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Abstract — Building material manufacturing sector is one of the
most consuming sectors of fossil fuel resources. The “cradle-to-
gate” study of the ceramic bricks made in Ane plant of JSC
,Lode”, Latvia is performed by following 1SO standards
14044:2006. Life cycle inventory data have been collected at the
factory site. Three cultural perspectives of the “Eco-Indicator’99”
method are used to make the environmental characterization of
the building materials to obtain the total impact indicator.
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l. INTRODUCTION

The construction industry is Europe’s largest industrial
employer. Construction activities consume more raw materials
than any other industrial sector, while the built environment
accounts for the largest share of greenhouse gas emissions in
terms of energy end-use. Because of this, the construction
industry faces a considerable environmental challenge, bigger
than any other industrial sector [1].

Brick is a block of ceramic material and is mainly used for
the construction of outer and inner walls in residential,
commercial, and industrial structures. The manufacture of
bricks is an energy-intensive activity. Saving the energy
resources in this sector would reduce the total energy resource
demand. All developed countries and some developing ones
have shifted away from traditional low-efficiency
manufacturing processes to modern high-efficiency ones.
Several countries in Asia still remain locked in the traditional
brick manufacturing processes. The transition from traditional
brick-making kilns to modern ones poses some interesting
challenges for the governments of the developing countries
[2]. Latvia has already made a great step towards the
sustainability of brick industry, installing the state-of-art
tunnel-kilns which are modern and energy efficient ones.

Joint Stock Company (JSC) ,,LODE” is a largest producer
of the ceramic building materials in Baltic Countries. Lode
was established in 1958. JSC “LODE” owns 4 plants located
in Liepa, Kalnciems, Ane and Livani [3]. The “cradle-to-gate”
study was performed for the ceramic bricks made in Ane plant
of JSC ,,Lode”.

Very important aspect is the eco-labeling of building
materials. Recognizable and loyal labels can be a
competitiveness sign for the manufacturers. These labels list
each product’s contribution to global warming, ozone
depletion, acid rain, habitat loss and a handful of other
environmental indicators. Eventually, whole buildings can be

measured based on their performance against a similar set of
indicators. This labeling rating system is a result of an
environmental life-cycle assessment (LCA). LCA procedure is
new in Latvia which is a very important reason for this
particular study.

Il. METHODS

Life cycle assessment (LCA) is one of the most widely used
tools in carrying out ecodesign [4]. LCA is scientifically
grounded methodology that is used to assess the
environmental performance of the product, to recognize the
problems and to start solving them. Increasing care about the
global warming and the interest about environmentally
friendly building materials promote the producers interest
about the eco-labeling of their products that help the society to
choose the materials with the best environmental performance.

This study is made by following ISO standards 14044:2006,
which describe the four main evaluation procedures: (1) the
goal and scope definition, (2) the life cycle inventory analysis,
(3) life cycle impact assessment, and (4) interpretation [5, 6].

The LCA software “SimaPro 7.2.” (Faculty version) was
used to model environmental impacts caused during product’s
life-cycle [7].

The data that are used in the present LCA study consist of:

e raw data that were given by the brick production
plant in Ane, Latvia;

o calculated data which are
bibliographical information.

Three cultural perspectives of the “Eco-Indicator’99”
method were used to make the environmental characterization
of the building materials to obtain the total impact indicator
[8]. Each one takes a different perspective on how to consider
the potential damage from a particular substance. The
egalitarian perspective takes an extremely long-term look at
substances if there is any indication that they have some
effect. This view has strong group cohesion (relationships)
coupled with few regulations and considers nature to be fragile
and unstable. This perspective gives high priority to the
precautionary principle and equal importance to present and
future effects. The hierarchic perspective takes a long-term
look at all substances if there is consensus regarding their
effect. This perspective is characterized by strong group
cohesion with binding regulations for social relations and
considers nature to be in equilibrium. This view coincides
with the view that impacts can be avoided with proper
management and the search for a balance between
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manageability and the precautionary principle. The
individualist perspective takes a short-term look (100 years or
less) at substances if there is complete proof regarding their
effect. This view is characterized by weak group cohesion and
regulations for social relations, and considers nature to be
stable and able to recover from any disturbance. This
coincides with the view that humans have a high adaptive
capacity through technological and economic development.
The individualist perspective considers known damages as the
most reliable basis for decisions and emphasizes present
effects over future gains or losses [9, 10].

