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CARLA 2020 y ACl Avances en Ciencias e Ingenierias

. 1%
Dennis Cazar

'Universidad San Francisco de Quito USFQ, Quito 170901, Ecuador
* Corresponding author/ Autor principal: dcazar@usfg.edu.ec

Este numero de la revista ACI Avances en Ciencias e Ingenierias recopila algunos de
los trabajos presentados en la Latin America High Performance Computing Conference
CARLA 2020, organizada por CEDIA y llevada a cabo de forma virtual en septiembre 2020.

El objetivo de CARLA es ofrecer un espacio de interaccion que impulse el crecimiento
y el fortalecimiento de la comunidad latinoamericana que realiza actividades de
investigacion y desarrollo que implican el uso de recursos de Coémputo de Alto
Rendimiento. CARLA se realiza desde 2014 y en estos pocos afos se ha constituido
como la més importante conferencia sobre estudios y aplicaciones de Computo de Alto
Rendimiento en América Latina.

Esta edicion de CARLA 2020 fue organizada porlal Corporaciéon Ecuatoriana para el
Desarrollo de la Investigacién y la Academia, CEDIA Ecuador con el apoyo de RedCLARA
y del Sistema de Cémputo Avanzado para América Latina y el Caribe, SCALAC. Por
las circunstancias particulares que estamos viviendo, CARLA 2020 se llevé a cabo en
modalidad virtual en septiembre de 2020. No obstante, la conferencia contd con una
asistencia de méas de 300 personas y la presentacion de aproximadamente 30 trabajos
entre articulos y posters, los cuales fueron revisados siguiendo las normativas de
publicaciéon mds exigente.

CARLA ofrece una variedad de actividades como Workshops, tutoriales, conferencias
magistrales, entre otros. En particular, el volumen 13 nimero 2 de ACI Avances en
Ciencias e Ingenierias, recoge los trabajos presentados en la seccion de posters en
formato de articulo cientifico.

Todos los trabajos muestran la inmensa capacidad de investigacion y creatividad de los
investigadores de la regién, su capacidad para afrontar tanto problemas fundamentales
para el desarrollo regional, asi como contribuciones para resolver las problematicas
mundiales. Podemos decir que CARLA cumple con la finalidad de brindar un espacio
de participacion e interaccién para los profesionales de América Latina en el &mbito del
Cémputo de Alto Rendimiento.

1 DOI: https://dx.doi.org/10.18272/aci.v13i2.2501
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MHPM Solution to MHD Fluid Flow Through Porous
Medium with an Exponentially Variable Permeability

R. Silva-Zea™, M. H. Hamdan?, R. Erazo-Bone?, F. Chuchuca-Aguilar*, K. Escobar-Segovia®
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Flujo de fluido MHD en medio poroso de permeabilidad
exponencial resuelto mediante el método modificado de
perturbacion homotdpica

Abstract

In this work, we study and analyze the fully developed flow of a magnetorheological
fluid through an inhomogeneous porous medium of variable permeability under the
influence of an external, uniform, and transversal magnetic field. Permeability is modelled
as an exponential distribution function of the transverse direction. The Darcy-Lapwood-
Brinkman-Lorentz equation, which governs this type of fluid flow in porous media, is
solved under the no-slip boundary conditions by the Modified Homotopy Perturbation
Method. Solutions, and results, are validated using the Numerical Shooting Method.
Results are analyzed to better understand the influence of fluid and flow parameters on
the velocity, volumetric flow rate, and wall shear stress. Analysis in this work shows that
the two most important parameters are the Darcy number and the viscosity ratio. Low
values of these parameters undermine Brinkman’s viscous shear effects.

Keywords: Brinkman regime; Hartmann magnetic number; exponential permeability;
magnetorheological fluid.

Resumen

En este articulo se estudia y analiza el flujo completamente desarrollado de un fluido
magneto-reoldgico a través de un medio poroso no isotrépico bajo el efecto de un
campo magnético externo, uniforme y transversal. La permeabilidad se toma como
una funcién de distribucién exponencial de la direccién transversal. Para esto se ha
utilizado la ecuacion de Darcy-Brinkman-Lapwood-Lorentz para el flujo de fluidos en
medios porosos y se ha resuelto en condiciones de limite antideslizantes mediante el
método modificado de perturbacién homotdpica y los resultados fueron validados por
el método numérico del disparo. El andlisis de los resultados se ha realizado a través
de las variables: velocidad, flujo volumétrico y esfuerzo de deformacion en la pared.
Estos demuestran que los pardmetros mas importantes son el nimero de Darcy v la

1 DOI: https://dx.doi.org/10.18272/aci.v13i2.2259
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relacion de viscosidad. Asimismo, se demuestra que valores bajos de estos pardmetros
minimizan los efectos de cizallamiento viscoso de Brinkman.

