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Abstract. This article discusses the implementation of a large scale way
of urban waste management in terms of its non-aggressive and produc-
tive destination, at low energy costs and with high reuse of byproducts.
Aiming at the processing of medical waste, but not excluding other types
of residues, present work is primarily focused on the so-called infectious
waste, because they have greater virulence, infectivity and concentration,
and wastes of type ”skin-scissoring-piercing”, which are objects and in-
struments containing corners, edges or rigid and acute protuberances
capable of cutting or drilling. In this paper, it is proposed an industrial
solar system to recycling medical waste based on pyrolysis induced by
plasma and controlled entropy.
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1 Introduction

One of the most discussed topics at the tables of environmentalists and ecologists
is the solid waste management (SWM). The SWM consists of a set of control
procedures, planned and implemented from scientific, technical, regulatory and
legal principles to minimize the production of waste and the risks involved in its
disposal, and protecting workers and preserving public health, natural resources
and the environment in general, at low cost [1]. The implementation of a solid
waste management system requires skilled professionals, being essential for the
preservation of life quality [2]. It should be noted here the urgency to banning
land common in Latin America and other regions of the Third World [3,1]. This
article proposes a possible thermodynamic engineering system for large-scale
solid waste eradication based on solar pyrolysis. In present work, the adopted
definition of solid waste is provided by the Ministry of Health Brazil [4,1].

2 Current Situation and the State of the Art

2.1 Hygiene and Sanitation: Weaknesses of the Global World

The dangers of exposure to medical waste are known from very early, although
little is heard of it. Current literature indicates that direct and indirect exposure
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to hazardous waste includes, among many others, carcinogenic and reproductive
system damage [4,5,6]. In Brazil, the indifference of the governmental authorities
is high. Only in 2000, it was estimated that 76% of the Brazilian cities disposed of
domestic and medical wastes together in public landfills. Despite the federal res-
olutions from ANVISA-2004 (Brazilian Sanitary Surveillance National Agency)
and CONAMA-2005 (Brazilian Environmental National Council), requiring the
management of waste generated by all healthcare units, medical waste is still be-
ing carried on landfills without treatment [1]. Brazilian law is mandatory when
it claims the implementation of a medical waste management plan (MWMP), a
subset of SWM, to be applied in all medical establishments, but they recognize
that such plan is far from the real practice [1,2].

2.2 The Risks of Conventional Incineration of Medical Waste

Incineration and disposal of its ash scraps by land filling are the most important
available procedures to treat and transport medical waste and solid waste in
general [7]. The conventional incineration leads to polluting the environment
when not treated properly, with molecules that accumulate in the food chain such
as dioxins, furans and coplanar polychlorinated biphenyls [3]. Many attempts
have been made to perform locally medical waste treatment [3,4] but failed
regarding safety in the process of waste loading and the treatment of emissions.
The only valid form to optimize the process and to reduce the formation of
these substances is to apply temperatures far above 800 °C, preventing the
formation of effluent gases at temperatures within the range of 200 °C to 400 °C
that occurs in combustion [3]. Only by atomic disruption we could control the
ultimate condition of such materials, recombine atoms in ways that make inert
substances.

When a gas is heated to high temperatures, there are significant changes
in its properties. At about 2,000 °C, the gas molecules begin to dissociate in
atomic level. At 3,000 °C, the atoms are ionized by the loss of electrons. This
ionized gas is called plasma. In certain conditions, the plasma may induce a
pyrolysis. Pyrolysis has been getting attention for many years because of its
potential to produce biofuels from organic waste [8]. For our purposes, pyrolysis
can be broadly defined as the chemical decomposition of the matter by heat
in the absence of oxygen. The idea is to develop an engine dedicated to the
disruption of waste, which associates the high temperatures of the plasma with
the pyrolysis of the waste.