1. LIFE CYCLE ASSESSMENT

A. Goal and Scope Definition

The main goal is to calculate and assess the environmental
impact of the manufacturing process of clay bricks in Ane
factory of Latvia, especially in terms of energy consumption
and greenhouse gas emissions, which is linked directly to the
brick manufacturing stage. The research was done to compare
the environmental impact of bricks and other building
materials and to compare environmental load of bricks made
in Latvia and bricks made in other factories outside Latvia.

LCA is needed to Latvian-produced building materials to be
competitive on the European market. It is also associated with
reductions of carbon emissions in the future, and with growing
concerns about global warming from the stakeholders. In
addition, this study is to start to build a Latvian construction
life-cycle inventory database and to determine the production
stages with the greatest environmental impacts, the stages in
which improvements are required.

Product system consists of a variety of products entering
and leaving the system. Different raw materials (mainly clay)
and various combustible additives, such as straw and sawdust,
as well as natural gas, which is used for the manufacture of the
necessary heat, electricity, are used in brick production.
Outgoing products of the product system are mostly air
emissions resulting from combustion of natural gas.
Manufacturing process results in a small amount of domestic
waste water and solid waste, but the amount of waste is very
small and the effects considered being minor and hereby not
included in this study.

B. Functional Unit and Reference Flow

The brick production plant produces more than one building
material type which is made of ceramic clay. These types
differ in weight and dimensions. For the purposes of the
present study one ton of specific type of brick has been chosen
as a functional unit.

Reference flow is a ton of bricks.

C. System Boundaries

The clay brick system boundaries included clay extraction,
storage and processing, shaping, drying and firing of bricks,
and packaging. The complete system investigated is shown in
Figure 1.
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Fig. 1 Schematic presentation of the investigated system

The life cycle is divided into the following subsystems:

1. Raw material acquisition and storage: The raw
material used for the production of bricks is clay, which is
transported to the factory by trucks. Clay is extracted from the
clay mine which is located at a distance of 1.5 km from the
brick factory. The basic clay found in this mine is of the
Quaternary Period. Extracted clay is stored in the cones.
Minimum 8 months storage in cones provides the natural
reduction of the moisture. The volume of cones is
approx. 10 000 m®,

2. Clay processing: Clay which has lied the necessary
8 months in the cones is taken by the single-bucked excavator
and sacked into the processing machine. After processing
machine the clay is delivered to the running-mill along the
conveyer. From the mill the clay is transported through
cylinders with a gap of 3 and 1 mm. After such processing the
clay is stored in reservoir with volume of approx. 1500 m®.
The processing rate is 400 m® of clay per twenty-four hours.
From the reservoir clay is taken by double-bucked excavator
and delivered to the raspler where also the combustible
additives, which are sawdust and straws, are added.

3. Shaping of bricks: After the processing, clay mass is
delivered to the screw-type press where it is shaped and cut to
form the bricks.

4. Drying: The shaped bricks are automatically placed on
the drying palettes and transported into the drying camera. The
temperature in the drying camera is approx. 140°C. For the
drying the hot air from the baking furnace is taken. After the
drying process the bricks contain 2-4% of the initial moisture.

5. Firing: After the drying camera the bricks are
automatically placed on the baking palettes which are
transported into the baking furnace every 30-35 minutes. The
bricks are baked at the maximum temperature of 950-980°C.
Natural gas is used as the fuel in the furnace.



