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Economic evaluation of using of geopolymer from caodly ash
in the industry

Sarka Vilamov&and Marian Piech&

At the present time, almost every area needs usfirggcondary raw material sources. This trend istabvious in the industry,
mainly in the area of materials production, wherrthis a possibility of economic effectivenessaasing during production. Also,
the contribution of secondary raw material usingqiég negligible in the area of living environmembtection, since it can use the waste of
industrial production again. The task of this cadlmtition is an economic evaluation of using a geppar from coal combustion as
a possible alternative raw material. The basic injsuthe cost of materials for the manufactureafarete using of Portland cement with fly
ash as a substitute for cement and fly ash as ditiael to concrete. Evaluation is carried out basgdanalysis of the possibilities to reduce
the total price of material costs for the productiof 1n of concrete, with possible using in the indusifiye main method for economic
evaluation of using geopolymer is the classicat cafculation. The results of the analysis showsfizle reducing of cost, which is possible
through replacement of cement by fly ash more &6 of the material.
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Introduction

In a world where people have a limited amount ebteces, it is necessary to search for effectiligtisns,
but also to replace limited non-renewable resouva#s others. On the other hand, in present tinegle/orks
are at a stage of permanent changes that are mavitedstill stronger competition pressure. Therefor
managers must solve questions about how to decpeadaction costs, how to overcome competition aog
to survive in the world market (AntoSova, et aD13). Simultaneously with the decrease of someneseurces,
demand is increasing in the world. The consumeregpds constantly expected to offer significandyceeds
demand. One of the possibilities to preserve vatuabsources for future generations is recyclingictv in
addition to the possibility of replacing of non-esvable resources also addresses the issue of pirgedready
unnecessary goods (Rybar and Kudelas, 2007). Invtukl, the amount of waste that is increasingaigely
stored in landfills, and its existence does notyamtcupies the land, but also constitutes a pakntk for
the environment (Cehlar, et al., 2013).

Geopolymers are relatively new and little-knowrealative materials. Few laymen today suspect about
their existence and the opportunities geopolymargbfor the industry as well as for the environmd#y ash
belongs to a group of by-products from the comloustf coal and ashes and slag, fly ash is deposited
the impoundments where its specific physical arehtibal properties are degraded.

According to research, fly ash presents full rawtarial, which can replace not only some naturally
occurring materials, but depending on the qualiéattharacteristics of coal, of which it is risingmay well
exceed these materials.

Geopolymer has become a common term, especiatlyeiidS, France and India, where much attention is
given to it for decades. Due to their unique chi@racsome geopolymers are replacing naturally aooyr
materials. One of the best examples is the useeopgymer materials in Formula 1 vehicles just tloeir
exceptional resistance to fire, or in the productiof concrete road, which in the world are used in
the construction of runways at airports. Mainlysepplications suggest that the company shoulcegtion
to the semi-products and waste because some of tamhide yet undiscovered properties that may be
beneficial.

Each year, The European Union produces about ondréd million tonnes of coal fly ash as a waste of
heat and electricity production. Fly ash belongsa tgroup of semi-products from coal, as well asasth slag
combustion. While all produced slag is consumedafdong period of time, particularly due to the deof
the construction industry, fly ash is deposited the ponds, where its specific physical and chemical
characteristics degrade. According to researchadly presents a full raw material, which can ndy oeplace
some naturally occurring materials, but dependimghe qualitative characteristics of coal, from evhit occurs,
fly ash can over-exceed those materials. The mmsthon way of fly ash using is filling of alreadytnased
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mining areas. Another possibility is the disposktflp ash as an application to the soil, in whidte tfly ash
significantly improves its physical, chemical andahanical properties.

