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Risk simulation of nanomaterials pollution in power
engineering
A.A.Bayramov1

Summary
As we know, anthropogenic activities of Power Engineering create wastewater and
air pollution, lead to aerosol attenuation of solar radiation and to growth of entropy
on the Earth and, as result, climate change. The human Power activities disturb
heat and entropy balance and impair ecology. Also, this leads to greenhouse effect
and, as result, to climate change. Wastewater in river and sea basins as well as air
pollution can influence an exchange of energy between sunlight on the Earth and
long-wave radiation leaving in space.

In the paper the role of nanomaterials pollution in Power Engineering is an-
alyzed. We have carried out the procedure of risk analysis and vulnerability of
territories to Power Engineering pollution, specifically, nanomaterials impact on an
environment. The mathematical methods of simulation of the individual risks are
considered for the purpose of nanomaterials risk reduction and remediation. At
last, we have carried out researches at a plant of polymeric materials (and nano-
materials), located near to Baku. We have made assessment the individual risk of
person affection and constructed the map of equal isolines and zones of individual
risk for a plant of polymeric materials and nanomaterials.
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Introduction
Nanotechnology can be defined as the control and restructuring of matter below 100
nm in size in order to create materials, devices, structures and functional systems.
Simply put, nanotechnology is the direct manipulation of matter at the level of
atoms and molecules [1]. Restructuring nature at the nanoscale leads to materials
with novel and exotic properties. The novel properties of nanomaterials make them
attractive for use in industrial processes.

The concepts of risks and vulnerability of territories to natural and anthropoge-
nous impacts as Power Engineering pollution have fundamental sense in ecologi-
cal researches [2,3]. With their help it is possible to reveal potentially dangerous
situations and objects, quantitatively to estimate a degree of weight of possible
consequences of catastrophic events [4,5]. Thus it is necessary to consider a wide
spectrum of cooperating processes on long intervals of time in areas various scales

1Institute of Physics Azerbaijan National Academy of Sciences, Baku, Azerbaijan



20 Copyright © 2010 ICCES ICCES, vol.15, no.1, pp.19-25

at uncertainty of sources of disturbances. It demands, that models of processes and
the data of supervision were shared in a mode of straight and reverse [7].

Various aspects anthropogenous (in particular, nanomaterials) impacts as re-
sult of Power Engineering are directly taken into account in models through the
parametrical description of sources of heat, a moisture and polluting impurity and
changes of a surface of the Earth on the large areas. Researched processes are de-
scribed by models of hydro thermodynamics in climatic system, models of transfer
and transformation of the moisture, polluting impurity in gas and aerosol states.

Let assume, that all elements of a complex can contain uncertainty and a mis-
takes. Let’s consider models, which are directly connected to processes of carry of
heat, a moisture above mentioned nanomaterials.

Lϕ ≡
∂πϕi

∂ t
+divπ (ϕiu−µigradϕi)+π (H (ϕ))i−π ( fi (x, t)+ ri) = 0, i = 1,n

(1)
Here: ϕ ={ϕ i(x,t), i = 1,n}∈ Q(Dt) is state vector-function. Components ϕ i de-
scribe potential temperature, humidity in an atmosphere, concentration of polluting
impurity in gas and aerosol state of nanomaterials; Dt is the range of change space
coordinates and time; f = { fi(x,t), i = 1,n} is a function of sources of heat, mois-
ture and impurity; r = {ri(x,t), i = 1,n} are the functions described uncertainties
and mistakes of models; u = (u1,u2,u3) is a vector of velocity; µ i= (µ1,µ2,µ3)i are
the factors of a turbulent exchange for a substance ϕ i in direction of x = {xi, i =
1,2,3} coordinates; H(ϕ) is a nonlinear matrix operator described local processes
of transformation of corresponding substances. It does not contain derivatives from
functions of states onx andt. If the processes of nanomaterials creation and their
transformation are taken into account in model then one more variable that is the
size of particles is added. u, µ i, fi functions and input data of initial and boundary
conditions are included in set a component of a vector of parameters Y belonging
to range of allowable values R(Dt).

