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Abstract: In Romania, billions of tons of wastes are generated yearly, an important amount being stored 

within industrial dumps that covers high soil areas and affects the environment quality, especially of ground and 

surface waters. Landfill represents in Romania the most important way for wastes removal, over 75% being 

generated every year, the costs with the dumps construction being considerable. The problems of the energy 

industry, the main  ash provider, oil extraction, the main drill solids centrifuge wastes supplier, and the 

metallurgical industry by different types of slags produced, raise important environmental and economical 

problems. One way to reduce the wastes amount that are deposited on the landfill is by using  them in building 

materials industry. 
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1. INTRODUCTION 
 

In Romania, the energy industry 

generates yearly great amounts of ash and 

slag which claims a lot of work for transport 

and storage by landfill. The impact due to 

lignite burning in the thermal power plants 

of South-West Oltenia represents a major 

environmental and economic concern in this 

region. 

According to the estimates, the territory of 

Gorj county consists of significant non-

renewable natural resources: approximately 

58% of the lignite geologic reserves, 15% of 

the non-ferrous ores reserves, over 8% of 

the oil reserves, 17% of the reserves of 

natural gases and 33% of the useful rocks 

reserves (percentages of the national 

potential). The non-renewable character of 

these resources rise concerns  of a new type 

of approach of this administrative-

territorial structure development [1]. 

The growing production of ash has long 

caused on environmental problem with 

technological and economic effects in the 

world. Currently, large quantities of ash are 

used for landfilling which cause negative 

environmental impacts such as leaching of 

potentially toxic substances into soils and 

groundwater. The best way to solve the 

disposal problem of ash is to decrease the 

quantity for disposal with utilization of ash 

in the industry [2].  

During technological process of coal 

combustion in boilers, ash and slag results 

separately [3,].  

   Ash contains fine particles with diameters 

less than 0.25 mm (also called fly ash, as is 

easily driven by wind). It leaves the burning 

chamber in the same time with the  
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combustion gases, being partially 

retained and collected in the funnels, which 

are located under the air preheaters, and in 

the funnels of the chimney. 

From the funnels situated under the 

preheaters, the ash is driven by free fall 

through large diameter pipes (400 mm or 

600 mm) with high slope to the ground 

level, where it is mixed with water and then 

is disposed to pumps station for sludge.  

Slag consists of particles having size of 

0.25 – 1mm or more. The slag resulted from 

burning lignite of each boiler of 1036 t/h of 

ECT, is crushed and hydraulically 

transported, by channels to pumps station. 

The Bagger pumps stations ensure the 

transport of the ash and slag hydraulic 

mixture (1:8.....1:10) and disposal to the 

deposit no.1, which is located on Ceplea 

Valley at about 1.8 km upstream of Târgu-

Jiu – Filiaşi route, on the right side of Jiu 

River [4].  

Currently ash and slag cannot find an 

economic use in Romania, now constituting 

within the category of nondangereous 

industrial waste category. However, the 

diverse chemical, mineralogical and 

morphological properties of ash offer an 

opportunity to process it and recover 

various fractions with particular attributes. 

A variety of fly ash has been converted into 

useful ceramics and glass-ceramics (GCs) 

by several research groups [2,5,6]. Up to 

now, the research was mainly oriented 

towards the production of dense ceramic 

tiles and GC materials for use as 

architectural components in buildings [4].  

Fly ash is potentially hazardous nature is 

primarily due to the toxic metals that it 

contains (Cadmium, Zinc, Lead, Mercury 

etc.). Thus, it is necessary for the 

inertization of fly ashes, to look for new 

technologies in order to immobilize their 

dangerous components in glass, glass-

ceramic or ceramic materials. The chemical 

composition of fly ash is typical of a 

common glassy quaternary system (SiO2–

Al2O3–CaO- Fe2O3) and therefore, it is 

feasible to produce glass materials from 

coal fly ash. The production of vitreous  

materials can be an effective route for 

recycling of fly ash because the high 

temperature involved in the process leads to 

the complete destruction of the organic 

pollutants. Furthermore, heavy metals can 

be incorporated in the glassy product [5].  

The fly ash was introduced into a red firing 

terracotta composition and the optimum fly 

ash addition was found to be 5 % at the 

maximum firing temperature of around 

900oC [6]. Very interesting results for 

mixtures of 60 wt % fly ash and 40 wt % 

clay, with firing temperatures between 900 

and 1200oC in the processing of pressed 

ceramic products were obtained [4,7]. The 

use of fly ash as a raw material in the 

ceramic field is supported by the large 

production of ceramics products and the 

amounts of coal fly ash [8]. 