Palabras clave: Régimen de Brinkman; NUmero magnético de Hartmann; permeabilidad
exponencial; fluido magneto-reoldgico.

INTRODUCTION

Single- and multi-phase fluid flow through and over porous layers are encountered in
the natural environment and have a host of practical applications in industry. In natural
environments, groundwater flow, flow in channels and rivers over porous beds, flow of
oil and gas in reservoirs, deep-bed filtration processes, the movement of nutrients into
plants, and the flow of blood in human tissues are only a few examples of flow through
naturally occurring porous layers. In industry, heat and mass transfer in porous layers
continues to receive considerable attention due to its various applications, which span
many aspects of human endeavor. These include applications in lubrication theory in
mechanisms with porous lining, design of industrial filters and liquid-dust separators,
design of heat exchangers, and membrane analysis. These, and many other applications,
have been extensively reviewed by various authors (cf. Nield and Bejan, [1], Rudraiah, [2],
and the references therein).

A special type of flow that is of particular interest to the current work is the
magnetohydrodynamic (MHD) flow through variable permeability porous media.
This flow has many industrial applications in fields that include power generation,
oil industry, refining of crude oil, and polymer technology. Magnetohydrodynamic
pumps and accelerators, aerodynamic heating, electrostatic precipitation, aerosols and
sprays, biotechnology, medicine, optical modulators, tunable optical fiber filters, optical
grating, optical switches, stretching of plastic sheets, and metallurgy are further areas of
applications that underscore the importance of MHD flow in industrial settings. Further
details on these and many other applications can be found in the works of Kuzhir et al. [3],
Attia and Abdeen [4], Barcena et al. [5], Mishra et al. [6], and Shehzad and Hayat [7].

The above and many other applications have given impetus to the explosive knowledge
witnessed over the past eight decades in the area of porous media studies. Recent years,
however, witnessed an escalation of interest in the study of fluid flow through porous
media with variable porosity and permeability. This interest stems from two broad reasons,
the first of which is that naturally occurring porous media does not possess constant
porosity and permeability. The second is that accurate and realistic modelling of flow
through porous media must take into account the porous microstructure of the flow
domain, which influences the effective viscosity of the fluid in the porous medium and
inevitably leads to the need for flow models with variable porosity and permeability [8].
Take, for example, the celebrated Brinkman’s equation [9], which is the most recognized
model of fluid flow through porous media in the presence of macroscopic boundary (cf-
Hamdan & Kamel [10] and the references therein), due to its incorporation of a viscous
shear term necessary to handle no-slip condition on a macroscopic, solid boundary.

DOI: https://dx.doi.org/10.18272/aci.v13i2.2259
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Various authors have discussed validity and limitations of Brinkman’s equation (cf.
Auriault [11], Nield and Bejan [1], and the references therein). Rudraiah [2], suggested
that Brinkman'’s equation is the most appropriate model of flow through porous
layers of finite depth, while Parvazinia et. al. [12] determined that when Brinkman's
equation is used (depending on Darcy number, Da), three different flow regimes are
obtained: a free flow regime (Da > 1), a Brinkman regime (10° < Da < 1), and a Darcy
regime (Da < 10°). Nield [13] elegantly concluded that the use of Brinkman’s viscous
shear term requires a redefinition of the porosity near a solid boundary due to a
process referred to as channeling. The above investigations underscore the need
for variable permeability flow modelling in realistic applications of flow through
porous media in the presence of solid boundaries. Sahraoui and Kaviany [14] and
Kaviany [15] studied the case of flow through variable permeability media when
using Brinkman’s equation and emphasized the need for variable permeability near
macroscopic boundaries, whether slip or no-slip conditions are applied. Lundgren
[16] showed that the effective viscosity depends on the porosity of the medium
and the viscosity of the base fluid, and formally proved the validity of the Brinkman
equation for dilute concentration of particles.

Although permeability is a tensorial quantity in three-dimensional flow through
naturally occurring and heterogeneous media, idealizations of flow through two
space dimensions and unidirectional flow through porous layers have given rise
to variable permeability modelling using algebraic functions of one of the space
variables. A number of variable permeability models are available in the literature
and serve a spectrum of flow situations and flow domains of specific industrial
applications (cf. Cheng [17], Hamdan and Abu Zaytoon [18], Hamdan and Kamel
[10], and the references therein). An important subset of the available variable
permeability models that received the most attention in the literature is summarized
in what follows.

