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Abstract
Waste with a high water content is particularly difficult to reprocess. Drying, required be-
fore the final burning process, consumes large amounts of energy and it is quite expensive. 
The paper provides an overview of the processing methods of waste generated in both 
the paper and related industries using supercritical water. The process is technologically 
advanced and requires a special design approach. The fundamentals, assumptions and con-
ditions of the recycling process are presented. The requirements for waste feedstock and 
potential environmental benefits are described. This work also presents the results of tests 
performed on a laboratory scale using various samples from industry, and discusses the 
design and operation of a prototype waste utilisation line of 200 kg/h capacity. Based on the 
results obtained, areas of potential application for this method of waste processing in the 
industry are also described. Plans for the development and implementation of the process 
on an industrial scale are outlined.
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3.	 Storage in landfills – for waste, when 
the disposal cost is too high or dispos-
al is impossible – this method has the 
lowest cost but is environmentally the 
most expensive.

4.	 Biological methods (for organic waste) 
- such as composting, bio-drying.

This work presents one of the thermal 
methods, which are characterised by the 
following advantages:
n	 low volumetric residue with respect to 

the input product (about 10 - 15%),
n	 the final solid product is usually ash, 

which, due to its inorganic nature, has 
less impact on the environment, can 
be used e.g. in buildings.

The main and most common method of 
heat treatment is incineration. The article 
presents an alternative method of thermal 
waste treatment based on supercritical 
water.

Definition and properties of 
supercritical water
Water in a supercritical state (supercriti-
cal water, SCW) at a temperature above 
Tcr = 374.2 °C and pressure higher than 
pcr = 22.05 MPa. Supercritical water is 
neither a liquid nor gas (see Figure 1).

cycling plays an important role. The term 
includes all technical and technology ac-
tivities related to the separation of raw 
materials form solid waste. [1]

Generally there are three basic ways of 
recyclable material recovery from solid 
waste:
n	 recycling (recycling to manufacture) 

materials - including collecting and 
processing the waste material feed-
stock for the production of the same 
or  similar product,

n	 energy recovery - includes energy re-
covery from solid waste during both 
combustion and indirectly in the pro-
duction of fuels from solid waste,

n	 disposal of materials - includes the 
separation of raw materials from 
waste materials and/or their process-
ing for the manufacture of other prod-
ucts.

Fibrous waste 
Fibrous waste is an organic waste which 
includes:
n	 shredded paper and cardboard,
n	 discards from refining, cleaning and 

sorting installations,
n	 sludge of de-inking plants, sewage 

sludge,
n	 scraps of fabric, ribbon and roving 

ends, the ends of yarn, etc.,
n	 waste paper, paperboard, used paper 

machine clothing.

The article analyses wastes with a high 
content of moisture from the paper pro-
duction process.

Methods of fibrous waste treatment
There are four basic ways of fibrous 
waste utilisation.
1.	 Re-use (recycling) – limited to the 

least processed / degraded part in 
terms of usability.

2.	 Thermal processes – such as waste 
combustion, pyrolysis, gasification.

n	 Introduction
The dynamic development of global in-
dustry associated with the production 
of goods and services contributes to the 
higher consumption of natural resources 
and causes the emission of harmful sub-
stances. The deficiency of raw materials 
is the cause of the increase in the cost of 
extraction and impact on the final price of 
products and competitiveness of micro-
enterprises and the economy at the mac-
roeconomic level.

Natural action is to try reducing costs by 
seeking ways of recovering waste prod-
ucts as well as raising awareness of the 
problem of solid waste. Effective and 
efficient processes for resource recovery 
from waste have two important advan-
tages:
n	 reduction of production costs through 

the use of previously unusable waste,
n	 improvement of the environment by 

reducing landfill waste.

In many developed countries of the 
world, also in Poland, intensive research 
on the efficient use of the constantly in-
creasing mass of solid waste has been un-
dertaken. The aim is to find new, cost-ef-
fective methods of solid waste utilisation, 
the use of which does not pose a threat to 
the environment, and even contributes to 
the renewal of its resources.