Pyrolysis applied to medical waste is not new [8,9]. The rest format of py-
rolytic gasification introduced commercially in the early 19707s was the so-called
batch-by-batch system which got a certain success to hospital process waste un-
til the early 19807s. Some problems arose, and one of them was how to maintain
continuously throughout the waste. Finally, from a 50 ton-per-day pilot plant,
the Balboa Pacific Co. settled an advanced pyrolytic thermal conversion system
with a proprietary thermal waste conversion equipment to eliminate organic
wastes [10]. What is new in present work is the application in large scale of py-
rolysis induced by plasma for nosocomial solid and liquid, organic or not, waste
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elimination based on the use of solar energy and not electricity. Even though
the overall process is cleaner in comparison to conventional burning, there are
evolved products which require special controls [9]. Figure 1shows the funda-
mental proposed framework from which we shall discuss how we can minimize
the problem of the generation of undesirable substances.

- Input Waste

Sunlght} |

Fig. 1. The complete scheme of the proposed thermodynamic engine. Note the cicle
of energy with a thermoelectric station feeding continually the usine as well as it is
powered by solar energy (from Serpa’s Ph.D. thesis in French [11]).

3 The Methods

Solar concentrators have become a reality in the day-to-day response to sanitary,
and environmental preservation needs. Our proposed plant unifies fundamental
issues in a comprehensive approach to thermal systems engineering. Virtually
any material can be carried to the pyrolysis chamber. It is assumed that the pre-
conditioning chamber gets material properly handled and encapsulated. Also, it
is reasonable to believe that rubber, plastic, gauze, paper and cotton average
out 90% of total medical waste [3,12]. The waste fills (preconditioning chamber)
is connected to a cylindrical graphite chamber. From the preconditioning cham-
ber, we feed the graphite chamber in which pyrolysis shall take place. Internally
subjected to a vacuum, this last receives the concentrated sunlight rays from a
concave array of mirrors on a quartz window placed at one of the circular bases
of the chamber. At high temperatures atomic disruptions produce gasses and lig-
uids that go into the recycling device, inside which the gradient of temperatures
T1,T5,15,Ty, ..., T, allows to a recovery of products Py, Ps, P3, Py, ..., P, from the
hottest layers to the cooler. In the Operations sector, a computational control
system conducts catalytic agents, whose actions enter the processes associated
with temperatures to ensure the outputs of programmed materials, and the re-
combination of remnant atoms into inert substances in the form of usable waste.
To reduce the entropy and expand the productivity of the heat generation we
introduced an auxiliary piping system for the laminar flow of a nanofluid to es-
tablish a convection process of heat transfer [11]. Lastly, products, final residues
and usable waste are sent respectively to inventory and appropriate containment,
remembering that the so called ”pyrolysis ashes” — similar to the dust and blast
furnace sludge — which constitute the usable waste can be used in the cement
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industry. All the energy needed to run the engine is solar, being the possible
surplus routed to the public network.

From the hottest layers to the cooler. In the Operations sector, a computa-
tional control system conducts catalytic agents, whose actions enter the processes
associated with temperatures to ensure the outputs of materials in the form of
usable waste. To reduce the entropy and expand the productivity of the heat
generation we introduced an auxiliary piping system for the laminar ow of a
nanofluid to establish a convection process of heat transfer [11]. The theory and
its application to the power platform the econophysics foundations to match op-
erations management and environmental management in a unified operational
level [8] to include the waste management supply chain.

