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1. Introduction

As we develop new technologies for the pro-
duction of energy and materials, we also have to 
implement environment protection laws; thus, 
we need a plan for a responsible, large-scale uti-
lization of coal combustion products which are 
valuable mineral resources. Currently, we obta-
in CCPs from solid fuel power plants and from 
landfi lls. In a number of countries where coal 
combustion has been reduced, the CCPs already 
stored at landfi lls have become a valuable sour-
ce of soil, aggregates, binders, etc.  

In the last 20 years we have been effi  cient in 
utilizing coal combustion products and imple-
menting new technologies of CCP utilization, 
which we owe to the infl uence of Polish scienti-
sts, engineers, economists and industrial mana-
gers. The results have also been aff ected by the 
implementation of a new system of CCP utiliza-
tion, which encompasses not only logistics, but 
also new technologies and means of their utili-
zation. The works of the Polish CCP Union (Pol-
ska Unia UPS) also are not without signifi cance, 
for the Union — among other things — organi-
zes the annual International Conference “Ashes 
from Power Generation,” a global forum for the 
energy industry to exchange experiences and 
research results.  

These are some of the more satisfactory de-
velopments which aim at the ubiquitous use of 
coal combustion products, but they are often 
undermined by popular misconceptions (such 
as those on the subject of pneumoconiosis, ra-
dioactivity or hazardous wastes), which emerge 
periodically and spoil the atmosphere around 
CCPs, consequently diminishing their use. At the 
moment we are all faced with the problem of 
ammonia and mercury contents in fl y ash.  
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SUMMARY

The frequency of fl y ash and other Coal Com-
bustion Products (CCPs) utilization is owed to 
those who work in the national power industry 
research and implementation centers and the 
users of CCPs. The statistics have also been in-
fl uenced by the new system of CCP utilization, 
which encompasses not only the transportation 
of CCPs but also the development of new, state-
-of-the-art technologies of ash benefi ciation 
and refi ning. Another signifi cant reason for in-
creased utilization of coal combustion products, 
fl y ash in particular, is the fact that our scientists 
have conducted in-depth analyses of their phy-
siochemical properties and are now able to take 
advantage of these properties when designing 
new products.  

When optimizing the process of burning 
coal-based fuels and co-combusting coal 
and biomass, as well as other products, it is 
necessary to research the infl uence that in-
troduced changes have on the usability of fl y 
ash and its environmental impact. Publishing 
the data, assessments and results of imple-
mentation is no less important.  

To improve on CCP utilization, we need to 
consider using it on a mass scale to produce 
classifi ed, activated and hydrophobic fl y ash. In 
order to design new, high quality products, it is 
necessary to improve on the production of ce-
nospheres from dry fl ue gas desulfurization, ore 
concentrates, as well as micro- and nanofi lls and 
carriers. Since the utilization of fl y ash from land-
fi lls increases, it is possible to make profi t from a 
comprehensive depletion of the lode. The follo-
wing paper discusses the issue.  
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Analyses of what amounts of CCPs are being 
used and how, prove that the problem of the-
ir utilization is still a valid one. Simultaneously, 
though, both in Poland and abroad, new tech-
nologies are being developed and new research 
is conducted, which may eventually result in an 
effi  cient use of CCPs, as well as bring economic 
and ecological profi ts.  

Among many new developments in the disci-
pline we can mention research and implemen-
tation of new means for:
• increased recovery of fl y ash cenospheres 

from power plants and landfi lls;
• increased production and utilization of acti-

vated fl y ash;
• resuming production of hydrophobic fl y ash;
• ore concentrates recovery;
• usability and production of nanoproducts 

from fl y ash;
• using fl y ash as an active component of bin-

ders, concrete and plastic fi llers.  

2. Physiochemical properties of fl y ash

Knowing the chemical composition, physical 
properties and mineralogy of fl y ash and slag 
enhances their usability. A number of common-
ly recognized uses have been further developed 
by new publications, such as [1] and [2].  

While fl y ash obtained from burning bitumi-
nous coal in conventional boilers meets a num-
ber of requirements and can be used in cement, 
binders, concrete and ceramics, its properties 
can be enhanced through particle size separa-
tion, which creates new possibilities for its use.  