Elaiw et al. [19], Hassanien [20], Hassanien et al. [21], and Jang and Chen [22]
reduced the two-dimensional permeability model of Chandrasekhara et al. [23] to
a one-dimensional model of the form: K(y)=K_ (1 + de>"), where d and y are constants,
K(y) is the permeability function and K_ is the value of permeability at the edge of the
boundary layer. Other authors employed the two-dimension permeability model of
Chandrasekhara et al. (cf. Chandrasekhara et al. [24] [25] [23] Goldstein et al. [26]). Other
important models of one-dimensional permeability variation used in soil mechanics
include those found in Schiffman and Gibson [27] and Mahmoud and Deresiewicz [28].
Cheng [17] used the model K(y)=K_(1 + By* )", where 8 and n are parameters of curve
fittings, d is a characteristic length of geometry, K is the characteristic permeability of
the medium, and y* = y/d. The value normally used in the literature for n is 2.

Rees and Pop [29] studied the free convection in a vertical porous medium with the
exponential model of permeability K= K_+ (K - K_) e, where is the permeability
at the wall, is the permeability of the ambient medium, and d is the length scale
over which the permeability varies. Additionally, they indicated when a porous
medium is bounded by an impermeable surface, it is well known that the porosity
and hence the permeability increase near that surface. Alloui et al. [30] investigated
the natural convection in a porous layer with an exponentially variable permeability

DOI: https://dx.doi.org/10.18272/aci.v13i2.2259
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as a function of the thickness of the layer, of the form K = K e where c is a fitting
parameter and K is an average permeability. Abu Zaytoon [24] analyzed the
behavior of flow in a porous layer with exponential permeability variations using
the permeability function K (y) = 2%, (e — e”). Choukairy and Bennacer [31] presented a
numerical and analytical analysis of the thermo-solutal convection in a heterogeneous
porous layer enclosed in a rectangular cavity with the permeability changing with

depth, using the model K(y) = 1 + 4 (2y)" where n is a parameter.

A problem of interest, and the subject matter of this work, is the MHD flow between
two parallel plates, known as Hartmann flow (cf. Hartmann and Lazarus [32], Jeffrey
[33], Muller and Buhler [34], Rothmayer [35], and the references therein). In the
absence of MHD effects, fluid flow through a porous channel bounded by two flat
plates has received considerable attention in the literature due to the importance of
this configuration in furthering our understanding of flow behaviour through porous
channels (cf. Awartani and Hamdan [36], Fu et al. [37], Harwin [38], Kaviany [39], Liu et
al. [40], and the references therein).

When magnetorheological effects are taken into account, Pillai et al. [41] offered a
study of the steady flow of a magnetorheological fluid in an inclined channel over a
porous bed with a decaying exponential permeability that depends on the depth of
the porous bed, using the model K (y) = K, e, proposed by Sinha and Chadda [42].
Narasimha Murthy and Feyen [43] studied the influence of the variable permeability
on the two MHD basic flows in porous media, using the variable permeability model
Kly)=K,(1 + %)2, where K is the permeability in the interior of the porous medium and
h the porous layer thickness. Two other important variable permeability models in the
study of MHD flow have been reported in the works of Mathew [44] and Srivastava
and Deo [45]. Mathew [44] employed a periodic variable permeability model in the
study of two-dimensional MHD convective heat transfer through a vertical porous
channel using the permeability model K (y) =K (1 + & cos (71y))”, while Srivastava and Deo
[45] employed the variable permeability model K= K (1 - €y)’, where 0 < € < 1, in their
study of Couette and Poiseuille MHD plane flow in a porous channel.

The model of variable permeability employed by Alloui et al. [30], namely, K(y) = K, e,
is of interest in this current work, in which we investigate the fully developed MHD
flow through a porous medium bounded by parallel plates. Interest in this model
stems from the fact that permeability is exponentially increasing and places higher
permeability in one of the regions of the infinite channel. The objective here is to
provide insight into the effects of the flow and medium parameters (Darcy number,
Hartmann number, and viscosity ratio) on the flow characteristics of velocity, flow
rate, and wall shear stress. Furthermore, since a choice of variable permeability
model influences our understanding of the intrinsic features of the flow, data
obtained in this work is intended to provide a baseline and a benchmark for the
sake of comparison when other variable permeability models are employed.

In using the model of Alloui et al. [30], this work provides a formulation of the MHD flow
problem through a porous channel of infinite extent between two parallel, horizontal,
and impermeable plates, and provides its solution by using the Modified Homotopy
Perturbation Method (MHPM) of He [46]. The solution obtained using the currently
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proposed method is compared with the numerical solution of the same problem using
the Numerical Shooting Algorithm, in order to validate the results obtained.

Numerical calculations were performed using Mathematica®V 12.3 symbolic software.

MATHEMATICAL FORMULATION OF THE PROBLEM

Bo
upper plate

<

h porous medium

A 4
<

lower plate

FIGURE 1. Sketch of the porous medium. The flow direction is the direction.

