biogas plant ; VALUE duced b
sation per m2 biogas Column J producea by
Value per plant divided with biogas plant.
id ELEMENT DESCRIPTION Unit kg DW of 1MW biogas
8760 (hours of
algae plant produces
calar- | theyean. | 7,5, a3vwn
[years] [ka] calculated per amortisation time lated per Vf;lgsrpﬂ per year. Cb
YIEN : umn J is divided|
with 7224.33.
1 POND UNIT
Industrial area
A) 500 m2 pond 173E40
1,1 pond area B)64 m2 maintenance 30,000 219,00 m2 5,64E+02 5,19E+04 5,15E03 ' 3 1,97E01 2,39E01
area (0,5 m wide area
around pond)
industrial area
A) 500 m2 pond
1,2 ag‘;isbe“"’ee” B) 64 m2 maintenance 30,000 219,00 m2 1,43E+02 1,31E+04 1,30E03 4'3;E+° 4,99E02 6,05E02
P area (0,5 m wide area
around pond)
1,3  ventiators el. Motor; 2 x 1.1 KW / 15,000 109,50 kw 2,20E+00 2,02E+02 402605 | L35E0) g s4g03 1,87E03
500m2 pond 1
1,4 ventilators weight of metal (90 kg per 15,000 109,50 kg 1,80E+02 1,66E+04 320803 | M1OEFO| 4 o6m01 1,53E01
1.1 kw ventilator) 3
metal construction; pipes
gpm YYZ R T
weight 3,12 kg/m; (nu-
1,5 9reenhouseco-  diepipes) 0,6kg/m; 33,5 30,000 219,00 kg 2,05E+03 1,89E+05 1,87802 | 82%F*01 7 18R01 8,70E01
struction (frame) x 17 frames + 90 3

m (middle pipes) + 155
(middle pipes)=659,5m
=2,6t
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Foil; mass 0,2 kg/m2; 15 n