Research into the relation between physio-
chemical properties of fl y ash and fi ne particle 
content, shows that as the latter increases:
• particle surface area expands;
• pozzolanic activity increases;
• amount of light metal compounds increases;
• rheological properties of cement paste, gro-

uting, etc. improve;
• gas and water permeability decreases;
• amount of components with loadstone cha-

racteristics increases periodically.  
Preliminary classifi cation is sometimes per-

formed by extracting fl y ash from particular 
sections of electrofi lters. Fly ash procured in 
this way has a globular shape and larger surface 
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area. Adding such ash to concrete increases its 
workability, strength and durability [3]. 

According to the Institute of Ceramics and 
Building Materials (ICiMB) in Opole, fl y ash de-
monstrates a similar, and at later stages of har-
dening even better pozzolanic activity than 
other known additives, such as metakaolin or 
silica fume. Unlike silica fume, though, fl y ash 
does not increase hydrophilicity, nor does it de-
crease workability [5].  

Ash collected from bituminous coal combu-
stion has been used in cement and concrete in-
dustry for a long time, but only recently has it 

Fig. 2. A – Fly ash grains in the structure of hardened slurry. B – Com-
pressive strength of cement mortar containing 20% of fl y ash against 
other mineral additives

started to be processed and refi ned to meet the 
increased expectations of its properties.  

There are a number of processing techniques 
that can modify the properties of fl y ash. Sepa-
ration of fl y ash particles with grain size of less 
than 30 μm is usually performed in mechanic 
vibrating sieves. Mass classifi cation of any gra-
in size is usually done in cyclone separators (air 
classifi ers).  

Pulverization of fl y ash not only expands its 
surface area, but also increases its hydraulic ac-
tivity and decreases its permeability, including 
water permeability of concrete to which such fl y 
ash was added.  

As far as high-calcium fl y ash from lignite 
coal combustion is concerned, when thick frac-
tions are pulverized, they release active partic-
les that are globular in shape from inside. As 
they are round, they decrease the hydrophilici-
ty of such activated ash, despite the expanded 
surface area and fi neness, especially if lumps of 
incombustible matter are separated simultane-
ously (fi gure 3).  

Fig. 1. Microscopic image of fl y ash paricles [4]
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Such separation can increase the activity of 
fl y ash under consideration, which has been 
proven in research.  

Pozzolanic activity index has reached a high 
rate after 28 days of conducting a hydration re-
action (well beyond 100% of standard cement 
strength). Benefi ciating fl y ash by further pulve-
rization, after coal particles have been extrac-
ted, has proven to increase its strength compa-
red to unpulverized ash (fi gure 4). It needs to 
be emphasized that these improvements have 
been achieved using fairly simple technological 
solutions.  

After further pulverization, when the grain 
reaches the size of nanometers, fl y ash develops 
new properties, which is a result of destroying 
the original microstructure of the grain and, 
frequently, releasing certain elements from the 
particle.  

Pulverized ultrafi ne ash has more grains, lar-
ger surface area and is more reactive, thus it ma-
nifests new properties. It has been widely used 
as a resource for producing new high-strength 
materials and for other purposes. It can also im-
prove the quality of concrete.  

Nanotechnologies are a promising means of 
eff ective utilization of fl y ash and slag, although 
at the moment they are energy-intensive and 
thus require particular consideration as far as 
profi tability is concerned.  

A change in physiochemical properties of fl y 
ash and separation of particular compounds can 
also be achieved through various kinds of treat-
ment, such as:
• hydrophobization, which causes hydrophilic 

or weakly hydrophobic grain surface to beco-

me hydrophobic when covered with mineral 
and synthetic oils as well as active organic 
compounds (amines, silicones). As a result, 
the surface treatment of grains makes the fl y 
ash impermeable to water; it also levels the 
surface tension between ash and oil, as well 
as ash and organic materials, which renders 
the ash more usable in deoiling water and 
wastewater; it can also be used as a plastic 
and rubber fi ller as well as a carrier for plant 
protection products;

• magnetic separation, which separates non-
-magnetic fractions from the magnetic frac-
tions. As a result, fl y ash with lower specifi c 
gravity is produced, as well as an iron oxide 
concentrate that can be used as an element 
of heavy liquids for mining industry, drilling 
fl uids for drilling industry and as concrete 
shielding against radioactivity;