Consider the fully developed flow through the infinite porous channel depicted in Fig. 1,
of a magnetorheological, incompressible, and electrically conducting fluid. The external
magnetic field is transverse and uniform, without induced magnetic field inside the
porous medium because of a very low Reynolds magnetic number. The electric field
in the porous medium is very small or negligible. The pressure gradient is constant
and drives the flow along the longitudinal axis. The permeability model of the porous
medium is assumed to depend on the transverse direction and takes the following form:

K@) = Koec(%) M

where cis a positive number and K_is the average permeability of the medium.

GOVERNING EQUATIONS

Geindreau and Auriault [47] provided comprehensive analysis of MHD flow through
porous media, which includes development of the full set of equations governing the
flow. The momentum equation used in their analysis is the one obtained by Rudraiah
etal. [48] through modification of Brinkman's equation and Darcy’s law. This equation is
used in the current work (in the form listed as equation (3), below).

The governing equations for the fluid flow in the porous medium are the following
continuity and momentum equations, respectively:

V'V=0, (2)
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~ __ et z~ _ I‘l =3
Vp —FB+HeV 4 _K@)V' 3)
where, Fgis the Lorentz body-force, which is:

Fp=]JxB &
and ] the current density, is defined as:

J=0(VxB), )

where ¥ is the dimensional velocity field, in which is assumed that V =@ 00).
Additionally, K= (y) is the dimensional permeability, B = (0, B, 0) the magnetic field
intensity, o the electrical conductivity of the fluid, % the pressure gradient, y, the fluid

viscosity, and the effective viscosity in the porous medium.

For fully developed flow along the x-axis, Egs. (1) to (5) reduce to:

o

Equation (8) implies that =G (y). The no-slip boundary conditions for Eq. (7), are thus
given by:

%(h) =0 (8)

=% ,=%2,-k =K a2 - 983
y_hsx_hyu_us Da_hzaM_ ii s (9)
—He o _ 120D
”/r_u' x  uU 9% ?

where U is the characteristic velocity, M the Hartmann number, Da the Darcy
number, u,. the viscosity ratio, and P (P > 0) the non-dimensional pressure gradient.

Using (9), Eq. (7) takes the following dimensionless form:

d’u  [e” 5
i vl L
Dimensionless boundary conditions, Eq. (10), take the form:

u(0) =0, u(1)=0 an

The physical quantities to investigate in this work are the dimensionless volumetric flow
rate,, and the dimensionless shear stress , defined, respectively, as:
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1

0= f u(y)dy (12)
0

Ty = a_u (13)
ay ¥y=0,1

where the subscripts 0 and 1in Eq. (13) indicate the shear stress at the lower and upper
walls, respectively.

METHOD OF SOLUTION

If we try to solve Eq. (10) analytically by using the transformation z = e, we obtain
the following differential equation:

2 d?u(z) N Zdu(z) B [D z

2
- - _ (14)
dz? dz ap,.c? + yrcz] u(@ U,c?

Equation (14) is a hyperbolic Bessel differential equation, which has the analytical solution:

u(z)
=1, (2c7*(Dap,) /2 2°5) + C,K, (2c~* (Dap,)~1/? 2°5) (15)
_ K, (2c~*(Dap,)~1/? 205 15
e a2 [ G s o e ey
K, (2c~1(Dap,)~1/? 2°5) — I, (2c~ 1 (Dau,) ~1/% 205
zK (2c 1(Da;¢ )~ 1/2 0. S)fW[I( @c—1(Dap,) 172 z°)5) K. EZC 1(Day,)~1/2 20 52]

T e

where C, and C, are constants to be evaluated at boundary conditions, /,and K, are the
modified Bessel functions of the first and second kind, respectively, W is the Wronskian
of I, (2c™(Dap,)"V/% 2°%) and K, (2¢7*(Dap,)~*/2 2°%), and is the order of the modified Bessel
functions, which is equal to:

2M

v = 16
VL (16)

Therefore, the analytical solution of u(y) can be written as:

u(y)
= G,1, (2c7*(Dap,e)V/2) + C,K, (2c~* (Dap,e)~/?)
P K,(2c™*(Dap,e>) /)
_ -1 cyy-1/2 -cy
1O Qe ) [ e covyar, e om0 (17
P I, (2c7*(Dap,e®)~1/?)
o -1 cy\-1/2 -cy
+e mcK”(ZC (Dag,e®) )f WIL, 2 (Dap,e)1/2), K, (2c=1 (Dap,e¥)1/2)] © 4

This result demonstrates the validity of the statement made by Merabet et al. [49] as
they indicated that for the case of flow through porous media, as governed by the
Darcy-Lapwood-Brinkman model, exact solutions are rare. It was reported that in
some cases, it is possible to find exact solutions, but this requires special functions,
such as the Airy’s, Bessel or modified Bessel, or Nield-Kuznetsov functions (cf. Cheng
[171, Abu Zaytoon et al. [50], Alzahrani et al. [3], and the references therein).
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Equation (17) is hardly tractable, even though it possesses an analytical solution.
Therefore, we seek to find a solution that can produce some results in order to

avances  provide some insight into the flow regime. To accomplish this, we base the current

M work on the work of Seyf and Rassoulinejad-Mousavi [51] who used the Homotopy
Perturbation Method (HPM) technique to solve fluid flow and heat transfer problems
in saturated porous media. However, the HPM technique is implemented here in a
modified version introduced by He [46]. Using this modified version, we obtain an
approximate solution of Eq. (10).