Recovery of recyclable materials
Among the activities undertaken for the 
purpose of solid waste management, re-

Figure 1. Phase diagram for water in p(T) 
coordinates.
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As with other substances in a supercriti-
cal state, the physical properties of water 
are between a gaseous and liquid state. 
The density of water in a supercritical 
state is comparable to that of liquid wa-
ter, and the viscosity and diffusivity val-
ues are closer to a gaseous state. In addi-
tion, supercritical water achieves a high 
solvation capacity due to a low dielectric 
constant. Under these conditions, most of 
the hydrogen bonds are disrupted and the 
water becomes a non-polar solvent (see 
Table 1).

Most organic chemicals and gases have 
unlimited miscibility with supercritical 
water. Supercritical water can serve as a 
solvent, catalyst as well as a reactant in 
the chemical synthesis and decomposi-
tion of organic compounds. Changes in 
temperature and pressure allow to obtain 
properties suitable for a particular appli-
cation. The high temperature and very 
good solubility of organic substances and 
oxygen speed up oxidation in a SCW.

Application of supercritical water
General purpose
Supercritical water is successfully used 
as a reaction medium for carrying out 
chemical synthesis such as hydrogena-
tion, dehydrogenation, C-C bond forma-
tion, hydrolysis, hydration, dehydration, 
elimination, rearrangement, partial oxi-
dation, free radical reactions or stereose-
lective synthesis [2].

Apart from applications in waste treat-
ment, to be discussed later in the article, 
supercritical water is used in:

n	 synthesis of terephthalic acid,
n	 synthesis of metal nanoparticles [3],
n	 cooling of nuclear reactors [4], [5],
n	 biomass gasification [6], [7],
n	 distribution of toxic materials [8],
n	 degradation of phenols [9],
n	 disposal of chemical weapons
n	 neutralisation of black liquor (paper-

making) [10].

SCWO and SCWG processes
There are two basic types of processes 
using  SCW:
n	 supercritical water oxidation (SCWO),
n	 supercritical water gasification 

(SCWG).

The main difference is the presence of 
oxygen in both processes. In SCWO 
oxygen is fed to the reaction mixture, 
while in SCWG we avoid the presence of 

oxygen, which would lead to undesirable 
chemical reactions.

SCWO causes the oxidation of organic 
matter into CO2, water and nitrogen, and 
inorganic compounds to oxides or inor-
ganic acids, while obtaining energy.

The advantage of both methods is non-
toxic by-products - the process proceeds 
at temperatures which reduce the forma-
tion of substances such as dioxins and 
nitrogen oxides.

SCWO process
SCW oxidation takes place   in reactors 
suitable to high temperatures and pres-
sures. The pressure is usually between 24 
and 28 MPa and temperatures as high as 
400 to 600 °C. A simplified diagram of 
the process is shown in Figure 2.

The SCWO process begins by introduc-
ing an oxidant (such as hydrogen perox-
ide, pure oxygen or air) to the organic 
material treated. This mixture may be di-
luted, if necessary. A high pressure pump 
causes compression of the batch to the 
pressure required. An external heater can 
be used in the case of insufficient operat-
ing temperature in the reaction chamber 
or when starting the system.

After the batch reaches the predetermined 
temperature, oxidation reactions occur. 
The organic compounds break down to 
CO2 and H2O. If nitrogen is present N2 
and N2O are formed, and compounds 
such as chlorine, sulfur or phosphorus 
are converted into corresponding acids. 
The reaction time is usually from dozens 

of seconds to several minutes, with the 
conversion degree exceeding 99.99%.

Assuming proper thermal insulation 
of the system under normal operating 
conditions, the process is energy self-
sufficient. The content of the reactor 
passes the excessive heat through the 
heat exchanger and heats the feedstock 
and oxidant. After cooling down to a safe 
temperature the mixture is expanded in a 
pressure controller and directed to a sep-
arator where gas liquid phase separation 
occurs. The result is a pure gas, metal 
oxides and water, and the remaining inor-
ganic sludge is insoluble in water, easy to 
separate and harmless to the environment 
[10 - 12].

SCWG Process
Supercritical water gasification is typi-
cally run at a pressure of 25 - 30 MPa and 
temperature ranging from 500 to 650 °C.

The biomass used in the process is re-
fined (a particle size of less than 1 mm) 
and diluted to a degree that allows effi-
cient pumping. The batch treated in this 
way is fed to the reactor containing SCW 
by means of a high pressure pump.