Present state of possible geopolymer using

In 1979, Professor Joseph Davidovits introducedctirecept of geopolymer to indicate inorganic bisder
with a structure resembling natural zeolite crystalicture (Davidovits, 2011). Twenty-five yearoagery few
laboratories and institutions dealt with geopolym@wrer the last decade, the situation has chan§ethe
laboratories engaged in research in the field af mereased. While the number of professional, niifie
research papers published on geopolymer was adaserd in 1991, it rose to over 400 per year in2@3eiger,
2011). Abroad, fly ash as a raw material is useddfecades, since it presents cheap raw materiai afith
sufficient functional characteristics, usually vath harmful effects on humans or the environmeratv{Bovits,
2002).
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Fig. 1. Model of geopolymerization (Davidovits,12Q

Fly ash from burning of hard coal, respectivelynitg, presents an interesting source of raw masefia
secondary processing. Since it is an inorganic miahteased primarily on oxides of silicon, aluminm and iron,
it is chemically very similar to the traditional ilding material - cement. Due to its chemical cosipon,
physical parameters, and at the same time a @rfi@mount, fly ash is a suitable source of rawenmit
available for further industrial use (Sisol, 2014h) addition to various technical and technologaspects of fly
ash using, which favourably affects the charadiesof the materials, their use also has substhationomic
and environmental benefits (Ahmaruzzan, 2010).aldty ash, produced at the present time, is blétdy their
properties for the use in the manufacture of boddinaterials. In particular, fly ash derived froombustion
processes of not coal raw materials, are oftersuitéble for the purposes mentioned above. Howelrere are
some other non-conventional applications of fly et are in various stages of verification.

For example, the production of a material suitdbleadsorbing of various pollutants from waste wate
belongs among the most perspective ways of itslngbe present time, fly ash has been used sucdgssith
a suitable composition for the removal of toxic dmeavy metals from waste water from industrial psses. Fly
ash with a high content of residual coal can ats@esto remove various inorganic substances (bed, Scott,
2001).

Any fly ash contains also various minerals contagnimetal oxides in certain volume. The largest eshar
represented in the fly ash, is aluminium and irehjch means metals that are important for the teahn
materials. Therefore, fly ash can be used as awriiapt source of bauxite instead of aluminium, @urse of
iron instead of iron ore.

Abroad, the fly ash is used as a raw material &arades, since it presents rather cheap raw mateftieh
with sufficient functional characteristics, typialwithout harmful effects on humans or the enviramt
(Davidovits, 2011).

Fly ash represents either cement or pozzolana coempodepending on the content of CaO. Partial or
complete replacement of cement by fly ash redugesatl production costs. Research of geopolymeciain
based on fly ash has shown that it has a potarg@in various applications because it has sirpilaperties and
durability as traditional concrete from cement. Blmrer, recent studies have shown that geopolynrete
based on fly ash does not require such heat treatmvben there is not added a small volume of tigeedient,
which is a carrier of calcium, for example a slgtpo, 2014).
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Tab. 1. Possibilities of fly ash using as a rawtenal in the industry (Davidovits, 2011).
Branch Possibilities of using
Steel production
Preparation of dusting and thermal insulation layer
Dusting core material,
Forming material during steel casting
Mining To basis of robbed mining areas
upgrading of heavy soils, preparation of bio-orgamineral fertilisers, seed coating, as a sourariofo and
macro elements
Production of cement, aggregates, manufacturetifitil stones, concrete, brick and ceramics potidun,
road construction

Metallurgy

Agriculture

Construction

Nowadays almost everyone already recognises the foe¢he use of secondary raw materials (Tausl.get
2015). This trend is particularly noticeable in tbenstruction industry, particularly in the field building
materials production, since it gives the opportutit increase the economic efficiency of productiarso, the
benefit of using secondary raw materials is notligége in the field of environmental protectiors the re-use
of waste from industrial activities (Spak, et &012). Especially in mining companies, which oftenthrough
the crisis, implementation of new innovative praitut represents the way how to solve problems afimgi
companies. (Jurkasova, et al., 2015).