Initial conditions att = 0 and parameters of model can be written down as

ϕ
0 = ϕ

0
a +ξ (x), ϒ = ϒa +ζ (x, t) (2)

Here: ϕ0
a and Ya are given aprioristic assessment of initial fields ϕ0 and vec-

tor of parameters Y; ξ (x), ζ (x,t) are mistakes and uncertainty of initial fields and
parameters.

Boundary conditions for closure of model are defined by the physical contents
of an investigated problem. Proceeding from the form advective-diffusion operators
in (1) for convenient they are presenting as

µn =
∂ϕi

∂n
+αiϕi−gi = 0, i = 1,n (3)
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Here: α i = α i(x,t,ϕ) are functions determining behavior of streams of sub-
stances on borders, including modes of their interaction with a surface of the Earth.,
and gi are functions of sources, set on bordersΩtareasDt .

All methods of the decision of tasks are under construction with use of varia-
tional principles [8]. For these purposes the variational formulation of a complex
of models (1)÷(3) put down as integrated identity

I(ϕ,Y,ϕ∗)≡
∫

(L(ϕ) ,ϕ∗)dDdt = 0 (4)

Here: ϕ* belongs to space Q∗(Dt), conjugate relative to Q(Dt). The integrated
identity (4) is transformed subject to of boundary and initial conditions so that at
substitution ϕ*=ϕ from it we have the ratio of balance of energy of researched sys-
tem. Proceeding from this condition having executed all necessary transformations
in (4) for model (1)-(3), we shall finally receive integrated identity

I(ϕ,Y,ϕ∗)≡
n

∑
i=1

(Λϕ,ϕ∗)i +
∫
Dt

[(H (ϕ))i− fi− ri]ϕ∗i πdDdt

= 0 (5)

Here:

(Λϕ,ϕ∗)≡


∫
Dt

[
1
2

((
ϕ ∗ ∂πϕ

∂ t
−ϕ

∂πϕ∗
∂ t

)
+(ϕ ∗divπϕu−ϕdivπϕ ∗u)

)
+

+πµgradϕ ·gradϕ ∗ ]dDdt +
1
2

∫
D

ϕϕ ∗πd D|t0 +
∫
Ωt

(
ϕun

2
+αϕ−g

)
ϕ ∗πdΩdt


t

(6)
Here: un is a normal to boundary component of velocity vector. The varia-

tional formulation (5) and (6) is used for construction of discrete approximations
of model.

In [8] authors used the variational organization of models that on their basis to
construct the combined methods of direct and inverse modeling for the problems
of higher system level connected to questions of ecological safety and quality man-
agement of an environment. These methods include algorithms of calculation of
sensitivity functions to variations of the input data, parameters and sources. All
these algorithms are generated by corresponding variational principles in which
integrated identity of a kind (4) is the key role.

Assessment of ecological risks and vulnerability of territories to anthropoge-
nous nanomaterials impacts - one of typical problems of ecological forecasting. For
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problems of this class we use combined methods of direct and inverse modeling,
methods of the theory of models sensitivity and the generalized characteristics of
quality of an environment.

Simulation of risk assessment of nanomaterials
The analysis of nanomaterials manufacture shows, what even at normal function-
ing, the influence of such objects on an environment is connected both to social -
psychological influence on people, and with the potential danger of pollution of an
atmosphere and territory dangerous substances [9÷13]. Therefore, the model of
risk should reflect all essential factors on which functioning system to the greatest
degree depends should be taken into account.