Gaseous components of the mixture are 
soluble in supercritical water. Salts sepa-
rating from the mixture in a solid form 
fall to the bottom and are removed at 
the bottom of the reactor. The rest of the 
mixture is collected at the bottom of the 
reactor and   fed to the heat exchanger, 
where it heats the feed streams and wa-
ter. During cooling, gases are separated 
from the liquid phase and can fill high 
pressure containers or be used for energy 
purposes.

Table 1. Comparison of selected properties of supercritical water

Water parameter Normal conditions Supercritical state
Temperature, °C 25 > 374.2
Pressure, MPa 0.1 25 – 50
Density, kg/m3 997 170 – 580
Permittivity, - 78.5 5.9 – 10.5
Ionic product pK 14.0 11.9 – 19.4
Dynamic vicosity, mPa*s 0.89 0.03 – 0.07
Enthalpy of vaporization, kJ/kg 2257 0

Figure 2. Diagram of typical supercritical water oxidation. 
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Some polymers in various forms can be 
decomposed in supercritical water into 
single polymers and then re-used to pro-
duce polymers.

An important group of materials that can 
be processed with SCW is waste contain-
ing valuable mineral substances that can-
not be efficiently extracted in other treat-
ment methods. An example is the sludge 
waste left after de-inking, where valuable 
mineral fillers can be successfully recov-
ered, ready for re-use in the production 
process [11].

An important limitation of the choice of 
material for recycling using SCW is the 
content and type of inorganic salts in 
these materials. Large amounts of dis-
solved salts cause agglomeration and 
closing of the pipe cross-section, which 
may lead to destabilisation of the reactor 
and stop the process.

n	 Goal of the work
The goal of the work was to examine 
possibilities of utilising paper industry 
wastes with supercritical water. The well-
known capacities of supercritical water 
systems to utilise various waste and toxic 
materials led us to perform similar trials 
for fibrous materials of the paper industry.

To achieve this goal,   cooperation be-
tween the Institute of Papermaking and 
Printing at the Technical University of 
Lodz and the EkoAqua company was 
initiated.

Implementation of the process in 
industrial conditions
In 2011, in Lodz, EkoAqua started a pro-
ject co-financed by EU funds aimed at 
the construction of an industry-scale in-
stallation to recycle energy waste using 
supercritical water in the SCWG process. 
The project consists of four main stages.

1.	 Process modelling and design of  
equipment.

2.	Building of   equipment and carrying 
out experiments on a laboratory scale.

3.	Building of   process apparatus for  
continuous operation on a semi-indus-
trial scale (the prototype), (200 kg/h).

4.	Construction and start-up of a produc-
tion scale plant (3 t/h).

Currently the project is at stage three, 
with the experiments of step 2  still tak-
ing place as well as  preparation for in-
vestment for stage 4.

n	 fibrous materials with a high content 
of organic substances.

There are many types of biomass which 
due to the lack of economic processing 
technology have not been applied despite 
widespread occurrence.

The other types where utilisation of su-
percritical water is justified are hazard-
ous wastes, especially those whose com-
bustion results in the emission of harm-
ful volatile compounds. Printed circuits, 
chemical weapons, explosives, and many 
other materials can be successfully dis-
posed in a safe way.

Characteristics of recyclable waste
SCW properties make it possible to be 
used as a reaction medium for the utilisa-
tion of the majority of organic substanc-
es. Using typical biomasses, which with 
high efficiency are used in  ordinary com-
bustion, is economically unreasonable. 
The most cost-effective is the treatment 
of waste which requires the removal of 
large amounts of water ( traditional com-
bustion is then inefficient). These are, for 
example:
n	 sludge from papermaking processes, 
n	 municipal wastewater or wet biomass 

(fermentation, agricultural, from for-
estry and food industry, etc.),

Figure 3. Photo of apparatus on laboratory scale.

Figure 4. Scheme of system on a laboratory scale; 1. Temperature controller, 2. Reactor, 3. 
Discharge valve, 4. Cooler, 5. Valve, 6. Volume measuring vessel (with gauge), 7. Discharge 
and supply valve for make-up water, 8. Output valve for further sampling (for analysis of 
composition).