Accordingly classical theory, the present model supposes a differential poly-
nomial in &, the Lagrangian density £(&), given by

L= (0,8)" (99€) — €] + 29*|¢|* In |¢], (1)

whose action over a certain region D in space and time is

S(© = [ (@0 @) = I + 2216 el avar. @)

Here, from Serpa’s first proposal, £ represents a scalar complex massless caloric
field, dV an infinitesimal volumn of space, dt an infinitesimal time interval, and
v a real scalar to be defined later which depends on the system’s environment
in question [11]. The caloric field obeys the field equation

9409 + (1 =~%) € = 27*¢ I ¢ = 0, 3)

being the field entropy in generalized coordinates g given by
5= [ ~22%1¢ nlelda (4)

Thus, field equation includes an entropy term —2v2¢In || in the dynamics of the
field and expression (4) is just a straightforward generalization of Gibbs entropy.
It is worth noting that for \§|2 < 11it follows that 21n|¢| < 0; thus, S > 0 for every
non-trivial system state. The factor (1 — 72) in the second term of equation (3),
the so-called ”luminothermic capacity”, reflects the potential power offered by
the natural surroundings. Its action under the field shows how field is influenced
by the external conditions. Thus, caloric field equation governs the evolution of
the thermal energy field and the corresponding entropy produced.

Regarding the efficiency of te engine the logical way to establish an asymp-
totic relation between the proposed heat engine efficiency and the Carnot ma-
chine efficiency is to introduce the irreversible coefficient ¢, due to the irreversible
events during the industry processes. So efficiency can be written as

1 1
< _ 2
e = © <]- TI > ) (5)
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where T7 is the temperature associated with the initial state of the system (at
which the waste enters the pyrolysis chamber) and Ty is the temperature as-
sociated with the final state of the system (time at which the recycling loop
is completed). The heat engine efficiency may be compared to luminothermic
capacity in order to measure the relation between the contribution of the envi-
ronment and the technology of reduction of irreversible outputs. However, this
comparison requires empirical results to be recorded and analyzed. Anyway,
even if the plant operated very close to a Carnot machine, the efficiency would
be limited by the maximum luminothermic capacity allowed by the Earth en-
vironments. In addition, while all the actual industry processes are irreversible,
@ can only asymptotically approach unit with the minimization of irreversible
events. Thereby, the more ¢ is closer to 1, the less is the number of irreversible
processes and the entropy variation AS; the production becomes cleaner [10].

4 The Plant in Process and the Expected Results

The chosen area for the plant, with eight hectares, is about two km from the large
dumpsite of Brasilia, Brazil. The design of the facility, solar concentrator uses
linear Fresnel reflectors, that is, individually designed mirrors mounted on two-
axis tracking devices, with very similar features in arrangement and operation
to the conventional parabolic collectors. It is placed fifteen meters underground
(beneath the soil level).
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Array of reflectors

Fig. 2. Implementation scheme of the reflector device

TFirst computational simulations of the concentrator proved capacity to
achieve temperatures close to 1588 °C inside the pyrolysis chamber, on the con-
trary of the great majority of most industrial heating processes which run below
300 °C. Also, these simulations pointed to an efficiency of the plant between
68,44% and 72,82%. These outcomes are very encouraging in the sense that
several persistent pollutants shall be avoided since the achieved temperature is
far above 800 °C and much higher than the temperatures of formation of ef-
fluent gases, typically at 200-400 °C. The pyrolysis chamber (the receiver) is
a hollow soft carbon cylindrical container — with initial capacity for 1/2 ton
of wastes — placed east on the ground (soil level). Sunbeam is reflected and
concentrated on the back of the chamber (quarz window), and the temperature
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gradient of the inner caloric field is controlled by thermal exchangers along the
chamber. In fact, some improvements in the heat exchanger effectiveness for set-
ting the temperature gradient were attained in simulations using vanes, whose
positive influence on heat exchange in industrial air heaters was demonstrated
by Atkins et al. for the range of air-side Reynolds numbers [14]. In addition, the
heat transfer nanofluid circulates through the pyrolysis chamber, collecting and
transporting thermal energy to storage units and power production for the Op-
erations sector in a continuous process of feedback. Indeed, the complete plant
shall include another identical soft carbon pyrolysis chamber placed west also on
the ground (Figure 2), so that we shall have one array of mirrors for each cham-
ber. Since the receivers are separate units, the tracking is simple and efficient.
As explained previously, caloric field inside the chambers is governed by field
equation (3), where the constant v in the second term and in the term of en-
tropy defines the degree of obfuscation of the environment; we call it ”blurring”
or "opacity”. Opacity depends on some environmental conditions such as the
amount of dust in the air, industrial pollution and the local propensity to cloud
accumulation. We defined five levels of blurring to be considered: very low, low,
moderate, high and very high (Table 1). Braslia was classified having moderate
blurring (v = 0.6882) despite the high annual insolation because of the frequent
wind dust spreading in Brazilian Central Plateau from August to October and
the intermittent formation of clouds from December to March. The values found
in Table 1 were established after observations conducted on the environmental
luminosity in different seasons and times at distinct Brazilian localities. Also,
the investigation was made considering the estimated daily average density of
dust accumulated on the set of reflectors from the expression

