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Abstract

Due to environmental and geopolitical reasons #edrfor substitution of fossil fuels with renewahlgernatives in
industry is augmenting. The main objective wassgeas environmental impacts of “cradle-to-gate¢koproduction
stages and to evaluate the effect of fuel submtituand variation of electricity mix on the impa&cenarios with
natural gas, bio-methane, first and second gewerdiio-fuels used as the fuels in industrial fumaere studied.
Scenarios were analyzed usinBe€CiPé and “Ecolndicator'99 impact assessment methods. Results show that
environmental impact can be reduced by circa 50%nwhatural gas is substituted with bio-methaneemosd
generation bio-fuel.

© 2015 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibilitfCAE

Keywords Bio-methane; Brick production; Building indust@radle-to-gate; Eco-design; Life cycle assessni@enewable
energy; Sustainable construction; System innovation

1. Introduction

Production sector of ceramic construction material®energy-intensive due to operation of high-
temperature kilns for long periods [1], [2]. Due tbe energy consumption of machinery, the
manufacturing stage of these materials contribgigsificantly to global warming by emissions of
greenhouse gases (GHG). Construction sector corss@apperoximately 40 % of raw materials used
globally every year [3] and bricks are among majoaterials used for building construction [4].
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Substantial amounts of energy are needed to fiekdand tiles as well as melt, shape, and harden
ceramics. Although production phase of constructinaterials has large environmental impact, the
materials have a long life-time and reduce energgsumption of buildings. Therefore, life cycle
assessment data are needed for comparison of saitunatives for selection of construction maileri

Various studies have been conducted to optimizeskind plants [5]-[7], to study the effects of
additives on fuel consumption and on mechanicakjgay properties of bricks [8]-[10], to develop
sustainable construction materials via waste réuydIL1], [12], and to assess life cycle of builgknor
building construction systems [13], [14]. Notwithstling, less attention seems to be paid to evaluati
environmental impact caused by the production afage types of construction materials, or to rate
changes of environmental impact caused by the isutiis of fuel.

As to the first, only a few studies are publishddolt show evaluation of the environmental impact of
ceramic building materials. The study of environtaéassessment of brick production in Greece [éHus
the methodEcolndicator'95to quantify the impact. This method is a predemes$ theEcolndicator'99
method. But currently even more recently developethods such as thReCiPe[15], which is used to
evaluate environmental aspects of brick produdtidratvia in the present study, are available.

There are studies related to energy efficiency awpments or use of renewable energy sources [16],
[17] for reduction of GHG emissions per unit of guation. However, it is expected that the energy
“embodied” in the construction materials will beammmore critical in future as the energy efficierndy
buildings will increase. In the Reference Documamtbest available technologies (BAT) in the Ceramic
Manufacturing Industry (issued by the European Cdssion) it is mentioned that mostly natural gas,
liquefied petroleum gas and extra light fuel oik arsed for brick firing at present time. Other gyer
sources, e.g. liquefied natural gas, biogas, bismelectricity, heavy fuel oil and solid fuels (eapal,
petroleum coke) are used in burners of furnaces Ifijthe Reference Document it is declared that
environmental benefits could be achieved by switgifrom heavy fuel oils or solid fuels to naturalsg
(also liquefied petroleum gas and liquefied natgrad). It is also noted that renewable energy ssurc
could play a role as energy sources for burnersthare still exist information gaps — lack of esiis
and consumption data [1].

Studies based on life cycle inventory data [189] [dhow that if bio-methane is substituted for naltu
gas, GHG emissions can be reduced by nearly 808anlbe claimed that substitution of fuels in thijse
of industry can give more substantial environmebftefits than gradual improvements of equipment
efficiencies. Recently Ellersdorfer and \fdiave described integration of biogas plants indbment
industry from the energy and economical point ewi17]. However, more detailed study based on life
cycle assessment and considering other alternativgsbio-fuels is needed. Therefore, in this aede
three different renewable energy sources, i.entgthane, as well as'and 2° generation bio-fuels, for
the use in Latvian ceramic brick industry are coragan the basis of environmental impact.