As a means of validating this modified version and the results obtained, we offer a
comparison of the results with those that we obtain using a Numerical Shooting
Method (NSM).

Analysis of Homotopy Perturbation Method (HPM)

To illustrate the basic concept of Homotopy Perturbation Method (cf. He [52] [53] [54]
[55] [56] [57] Jazbi and Moini [58], Usman et al. [59], and the references therein), we
consider the following nonlinear functional equation:

A() = f(r), T € 1), (18)
with the boundary conditions

)
B (u,—u) =0, rean, (19)
on

where Ais a general functional operator, B the boundary operator, f(r) the known analytic
function, and the boundary of the domain .

Lw)+Nw)-f@)=0, ren. (20)

The operator A is decomposed into the sum of a linear and a nonlinear part,
as A(u) = L(u) + N(u), where L is the linear and N is the nonlinear part. Eq. (18) can thus
be written as:

We construct a Homotopy v(r, p): Q X [0, 11 = R satisfying:
H(v,p) = 1 -p)IL(v) — L(,)] + p[AW) — f(»)] = 0,p[0,1], (21)

ren
Hence

H(v,p) = L(v) — L(u,) + pL(u,) + p[N(v) — f(v)] = 0, (22)

where is an initial approximation for the solution of Eq. (20) that satisfies the boundary
conditions, as:

H(v,0) = L(v) — L(u,) Hw,1) =A(W) - f(r), (23)
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where p € [0, 1] is the embedding parameter. This shows that H(v, p) continuously
traces an implicitly defined curve from a starting point H(, 0) to a solution H(v, 1). The

avances

acense  embedding parameter p increases monotonously from zero to one as the trivial linear
Ingenierias . .. .
’ part L(u) = 0 deforms continuously to the original problem A(u) = fir). The embedding
parameter p can be considered as an expanding parameter to obtain

V=0, +pUs + PPyt (24)
The solution is obtained by taking the limit as p tends to 1 in Eq. (24), namely

u=})in}v=vo+v1+v2+---. (25)

He’s Modified Homotopy Perturbation Method (MHPM)

The method proposed by He [46] consists of the use of an initial approximation (or a trial
function) of the form:

u,(y) = ay(1—y), (26)

where g is an unknown constant to be determined, and the trial function satisfies the
boundary conditions. According to the initial approximation, a homotopy should be
constructed such that:

U e+ ( [e_cy+MZ P 2) 0 (27)
- a - —lu ——caa | =\,
dy? PAU e ™ Hr

and, when p = 0, the solution of Eq. (27) is Eq. (26). When p = 1, we recover solution (25).

The solution procedure is similar to that of classical perturbation method. Using p as an
expanding parameter, as one would in classic perturbation method, we obtain:

d?u,

T t2a=0 60 =uD) =0 @8
d*u;, e 9u, M?u, P
- - —2a+—=0,4,(00=0,u,(1)=0
dy?  Dap, Uy ! 1(1)

The optimal identification of the unknown parameter in the trial function is a method of
weighted residuals, namely, the least squares method:

1 OR(y) _ (29)
fo R(y)Tdy = 0,

where Ris the residual given by R(u(y)) = L(u) + N(u).

Setting p = 1, we obtain the first-order approximate solution which reads:
u@) =u, ) +u, (y) (30)
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Numerical Shooting Method

In order to provide validation for the results obtained using the Modified Homotopy
Perturbation Method (MHPM), we provide a solution for obtained using the
Numerical Shooting Method (NSM). Computations have been carried out using
Mathematica®V 12.3 symbolic software. Comparisons are discussed in the section

of Results and Analysis, using data in Tables 1 and 2.