• electrostatic separation, which takes advan-
tage of diff erent reaction of various materials 
to the triboelectric eff ect in the electric fi eld. 
This way coke breeze can easily be separated 
from fl y ash;

• thermal treatment. Depending on tempera-

Fig. 3. Infl uence of pulverization on high-calcium fl y ash from lignite 
coal combustion A – before pulverization, B – after pulverization [4]
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ture, we can dry a wet mixture of ash and its 
products, dewater gypsum, burn coke breeze 
in fl y ash and slag and conduct a desublima-
tion of light metal oxides, but fi rst and fore-
most bake (lightweight aggregates) and melt 
(slag wool, cast metal resistant to abrasion) 
fl y ash and slag;

• fl otation separation takes advantage of the 
wetting ability of fl y ash components and can 
be used to remove grains of coke breeze whi-
le releasing cenospheres;

• chemical treatment of grain surface removes 
absorbed elements (ammonium compounds, 
mercury, etc.) and produces zeolites and ligh-
tweight metal concentrates (germane, gal-
lium). These methods are also used in che-
mical extraction of aluminium and titanium 
compounds, as well as any aluminosilicate 
compounds found in fl y ash.  
As we develop new technologies for coal 

combustion and new means of fl y ash treatment 
and utilization, it is necessary to conduct further 
research on the composition and properties of 
CCPs and react properly to any problems that 
may arise. Changes in composition of fl y ash that 
is being produced at the moment are due to the 
new requirements of environment protection 
and the need to adjust to these requirements — 
this concerns especially the co-combustion of 
coal and biomass and other materials.  

Presently, the problem that draws the most 
attention is the presence of ammonia and com-
pounds of mercury in fl y ash [11, 12]. An eff ecti-
ve solution to that problem can be found in the 
EU REACH project. 

 3. Technologies for extended utilization of 

fl y ash

The assessment of coal combustion product 
use and changing demands of the market, as 
well as the necessity to reduce CO2 emission, 
prove that it is reasonable to produce more of 
the products already described and develop 
new products from CCP. As far as the former is 
concerned, there is a need to recover more ce-
nospheres from fl y ash, develop production of 
activated fl y ash and fertilizers. As for the latter, 
it is advisable to consider producing classifi ed 
ash (with particular grain size), hydrophobic fl y 

ash, ore concentrates, etc.  
Using cenospheres
Cenospheres are superfi ne grains found in fl y 

ash and slag obtained from conventional coal 
combustion. They have lower density and ther-
mal conductivity index than fl y ash.  

Cenospheres are one of the most valuable 
products obtained from fl y ash and are in high 
demand, as they can be used in thermal insu-
lation, light weighing agents for drilling fl uids, 
plastic fi llers, light concrete and other building 
materials, abrasive tools, catalyst supports and 
plant health products. Cenospheres have practi-
cal applications in:
• automotive industry (composites, tires, ca-

sting fl asks),
• energetics and technology (drilling fl uids, air-

craft propeller blades, shells and composites 
for spaceships),

• recreation business (boats, surfboards, kay-
aks),

• plastics industry (nylon, polyethylene),
• ceramics industry (fi re resistant materials, 

thermal insulation materials),
• construction industry (façade panels, special 

cements, grouting and mortars).  
Increasing utilization of fl y ash has caused 

the resources for obtaining cenospheres to di-
minish signifi cantly because less ash is stored 
in wet landfi ll sites and consequently, in many 
cases, these landfi lls have been closed down. 
Because of that, diff erent methods of obtaining 
and refi ning cenospheres in our possession are 
insuffi  cient.  

Currently cenospheres are produced in a 
number of countries, the biggest producers 
being China, Russia and Kazakhstan. Research 
and implementation in these countries have 
signifi cantly improved our knowledge of ceno-
spheres [17, 18, 19]. Increased utilization of dry 
fl y ash has depleted the resource base for the 
production of cenospheres. The amount of fl y 
ash stored in wet landfi lls has been signifi cantly 
reduced and in many cases they had to be clo-
sed down.  