Tab. 2. Production and using of secondary prodircts coal burning in EU 15 in 2010 (www.ecoba.com)

Fly ash Ash Slag
Produced volume 31 616 000 4 052 000 1 000 000
Consumed volume (t) 13 785 000 1 890 000 1 000 000
Consumed volume (%) 43.60 46.64 100.00
Concrete production 2152 000 178 000 0
Mixed concrete 1947 000 1 000 0
Additive to the concrete 4947 000 62 000 3000
Concrete blocks 760 000 798 000 0
Bricks / ceramics 83 000 16 000 0
Fillings 3174 000 513 000 0
Water treatment 115 000 0 0
Temporary storage 201 000 87 000 0
Disposed in dump 2260 000 87 000 0
Other 607 000 322 000 997 000

Methods of economical evaluation of geopolymer usin

Subject of searching presents the fly ash resuftimgn combustion of black coal during the productirf
heat and electricity as a raw material, which canthout further processing used as an input rizter the
industry for the production of precast concrete:

1. as a complete replacement of cement in the finatiedie mix for the production of precast concrete.
2. as a partial cement replacement in the final caaarex for the production of precast concrete.

The main method for economical evaluation of gewpmpelr using is the standard cost calculation,
processing according to the following steps:
1. Costs calculation:

o0 data collection — types of used material, unitgsitor individual materials,

o calculation of assumed consumption of individuglety of materials,

o calculation of total material costs for individugpes of concrete,

2. analysis of costs effectiveness,

defining of units, that would be compared,
defining of costs type that would be analysed,
defining of the total benefit of the analysis,
defining of projects that would be compared,
comparing of the resulting values of the projects,
the decision of the most convenient alternative.

O O0O0OO0OO0OOo

The cost of the concrete production by using ofppgdégmer depends on the properties of individuaety/pf
concrete, which provide technical standards, atasahe requirements of the individual compone@tmcretes
are divided into 16 basic strength classes undmeiu Slovak technical standard norm EN 206-1. dveti
Annex to this standard provides requirements anecifipations for all types of concrete, as well as
the conditions, under which the concrete can bd.use
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Properties of concrete depend on the quantity anadity of its components. Cement is the most agbiag
of the concrete, and it is usually the most expendits selection and proper using are essentiachieve an
economic balance between the desired propertiggeqirepared concrete mix and the cost of its priboiu

The cement of the category | and Il is the mostutErpamong manufacturers of concrete since it essan
adequate level of strength and durability. To aghibigher levels of concrete characteristics, spamments
are using. When choosing a concrete, there is sapego consider what final properties of concrate
expecting. That choice depends on how much theuserdunderstands the issue of concrete and also the
relationship between the cement and the resultiagacteristics.

Re-use of materials must regard valid legal regrat of the Slovak Republic, as well as principtés
sustainable environmental development (Khouri,|et2816). Therefore, the composition of concretietune
with fly ash using was calculated according to thfsrmation from the Patent Application No. 70-2010
"Preparation of alkali-activated adhesives — stedajieo-polymers of fly ash from the combustiorc@él in the
wet bottom boilers with content over 15 % ". Foe tpreparation of the fly ash concrete, it is nemgst use
activating solution that is prepared by mixing ofid NaOH with a solution of N&iO; (water glass). The
composition of concrete mixture with fly ash usamga partial replacement of Portland cement wasilzaed on
the basis of existing standard STN EN 206-1.

Results of analysis of geopolymer using

A geopolymer concrete based on fly ash offers sesenomic benefits that give it an advantage over
Portland cement concrete. The costs of fly asmagtigible. Producers of heat and electric poweattwith fly
ash as waste; therefore it presents a problemki&wpof such waste has its limitations, such asslation, as
well as localization and capacity.

Strategic planning with respect to dynamics andowation necessity has a great importance during
economic evaluation of industrial production (Pawdik, et al., 2015). Nowadays, almost everyondréeady
aware of the need to use secondary raw materidlis. ffend is particularly noticeable in the indyséas it
provides the opportunity to increase economic igfficy. Appreciable is the benefit of secondary raaterials
using in metallurgy and environmental protectiom ttze re-use of waste from industrial activity (igfioeft, et
al., 2015). The cost for the production of concrasing fly ash was determined according to inforomabf
patent registration No 70-2010, Preparation of labketivated adhesives — so-called geopolymer fiashes,
obtained during burning of coal in the wet bottoaildrs containing over 15 %For the preparation of the fly
ash concrete, there is necessary to use an agtvsdiution, which is prepared by mixing of soli@®H with
a solution of NgSiO; (water glass).