®ABG

1,6 greenhouse foil  x 51 m + sides 2 x 32m2= 10,000 73,00 kg 1,66E+02 1,53E+04 4,54E03 1'52E+0 1,74E01 2,11E01
829 m2
1,7 agrotextile igso g/m2; 58 m2-> 89,7 30,000 219,00 kg 8,97E+01 8,25E+03 8,19E04 2'72E+0 3,14E02 3,81E02
1,8 pond foil Rubber; 2 mm: 7,2 kg/fn 30,000 219,00 kg 7,59E+02 6,98E+04 6,93E03 2'3§E+0 2,66E01 3,22E01
1,9 concrete tmh;:k”ess 5 cm, area 556 30,000 219,00 m3 2,78E+01 2,56E+03 2,54E04 8'5fE+0 9,73E03 1,18E02
Electricity from biogas
g Slectricity for plant; May- Sept, operé 1,000 7,30 kwh 2,31E+03 2,13E+05 633801 | 2130 543E+01 2,94E+01
vents. ing time 10:00 17:00; 5
(1050 hlyear)
. lenght: 330 m x 2 + 126m
2.1 fab'es foredetric- | "55 m x 46 = 1936 m:; 30,000 219,00 m 2,10E+01 1,93E+03 1,92E04 6'4‘1‘E+° 7,35E03 8,91E03
vy total 21 m/pond
paddlewheel
(w=1m; |I=5m) A)8x25m2+2x0,785: 6,13E+0
22 " \bee 257 s 200 ko 30,000 219,00 kg 2,00E+02 1,84E+04 1,83E03 2 7,00E02 8,49E02
(930kg/m3)
paddlewheel
23 g")Frln”e‘t;(Sﬁm) B.) 5m x 4,5kg=22,5 kg 30,000 219,00 kg 2,25E+01 2,07E+03 2,05E04 6'9(1)E+0 7,88E03 9,55E03
60,3mm, 4,5 kg/m)
paddlewheel 7 67E+0
24 (w=1m; I=5m) C.)250 W 30,000 219,00 w 2,50E+02 2,30E+04 228603 | ") 8,75E02 1,06E01
C.) El. Motor
source is biogas plant
. (literature data P.Collet in
2,5 efggﬁfm;‘; sod. (2011)) 0,003 0,02 kwh 1,12E+00 1,03E402 1,12601 3'72E+° 4,28E+00 5,19E+00
P (0.035 + 0,2)/2 = 0.11175
KWh/kg Alg
2 BIOGAS DIGESTATE SUPPLY
Pipe DN 160; 3,195 kg/m;
. total lenght 92 ponds: 332
2.1 Ei'geassf‘gi S:SptZ'éOf m X 2 + 126m + 7m X 46 = 30,000 219,00 kg 3,86E+01 3,55E+03 3,53E04 “gE*O 1,35E02 1,64E02
gas dig 1112 m; total 12,08
m/pond -> 38,6 kg /pond
2,2 Pump for digestate; (15m3/h); 15,000 109,50 KW 7,50E01 6,90E+01 1,37E05 | 4,60E+0 5,25E04 6,37E04
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750w 0
- Daily flow for 100m2 pond
03 FElecticity co- is 0.3 m3/d ; 1.5m3 is 0,003 0,02 kwh 7,50E02 6,90E+00 750503 | 2201 5 ggE01 3,49E01
sumption for pump . : 3
pumped in 6min
UV lamp for wastewater 3 68E40
24 UV light disinfection 5,000 36,50 KW 2,00E01 1,84E+01 1,10805 | 7 4,20E04 5,09E04
200 W
- For 1m3 of digestate
2,5 Er?fmc'ty for UV 500w UV lamp needs 60 0,003 0,02 kwh 3,00E01 2,76E+01 3,00502 1'01E+0 1,15E+00 1,39E+00
P min. Assumption.
2,6 5;T5érsomag”et'c 15,000 109,50 kos 1,00E+00 9,20E+01 1,83E05 6'18E+0 7,00E04 8,49E04
3 SEDIMENTATION PROCESS
Pipes DN 160; 3,195 kg/m
pipelenght for 92 ponds: 1.02E40
3,1 Pipes 315mx 2 +7m x 45 = 94 30,000 219,00 kg 3,32E+01 3,05E+03 3,03804 | 5 1,16E02 1,41E02
m; total 10,38 m/pond oz.
33,17 kg /pond
32 Pump gogo‘?,'vgesme; (15m3/h); 15,000 109,50 KW 7,50E01 6,90E+01 1,37E05 4'68E+0 5,25E04 6,37E04
for pump; (100m2 bazen
- >30m3); each 4 h (sed
33 FElectriciy co- mentation time); for 5 m3 0,003 0,02 kwh 2,57E01 2,37E+01 257802 | BB4E01 g e7Em 1,20E+00
sumption - 3
flow 15m3/h operateing
time 20min/day
3,4 Eéf\fgsomag”e“c 15,000 109,50 kos 1,00E+00 9,20E+01 1,83E05 6'13E+0 7,00E04 8,49E04
sainless steel; d=1,5 mm;
valj h =1,5m, r=0,75; [za 1 96E40
3,5 Sedimenter 2m3/100m2 pond]/; 30,000 219,00 kg 6,41E+02 5,89E+04 5,85E03 ’ 3 2,24E01 2,72E01
10.95 m2 za 100 m2; [11,3
kg/m2]
36 Mperinsed stainles steel; Ocena 8 15,000 109,50 kg 4,00E+01 3,68E+03 731804 | 2*°F*0 5 g0m02 3,40E02
menter kg/100m2 2
3,7 qu{xmgtor for 1kw 15,000 109,50 kw 1,00E+00 9,20E+01 1,83E05 6'13E+° 7,00E04 8,49E04
Data from literature 8.40E+0
3,8 El. Consumptio P.Collet in sod. (2011)); 0,003 0,02 kwh 2,50E01 2,30E+01 2,50E02 ' 3 9,58E01 1,16E+00
0,0252 kwh / kg SS alg
3,9 EL Cables 30,000 219,00 m 1,50E+01 1,38E+03 1,37E04 4'6$E+0 5,25E03 6,37E03
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4,60E+0