The research questions for this study are theviatig: how large are environmental impacts created
by processes of brick production in Latvia and hhese impacts change if energy sources used for the
production, i.e. fuel for heat supply and electyiagnix, are varied? The main goal of this study was
characterize environmental impacts of brick promuncstages (“cradle-to-gate”) at midpoint and endpo
impact category level (1), to evaluate the effdduel substitution and variation of electricity xndn the
environmental impact (2). The results were prinyaidrgeted for the purpose of ecodesign applietti¢o
building sector as well as to reduction of enviremtal impact of brick production industry. Resudfs
the study are important for building design andstarction material industry as well as planning of
future energy supply systems. Bricks manufactuneldhitvia are exported to many countries therefoee t
results are relevant for wider region. This studyntmues the previous research [18]-[20] where
environmental impact of building materials for thmurpose of ecodesign were characterized,
environmental aspects of substitution of the natgas by bio-synthetic natural gas were analyzed, a
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life cycle assessment of biomethane supply systamaarried out, by considering more fuel alterrestiv
for brick firing and using LCA methodology with twmpact assessment methods.

2. Materials and methods

Life cycle assessment (LCA) methodology was usedharacterize “cradle-to-gate” environmental
impact of bricks produced in Latvia. LCA is onetbé most important tools for ecodesign, and it ceve
multitude of environmental aspects [21]-[2BTA in this study is made following the proceduses by
ISO standards 14 040 and 14 044 [24], [25].

The study aims to assess the changes of the emamtal impacts when natural gas which is currently
used in brick firing furnace, is replaced by biothame and liquid bio-fuels. The influence of elmity
supply mix on environmental impacts was studied/alb

2.1.Functional unitand system boundary

One ton of brick was chosen as a functional unit #e reference flow for the purpose of the present
study. The system investigated, including the main inpatel outputs, is shown in the Fig. 1.
Construction of the plant was not evaluated instiouely.

Water consumption: Natural gas Electricity Combustible additives ~20300
Household needs — 1194 m%/a Production proc. 6800000 m*/a Production proc. 4800 MWh/a t/a
Production processes — 6 m*/a Heating 844000 m%a Lighting 24 MWh/a Oil for maintenance 0,6 t/a

— —_— e —— —— —_— e — — —_— e — Packaging materials:
4 PE film 173 t/a
{ Wooden palettes 3200 t/a

Clay extraction and . . . .
I E ‘ Processing ‘ ‘ Brick forming ‘ I
lsystom |

\Qondary
—— — — o— o— — — — — — — — c— CO,— 14292 tia
135 000 !ons % 1% Unsorted municipal % PMi0 3,879 t/a
ceramic waste 9,6 t/a CO 87,985 t/a

buildin Distribution

m:{erlia?s Use phase Waste water Waste Fluorescent lamps 0,03 t/a Emissions to air NOx22,87 t/a
End-of-life <1200 m”a Lead batteries 0,1 t/a 80, 5,866 t/a

per year

Fig. 1. Schematic presentation of the system bayratad the main inputs and outputs

2.2.Life cycle impact assessment methodology and tfdegoacts

The LCA software SimaPro 8.0.0 {Faculty—versioh-[26] was used to model and analyze
environmental impacts caused during a products-difcle. Ecolnvent (v2.2), European Life Cycle
Database (ELCD v2.0) and U.S. Life Cycle InventdtySLCI) database were used. Only system
processes from the databases were selected fcattialg.