TABLE 1 TABLE 2
INVENTORY DATA CHARACTERIZATION RESULTS

Name Amount per month Unit Impact category Unit H/A I/A E/A
Extracted clay 8600 me Carcinogens DALY 3,54% 1,68° | 354°
Electric energy 831 MWh Respiratory inorganics DALY 1,59* 1,02* | 1,59*
Natural gas 228 thousand m® Climate change DALY 2,93° 2.8% 2,93°
Bricks produced 8160 t Ecotoxicity PAF*m2yr | 11,8 0,601 | 11,8
PE film 12 kg / m® Acidification/ Eutrophication | PDF*m2yr | 1,73 1,73 1,73

% of all production Fossil fuels MJ surplus | 245 - 168
Defected bricks 2 amount
Particulate matter (PM) | 7,46 t The environmental score of each effect is calculated based
SO 214 t on the simple formula (1):
= i : ES = CV *NF *VF 6y
NO 0,32 t
Wooden palettes 17 kg /m? where ES - environmental score; CV - characterized value; NF
Straws 0.9 % of all mass - normalization factor; VVF - valuation factor [11].
Sawdust 2,7 % of all mass

6. Packaging: The baked bricks are placed on wooden
pallets and wrapped in polyethylene (PE) film.

D. Life Cycle Inventory

Table 1 presents the overall results of the production for one
month. Figure 1 presents the input and output flows for the
production of one ton of the ceramic bricks. Clay processing is
a large energy consuming process of the life cycle. During the
clay processing 40.74 kWh of electric energy are consumed.
That is 40% of all electrical energy that is used in the
manufacturing process.

The baking process is the most energy consuming process
of the studied brick production process. Due to the natural gas
consumption, 338.28 kWh of primary energy are consumed.
There are also 25.46 kWh of electricity used during the
process.

Natural gas is the main energy source in brick production.
The use of natural gas and combustive additives contributes to
SO, CO and NO production.

E. Impact Assessment

The emissions of the system have been grouped into
impacts (characterization step based on the Eco-Indicator’99
method) [7]. The Eco-Indicator’99 is one method of the
aggregation (or, as described in 1SO draft 14042, “weighting
through categories”) that leads to a single score.

Six impact categories were considered:
respiratory  inorganics, climate change, ecotoxicity,
acidification/eutrophication and fossil fuels. Table 2
summarizes the results from the characterization of the
impacts, for the chosen functional unit according to three
cultural perspectives.

carcinogens,

TABLE 3
NORMALIZATION FACTORS
Cultural perspective :z;?;n gﬂ?@em Resources
Hierarchist (H/A) 65,1 1,95* 1,19*
Individualist (I/A) 121 2,22% 6,77°
Egalitarian (E/A) 64,7 1,95* 1,68*

Weighting factors are applied in order to scale the
seriousness of the results, measured in indicator points. The
normalization and valuation weighting factors used for the
purpose of this study are shown in Table 3 and 4 [12]. In the
final step, valuation scores are added up to give a total impact.

TABLE 4
WEIGHTING FACTORS
. Human Ecosystem
Cultural perspective Health Quality Resources
Hierarchist (H/A) 400 400 200
Individualist (I/A) 400 400 200
Egalitarian (E/A) 400 400 200
IV. RESULTS

Figures 3 and 4 illustrate the results extracted during the
previous stages.

The total impact indicator of the brick “cradle-to-gate”
cycle is 11.9 Pt when using Hierachist perspective, and 11.7 Pt
and 6.95Pt respectively by Egalitarian and Individualist
perspective.
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Fig.4. Weighted scores

The standard Eco-indicators 99 can be regarded as
dimensionless figures. The scale is chosen in such a way that
the value of one point is representative for one thousandth of
the yearly environmental load of one average European
inhabitant [8]. The absolute value of the points is not very
relevant as the main purpose is to compare relative differences
between production processes. Environmental impact of the
brick life cycle can be compared with that of the alternative
solutions for the construction of walls considering also the

fulfilled function, e.g. with gypsum boards, in order to
improve the environmental performance of buildings.

The highest value of environmental impact (Fig. 5) is for
the firing process for all cultural perspectives. The main
contributor to the impact is the usage of natural gas for the
industrial baking furnace. Relatively important processes from
environmental point of view are also clay processing, sorting
and packaging. During the clay processing large amount of
electricity is used but for the brick packaging the polyethylene
film is used which plays an important role for the impact to
the environment.

The main contributing impact categories from all cultural
perspectives point of view are shown in Fig. 6. The highest
value of the effect to the environment goes to impact category
of fossil fuels which is explained mainly by usage of natural
gas. The second important impact category which is affected
by the brick production is respiratory inorganics. This is
mainly due to the fact that bricks are baked in the industrial
furnace where natural gas is combusted. Electricity
consumption also contributes to this impact category since
production of the electricity causes large amounts of
emissions. Due to the fact that average European type of
electricity mix is used in this study, it does not reflect the true
electricity mix in Latvia. Hydro power plants produce large
share of electricity in Latvia and thus share of the renewable
energy sources in the power production is nearly 50%.