4,0 Data cable 30,000 219,00 m 1,50E+01 1,38E+03 1 5,25E03 6,37E03
6,13E+0
4,1 Sensor 15,000 109,50 kos 1,00E+00 9,20E+01 1,83E05 0 7,00E04 8,49E04
4 REVERSE FLOW
4,60E+0
4,1 Pump (15m3/h); 750w 15,000 109,50 KW 7,50E01 6,90E+01 1,37E05 0 5,25E04 6,37E04
(100m2 pond>30m3);
. each 4 h (sedimentation
4p El-Consumption . o5 m3 with 0,003 0,02 kwh 2,57E01 2,37E+01 25702 | BO4E0 g 87E01 1,20E+00
for pumping 3
flowrate 15m3/h oper&
ing time 20min/day
4,60E+0
4,3 El Cables 30,000 219,00 m 1,50E+01 1,38E+G 1,37E04 1 5,25E03 6,37E03
Pipe DN 160; 3,195
. kg/m;lenght 92 ponds: 31£
a4 PlPesforreverse o o 7mx45-945m; 30,000 219,00 kg 3,326+01 3,05E+03 | 303804 | LOZE*OL 4 1602 1,41E02
flow 2
total 10,38 m/pond oz.
33,17 kg /pond
5 BIOMASSTORAGE CONTAINER
DN 160; 3,195 kg/m; 4.21E+0
51 Pipes lenght for 23 ponds = 10m 30,000 219,00 kg 1,37E+00 1,26E+02 1,25E05 ’ 0 4,81E04 5,83E04
->0.43 m/pond
5.2 \'/E;T\‘/’gsomagne“c 2 ventila/container 30,000 219,00 kos 8,70E02 8,00E+00 7,94E07 | 267601 |  3,04E05 3,69E05
for 200m2--> 200l; (input
300l/day, evapot
53  Container 100l/day; 1m3/500m2 30,000 219,00 kg 6,41E+01 5,.89E+03 585604 | DOFTO| 5 oap0p 2,72E02
pond; stainless steel, 2
d=1,5 mm; P=10.95/2 m2
/100 m2; [11,7 kg/m2]
5,4 Sersor in container 15,000 109,50 kos 4,35E02 4,00E+00 7,94E07 | 2,67E01 3,04E05 3,69E05
5,5 Data cable 50m/23 ponds 15,000 109,50 m 2,17E+00 2,00E+02 3,97E05 1’3fE+0 1,52E03 1,85E03
3,07E+0
56 Pump (20 m3/h); 15,000 109,50 KW 5,00E01 4,60E+01 9,13E06 0 3,50E04 4,24E04
3,33E+0
5,7 El Cables 30,000 219,00 m 1,09E+00 1,00E+02 9,93E06 0 3,81E04 4,61E04
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(20 m3/h); (100m2ond-
5 Cl Consumption  >30m3); daily flow 1m3 0,003 0,02 kwh 5,00E02 4,60E+00 500803 | “O8E0 4 9om01 2,32E01
for pumping for 500m2; operating time 3
0.1h/day500m?2
6 BIOMASS RANSPORTING SYSTEM TO BIOGANT P
Sewage pip®N 160;
Pipes to biogas 3,195 kg/mPipe length for 6,04E+0
6,1 plant 23 ponds= 453m-> 19.69 30,000 219,00 kg 1,97E+01 1,81E+03 1,80E04 1 6,89E03 8,36E03
m/pond
62 Pump Biomass from sedimentor 15,000 109,50 KW 5,00E01 4,60E+01 0,13506 | >07E*O1 350804 4,24E04
to storage(10 m3/h); 0
Ownn calculation by
63 El Cables ArchiCadr 6 NLJF € 30,000 219,00 m 7,83E01 7.20E+01 715806 | 2400 5 74p04 3,32E04
nahajajo pri izsopu biopl 0
narne
For biomass pumping to
storage unit(10 m3/h);
. (100m2pond->30m3);
6,4 ©-Consuption dnevna potreba pretoka 0,003 0,02 kwh 5,00E02 4,60E+00 500803 | DO8EO 1 9oE01 2,32E01
pumping ) 3
1m3 za 500m2; polna
obremenitev crpalke
0.1h/dan/500m2
6,5 sensor In storage unit 15,000 109,50 kos 4,35E02 4,00E+00 7,94E07 | 2,67E01 3,04E05 3,69E05
Connecton of sensor with 1 87E40
6,6 Data cable central sygem 15,000 109,50 m 3,04E+00 2,80E+02 5,56E05 ’ 1 2,13E03 2,58E03
50m/23bazenov
7 HEATING SYSTEM
Metal pipes fi 25; 0,750
kg/m; area 2m2, distance 1 14E40
7,1 Radiator in ponds between pipes 10 cm; 15,000 109,50 kg 1,86E+01 1,71E+03 3,40E04 ’ 5 1,30E02 1,58E02
total lenght of pipe in
radiator 24,8 m
PE 80 pipe d 20 x 2,0 mm
0,116 kg/m + heat isat
. tion; lenght for 92 ponds 6,44E+0
7,2 Isolated pipes 330 M X 2 + 126m + 25 m 30,000 219,00 m 2,10E+01 1,93E+03 1,92E04 1 7,35E03 8,91E03
46 = 1936 m; total 21
pond
Npr: IMP NMT 15/40130 7,67E+0
7,3 Bypass pump > 25 W/500m2 30,000 219,00 W 2,50E+01 2,30E+03 2,28E04 1 8,75E03 1,06E02