 

2. TARGETED INDUSTRIES/WASTES 

2.1. ENERGY INDUSTRY/FLY ASH 

 

Fly ash is being utilized to an increasing 

extent in building and construction 

application (cement additive, lightweight 

aggregate), environmental rehabilitation 

(mine spoil ameliorate), waste management 

(toxic elements immobilization) and 

polymers (functional filler). It is estimated 

that 1 tone of fly ash used to replace 1 tone 

of cement, saves about 1 oil barrel. 

However, the value of fly ash as a resource 

is still probably underestimated [4,9]. 

A variety of industrial wastes, such as 

blast furnace slag, fly ash, filter dust from 

waste incinerators, different types of sludge, 

glass cullet etc., have been effectively 

converted into useful ceramics and glass-

ceramics (GCs) by several research groups 

[10-13]. Up to now, the research was mainly 

oriented towards the production of dense 

ceramic tiles and GC materials for use as 

architectural components in buildings. 

However, these results have not led to 

materials that can compete with similar 

industrially produced ceramics. 

The reutilization of these wastes varies 

depending on the countries, from 100% in 

Netherlands to lower than 20% in other EU 
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countries.In Europe, a minor part of the 

produced fly-ashes have found applications 

in the cement industry as additives, as well 

as for concrete production replacing cement, 

in road construction, in the production of 

structural materials and as soil amendments. 

Nevertheless, the major part of the produced 

fly-ashes (more than 60 wt.%) is directly 

land filled. This represents a huge negative 

environmental impact including the 

leaching of potentially toxic substances into 

soils and groundwater, the changes in the 

elemental composition of vegetation 

growing close to the ashes, and the 

accumulation of toxic elements in the food 

chain. 

Many reports are referred to the utilization 

of fly-ash as a possible adsorption means for 

the removal of various pollutants from 

aqueous solutions and industrial or 

municipal wastewater [14,15]. Moreover 

fly-ash is been referred as a potential 

adsorbent of phenolic compounds [16] from 

wastewater. 

There exists a very high technological 

challenge and strong economic, 

environmental and social motivation to 

develop methods for utilizing fly-ash from 

thermal power plants using coal, lignite or 

municipal solid wastes (M.S.W.) for 

producing high added value products. 

The fly ash supplier is the Energy Complex 

Turceni from Oltenia basin, Gorj County. 

With a total installed capacity of 1980 MW 

the plant produces about 7400 m3 of fly-

ashes per day using lignite as main fuel. The 

ash is recovered after the 2-nd gas flow 

(rotary air preheater) and from the 

electrofilters. Slag and ash from the 

combustion process are transported 

hydraulically (1:10 dillution with water) 

using centrifugal pumps, in series, in 

deposits designated for this purpose (a 

natural area with waterproof closure 

dumps). 

Turceni Energy Plant has two deposits: 1-st 

deposit (on 240 ha, 3 compartments and a 

total capacity of 36 million m3) and 2-nd 

reserve deposit (on 175 hectares, 5 

compartments and a total capacity of 20  

million m3). Currently, exists a free capacity 

of approx. 4 million m3 (main dump) and 

approx. 8 million m3 (reserve dump). Both 

dumps have the necessary approvals. 

Currently, new highly cost technologies are 

foreseen to be applied as the dense water 

sludge disposal. The principle of “dense 

sludge technology” consists in continuous 

mixing  with waste water of the coal 

burning by-products: dry fly ash from the 

electrofilters, slag from Kratzer and 

eventually the desulfurization by-products, 

by intense hydraulic circulation, with a rate 

solid/liquid over 1. This process activates 

the chemical substances of cemented type 

existent in fly ashes with the creation of a 

dense, homogenous sludge, which is 

pumped in deposit, where, it solidifies after 

24 hr. Thus, results a huge solid deposit. 

The inertization technology transforms the 

fly ash and slag in an inert waste. But, the 

main problem remains not solved, because 

of the long term soil pollution [4]. 

The composition of fly-ash varies 

substantially between producers and 

depends on the quality and the composition 

of fossil fuels that are used in modern power 

plants, as well as on combustion conditions. 