Table 2. Sample compositions of gas mixture after the process; * - within the limits of 
measurement error.

# Compound
% of volume

sample 1 sample 2 sample 3 sample 4 sample 5
1 H2 wlme* wlme* wlme* wlme* wlme*
2 O2     0.55     8.05   11.50     0.86     1.41
3 N2     5.62   32.40   39.90     3.26     9.17
4 CH4   13.98     7.42   23.46   16.37     8.11
5 CO wlme*     0.00     0.00   10.50     2.93
6 CO2   21.25   34.90     2.07   49.60   62.70
7 unidentified   58.60   17.23   23.07   19.41   15.68

sum 100.00 100.00 100.00 100.00 100.00
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Due to the high cost of construction and  
process for supercritical water, return on 
the investment and its advantages over 
other solutions may be obtained in the 
following two cases:
n	 neutralisation of toxic waste,
n	 waste of high water content.

In the first case, other processes (eg. 
combustion) may not adequately neu-
tralise the toxic waste,   and during the 
process may emit toxic gases into the at-
mosphere. In the latter case, other meth-
ods of processing typically require large 
amounts of energy to provide pre-drying.

SCW process steps
Regardless of the scale of the apparatus 
the biggest challenge is the selection 
of suitable materials capable of with-
standing the pressure (25 - 30 MPa) and 
temperature (500 - 650 °C) required. In 
general, the process can be divided into 
stages.
1.	 Preparation of batch material:   frag-

mentation and optional hydration.

2.	Compressing the feed to the pressure 
required for the process.

3.	 Transport of the batch to the reaction 
chamber.

4.	Heating the feed to the supercritical 
water process temperature.

5.	 Discharge of gas products and inor-
ganic solid residue of the process, 
together with pressure reduction and 
temperature decrease.

Requirements to be met by the feed sup-
plied to the reaction in SCW:
n	 availability of large amounts of mate-

rial (for continuous process),
n	 high costs of alternative methods of 

disposal / neutralisation
n	 a small amount of post-reaction solid 

sludge,
n	 the greatest heat of combustion / post-

reaction gas calorific value,
n	 low viscosity of post-reaction sludge 

(in the case of a continuous process).

Due to the high reaction temperature,  
operating costs are high. In order to bal-
ance energy input in SCW systems, ener-
gy recovery through the burning of post-
reaction gases is planned. Therefore it is 
worth  measuring the heat of combustion 
and/or calorific power of these gases.

	 Test methodology  
on a laboratory scale

A laboratory scale system (Figure 3, see 
page 134) was primarily built to exam-
ine small amounts of feed from various 
sources to get information about the 
composition of post-reaction gases. 
Burning analysis (heat of combustion) 
of post-reaction gases and the amount of 
post-reaction solid fraction are important 
factors when selecting a batch source.

A diagram of laboratory equipment is 
shown in Figure 4. The main element 
is the reactor in which the reaction takes 
place. The reactor is equipped with heat-
ers capable of providing the necessary 
temperature of 550 °C. Because of the 
small volume of the appropriately chosen 
reaction, heating results in the reaction 
pressure desired.

The reactor is equipped with cast iron 
housing to protect against any sudden 
depressurisation of the reactor chamber. 
The reactor itself has an adequate con-
struction and wall thickness to provide 
process safety at high temperature and 
pressure.

The batch with water is fed into the reac-
tion space (2). After sealing the reactor, 
heating to a temperature of 550 °C starts 
(about 20 min). For the isochoric pro-
cess the pressure is raised as well. After 
5 - 10 minutes at the reaction tempera-
ture the heating is turned off and partial 
cooling of the gas takes place. The gas is 
then passed through the cooler (4), where 
water vapour condensation occurs. In  
container 6 the gas volume is measured. 
Valve 8 is used for post-reaction gas sam-
ple downloading. In order to minimise 
the absorption of CO2, the water is salted 
with an adequate amount of NaCl.

n	 Results
The gas samples were tested using  gas 
chromatography. Table 3 shows sample 
compositions of gases produced from 
waste charges sampled after a Bellmer 
press from a production line for decora-
tive paper for laminates.