TABLE 1. Comparison of u(y) obtained by MHPM and NSM

M=1,Da=1,c¢=0.35,P=5pu=1

y MHMP NSM Difference

0 0 0 0
0.1 0.19279852281653900 0.19275803841960400 4.04843969349922E-05
0.2 0.33924641849525300 0.33921985612208700 2.65623731660058E-05
03 0.44213497291476800 0.44216027115848900 2.52982437209948E-05
04 0.50336190350106800 0.50343333593362400 7.14324325560289E-05
0.5 0.52397533124740600 0.52405245422526400 7.71229778580018E-05
0.6 0.50421483755058900 0.50424983725450200 3.49997039129635E-05
0.7 0.44354976981598500 0.44351768841736000 3.20813986249835E-05
0.8 0.34071495142945700 0.34063365481816200 8.12966112950231E-05
09 0.19374394372467200 0.19367172438820800 7.22193364639800E-05

1 -0.00000000000006858 0.00000000159566237 1.59573095046188E-09

TABLE 2. Comparison of u(y) obtained by MHPM and NSM

M=1,Da=0.1,c=0.35P=5,u=8

y MHMP NSM Difference

0 0 0 0
0.1 0.02535938910102333 0.02535795330998652 1.43579103679958E-06
0.2 0.04479575192615648 0.04479557849314981 1.73433006601942E-07
03 0.05855152602734696 0.05855410186180611 2.57583445920084E-06
04 0.06678397121908308 0.06678838725043413 4.41603135109547E-06
0.5 0.06957245254763313 0.06957617226896888 3.71972133569876E-06
06 0.06692524042597543 0.06692575550897644 5.15083001001448E-07
0.7 0.05878585508979328 0.0587822835297458 3.57156004739817E-06
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M=1,Da=0.1,¢=0.35P=5u=8

Difference
038 0.0450389811453929 0.04503294332770041 6.03781769249745E-06
09 0.02551597666129448 0.025511144614260108 4.83204703429982E-06
1 6.123231297622667E-15 -9.6930110788705E-10 9.69307231118348E-10
RESULTS AND ANALYSIS

Solutions obtained by MHPM from Egs. (26)-(30) are as follows:

u@) =ay(1—y)+ 1 e Y (—72ae + 24ace + 72aectY

2c*Day,
— 24ace*Y — 48acey + 12ac%ey + 72ae“y 31)
+ 24acey — 72ae*tVy + 24acec*tVy
—ac*DaetY M2y + 6¢c*DaetY Py — 12ac?e‘y?
— 6¢c*DaetYPy? + 2ac*Dae*Y M?y3
—ac*DaetYM?*y* — 12ac*Dae*Vyu,
+ 12ac*Dae*Vy?u,)

with parameter g given by:

[_ o w3 e . 11 ] (32)
_p 8c8Da3u,* ' 648c’Dau,* 108c®Da3u,* " 108c>Dadu,*
a= 9 104 21289 2729

c1Da*y,*  9cDap * t 3456¢9Da%y,*  1728c8Da’p,® ]

The dimensionless volumetric flow rate and the shear stress are given, respectively, by:

_ [881798400(—1 + €°)3(1 + e°(1 + 32DaM?)) + -] (33)
Q= P 160c21.(9797760(=1 + e°)*(1 + e°(1 + 16DaM?) + ]
e~YP[14696640e (—1 + €)3(1 + e°(1 + 32DaM?)) — --- (34)
Ty =

[2c1,(9797760(—1 + e€)3(1 + e°(1 + 16DaM?)) + -

In Tables 1 and 2 we provide validation of MHPM by comparing values of velocity
obtained using MHPM with those obtained using NSM, for some chosen values of the
parameters M, Da, ¢, Pand y Both Tables illustrate excellent agreement for all parameters
tested, with computed values in agreement for at least six significant digits. Maximum
absolute error in both Tables is less than 5x107.
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¢=0.0001,0.1,0.35,05,1

0.2 04 0.6 08 1.0
FIGURE 2. Exponential permeability variation as a function of fitting factor c.

Fig. 2 illustrates the dimensionless permeability function, scaled by the average
permeability, as a function of the fitting parameter. When the fitting parameter ¢
approaches zero, the permeability approaches a constant value. At higher values of ¢,
higher values of the permeability function are obtained. This behaviour is expected in
light of the exponential nature of the chosen permeability function. It also emphasizes
the important role of the fitting parameter in controlling variations in permeability.

uly) Da=1,c=035P=5pu=1
06

M=0,10,3.0,50
05
04
03

0.2

0.2 04 0.6 08 1.0

FIGURE 3. Velocity profile as a function of M and fixed values of Da, ¢, P, and iy

Fig. 3 illustrates the velocity as a function of Hartman number, M, and fixed values of
Da, ¢, P and u When M increases, the velocity decreases, thus indicating the slowing
effect the magnetic number has on velocity.
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M=1,c=035P=5p=1

uly) ~
0.6 Da=0.001,0.1,1.0, 100

05
04

03

0.2

0.1

02 04 0.6 0.8 1.0

FIGURE 4. Velocity profile as a function of Da and fixed values of M, ¢, P, and

Fig. 4 illustrates velocity as a function of Darcy number, Da, and fixed values of M, c,
P and . The effect of increasing Darcy number is of course to increase velocity due to
the fact that permeability increases with Darcy number. For very low values of Da,
the velocity becomes very small and starts approaching zero as we approach the
solid. We point out here that Tables 1 and 2 do not show . This might be attributed
to the fact that solid boundary is a computed quantity, hence computed within the
error tolerance of the computation procedure, or machine zero.