D4.3 LCI, LCA of the case study instalation 35




CIP Eceinnovation - Pilot and market replication projectsECO/12/333018IgaeBioGas .ABG

operating in winter regime
7,4 Elconsuptionfor  Novc Apr; operating time 1,000 7,30 kwh 5,40E+01 4,97E+03 148802 | #°7E*01 5 67m01 6,88E01
pumping 12h/day (15 min intervals 3
on/off)
Sensor connection with 3.37E40
7,5 Data cable central computer; 15,000 109,50 m 5,50E+01 5,06E+03 1,00E03 ' 2 3,85E02 4,67E02
50m/23ponds
76  Sensor 1 kos/bazen 15,000 109,50 kos 1,00E+00 9,20E+01 1,83E05 6'13E+0 7,00E04 8,49E04
50 m lenght of exhaust
7,7 Heatexchanger  pipes fi 400 + 10m3 watel 30,000 219,00 kg 1,66E+01 1,53E+03 152804 | 20%*0 5 g1k03 7,05E03
exhaust gases container ( d=3 mm; ; 1
[23,4 kg/m2])
8  CO2NTRODUCTION
T+ Al NI 6dzya [
8,1 Filter vil cikloski lovilec prahu 30,000 219,00 kos 1,09E02 1,00E+00 9,9308 | 3,33802 | 3,81E06 4,61E06
Y2 6 A (tnedtugih
tipov filtrov)
PE 80 CEV d 20 x 2,0 mm
nImmc 1 3IKYT
. za 92 bazeov: 322 mx 2 + 4,20E+0
82 Pipe 126m 4 7m X 46 1002 m: 30,000 219,00 kg 1,37E+00 1,26E+02 1,25E05 o 4,80E04 5,82E04
1FNITYyFOF wmm
1,37 kg /bazen
8,3 Sensor 1 kos/bazen 15,000 109,50 kos 1,00E+00 9,20E+01 1,83E05 6’13E+0 7,00E04 8,49E04
Povezava tipala z centra 337E40
8,4 Daa cable YAY NI 6dzyt ty 15,000 109,50 m 5,50E+01 5,06E+03 100803 | ) 3,85E02 4,67E02
50m/23bazenov
8,5 Eéf\fgsomag”e“c za dovod CO 15,000 109,50 kos 1,00E+00 9,20E+01 1,83E05 6'13E+0 7,00E04 8,49E04
9  CONROL SYSTEM
9,1 Office equipment  office; 20 m2 30,000 219,00 m2 2,17E01 2,00E+01 1,99E06 | 6,67E01 7,61E05 9,23E05
9,2 gfff;”eeded for industrial area 30,000 219,00 m2 2,17E01 2,00E+01 1,99606 | 6,67E01 |  7,61E05 9,23E05
. . office container; 1,10E+0
9,3 Office building feklen 165 41kg im2 30,000 219,00 kg 3,60E+01 3,31E+03 3,28E04 ) 1,26E02 1,53E02
9,4 ;‘;22”9 of the 4 months, 8h/day 1,000 7,30 kwh 2,09E+01 1,92E+03 5,72E03 1'9§E+0 2,19E01 2,66E01
9,5 gfcf’igg_”g of the 90 daysyear, 8h/dan 1,000 7,30 kwh 5,22E+00 4,80E+02 1,43E03 4'82E+0 5,48E02 6,64E02
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9,6
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9,9
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A6
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Air condition 2kW