The main constituents are Al2O3, Fe2O3, 

CaO, MgO and in smaller quantities Na2O 

and K2O. Most of the CaO and MgO are 

bound in sulfates and mixed oxides with 

SiO2 and Al2O3. 

Based on the ASTM standards fly-ash is 

classified according to the content of its 

major elements (Si, Al, Fe and Ca). ASTM 

C 618 defines Class F which comprises ash 

produced from anthracite or bituminous coal 

combustion with at least 70% SiO2, Al2O3 

and Fe2O3 and class Class C which 

comprises ash produced from lignite or sub-

bituminous coal combustion with at least 

50% but less than 70% SiO2, Al2O3 and 

Fe2O3. Class F fly-ashes usually contain 

less than 5% CaO, while fly-ashes 

belonging to Class C contain a large 

proportion of CaO (10 – 35%) [4]. 
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2.2.EXTRACTIVE 

INDUSTRY/DRILLED SOLIDS 

 

Drilling fluid is a fluid used to drill 

boreholes into the earth. Liquid drilling 

fluid is often called drilling mud. The main 

categories of drilling fluids are water-based 

and non-aqueous muds [17-19]. Water-

based drilling mud most commonly consists 

of bentonite clay (gel) with additives such 

as barium sulfate (barite), calcium carbonate 

(chalk) or hematite. Drilling fluids are used 

as lubricants and coolants during the drilling 

of crude oil. They also help maintain 

hydrostatic pressure, stabilize the well bore, 

and lift out cuttings from drilled wells to the 

surface [17, 18]. 

Drilled solids (drilled cuttings) which have 

a grain size under 20µm are separated with 

typical shakers (using 140 to 210 mesh 

screens) which separate the drilled cuttings 

from the drilling fluid, when it reaches the 

surface. Then, they are separated by 

centrifuging. Centrifuging splits the fluid 

into two streams: the overflow (effluent or 

light phase) containing most of the liquids 

and the finest solids, and underflow (cake or 

heavy phase) consisting of the coarser solids 

with around 25% moisture wetting them. 

The light phase is recycled into the drilling 

system and “cake” disposed off, as a solid 

waste. Currently, only the disposal by 

landfilling and within marine 

environment (ocean) in case of extraction 

platforms are known [4]. 

The management of drilling cuttings raises a 

big problem to the oil and gas industry 

because of the quantities generated and their 

content of both organic and inorganic 

contaminants. Between 50,000 and 80,000 

tpy of drill cuttings have been reported to 

arise in the US [19-21] and around 100.000 

tpy in Romania. 

The contaminants present in drill cuttings 

depend on the chemistry of the drilling mud 

used and the composition of the formation 

rock. These contaminants include petroleum 

hydrocarbons, such as aliphatic 

hydrocarbons and polycyclic aromatic 

hydrocarbons (PAHs), polychlorinated 

biphenyls (PCBs), and heavy metals, 

including barium, lead, zinc, mercury, 

chromium, arsenic, and nickel [18]. Hence, 

drill cuttings management is governed by 

stringent regulations, even for water-based 

drill cuttings [22, 23], and there is a need for 

effective management options for these 

wastes which are disposed of in landfills, as 

a solid waste with high costs. 

In Romania one of the companies which 

exploits oil (OMV Petrom), generates 

enormous quantities of solid wastes, which 

are continuously accumulated in open-air 

dumps and constitute an unsolved 

environmental problem. From the drilling 

process about 100.000 tonne of drilled solid 

centrifuge wastes (detritus) which 

represents 60% from the total amount of 

removed drilled fluids are annually 

removed. Water based drilling sludge 

contains fragments of rock broken by the 

drilling rigs, which separates by sizing. Fine 

sludge is than centrifuged for the recovery 

of the drilling fluid, resulting a suspension 

of clays barbotines. With NO use currently, 

on European and international level, detritus 

is removed either with important disposal 

costs, by landfill on natural sites. The 

historical dumps from Slobozia area could 

reach over 500.000 tonnes [4]. 

Reported reuse options for drill cuttings are 

resumed to discharging into the marine 

environment and soil landfilling [18-20]. 

Recent studies [24, 25] have also shown the 

possibility of using 

stabilization/solidification (S/S) with 

hydraulic binders as a possible treatment 

option, with the potential of using the 

stabilized/ solidified (s/s) product for useful 

purposes. S/S aims to immobilize 

contaminants in wastes or contaminated 

soils by the addition of hydraulic binders. 