The volumetric flow rate given by Eq. (12) is the area bounded by the velocity curves
and the y-axis. Based on the velocity behavior in Fig. 3, Fig. 4, and Fig. 5, we conclude
that this bounded area (hence the volumetric flow rate) increases with decreasing
M, increases with increasing Da, and decreases with increasing .

u ) M=1,00=01,c=035P=5
=001,0.1,1.0,8.0

15 b

10

05

0 X = 7 y

0.2 0.4 6 08 1.0
-05
-1.0

FIGURE 5. Velocity profile as a function of i, and fixed values of M, Da, ¢, and P.
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Fig. 5 illustrates velocity as a function of u and fixed values of M, Da, ¢, and P With
increasing u, Fig. 5 shows that velocity decreases. This might be due to the increase
in the shear term in Eq. (9). For low values of u, the shear term becomes insignificant,
and Eq. (7) behaves like a Darcy equation. According to the work of Ochoa-
Tapia and Whitaker [60], the viscosity ratio is equal to the reciprocal of the porosity of
the porous medium. A value of u = 0.01 implies that porosity is 100% or unity. This is a
physical impossibility since a porosity of unity implies the absence of a porous matrix
and contradicts the Darcy-like behavior when i is small. On the other hand, Nield [61]
indicated that the Brinkman equation cannot be rigorously justified except when the
porosity is close to unity and the self-consistent formulation of Brinkman breaks down
when the porosity is less than 0.6. This translates into the critical value of u, =1.67. For
larger values of i, Fig. 5 shows that the velocity decreases drastically until it vanishes
when this value is higher than 8. While the above indicates that , Givler and Altobelli
[62] used a porosity value of ¢ = 0.972 for water flow in a porous medium made of rigid
foam, which corresponds to = 1.03.

uly) M=1,Da=1,P=5u=1
4
MHPM

3 NSM

2

1

0 y

02 04 06 08 10

FIGURE 6. Comparison of the velocity profile between MHPM and NSM at low 4.

Fig. 6 supports the analysis obtained using Fig. 5 and provides a comparison of the
velocity profiles obtained using the MHPM and the NSM. At viscosity ratio value of
u,= 0.01, the velocity profile obtained using MHPM loses its accuracy, which indicates
that the velocity obtained by MHPM is valid for u > 0.01.
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M=1,0a=0.001,c=035 =1

MHPM

02 W 06 08 10

FIGURE 7. Comparison of the velocity profile between MHPM and NSM at low Da.

In Fig. 7 we observe that for low values of Dg, (Da < 0.001) the Brinkman model for the
MHD fluid flow through a porous medium with exponentially variable permeability is
not valid, by comparing the results of the two approximation methods used in this work.
This might be due to the fact that for small values of Da, permeability is low, and the flow
becomes Darcy-like, thus resulting in insignificant Brinkman effects.

M=1,0a=01,P=05

uly)
¢=0.2,03510
03 |
02
0.1
0.2‘ 0.4‘ 0.6‘ 0.8‘ 1.0

FIGURE 8. Velocity profile as a function of c and fixed values of M, Da, P, and .

Fig. 8 illustrates the velocity as a function of ¢ for fixed values of M, Da, Pand u, Velocity
increases with increasing values of fitting parameter, ¢, for ¢ > 0.2. When ¢ < 0.2 the
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-
computed velocity is unreliable due to low permeability. Low permeability results in
Darcy-like behavior, while the Brinkman effects become insignificant.
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M=0,10,3.0,50

M=0,10,3.0,50

FIGURE 9. Wall shear stress as a function of for P=5,

-0.5

M=0,10,3.0,50

-1.0

FIGURE 10. Dimensionless wall shear stress 7_(y) asa function Of[l' forP=5,0a=1,M=1,and c=0.35.

Fig. 9 and Fig. 10 illustrate the effects of M and u, respectively, on wall shear stress, when
the values of other parameters assume fixed values. In Fig. 9, when M increases, T,
decreases in the range 0 < y <0.5 and increases in the range 0.5 < y < 1.In Fig. 10, when
u, increases, T, decreases in the range 0 <y <0.5 and increases in therange 0.5 <y < 1.
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CONCLUSIONS AND RECOMMENDATIONS

An analysis of the flow of MHD fluid through a porous medium of increasing exponential
permeability has been carried out in order to provide a baseline study and a benchmark
with which future analysis of flow through variable permeability media can be compared.