Output parameters of mathematical model of risk determine a mathematical
expectation of amount of the affected people living in area of industrial object [14].
We shall consider possible analytical approaches to the decision of a problem. The
mathematical expectation (risk R) of amounts of affected people can be determined
dependence

R=

2π∫
ϕ=0

∞∫
l=0

r (ϕ, l) ·P(ϕ, l)dϕ ·dl,

Where: r(ϕ ,l) is a distance from a plant up to the person in polar coordinates
(the beginning of coordinates is superposed with plant); P(ϕ ,l) is a probability of
affection of the person in a point with (ϕ ,l) coordinates.

The probability of affection P(ϕ ,l) is defined as follows:

P(ϕ ,l) = P0(ϕ)·Pl(l,ϕ0),

Where:P0(ϕ) is a probability of that at the moment of emission the direction of
wind ϕ = ϕ0 will be realized;Pl(l,ϕ0) is a probability of affection on distancel from
a place of emission in direction ϕ0.

As a pollution is equiprobable at any moment then P0(ϕ) should be defined on
the basis of a wind rose in the given zone or region. If to neglect differences in char-
acteristics of an underlying surface on each of directions of possible distribution of
harmful emission and to enter concept of the average characteristic it is possible to
simplify essentially a problem, having divided variables:

R=

l=∞∫
l=0

P(l)

ϕ=2π∫
ϕ=0

r (ϕ, l) ·P(ϕ)dϕ ·dl
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This approach to calculation of risk criterion is one of possible variants of an
analytical method of assessment. In practice of risk assessment the following ap-
proaches to mathematical modelling risk are considered by us.

Modelling of individual risk. Individual risk is probability of the person af-
fection in the course of year from the certain reasons in the certain point of space.
Results of the analysis of individual risk are displayed on a map of the plant as the
closed lines of equal values (isolines). [15-16]

The construction of isolines of individual risk is carried out under the formula
(10)

Ri (x,y) = ∑
m∈M

∑
l∈L

PQ(x,y)F (Am) (7)

Where:PQ(x,y) is a probability of influence on the person in a point with coordi-
nates (x, y) of the damaging factor Q with the intensity corresponding to affection
of the person (healthy man of 40 years) under condition of realization of Am event
(pollution); F(Am) is frequency of occurrence of Am event per year; M is a set of
indexes which corresponds to considered events; L is a set of indexes which corre-
spond to the list of all damaging factors arising at considered events.

We have carried out researches at a plant of polymeric materials (and nanoma-
terials), located near to Baku. Isolines of equal risk and zones of individual risk are
resulted on figure 1 for this factory.

We can see from figure 1, that near of plant (zone 1) the individual risk of
person affection is high, R=10−4. In zone 2 R=10−5 (the individual risk of person
affection is acceptable). At last, in zone 3 R=10−6, i.e. the individual risk of person
affection is low.

 
Figure 1: Construction isolines of equal risk and zones of individual risk for a plant
of polymeric materials (and nanomaterials): 1, 2, 3 are zones of accordingly high,
acceptable and low risk.
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Conclusion
So, we know that anthropogenic activities of Power Engineering create wastewater
and air pollution, lead to aerosol attenuation of solar radiation and to growth of
entropy on the Earth and, as result, climate change. The human Power activities
disturb heat and entropy balance and impair ecology. Also, this leads to greenhouse
effect and, as result, to climate change. Wastewater in river and sea basins as well
as air pollution can influence an exchange of energy between sunlight on the Earth
and long-wave radiation leaving in space. In the paper the role of nanomaterials
pollution in Power Engineering is analyzed. We have carried out the procedure of
risk analysis and vulnerability of territories to Power Engineering pollution, specif-
ically, nanomaterials impact on an environment. The mathematical methods of
simulation of the risks are considered for the purpose of nanomaterials risk reduc-
tion and remediation. At last, we have carried out researches at a plant of polymeric
materials (and nanomaterials), located near to Baku. We have made assessment the
individual risk of person affection and constructed the map of equal isolines and
zones of individual risk for a plant of polymeric materials and nanomaterials.
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