14
& 12 g
s 1
o 10
(&) 3
)
< 8 1§
= H g
N
H s - -
e 4 - @ Individualist
[ H I
g2 A m Hierarchist
A AN oEitrian
— S oO®V Vv Vv D
[q+]
55558385
"5&5555
58 o v o s
O Qccc a
@Q_HHH'O
= L~ =~
><>\OOO(U
cu‘_Uc)mc)c,
>0 £ £ £t ¢
E §zRE
O S
5003

Fig.5. Impact of the production processes
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V.CONCLUSIONS

The “cradle-to-gate” study conducted on the process of
brick production indicated that this process is very energy
intensive. Most of the emissions to the environment are
attributed to the energy use, directly at the site with the
combustion of natural gas, and also indirectly with the use of
large amounts of electricity. When it comes to the effect of the
environmental impacts, the fossil fuels and respiratory
inorganics have the highest values.

Although natural gas is one of the cleanest fossil fuels,
using the renewable energy resources would reduce the total
impact to the environment of the brick production process.
And the use of local renewable resources would increase the
energy independence of Latvia, thus reducing the dependence
on the imported gas.

The total energy consumption to produce one ton of bricks
is by 140 kWh (which is 24% respectively) less than to
produce one ton of the bricks in Greece [11] where the pet-
coke and diesel is consumed.

There have been other studies conducted regarding brick
production impact to the environment, for example in
Australia [13] and Italy [14], but the final eco-indicators as
single scores for 1 ton of bricks which could be useful to
compare the results attained in this study were not determined
in these studies.

In the study about the bricks produced in Greece, the Eco-
Indictor 95 method is used. Therefore, the results can be
compared only partly because in this study which is conducted
on bricks manufactured in Latvia, the Eco-Indicator 99
method is used. These two above mentioned methods differ
from each other mainly with the fact that the Eco-Indicator 99
method is updated version of the Eco-Indicator 95 method and
that means that results of the Eco-indicator 99 method may be
more accurate. The single scores cannot be compared but the
impact categories in global scale can be viewed. The main
impact categories in the LCA study of the brick production

impact in Greece using Eco-Indicator 95 are acidification
(56,19%), winter smog (30,26%), greenhouse effect (11,62%),
eutrophication (1,6%) and summer smog (0,33%). However
according to study of bricks produced in Latvia the main
impact category which stands out is depletion of fossil
resources. This result is only logical regarding the main
energy source — natural gas used in the brick baking process in
Latvia. But the acidification category takes only the 5 place.
In the study for the Greece conditions, no impact category is
related to fossil fuels although they use pet-coke and diesel in
the production processes.

Although the brick production process in Greece and Latvia
are almost the same, only the fuels differ, still great
differences remain in the results using when using two impact
assessment methods Eco-Indicator 95 and Eco-Indicator 99.

The greatest impact on the environment from processes is
associated with energy consumption. The manufacturer has to
think about how to use effectively the available resources and
resources necessary for the production, as well as to look for
opportunities and ways to use a variety of waste products to
produce new products without compromising on quality and
technical characteristics of the product. Manufacturer also has
to consider how to improve some qualities of his product
while reducing the new primary resource exhaustion.

One of the recommendations could be to use more of the
combustible additives that are waste of other product
production processes. Also replacing natural gas with some
alternative energy source, for example biogas, would reduce
the total impact to the environment. Since the factory is huge
enough and the amount of necessary electrical energy is also
considerable, the co-generation opportunity is one of the
possible ways of reducing the impact to the environment and
decreasing the factory’s dependence on the external energy
suppliers.
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Agnese Skéle, Mara Repele, Gatis Bazbauers. Biivmateriilu ietekmes uz vidi raksturojums ekodizaina vajadzibam.