Source of samples
n	 Sample 1 - 3: waste paper pulp
n	 Initial m.c.: 5.5 to 6.5 g of water / 

dry mass g.
n	 Solid (inorganic) content after pro-

cess: 20 to 39%.

n	 Samples 4 - 5: cellulose pulp
n	 Initial m.c.: 6.0 to 7.0 g of water / 

dry mass g.
n	 Solid (inorganic) content after pro-

cess: 11 to 23%.
The moisture content presented was ob-
tained after saturating each sample with 
water at a ratio of c.a. 6:1, required to 
achieve a proper reaction environment 
(see calculations in further part of text).  
A wide range of solid content after the 
process is the result of the non-homoge-
neity of sample volumes.

Due to 1) sampling difficulty in a labora-
tory reactor, 2) the absence of oxygen in 
the theoretical SCWG process in the re-
action mixture, 3) the presence of oxygen 
and nitrogen at a ratio similar to the con-
tent iof air in the test samples: it can be 
assumed that the presence of oxygen and 
nitrogen derived from the air is the same 
as that in the sample during the down-
load. On this basis, the methane content 
was estimated in the subsequent samples 
(percentages by volume, Table 3):

Two additional gases in the samples were 
detected. The extra gases were not iden-
tified with the technique used; they are 
probably (according to the SCWG pro-
cesses products) heavier hydrocarbons: 
ethane and propane. Due to inaccuracies 
in the sampling method further measure-
ments are planned.

Calculation of the heat of combustion / 
calorific value can be done in two ways:
n	 by burning gas in the calorimeter,
n	 by performing calculations.

The results from the calculations are pre-
sented below.

In order to simplify the calculations an 
assumption was made that only the calo-
rific value was formed from the methane 
during the process. In fact, due to the 
existence of unidentified compounds the 
calorific value may be higher.

Due to difficulty of sampling in the appa-
ratus, the accuracy of the measurements 
was about 10% of the value measured, 
which is sufficient at this stage.

Table 3. Real amounts of methane estimat-
ed in samples.

% of volume
sample 1 sample 2 sample 3

14.1 18.7 44.3



FIBRES & TEXTILES in Eastern Europe  2014, Vol. 22,  4(106)136

The amount of post-reaction gas
In the measurement, 10 g of dry mate-
rial was mixed with 60 ml of water. 
After the process and water vapour con-
densation, the gas volume obtained was 
6.3 dm3. 22% of the volume was meth-
ane, that is, about 1.4 dm3 of methane. 
According to the law of Avogadro, the 
amount of methane obtained was about  
1.4 dm3/22.4 dm3/mol = 0.0625 mol, 
which is a mass of 

16.04 g/mol × 0.0625 mole =  
= approximately 1 g of pure CH4.

10 g dry mass + 60 g H2O →
→ 6.3 dm3 × 22% CH4 = 0.0625 mol =  

= 1 g of pure CH4.

The calorific value of methane is about 
50 MJ/kg [13], which for 1 g gives 50 kJ. 
The heat of combustion, respectively, 
will be about 55 kJ.

Returning to the initial amount of dry 
matter, it can be assumed that the deliv-
ery of 1 kg of dry matter in the process 
would provide about 6.25 moles of pure 
methane (about 100 g) with a calorific 
value of 5 MJ.

Since, as was mentioned previously, 
only the balance of methane is taken into 
account, it is estimated that the result 
will have a greater calorific value of 10  
to 40%.

Energy expenditure
On the basis of the above data the amount 
of energy required to carry out the pro-
cess on a laboratory scale was calculated. 
For the amount of 10 g dry mass, 60 ml 
of water was applied. Water heating from 
room temperature to SCW requires much 
energy, which is calculated below.

The Cp specific heat of water in stand-
ard conditions is 4.2 kJ/kg K [14]. Given 
the specific heat of water is only an ap-
proximation,   the real value is hard to 
obtain and is represented by a nonlinear 
function, fluctuating between 3.2×103 
and 17.4×103 in the 350 to 500 °C tem-
perature range [16]. Cp/Cv H: 1.41, oxy-
gen: 1.40. Assuming adiabatic exponent  
k ≈ 1.4:

             







⋅

≈≈=
Kkg

kJ
k
c

c p
v 3

4,1
2,4

,   

If, therefore, on the basis of previous cal-
culations for methane, it was calculated 
that the reaction of 1 kg of dry matter can 
give a gas with a calorific value about  
5 MJ, it will require about 6 liters of wa-
ter. To preheat 6 kg (333 mol) of water 
of 1° we need about 18 kJ/K. Obtaining 
a temperature of 550 °C (20 °C) requires 
18 kJ/K × 530 K = 9.54 MJ of energy.