Environmental characterization of “cradle-to-galbeick production was done both at midpoint impact
category level and by calculating the single sdodécator. To make the study results comparablé wit
otherrecentstudiesperformed worldwideand applicable for ecodesign purposecases where Latviar‘
produced ceramic materials are involviie following two impact assessment methodologiee used:

- ReCiPewhich is the most recent and harmonized indicapproach available in life cycle impact

assessment and is an improvement @ML 2000 and Ecolndicator'99 ReCiPe comprises
harmonized category indicators at the midpoint thiedendpoint level,
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- Ecolndicator'99which-is one of the most widely used impact assessmetitaude in LCAand-
Ecolndicator'99is-the-suecessor-@colndicator 9] the first endpoint impact assessment method,
which allowed the environmental load of a produot lie expressed in a single score.
Ecolndicator'99method was used in this study since during thentegears many other studies
were based on this method and therefore the resfultss study can be compared with the results
of other researchers.

Both methods have been created for three diffezghitiral perspectives: Egalitarian, Hierarchist and
Individualist to consider the potential damage franparticular substance [26Dnly the Hierarchist
perspective is selected for the stuHjerarchist perspective is described [27]-[29]fesdne which takes
a long-term look at all substances if there is eosss regarding their effect. Hierarchist perspecti
coincides with the view that time perspective idabeed and impacts can be avoided with proper
management. Hierarchist is often considered tchbalefault model and was also chosen for this study
Therefore, for the studiReCiPeEndpoint (Europe ReCiPe H/A) [29] aBdtolndicator'99(Europe EI 99
H/A) methodologies [30] were selected. "H" refessthe weighting set belonging to the hierarchist
perspective. "A" refers to the average weighting a®d is recommended by the developers of both
methods.

Only those impact categories which had at leasb¥e total environmental impact were chosen for
further analysis and are shown in the results. Hetite following six impact categories of tReCiPe
method were considered: (1) fossil depletion, (2&Bnate change (human health and ecosystem), (4)
particulate matter formation, (5) agricultural lamecupation and (6) terrestrial ecotoxicity. Simifdive
impact categories were considered facolndicator99 method: (1) fossil fuels, (2) respiratory
inorganics, (3) climate change, (4) carcinogens @)dand use. “Cradle-to-gate” LCA was performed
and the system boundary include clay extractionm@odessing, shaping, drying and firing of bricked
packaging. The aim of the study was not comparison of the liesobtained by ReCiPe and
Ecolndicator'99 methods but results, despite tHgedinces and sensitivity in the methods allowrtive
at similar conclusions regarding the choice of sréus.

2.3.Types and source of data

The study was based on one year operational déineld from the site visits to brick factory andada
reported in the polluting activities permit issuedthe company [31]The main inventory results are
presented in Fig.1.

Life cycle impact of production depends on eledtyisources which in turn depend on power market
conditions. Therefore, the assessment was stagtexbtting up two electricity supply mixes which are
referred to as “A” and “B” in order to find out th@fluence of electricity market conditions on
environmental impact of the brick production. Ifrihg winter electricity prices in “NordPool Spot”
market are relatively high, domestic natural gasdficogeneration plants are competitive and produce
circa 40% of gross annual power consumption (séeri&). Another 40% of the gross annual power
consumption is supplied by local hydropower plaamsl remaining 20% are imported. However, if the
market electricity prices are low, district heapi®duced by heat-only boilers and share of cogeioer
plants reduces to 20% while share of the importiedtrécity increases to 30% (scenario “B”). The
remaining electricity is supplied by hydropowermnita

Since the large share of imported electricity inviais supplied from Estonia, it was assumed that
90% of the electricity import comes from Estoniad @0% from the Nordic countries. Oil shale is the
main fuel for power production in Estonia and a@9% of the electricity is produced in oil shale -
fired Narva condensing power plants [32]. For tlhieppse of life cycle impact assessment, lignite was
used instead of oil shale and hydropower was usethe electricity production source in the Nordic
countries. It is reasonable to assume that for itiond of low electricity market price (scenario™)B
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large share of the gross annual power consumpgisnpplied by hydropower since the low power price
is characteristic for the periods with the increblsgdropower production.