In Poland, as far as obtainment and benefi cia-
tion of cenospheres from fl y ash is concerned, 
there have been no signifi cant improvements, 
so it advisable to take a much closer look at the 
issue. Figures 5 and 6 demonstrate the structure 
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of a cenosphere and the results of the composi-
tion analysis of the surface glaze of a cenosphe-
re (point 1) and the insides of the cenosphere 
(point 2) [20].  

The analysis of physiochemical properties of 
fl y ash and cenospheres (composition, granu-
lation, density, aerodynamic properties) proves 
that they diff er signifi cantly, which can easily be 
used to obtain, benefi ciate and produce several 
types of cenospheres from dry fl y ash [21]. Mo-
reover, it is advisable to look into obtaining ce-
nospheres from closed-down landfi lls.  

 
  

Fig. 6. EDS analysis of cenosphere grain
Point 1 – silica-alumina vitreous phase of cenosphere grain surface
Point 2 – inside the cenosphere

Activation of fl y ash
Technologies for increasing chemical and 

hydraulic activity of fl y ash have been known 
and, to some extent, used in Poland [22, 23, 26]. 
The forerunner in this discipline was professor 
A. Paprocki, but he met with resistance from lo-
cal experts despite being otherwise acclaimed 
abroad [24]. These techniques include:
• surface modifi cation, which exposes the sur-

face of the aluminosilicate grains and pulveri-
zes agglomerates with very little damage to 
the globular structure of the grain;

• volumetric modifi cation, where the grain 
structure is broken to form smaller grains.  

• Regardless of the method used, activated fl y 
ash has greater fi neness, larger surface area, 
higher reactivity (including hydraulic proper-
ties) and better resistance to fl uids. Fly ash 
with modifi ed surface also has better rheolo-
gical properties.  
Using activated fl y ash for concrete reduces 

the need for cement and allows for a produc-
tion of high-quality concrete (more impervious, 
resistant to penetration of chloride and sulfate 
irons); when used to produce binders, it incre-
ases the adhesion force, while used for waste-
water and waste chemical treatment, as well as 
deoiling, it signifi cantly reduces the amount of 
agent needed.  

Using impact mills (fi gure 7), which compa-
red to tumbling ball mills are smaller and more 
energy-effi  cient, can help popularize produc-
tion of activated ash.  
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Such activation involves not only mechanical 
breaking of grain microstructure, but also ther-
mal treatment as the process generates heat 
and signifi cantly increases the temperature in-
side the grain. Russsian scientists have reached 
interesting conclusions when activating expired 
cement and steel slag in an impact mill [25]. 
Activation in impact mills can be used not only 
with fl y ash, but also when mixing it with slag 
from production and landfi lls.  

Alkaline activation of fl y ash

Alkaline activation of fl y ash is a chemical 
process which leads to the conversion of an 
amorphous, vitreous aluminosilicate phase to 
geopolymeric structure. Compounds that result 
in the synthesis of zeolites are both crystalline, 
semi-crystalline and amorphous, which is why 
they are diffi  cult to identify [28, 29].  

Research conducted in ICiMB proves that the 
properties of geopolymer binders from alkaline 
activation of fl y ash depend predominantly on 
the type and amount of activator, temperature, 
duration of the reaction, type of ash and compo-
nents. When 8 M NaOH solution was used in low 
pressure steam curing, the binder obtained had 
a zeolite structure of high durability. Studied 
was conventional fl y ash from bituminous and 
lignite coal combustion, from co-combustion 
with biomass and FBC ash [30, 31]. A microsco-
pic image of a hardened binder is shown in fi -
gure 8. It was obtained from alkaline activation 
of silica fl y ash, 24 hours after the curing it had a 

high pressure resistance (50 MPa) (fi gure 9).  

According to various estimates, a chemical 
synthesis of geopolymers is 2-3 times more 
energy-effi  cient than that of Portland cement 
and creates 4-8 times less carbon dioxide.  

Binders from alkaline activation of fl y ash 
have a tendency to immobilize heavy metals, 
which is a result of their geopolymer and zeolite 
structure.  
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Fig. 7. Impact mills for mechanical activation of fl y ash

Fig. 8. Microscopic image of hardened geopolymer binder made of 
silica fume activated with 8 M NaOH solution. Zoomed in, the geopo-
lymer structure around the grain.  