P&tijuma ir analizéts mala kiegelu razoSanas process Latvijas biivmaterialu razotng, apkopoti razoSanas procesa inventarizacijas dati un, izmantojot dzives cikla
ietekmes modelésanas programmatiru ,,SimaPro”, veikts kiegelu razoSanas procesa ietekmes uz vidi raksturojums. Nemot véra to, ka rezultatus paredzéts
izmantot ekodizaina vajadzibam, ietekmes uz vidi raksturojums veikts, izmantojot dzives cikla ietekmes novértéjuma metodi Eco-Indicator ‘99 un tas tris kulttiras
perspekfivas — hierarhista, egalitariana un individualista perspektivas. Darba galvenais mérkis ir aprékinat un novertét Latvija razotu kiegelu ietekmi uz vidi Tpasi
saistiba ar energijas patérinu un siltumnicas efektu izraiso$o gazu emisijam, kas saistita tiesi ar kiegelu razo$anas posmu, lai varétu veikt ekodizainu. Pétjjums
veikts keramisko bivmaterialu dzives cikla izejvielu ieguves un razoSanas posmiem. Papildus $1 pétijuma meérkis ir sakt veidot Latvijas buvmaterialu dzives cikla
inventarizacijas datu bazi un iesp&jams noteikt posmus, kuros veidojas vislielaka ietekme uz vidi un, kuros ir nepieciesami uzlabojumi.

A.lllkene, M. Penene, I'. Ba:xx0ayep. XapakTepucTHKA BO3/1CHCTBHA CTPOHTEIBHBIX MATEPHAJIOB HA OKPY/KAIOILYIO CPeay A5 HY KA IKO-Iu3aiiHa

B pabote paccMOTpeH mporecc POM3BOACTBA IIIMHAHOIO KUpIHYa Ha JIaTBHICKOM IIPOU3BOJICTBE CTPOUTEINILHBIX MaTepranoB. CoOpaHb! HHBEHTapH3aOHHbIE
JIaHHBIC TPOM3BOJCTBEHHOIO IpOLECCa M, MCIONB3Ys MporpaMMmHoe obecriedenue ,,SimaPro” (Faculty Version), momennpoBaHO BO3/eHCTBHE XKM3HEHHOTO
LIHKJIA, OIIUCAHO BO3JEHCTBHE IPOU3BOACTBA NIMHIHOIO KMPIMYaHa Ha OKPYXKAIOLIYIO Cpefy. A Takoke, yIUThIBas TO, YTO JaHHBIE PE3YyNIbTAThl IPELyCMOTPEHO
HCTIONB30BATh JUIS HYX] 3KO-AU3aiiHa, BBIIOIHEHO ONHCAHUE BIMSIHUS HAa OKPYXKAIOILYIO CPey, HCHOIb3Yys METOAbl OLIEHKHU BIMSHUS KM3HEHHOro IuKiIa Eco-
Indicator’99. I'naBHas 1ens pabOTHI pacCUUTATh M OLCHUTH BIIMSHHE Ha OKPYXKAIOIIYIO CPefy KHpIHYa IPOM3BENEHHOro B JIaTBUM B YaCTHOCTH, YTO Kacaercs
MOTPeOICHNS DHEPTHU U BRIOPOCOB Ta30B, BBI3BAIOLINX MAPHUKOBBIN d((heKT, 4ToOb MOKHO OBLTO OCYIIECTBUTH IKO-au3aitH. McciaenoBanne mpoBOAUIOCH 10
9TalaM )KU3HEHHOTO IUKJIA — JOOBIYM CHIPhsI KEPAMHYECKUX CTPOUTEIbHBIX MATEPUAIIOB U CTaAUM HX IPOU3BOACTBA. JJOIOIHUTENIBHO 1I€/Ib 9TOr0 UCCIIEIOBAHUS
HayaTh CO3JaBaTh WHBEHTAPU3ALMOHHYI0 0a3y MAHHBIX XXU3HEHHOTro IuKia JIaTBHHCKHMX CTPOHMTENBHBIX MATEPHANOB M ONPENCIHTH JTAlbl, HAa KOTOPBIX
(hopmupyercst camoe OOJBIIOE BIHSHUE Ha OKPYKAIOLIYIO CPEY, i B KOTOPHIX HEOOXOIMMBI yITy4IICHHS.