In order to analyze life cycle impact of productidepending on fuel, four different fuel scenarios,
referred to as “N”, “M”, “F1” and “F2", were creale The scenario “N” refers to the existing situatio
where natural gas is used for firing furnaces. $benario “M” refers to using bio-methane instead of
natural gas. Life cycle impact wheff generation and"2generation bio-fuels are used for the production
was assessed in the scenarios “F1” and “F2” reséet Construction of the bio-fuel plants was ngt
included in the study.

Bio-methane as a renewable substitute for natwasalvgas selected for the study. Bio-methane can be
produced locally by the anaerobic digestion of aigavaste (such as plant material, animal manure,
sewage, organic waste, etc.). Bio-methane is cersidas one of the most viable renewable substfute
natural gas [33] since after removal of contamisattie bio-methane can be used as the natural gas
utilizing advantages of the well-developed natwgas infrastructure. Biogas, due to sufficiently tig
average heating value (21 MJ/mith 60% methane), can also be directly used &sehin burning
processes [17] bubecause biogas cannot be injected into the Hajasagrid,it cannot be considered a}s
a direct substitute for the natural gas if not aplgd to the quality of the natural gas.

Rape methyl ester was chosen as thgeheration bio-fuel for the scenario “F1” and viagée oil from
waste cooking oil was chosen as tHé generation bio-fuel for the scenario “F2”. Data fife cycle
impact assessment of these fuels were taken frei@ithaProdatabase. Lower heating value for the both
bio-fuels was assumed to be 37.27 MJ/kg for calmria of the necessary amount of fuels.

Natural gas is used mainly in the firing stage ainda 11% are used for heating needs. Hence, all th
natural gas consumption as well as emissions tis imited to this stage only. Clay processingysthas
the largest electricity consumption therefore iissumed that in this stage 40% of all electrinakgy is
used. 25% of electricity is consumed in both dryamgl firing stages, but 5% of the electricity i®disn
the forming and packing stages.

3. Results and discussion

Results of environmental impact of the electricitix obtained withReCiPemethod for scenarios “A”
and “B” are 13.8 mPt/MJ and 13 mPt/MJ respectivEiudy withEcoindicator'99method gave larger
difference, i.e. 12.4 mPt/MJ and 10 mPt/MJ respebti Result of the scenario “A” and the result
available in ELCD database [26] for Latvian mediuwitage electricity mix agree very well. When
electricity scenario “B” is used instead of “A” dranmental impact per functional unit, expressedias
single score, reduces by only 0.6% feeCiPe(or by 2.2% for theEcoindicator'99 method). Since
variation of electricity mix insignificantly impadhe resulting total impact, only the electricityxnof
scenario “A” was used for further analysis.

Table 1. Environmental impacts related to the petidn processes per functional unit obtained W#CiPemethod*

Scenario N M F1 F2

Fuel (%) 81 (76) 64 (52) 90 (94) 57 (63)
Electricity (%) 11 (12) 20 (24) 6 (3) 24 (18)
Clay extraction (%) 24 4 (8) 1(1) 5 (6)
Additives (%) 2(3) 4 (5) 1(1) 5 (5)
Packaging (%) 4 (5) 8 (11) 2(1) 9(8)

*The results obtained with the Ecolndicator'99 nuetlare indicated in brackets
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Assessment of environmental impacts of productiéril don of ceramic building materials with
ReCiPemethod shows that the largest share of the envienal impact for all scenarios is associated
with the consumption of firing fuel and electricitimpacts created by clay extraction, added sawdust
(combustible additive) and packaging materials {giblylene film and wooden pallets) have minor and
similar impact (Table 1: the results obtained with Ecolndicator'99 method are indicated in bragket

When natural gas is replaced with bio-methane @oeriM”), total environmental impact is reduced
by 46% by theReCiPemethod (Fig.21a) and by 51% if theecolndicator'99 method is used for
assessment (Figtb). If 2" generation bio-fuel is used instead of natural (gasnario “F2”), impact is
reduced by 55% and 35% respectively. In contrhstuse of the *lgeneration bio-fuel (scenario “F1”)
would greatly increase environmental impact formbatethods, i.e. by 93% and 321% respectively. The
increase of environmental impact may be associadly with cultivation of rapeseeds requiring ase
land and fertilizers.