In a continuous process, the energy bal-
ance should be advantageous if one takes 
into account that energy is consumed to 
maintain the temperature and pressure 
of the process; however, only at start-
up will it be required to heat the water 
to the parameters of SCW (construction 
of the apparatus in the form of a tube in 
a tube (Field’s reactor) enable intensive 
exchange of heat).

Roughly estimating, if the calorific value 
(or heat of combustion, depending on 
how utilisation of the steam trial pro-
ceeds) is higher after taking into account 
other flammable gases, for example 20%, 
and we assume that in a continuous re-
gime the amount of energy required is 
lower (heating water of a higher temper-
ature by heat recovery by a further 20% 
during the heat exchange in the process), 
the value of the energy balance can thus 
be represented as in Table 4.

Values of B and, consequently, C and D 
will vary depending on the batch material 
used. For the sake of simplicity of rough 
calculation of the required heat, the heat 
to dry feed was omitted. In the final cal-
culation the energy efficiency of the sys-

Table 4. Expenditures and incomes of energy in the process.

Energy in MJ to process 1 kg of dry mass and 6 dm3 of water
Expenditure A: To heat 6 kg (333 moles) of water (to 550 °C) 9.54 

Income (post-
process gas 
combustion)

B: Energy acquired from burning 100 g (6.25 mole) of CH4 5.00
C: Assuming 20% larger calorific value from unidentified flammable gases 6.00
D: Assuming 20% of heat recovery in continuous process 7.20

Figure 5. Apparatus in semi-industrial scale; q1: heat from the reaction mixture to preheat-
ing incoming feed. q2:  heat loss through the insulation from the reaction mixture. q3: heat 
form the heater to reaction chamber. q4:  heat loss from the heater to the environment. q5: 
heat required for chemical reactions.

Figure 6. Photo of system on an semi-industrial scale.

kJ
kg . K
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tem (including the heat loss to the envi-
ronment) should be taken into account.

The balance does not include the heat of 
reaction taking place during the process 
(see Figure 5, the stream q5). In the ap-
paratus, on a semi-industrial scale, ad-
ditional energy will be consumed for the 
initial mixture compression.

Therefore   calculation on a laboratory 
scale will differ from that valid for the 
semi-industrial and industrial scale, for 
the following reasons:
n	 various batches used (with varying 

calorific capacity),
n	 need to supply the auxiliary systems, 

including transport and grinding, pre-
pressurisation,

n	 additional heat recovery in double 
tube system,

n	 formation of other flammable gases.

Apparatus on a semi-industrial scale 
(prototype)
In order to investigate the possibility of 
carrying out the process continuously 
a prototype plant with a capacity of 
200 kg/h was built. The system operates 
in a continuous regime and the process is 
realised by a double pipe reactor (Field’s 
reactor, Figure 5). Heat is delivered over 
the entire length of the reactor. At the pre-
sent time, initial integrity tests are being 
performed.

Figure 5 shows a diagram of the appa-
ratus with heat streams. Figure 6 shows 
system on a semi-industrial scale. 

Figure 7 shows the feeding and com-
pressing system.

Industrial scale installation
An industrial scale installation is being 
currently designed. The target perfor-
mance is 2 tons per hour of wet feed on a 
regimen of continuous operation. Due to 
the early stage of the project we are not 
able to provide more information.

n	 Conclusions
Processes in a supercritical water en-
vironment require the construction of 
expensive and complex equipment.  
The presence of high pressure will require 
using durable materials, and the high-
temperature performance significantly 
limits the choice of these materials. Due 
to these difficulties the SCW process is 
not common in  industrial practice.

Due to the search for alternative ways of 
waste disposal i.e. improving the balance 
between  energy utilisation and giving a 
better effect on the environment, in the 
last 20 years SCW processes have been 
the subject of detailed research.