data cables

mini PC for unit

PC
Electric unit
(omara)

El. Consumptin
Mini PC

El. consumption za

PC
El. Conumption
light

Light bulbs

El. Cables

COo2

DIGESTATE
300 L of biogas
digestate per
100m2 daily-> in
500m2 15004>

153kg; 1 mg = 1e

6 kg

Nitrogen total

(N)
Ammonium
Nitrogen (NH4N )
Nitrate as i
trogen (NO3N)
Nitrite nitro-
gen (NON)

heating

lenghtfor 92 units 330 m x
2+126m+25mx 46 =
1936m -> total 21 pond
unit

per unit; sensors and
pump/valeves controls;
1.89 W /PC (Raspberry Pi
B)

Osrednji 2 x; obdelava
podatkov, krmilje

Fuses

1.89 W /PC (npr. Rps
berry Pi B); 2 x
x1.89=3,78W/24hk>
0.09072 KWh

150 W /PC; 24/7
operation time 24/7

4 bulbs 25W T5

526 kW biogas plant
produces 16 g CO2 / kWh

(mg/kg)
1938,0000

1421,8800
0,5712

0,3060

15,000

15,000

15,000

15,000

30,000

0,003

0,003
0,003
5,000

30,000

0,003

0,003
0,003
0,003

0,003

109,50

109,50

109,50

109,50

219,00

0,02

0,02
0,02
36,50

219,00

0,02

0,02
0,02
0,02

0,02

kw

kos

kos

KW

kwh

kwh

kwh

kg

m3

kg
kg
kg

kg

8O ABG

1,09E02

2,10E+01

2,00E+00

2,17E02

4,06E02
9,07E02

7,83E02
2,61E02
1,09E+00

2,17E+00

1,50E+00

2,97E+00
2,18E+00
8,74E04

4,68E04

37

1,00E+00

1,93E+03

1,84E+02

2,00E+00

3,74E+00

8,35E+00

7,20E+00
2,40E+00
1,00E+02

2,00E+02

1,37E+02

2,70E+02
2,00E+02
8,04E02

4,31E02

1,99E07

3,84E04

3,65E05

3,97E07

3,71E07

9,07E03

7,83E03
2,61E03
5,96E05

1,99E05

1,50E01

2,97E01
2,18E01
8,74E05

4,68E05

6,67E02

1,29E+0
2

1,23E+0
1

1,33E01

1,25E01

3,05E+0
3

2,63E+0
3

8,76E+0
2

2,00E+0
1

6,67E+0
0

4,98E+0
4

9,85E+0
4

7,31E+0
4

2,93E+0
1

1,57E+0
1

7,61E06

1,47E02

1,40E03

1,52E05

1,42E05

3,48E01

3,00E01
1,00E01
2,28E03

7,61E04

1,60E+01

5,69E+00

1,12E+01
8,34E+00
3,35E03

1,79E03

9,23E06

1,78E02

1,703

1,85E05

1,73E05

4,22E01

3,64E01
1,21E01
2,77E03

9,23E04

1,60E+01

6,90E+00

1,36E+01
1,01E+01
4,06E03

2,18E03