Comparing results for scenario “N” with the tota@onmental impact calculated for brick production
process from the Ecolnvent (v2.2) database, itbeaconcluded that ceramic building material proidunct
in Latvia, using natural gas as a firing fuel, @by ~18% less environmental impact whenRe€iPe
method is used, and by ~10% less if HmIndicator'99method is used. This difference may arise due to
discrepancies in fuel consumption input. As we krimigks, suitable for different purposes, differtie
composition and quality of the raw materials, weighd size of the bricks, and other factors. Tlius,
duration of the firing and temperature, and fueistomption may vary.

31,9 @ Other impact

b 57,5

a 32 categories — B Other impact
55 4 categories
28 I Terrestrial
ecotoxicity OLand use
24 45
8 Agricultural land
occupation M Carcinogens
20 35 A
M Particulate
Pt 16 - matter formation Pt o5 | H Climate change
12 O Climate change
Ecosystems Resp. inorganics
87 Climate change
4l Human Health B Fossil fuels
W Fossil depletion
0~ 5
N M OFL F2 N M FL F2
Scenario Scenario

Fig. 2. Cumulated single score results of environmentpkich per functional unit obtained using (a) ReCiRek (&)
Ecolndicator'99 impact assessment method for timsidered alternatives of the firing fuel. “N” — neal gas; “M” —
bio-methane; “F1” — %t generation bio-fuel; “F2” - generation bio-fuel

Due to use of natural gas most affected impacigeates for the scenario “N” are fossil depletiordan
climate change wheReCiPemethod is used (Figzta) and fossil fuel category witBcolndicator'99
method (Fig21b). For the scenario “M” the greatest impact ishiea same categories as for the scenario
“N”, i.e. fossil depletion and climate change feeCiPeand in the categories fossil fuel and respiratory
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inorganics ifEcolndicator'99 method is used. These impacts are associated ymaitil the usage of
fossil fuel for biogas production and purification.

Results of the scenario “F1” differ from the resultf the two preceding scenarios in that the major
impact occurs in categories related to the agucaltiand occupation and terrestrial ecotoxicityy@and
23% of the total impact respectively) wieCiPe(Fig. 22a) and land use (67% of the total impact) wi
Ecoindicator'99(Fig. 21b). These impact categories can be related todhedtivation, sowing, weed
control, fertilization, pest and pathogen contrdorvest and drying of the grains necessary for the
production of ¥ generation bio-fuel.

In the scenario “F2” the greatest impact occuitsvim categories — fossil depletion and agricultlaat
occupation (27% and 25% of the total impact) ViR&CiPe(Fig. 22a) and similarly as in scenario “F1” iTr
land use category (46% of the total impact) vitoindicator'99 (Fig. 24b). Environmental impact in
those categories could arise from the consumptiofossil fuel for the esterification process of the
vegetable oil to methyl ester and glycerin, as waslfor farming processes to obtain grains necg$sar
the production of vegetable oil.