Stabilization involves converting 

contaminants into a less toxic and/or less 

soluble form, while solidification involves 

creation of a durable solid matrix to 

encapsulate contaminants. S/S is a widely 

accepted waste management technology. 

Little published work exists on the use of 

S/S in the treatment of drill cuttings [4, 26]. 
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2.3.METALLURGICAL 

INDUSTRY/METALLURGICAL SLAG 

 

In Romania are produced annually from 1.2 

to 1.4 million tonnes (steelmaking and non-

ferrous slag), in the following proportions: 

15% iron desulphurization slag, 50% 

converter slag, electric furnace slag 19% 

and 16% secondary metallurgy slag. Growth 

trend, while maintaining current 

consumption is of 1.8 million tonnes in 

2010. 

Land filling is the actual main destination of 

this waste and corresponds to 500.000 

tonnes every year in Romania (within the 

existing three steelmaking companies). 30% 

from the processed slag (150.000 tonnes) 

with a size less than 10 mm has no demand 

on the market, and consequently no use, 

being largely re-dumped [4]. 

At present, there are three companies that 

constantly recover the slag from the dumps: 

company Alexander Mills Service interested 

by electric furnace steel slag (steelworks 

Mechel Targoviste, Mechel Campia Turzii 

and Reşiţa Steel Plant starting from 2006), 

the company DSU Duisburg interested by 

converter slag (steelworks Mittal Steel 

Galati) and SPP Company from Hunedoara. 

There are five dumps filled with 

steelmaking slag, historically built up in 

Romania. These five stocking dumps are 

still supplied with slag (electric furnace and 

converter) coming from the five active steel 

plants. 

Slag resulting from the manufacturing of 

steel was considered virtually a waste,  

throughout the historical period in which 

they provided only transfer to the dump. 

In terms of domestic legislation, according 

to 856/16.08.2002 government decision, 

secondary metallurgy slag is a hazardous 

waste due to enhanced CaO content which 

gives them a strong alkaline reaction 

(basic). Beside this no. 663/22.10.2003 

government decision on waste management 

and 349/21.04.2005 government decision on 

waste disposal, must be respected. 

Consequently, it is mandatory to find 

solutions for recycling this type slag. 

The secondary metallurgy slag is mainly 

composed of CaO. Cooling takes place 

during the structural transformation of beta-

gamma bicalcic silicate. Besides this, the 

reaction of calcium oxide with carbon 

dioxide in the presence of atmospheric 

humidity leads to a powdered material (CaO 

- 50-60%, MgO - 5%, SiO2 - 10%, and 

Al2O3 - 5%). Its chemical composition 

(calcium and aluminium silicates) is similar 

to that of cements, giving thus, the binding 

properties of hydraulic consolidation. This 

slag with high CaO content has NO demand 

on market, being dumped [4]. 

Ash, drilling solid wastes from the oil 

extraction (detritus) and secondary 

metallurgy slag present, besides an 

important oxide composition, a fine grain 

size (under 100µm) which represents a 

major advantage in manufacturing building 

materials, thus being excluded the 

additional energy consumption for 

preliminary milling and sizing steps [27-30] 

(Fig.1). 
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The metallurgical slag is also among the 

materials which attract great interest in the 

recycling concept. In many developed 

countries there are already systematic 

community projects for collecting and 

recycling waste slag. The using of slag from 

steelmaking plant in EU-15 can be resumed, 

as follows: 35% are re-dumped, 9% is 

recycled in the process, 4% is used as 

fertilizer, 3% in hydraulic construction, 7% in 

cement industry and 42% in road 

construction. The companies that currently 

recover and process the steelmaking slag (by 

grinding, magnetic separation and sizing) 

realize marketable products/materials for road 

construction purposes. The use of 

steelmaking slag is conditioned on products 

manufacturing by its “expansive” 

characteristics. Usually, for a better 

utilization of steelmaking slag, its total 

expansion,  determined by PTM No. 130 

procedure, should be limited to 0.50% max 

[4]. 

The physical expansion caused by free 

CaO of the slag negatively influence the 

applications in the construction engineering 

(including roads); therefore this content 

should be limited to max. 1%. 

Researches have been carried out to reduce 

the free CaO content of steelmaking slag still 

from the liquid phase and especially in the 

solid phase. 
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