Fig. 9. Results of strength tests on mortar made from diff erent types of 
fl y ash activated with 8% NaOH solution in low pressure steam curing 
in 80°C



Classifi ed ash

These are fl y ash grains of particular sizes. The 
concept of classifying fl y ash has been studied 
in a number of countries already in the 1970s, 
while mass production began in the Republic of 
South Africa [34].  

In recent years the annual production of clas-
sifi ed fl y ash in RSA exceeded 3.5 million tons; 
Kendal Power Station in Mpumalanga alone 
produces 1.2 million t/year. The production of 
classifi ed fl y ash is done by means of air classi-
fi ers in the transportation and storing process 
— fi gures 10 [35, 36].  

Growing interest in classifi ed ash is a result of 
the awareness of the link between the fi neness 
of the ash and the properties of concrete, that 
is: mechanical strength, decreased need for bat-

ched water, greater resistance to chloride and 
sulfate corrosion, better fl uidity and rheological 
properties, etc. These properties allow for the 
production of self-consolidating concrete (SCC) 
and high performance concrete, including the 
type used in construction of skyscrapers [38, 39]. 
Even more interesting results have been achie-
ved at the construction site of Freedom Tower 
in New York.  

Figure 11 presents an instance of using classi-
fi ed fl y ash at the construction site of the tallest 
high-rise in the world (828 m), Burj Khalifa Tower 
in Dubai [39]. The use of classifi ed fl y ash made 
it possible to pump concrete directly to the alti-
tude of about 450 meters.  

Analyses of the problem and preliminary 
tests show that it is possible to introduce a 
mass production of classified fly ash in Poland 
[41]. At the moment, we have access to mate-
rials with appropriate grain size, low content 
of incombustible matter and high pozzolanic 
activity; also we have operating research and 
implementation centers which can decide on 
the conditions of using classified ash in fillers 
and in construction, as well as estimate pro-
fits.  
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Fig. 10. Fly ash classifi cation and classifi ed ash production systems
A – fl y ash classifi cation system incorporated in fl y ash storage system, 
constructed by Batemann in a Hong Kong power plant
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In the near future we can expect large-scale 
use of classifi ed fl y ash in hydraulic fracturing 
of shale gas wellbores. Presently, the conditions 
for using ceramic proppants [45] converge on 
the properties of classifi ed fl y ash from burning 
coal.  

Hydrophobic fl y ash

1960s through 1980s have seen researches, 
implementations and even a small scale produc-
tion of hydrophobic fl y ash. The hydrophobicity 
has been achieved through surface saturation 
with mineral oil, mazut or silicones in high tem-
peratures [42].  

Hydrophobic fl y ash does not absorb water, 
nor does it combine with it, but at the same 
time i easily absorbs oil, etc. It can be used for 
example to insulate building foundations, make 
waterproof layers in hydrotechnical and engi-
neering constructions, protect heat pipes from 
corrosion and loss of heat and in the so-called 
“fl oating roofs,” etc. The advantages to using hy-
drophobic fl y ash are the simplicity of the tech-
nology and the possibility of large-scale produc-
tion.  

Ore concentrates

Up to date, Polish energetics have been suc-
cessful in producing ore concentrates (Fe2O3, 
GeO2 and Al2O3), but it needs to verify and deve-
lop new means of their recovery, minding that 
we possess large quantities of fl y ash from pro-
duction and landfi lls [42].  

At present, electronics and technology invo-
lved in producing a number of devices, requ-
ire small quantities of metals and compounds 
which are diffi  cult to obtain. For a number of 
these, there is insuffi  cient resource base. We as-
sume that by segregating burned coal and fl y 
ash, we could enlarge that base. This is why re-
search is needed.  

Burning fuels and fl ue gas treatment — as far 
as chemical, thermal and mechanical processes 
are concerned — is a process of mineral treat-
ment of particular components (chemical com-
pounds), the properties of which are established 
from samples of combustion taken at various 
stages of the process.  