Tab. 3. Material costs of concrete productiongtength class C 55/67 with fly ash using withautarete.

Element Producer MJ Volume Price per MJ Price
Fly ash TEKO t 0,360 0,000 0,000
Aggregate of stone fraction 0/4 mm| EUROVIA t 0,958 4,000 3,832
Aggregate of stone fraction 4/8 mm ALAS. t 0,342 5,300 1,813
Slovakia
Aggregate of stone fraction 8/16 ALAS_ t 0,410 5000 2,050
mm Slovakia
Slovakia 3
Water Average m 0,037 2,032 0,075
Sodium hydroxide PG Chem kg 29,44 0,770 22,669
Water glass LARO | 123,97 0,596 73,886
Together 104,329

Through the comparison of the total material castgroduction of concrete with high strength cléss
55/67, there has been proved that the price ofrihierials for the concrete without the use of Rarlcement,
only with fly ash using, is a few times higher thdmat of the traditional concrete using Portlandneat.
Moreover, the transport cost of mineral raw matsnidays an important role in the mining processied out in
mining companies. Quantitative methods of operafi@malysis can help to optimise supply and deereast
by this way (Paviikova, Teplicka, 2014). The motivation of employedseir efficiency and the work
productivity could also decrease cost and incre@séng business effectiveness.
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Tab. 4. Material costs for concrete production $trength class C 40/50 with fly ash and Portlandarete using.

Element Producer MJ Volume Price per MJ Price
Fly ash TEKO t 0,078 0,000 0,000
Cement CEM 1425 R Holcim t 0,306 108,98 33,348
Aggregate stone fraction 0/4 mm Eurovia t 0,958 4,000 3,832
Aggregate stone fraction 4/8 mm ALAS Slovakia t 0,342 5,300 1,813
Aggregate stone fraction 8/16 mm ALAS Slovakia t 0,410 5,000 2,050
Water Slovakian average n 0,176 2,032 0,358
Aeration additive S.N.A.LL. kg 2,28 1,439 3,281
Summary 44,882
Tab. 5. Material costs of concrete productiongtrength class C 55/67 with fly ash and Portlandarete using.
Element Producer MJ Volume Price per MJ Price
Fly ash TEKO t 0,078 0,000 0,000
Cement CEM 1525 R Holcim t 0,360 114,140 41,090
Aggregate stone fraction 0/4 mm Eurovia t 0,947 4,000 3,832
Aggregate stone fraction 4/8 mm ALAS Slovakia t 0,338 5,300 1,813
Aggregate stone fraction 8/16 mm ALAS Slovakia t 0,405 5,000 2,050
Water é}g:lgg n m?® 0,142 2,032 0,289
Aeration additive S.N.A.LL. kg 2,15 1,439 3,094
Together 52,168

The comparison of the total material cost for tba@arete production of high strength class C 55/83 h
shown that the price of materials for the concrgtlout the use of Portland cement, only with fshausing, is
several times higher than the cost of conventionatrete using Portland cement.

Tab. 6. Material costs for concrete productionnfrgtrength class C 55/67.

Material costs for concrete production from strengh class C 55/67 Price [€/m7]
Without using of plasticizing ingredients 51,340
By using fly ash and Portland cement 52,168
By using plasticizing ingredient 63,875
By using fly ash but without cement 104,329

In contrast, as we can see from the previous taleh material costs during the production of ceter
may be reduced, if the plasticizer is replacediyppgh.

m Without using of
plasticizing
ingredients

B With using of fly
ash and Portland
cement

With using of
plasticizing
ingredient

B With using of fly
ash but without
cement

63,875

Fig. 2. The comparison of material costs for catemproduction, strength class C 55/67 [€/m