Koroneos and Dompros usifigolndicator'95method calculated that the impact indicator ofxten
of brick production in Greece is 0.35 Pt if pet-edk used for firing [4]. Whe&colndicator'95method
was used in this study for the purpose of compardothe results, the obtained cumulated singleesco
indicator for the 1 ton of bricks was 0.15 Pt ifural gas or 2 generation bio-fuel is used; 0.29 Pt if bio-
methane is used; and 0.54 Pt if tieg&neration bio-fuel is used.

h

4. Conclusions

The total single score results indicate that thestnsnibstantial decrease of environmental impact of
brick production may be achieved if natural gasubstituted by bio-methane for firing of the brickss
important to consider that this option would najuiee technical changes of furnace burners. Thergkc
best alternative from environmental point of viewuld be use of the"2generation bio-fuel. However,
technical adjustments for firing of the fuel mayrequired. Use of the®generation bio-fuel would have
the greatest impact on the environment by far ediogethe scenario where natural gas is used as the
firing fuel. The vast impact in this case may be related tdahe use, all of the agricultural activitied,
including also fertilizationVariation of electricity mix due to power marketnetitions does not have
significant effect on the total environmental impafor the studied electricity supply system:
environmental impact per functional unit reducehbly 0.6% ifReCiPegor by 2.2% ifEcoindicator'99
method is used.

Supply of bio-methane to industry could be done thia existing natural gas supply infrastructure.
Technical, environmental and economic criteria ltéraatives for development of bio-methane supply
system which is based on the natural gas grid teebd studied to find out optimal solutions.

References

[1] “Reference Document on Best Available Techngjirethe Ceramic Manufacturing Industry,” 2007.

[2] C. Agrafiotis and T. Tsoutsos, “Energy savieghnologies in the European ceramic sector: amydie review,”Appl.
Therm. Eng.vol. 21, pp. 1231-1249, 2001.

[3] S. KubbaGreen construction project management and costsiytey 1st ed. Oxford: Elsevier Inc., 2010, p. 550.

[4] C. Koroneos and A. Dompros, “Environmental asseent of brick production in Greec&ild. Environ, vol. 42, no. 5,
pp. 2114-2123, May 2007.

[5] H. Z. Abou-Ziyan, “Convective heat transferinaifferent brick arrangements in tunnel kilndgpl. Therm. Engvol.

24, no. 2-3, pp. 171-191, Feb. 2004.



(6]
(7]

(8]
(9]
(10]
(11]

(12]

(23]
(14]

[15]
[16]

(17]
(18]
(19]
(20]
(21]
(22]
(23]
[24]
[25]
[26]
(27]

(28]
[29]

(30]

[31]
(32]

(33]

Author name / Energy Procedia 00 (2015) 000—000

S. Kaya, K. Kugiikada, and E. Manguhan, “Modaséd optimization of heat recovery in the coolingezof a tunnel
kiln,” Appl. Therm. Engvol. 28, no. 5-6, pp. 633-641, Apr. 2008.

S. Kaya, E. Manguhan, and K. Kugiikada, “Modeland optimization of the firing zone of a tunkih to predict the
optimal feed locations and mass fluxes of the &unel secondary airAppl. Energyvol. 86, no. 3, pp. 325-332, Mar.
2009.

G. Cultrone, E. Sebastian, K. Elert, M. J. d&brre, O. Cazalla, and C. Rodriguez—NavarroJubrice of mineralogy
and firing temperature on the porosity of brickk,Eur. Ceram. Sogvol. 24, no. 3, pp. 547-564, Mar. 2004.

I. B. Topgu and B.slkdag, “Manufacture of high heat conductivity resistalaty bricks containing perlite Build.
Environ, vol. 42, no. 10, pp. 3540-3546, Oct. 2007.

B. Chemani and H. Chemani, “Effect of Addingv&lust on Mechanical- Physical Properties of Cerdnicks to Obtain
Lightweight Building Material,"World Acad. Sci. Eng. Technolol. 71, pp. 1655-1659, 2012.

Y. Chen, Y. Zhang, T. Chen, Y. Zhao, and SoB®reparation of eco-friendly construction bri¢kem hematite
tailings,” Constr. Build. Mater.vol. 25, no. 4, pp. 2107-2111, Apr. 2011.

S. P. Raut, R. V. Ralegaonkar, and S. a. Megaiae, “Development of sustainable constructiorenmtusing industrial
and agricultural solid waste: A review of wasteateebricks,"Constr. Build. Matet.vol. 25, no. 10, pp. 4037-4042, Oct.
2011.