Calcium sulfate fertilizers

Fly ash obtained from burning lignite coal 
from Konin and Bełchatów area has been con-
tinuously valued as a calcium and calcium-ma-
gnesium fertilizer [32, 33]. Nonetheless, the cur-
rent use of high calcium fl y ash in agriculture is 
insuffi  cient.  

As we have high calcium and FBC fl y ash, it is 
possible to produce fl y ash fertilizers which re-
cently have been increasingly in demand. Consi-
dering current tendencies in agriculture, fl y ash 
can easily be used as a granular fertilizer.  

In recent years there have appeared fertilizers 
based on synthetic gypsum with magnesium. 
Many research centers study fertilizers made 
from fl y ash obtained from biomass combustion 
and ammonium compounds from anthropo-
genic sources. The challenge now is to fi nd in-
expensive methods of granulizing the ash and 
provide regular supply. Diff erences in opinion of 
various scientists as to the use of gypsum for soil 
amelioration and fertilizers can stand in the way 
of the progress.  

4. Conclusions

Coal combustion is not only a source of 
thermal and electrical energy, but also a me-

Fig. 11. Photograph of the tallest high-rise in the world in con-
struction. Classifi ed fl y ash was used for construction. 

46 piece przemysłowe & kotły V-VI/2014

INŻYNIERIA ŚRODOWISKA

nano particles. Fuel processing 
Technology 2010, February 
[17] Hycnar J.: Mikrosfery – ich 
występowanie, własności i 
zastosowanie. Energetyka 1979, 
nr 9
[18] Danilin Ł.D., Drożżin W.S., 
Kuwajew M.D., Maksimowa 
N.W., Pukolin I.W., Redjuszewa 
S.A., Szpirt M.Ja.: Połyje mikros-
fery iz zoł unosa elektrostancij. 
Trudy II Konferencji „Ekołogia 
w Energietikie – 2005”. 19-21 
oktabrija 2005
[19] 16 Putiłow W.Ja, Jeriemin 
K.W.: Perspektywy proiwod-
stwa wysokokaczestwiennych 
zołoszłakow i mikrosfer na 
osnowie nanotiechnologii iz 
zoł energieticzeskich uglej c 
wysokim sodierzaniem poter 
pri prokaliwanii. III Seminar 
„Zołoszłaki TES”. 22-23 apriela 
2009 Moskwa
[20] Rajczyk.K. , Giergiczny E., 
Badania mikrosfer z żużla pod 
kątem wykorzystania w budow-
nictwie. Popioły z energetyki. 
Materiały Konferencyjne. 12–14 
października, Sopot 2005, s. 
[21] Hycnar J.J.: Mikrosfery. 
Analiza stanu produkcji i zbytu. 
Ecocoal CC. Katowice IX. 2010
[22] Szymanek A.: Wykorzy-
stanie popiołów lotnych do 
produkcji sorbentów. XI Miedzy-
narodowa Konferencja „Popioły 
z Energetyki”. Zakopane, 13-16 
października 2004
[23] Lerch K., Zygadlewicz J.: 
Suprpucolana. XIX Międzynaro-
dowa Konferencja „Popioły 
z Energetyki”. Sopot, 24-26 
października 2012
[24] Paprocki A.: Zastosowanie 
popiołów lotnych w budow-
nictwie i przemyśle materiałów 
budowlanych, ITB 1976
[25] Gutkow A.N.: Tonkomoło-
tyje granulirowannyje szłaki w 
proiwidstwie strojmateriałow. 
MP „Tiechpribor”. Szczekino 
Rosja 2005 
[26] Zapotoczna-Sytek G., 
Balkovic S.: Autoklawizowany 
beton komórkowy. Wyd. PWN. 
Warszawa 2012
[27] Temuujin J., Williams R.P., 
van Riessen A.: Eff ect of me-
chanical activation of fl y ash on 
the properties of geopolymer 
cured at ambient temperature. 
Journal of Materials Processing 
Technology, Vol. 209, 1 July 
2009
[28] Panias D., Giannopoulou 
J.P.,  Perraki T.: Eff ect of synthesis 
parameters on the mechanical 
properties of fl y ash-based 
geopolimers. Colloids and 
Surfacea A: Physicochemical 
and Engineereeng Aspects Vol. 
301, 5 July 2007
[29] Swanepoel J.C., Strydom 
C.A.: Utilisation of fl y ash in a 
geopolimeric material.  Appl. 
Geochem. 2002
[30] Li X., Ma X., Zhan S., Zhen 
E.: Mechanical properties and 
microstructure of class C fl y ash-
-based geopolimer paste and 
mortar. Materials 2013, nr 6
[31] Rajczyk.K., Giergiczny E., 



ans of obtaining gaseous and solid waste/
products. Initiated research and implementa-
tions have caused the waste to become a va-
luable and popular resource. The change has 
been motivated by economic and ecological 
needs.  