As for the price, the water glass, which in thearete cannot be replaced by another ingredienat,lé&ast
accessible component of the fly ash concrete. Therethe most economically advantageous optioranesithe
mixing fly ash with Portland cement. Reducing tlstaduring replacement of part of cement by fly &simore
than 18 % of the material (Fig.2).
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Discussion

According to available literature, it has not yeth proposed a composition of concrete mix thatlavou
include a higher proportion of ash reaching thergjth of at least 50 MPa. If, however, there islus&oncrete
with the strength of 30 MPa in the precast congiiet®ould be possible to replace up to 30 % of eenby fly
ash. In that case, the final price would be evemetosince the decreased volume of cement needed for
production and at the same time, material, whidvoissidered as waste, would be consumed.

Although there is not yet economically effectiveitroduce a fly ash concrete in practice, the fgwbof
CGO, production remains during the production of Podlaement, as well as the way of handling with #h a
waste is also the problem. It is only a matterimietwhen it will be necessary to take much great#ion to
make more strict measurements to reduce emissigthstire aim to slow down at least global warmingl an
the associated global dimming since its compleipgghg is not yet in the power of humanity. Thex@® doubt
that the industry will continue to need concrete tlee demand for Portland cement will not fall matly. Fly
ash concrete is an alternative that could replacda®d cement, but only on the condition thatphee of water
glass would be reduced to a level comparable tptice of Portland cement. Even in this case, dfusstionable
whether producers reach for not yet sufficientlpwn alternative, or even in terms when costs agédr, and
therefore they would still prefer traditional, pesvpossibility.

One of the possibilities that could help to solhe problem with the high GQOemissions and that is
affordable from the view of the price, is using mbmass for the production of cement in order tduce
the emissions that are released into the atmosteeast partially. Another possibility is to rety the old
concrete that can replace part of an aggregate stomew concrete due to its characteristics, oafit be used as
substratum for road construction. It is also pdsdib use fly ash as an ingredient in concrete.

Presently, protection of the living environmentstill the most important factor in economic andiabc
development, presenting worldwide global problehbsrodnikova, et al., 2008). Awareness of the sgdgehot
yet sufficiently focused on the opportunities thet offered, recycling is more a matter of pubdiations for the
company, presenting the company to the public. Adiog to statistical indicators of the European @ussion,
only one-third of the waste, generated from comsion, is reused, and the reason for this low nunalbe not
technical issues, but the traditional ways in thdustry. In this areaCulkova, et al., (2016) analyses, for
example, environmental commitments of the compaagtwities waste dumping in manufacturing company.
From the analysis, it is obvious that proper sterafj hazardous waste and recycling hazardous veaste
decrease cost and influence profit of the company.

A leader in the recycling of concrete waste is Metherlands, which utilises again up to 95 % ofte/as
arising from construction activities. By contraah, average of the Member States of the EuropeaonUsionly
30-60 %. We can hardly estimate whether we contibugaste scarce resources and, alternativelysithéar
qualitative materials to store at the dumping amste.

Conclusion

Cement and concrete play an important role in t@nemies of the European Union. In the case of a
decrease in the production of Portland cement,ethi&rremaining an open question of the impact @ th
economies of individual countries, where the prdidncof cement presents one of the important sectbine
decline in the production of Portland cement caadse a decrease in employment.

Although there is still not effective to introdudly ash concretes in practice, production of Ci@
the production of Portland cement remains stilbaen problem, as well as the process of fly ashagament
as a waste. It is indisputable that the steel itrgusill continue to require ash; therefore the @h for it will
not naturally fall. Fly ash concrete is an alteivatthat could replace Portland cement. Anotherioopts
recycling of old concrete, which can replace pathe aggregate stone in new concrete by its chaniatics.

Awareness of the society is not yet sufficientlgifeed on the opportunities that are offered. Adogrtb
statistical indicators of European Commission, oalyhird of waste is re-used and the reason foh $ow
quantities are not technical issues, but the habiay in metallurgy. We can hardly say whether wi#
continue to waste rare resources and alternatiees stored in a landfill as a waste.
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