R. M. Cuéllar-Franca and A. Azapagic, “Envineental impacts of the UK residential sector: Lijele assessment of
houses, Build. Environ, vol. 54, pp. 86-99, Aug. 2012.

B. Rossi, A.-F. Marique, and S. Reiter, “Lifgele assessment of residential buildings in thiiferent European
locations, case studyBuild. Environ, vol. 51, pp. 402—-407, May 2012.

“SimaPro Database Manual. Methods library,120

ECORYS, “FWC Sector Competitiveness StudieBNENTR/06/054 — Sustainable Competitiveness ofdbestruction
Sector. Final report,” Rotterdam, 2011.

M. Ellersdorfer and C. WBj “Integration of biogas plants in the building eéls industry,’ Renew. Energyol. 61, pp.
125-131, Nov. 2014.

A. Skele, M. Repele, G. Bazbauers, E. Systemd,R. Technical, “Characterization of Environna¢impact of Building
Materials for Purpose of Ecodesign,"Seientific Journal of RTI 2011, vol. 6, pp. 106-111.

M. Repele, M. Dudko, J. Rusanova, K. Valtensd G. Bazbauers, “Environmental aspects of sulist bio-synthetic
natural gas for natural gas in the brick industAgton. Res.vol. 11, no. 2, pp. 367-372, 2013.

M. Repele, A. Paturska, K. Valters, and G. lgazers, “Life cycle assessment of bio-methane gugysitem based on
natural gas infrastructurefgron. Res.vol. 12, no. 3, pp. 999-1006, 2014.

R. Nowosielski, M. Spilka, and A. Kania, “Mettiology and tools of ecodesigrl,” Achiev. Mater. Manuf. Engol. 23,
no. 1, pp. 91-94, 2007.

M. Buyle, J. Braet, and A. Audenaert, “Lifeaty assessment in the construction sector: A reViB@new. Sustain.
Energy Rev.vol. 26, pp. 379-388, Oct. 2013.

M. Garaizar and K. Schischke, “Update of EcsiDa Tools and Methodologies,” Berlin, 2009.

ISO 14040 Environmental management -- Life cycdessment -- Principles and framewd2R06.

ISO 14044 Environmental management -- Life cycles@ment -- Requirements and guideligés6.

“SimaPro 8.0.0 (Faculty version).” PRé Conants bv.

M. L. Marceau and M. G. Vangeem, “Life Cyclsgessment of an Insulating Concrete Form House @adpo a Wood
Frame House,” 2002.

A. M. De Schryver, “Value choices in life cgcimpact assessment,” Radbound University, 2011.

M. Goedkoop, R. Heijungs, M. Huijbregts, A. Be Schryver, J. Struijs, and R. van Zelm, “ReCiB88. Report I:
Characterisation,” 2009.

M. Goedkoop and R. Spriensma, “The eco-indir89: A damage oriented method for life cycle impEgsessment,”
Amersfoort, 2001.

“Permit Nr.JE121A0004 for the Performance allBting Activities Category A (in Latvian),” Jelga, 2012.

K. Plamus, a Ots, T. Pihu, and D. Neshuma$feving Estonian Oil Shale in Cfb Boilers — Ash Bate and Behaviour
of Carbonate MineralsQil Shale vol. 28, no. 1, p. 58, 2011.

M. Adelt, D. Wolf, and A. Vogel, “LCA of biomtéane,”J. Nat. Gas Sci. Engvol. 3, no. 5, pp. 646—650, Oct. 2011.

Biography

Mara Repele, PhD student. The main field of study is ecodesigm life cycle
assessment. She has received the Letter of distinof the Rector of the University g
Latvia for researches in geology and the Werner S&mens Excellence Award for
Master’s thesis “Development of method for eco-giesi

=