S EE)

j=1 \i=1

where J); is the total mass of dust deposition on the surface of the reflector,
A is the reflector surface area, i is a counter of reflectors, and j is a counter
of days (in present case, from August to October, the period considered as the
peak interval of the wind regime during dry season). Measurements were made
on site using common mirrors placed at positions provided for reflectors. For
each daily measurement, mirrors were well cleaned to remove the mass of dust.
Anyway, the shading caused by dust deposits shall also be counteracted with a
minimum inclination of mirrors around 12° [7].

In the chambers of pyrolysis and recycling, it is necessary that there is a
polytropic process, i.e., an intermediate process between an isothermal process
and an adiabatic process. In this case, the polytropic index n is equal to 2 for
reasons of analytical symmetry and thermodynamical optimization [11]. Suppose
a caloric field described by

€ — ein’yq—ﬂ) (7)
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Table 1. Blurring (or opacity) of the environment and refractive index of the quartz
window

Blurring level 0 0

Very high 0.8412 1.7935
High 0.7224 1.5419
Moderate 0.6882 1.4444
Low 0.6204 1.2010
Very low 0.5416 0.7953

where the quantity 1 is the theoretical refractive index of the quartz window.
One can easily demonstrate that field equation (3) gives

V1 (20 -1)92
n= 5 . (8)

From this result, we can establish the values shown in Table 1, where the quartz
refractive index is achieved with good approximation to the levels of high and
moderate opacity.

5 Conclusion

The system was conceived and prepared to operate at high precision to mini-
mize entropy production, so that an accurate physical analysis was performed.
Nevertheless, it would be impossible to make extensive mathematical deductions
in this paper, reason why we restrict ourselves to report that all the physical
process is summarized in three fundamental equations as follows:

1. About the diffusion model: the combined equation Lane-Emden/Langmuir
for n =2 [11],

2 (v +ij;y<x>) 43y (2) -y () + (d‘;ym)g (©)

Hy (2) oy ()~ 1=0, (10)

this equation describes the evolution of the dimensionless caloric density y
on a conductive cylindrical symmetry, keeping the density relatively stable
over a longer radius measured by z; it serves to establish a curve which
defines a useful level of energy balance.

2. About the relationship between the thermodynamic variables S, 2, T" and
V' (entropy, pressure, temperature and volume): Serpa’s equation in partial
derivatives [11],

_ 0V 19T,
“0sop ~ PP’

(11)
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this second-order equation, with the parameter ¢ > 0 corresponding to the
polytropic index (n), describes the variation in volume due to entropy and
pressure (assuming P parameterized with respect to S).

3. About the control of system’s entropy: Serpa’s caloric field equation [11],

9,0% + (1 —~4%) ¢ —y%¢In[¢]> = 0; (12)

that is, by definition, the equation that governs the field inside the pyrolysis
reactor.

These three equations are crucial to the construction of the production control
algorithm to run up in the sector ”Operations”. The reader should note that
these equations have in common the polytropic index (Table 1) was constructed
from this base) because it is always possible to give field £ parameterized by n.
It is also important to note that all we can do is to work on systems with a good
approximation for n = 2.
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