Diff erent methods of fl y ash and other CCP 
production and utilization render it diffi  cult to 
estimate the costs of their utilization and poten-
tial sales profi ts. Lack of consistency in this re-
spect has been duly noted. However, it is impor-
tant to point out that the cost of producing fl y 
ash is directly related to the costs of producing 
energy. This is why the estimates should not in-
clude the costs of landfi lling, which is benefi cial 
for both sides. The economic benefi ts of using 
fl y ash need to be determined by the producers 
who use it.  

As far as energetics are concerned, the costs 
of using fl y ash vary, depending on the fl ue gas 
emission regulations that apply and the guideli-
nes for reduced use of resources, fuels and ener-
gy. These tendencies have a positive infl uence 
on both the economy and ecology of using fl y 
ash.  

Estimated benefi ts of pursuing fl y ash bene-
fi ciation are related to the fact that enhancing 
the product will give it a new market value. Sin-
ce the market value of fl y ash depends on seve-
ral factors — such as quality and legal status, 
norms and permissions — all research that will 
result in a better quality of fl y ash and creation 
of guidelines for safe and effi  cient use, increases 
its market value.  

Since there are no country estimates to esta-
blish the market value of fl y ash, let us use data 
from the American Coal Ash Association, to be 
seen in [44], in which the market value of fl y ash, 
depending on the use, was:
• for cement – 40/60 USD/Mg;
• for soil stabilization – 3/8 USD/Mg;
• as a fi ller in recultivation, etc. – 1 USD/Mg.  

As can be seen from the data, it would be 
most profitable to implement new methods 
of improving the quality of fly ash and other 
CCPs to render them useful in the production 
of cement and concrete, as it is there that 
they have the biggest market value. At the 
same time, it is necessary to be aware of the 
dangers, possibilities and methods of their 

elimination, to pass on that knowledge to the 
producers, managing business and prospecti-
ve users of fly ash.  

Recently, it has become increasingly more 
important that using coal combustion products 
in many cases reduces the emission of carbon 
dioxide to the atmosphere, partly because it 
allows for reduced production and use of pro-
ducts that generate CO2.  

Analyses, researches and implementations 
here and abroad show that there are many po-
ssibilities of improving on current solutions for 
coal combustion products. To do that we need 
to encourage prospective producers by giving 
them a fi nancial incentive in the form of proper 
allocation of funds obtained from environmen-
tal fees and fi nes, as well as facilitate access to 
special funds.  

The experience of many countries, including 
Poland, shows that fl y ash from energetics can 
be used in constructions as a component of 
many materials and products, which is econo-
mical and eff ective.  

As the market economy in Poland develo-
ped, there appeared a number of managing 
businesses that use CCPs. Presently, there is a 
number of specialized entities that not only 
neutralize waste from coal combustion but also 
make use of and distribute them. ICiMB coope-
rates with several such entities, which employ 
either their own solutions, or these proposed 
by research centers, such as ICiMB, as a result of 
commissioned research. Examples of such enti-
ties include: EPO in Opole, Renevis in Wrocław, 
Utex, Grinbet and others. These companies own 
recovery plants that produce innovative quality 
materials made from CCPs and play a signifi cant 
role in the market. Their existence proves that 
using fl y ash and other CCPs is profi table despite 
the obstacles.  

As far as energetics are concerned, the costs 
of using fl y ash vary depending on the fl ue gas 
emission regulations and the use of resources, 
fuels and energy. These tendencies have a posi-
tive infl uence on both the economy and ecolo-
gy of using fl y ash.  

The economic aspect of using CCPs is 
only one of many, since unused they will 
generate losses, as they will  need to be 
stored.  
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