Efficient heat recovery methods along 
with the development of new materials 
that are resistant to extreme conditions 
make it likely that the processes of SCW 
will become more common in the recy-
cling and neutralisation of materials.
There are fields of application in which 
the SCW processes are unrivalled -  neu-
tralisation of toxic materials.

Wastes from   paper production usually 
contain a high percentage of water, which 
is a problem for conventional utilisation 
methods based on combustion. In the 
SCW reaction, the moisture content is 
an advantage offering ample opportuni-
ties to apply this technology for the treat-
ment of wastes from the paper and textile 
industries. According to our preliminary 
studies, methane, which reaches a value 
of 44% (Table 3), should be sufficient to 
balance the energy input needed for the 
process.

The project presented in the work is be-
ing carried out by the EkoAqua company 
(with  scientific help from the Lodz Uni-
versity of Technology) and is unique in 
the national scope because of the size. 
Moreover the throughput planned is rare-
ly seen in the world.

The positive results of the pilot studies 
for feeds from the paper and textile in-
dustry will open new possibilities for the 
disposal of these wastes on an industrial 

scale. The equipment is designed to dis-
pose of any waste organic matter. There-
fore   other producers of energy waste, 
including slaughterhouses and hospitals, 
are sought.

References
1.	 Banasiak T. Utylizacja odpadów włókni-

stych - praca dyplomowa. Politechnika 
Łódzka, Wydział Mechaniczny, 1996.

2.	 Woda w stanie pod i nadkrytycz-
nym jako nowe medium reakcyjne.  
http://www.wiedzainfo.pl/wyklady/686/
woda_w_stanie_pod_i_nadkrytycznym_
jako_nowe_medium_reakcyjne.html.

3.	 Lester E, Blood P, Denyer J, Giddings 
D, Azzopardi B, Poliakoff M. The Jour-
nal of Supercritical Fluids 2006; 37, 2: 
209-214.

4.	 Tilkki V. Supercritical Water Reactors: 
A Survey on International State of Re-
search in 2006. Otaniemi, Finland, Hel-
sinki University of Technology, 2006.

5.	 Yoo J, Oka Y, Ishiwatari Y, Yang J, Liu J. 
Nuclear Engineering and Design 2007; 
May: 1096-1105. 

6.	 Boukis N, Galla U, Muller H, Dinjus E. 
Biomass gasification in supercritical 
water. Experimental progress achieved 
with the Verena pilot plant. In: 15th Euro-
pean Biomass Conference & Exhibition, 
Berlin, Germany, 2007.

7.	 Zhang J. Energeia 2008; 19, 6: 1-6.
8.	 Veriansyah B, Kim J. Journal of Environ-

mental Sciences 2007; 19, 5: 513-522.
9.	 Ding Z-Y, Aki SNVK, Abraham MA. Envi-

ronmental Science & Technology 1995; 
29, 11: 2748-2753.

10.	Zhang K, Li Z, Zhang X. Applied Me-
chanics and Materials 2012; 102:  
2868-2872.

11.	 Oshima Y, Hayashi R, Yamamoto K. 
Environmental Sciences 2006; 13, 4:  
213-218.

12.	Gidner AV, Stenmark LB, Carlsson KM. 
Treatment of different wastes by super-
critical water oxidation, 20th IT3 Con-
ference. In: Twentieth IT3 Conference, 
Philadelphia, USA, 2001.

13.	Abeln J, Kluth M, Petrich G, Schmied-
er H. Supercritical Water Oxidation 
(SCWO): A process for the treatment 
of industrial waste effluents. Karlsruhe, 
Germany.

14.	PN-ISO 6976:2003, Gaz Ziemny. Obli-
czanie wartości kalorycznych, gęstości, 
gęstości względnej i liczby Wobbego na 
podstawie składu.

15.	Raznjevic K. Tablice cieplne z wykre-
sami. Dane liczbowe w układzie technic-
znym i międzynarodowym, Warszawa: 
WNT, 1966.

16.	Yaws CL. Yaws’ Handbook of Thermo-
dynamic and Physical Properties of 
Chemical Compounds. Knovel, 2003.

Figure 7. Feeding and compressing system.
Industrial scale installation.

Received 22.07.2013         Reviewed 13.01.2014