The MHPM was used to find the solution of the Darcy-Brinkman model, under the
no-slip boundary condition. Effects of medium and flow parameters on the velocity
distribution, volumetric flow rate and the wall shear stress have been analyzed.

Three parameters have been examined with special interest: ¢, Da, and .. Part of the
analysis is to define the limit of the viscosity ratio in the model of Darcy-Brinkman.
Because of the foregoing, the validity of the modified Brinkman's equation for the MHD
fluid flow through a porous medium with exponentially variable permeability should
be further evaluated to confirm if indeed the viscosity ratio depends solely on porosity
as stated by Ochoa-Tapia and Whitaker [60] or if other factors would be included such
as tortuosity as indicated by other authors (cf. Liu and Masliyah [63] and the references
therein).

Based on the results and analysis of this work, the following conclusions can be drawn:

1. Of the three parameters, ¢, Da, and i, the two most critical parameters are Da and
U, Low values of these parameters result in the Darcy-Brinkman equation behaving
like a Darcy equation. Brinkman’s viscous shear effects become insignificant.

2. The permeability fitting parameter plays an important role in controlling
variations in permeability.

3. Awide range of 0.01 < < 1.67 has been suggested based on velocity profiles
obtained in this work. Again, low values of i hamper the solutions obtained by
the MHPM.

4.  Results obtained using MHPM have been validated using a Numerical Shooting
Method. There is an agreement of up to six significant figures, and a maximum
absolute error not exceeding 5x 107, between the velocity values computed using
MHPM and NSM.

5. As the magnetic number M increases, the velocity decreases, thus indicating
the slowing effect the magnetic number has on velocity.

6. Increasing Darcy number implies increasing permeability, which in turn results
in increasing flow velocity.

7. Volumetric flow rate increases with decreasing M, increases with increasing Da,
and decreases with increasing u,.

8. When M increases, 1, decreases in the range 0 <y < 0.5 and increases in the
range 0.5 <y < 1.
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9. When y increases, T, decreases in the range 0 < y < 0.5 and increases in the range
05<y<T.

Based on results and analysis of this work, and the conclusions drawn above, the
following are recommendations that point to the need for future work in this area of
research:

i.  Permeability distribution influences model equations’ behavior and solution. It is
imperative to provide further studies that employ other permeability functions for
the sake of comparison.

ii. ~ Darcy numberisof greatestinfluence onthe flow quantities, for a given permeability
distribution. Low values of Da render Brinkman's shear effects insignificant. It is
imperative to determine, for a given permeability distribution, the range of values
that Da can assume.

iii. ~ The need for a methodology to determine accurate values of u, rather than ranges,
remains an outstanding research problem without consensus. Matters become
more complicated when MHD effects are taken into account. It is therefore
imperative for future work to consider a realistic method for estimating u..

DISCUSSION

In this section, we provide insight on this work in light of state-of-the-art knowledge in
the field.

At the outset, we wish to emphasize that while research work in MHD flow through
porous media has received considerable attention for more than half a century, and
continues to receive attention due to its important applications, most of the work in
this field has been centered around flow through constant permeability porous media.
However, impetus is being generated and focus is shifting towards flow through variable
permeability media, as is witnessed by the current work. This might be due in part to
recent developments in variable permeability models, as discussed in the introduction
section of this work, where most of the available models have been documented.

Literature Survey

In order to initiate this work, the authors have carried out a thorough literature survey
in the areas of MHD flow, MHD flow through porous media, MHD flow through porous
media with variable permeability and porosity, and variable permeability porous
layers. The most relevant bibliographic data to the current work are listed in the
references section.

The introduction section follows the historical interest of MHD flow between parallel
plates from the inception of the problem with the works of Hartmann and Lazarus [32]
and Jeffrey [33] of the mid-1930's to the work of Rudraiah etal. [48], mid-1970's work on
MHD flow through porous media, to the 21 century work of Geindreau and Auriault [47],
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in which MHD equations of flow through porous media have been cast in their final and
complete form.

The literature survey also included the most relevant and available models of variable
permeability media and the specific MHD flow problems that have been considered in
the literature. This culminated in a selection of a most relevant exponential permeability
model that serves the objectives of this work.

Model Equations

Governing equations used in this work are the state-of-the-art comprehensive model of
MHD flow through porous media that was initiated by Rudraiah et.al. [48] and thoroughly
analyzed and derived by Geindreau and Auriault [47]. These model equations were
used in the formulation of the problem considered in this work, and an exponential
permeability function has been incorporated in the model equations.

Solution to Model Equations

Generally speaking, many problems in theoretical mechanics lend themselves to three
types of solution methodologies: (i) Analytical solutions; (ii) Numerical solutions; and (iii)
Special purpose methodologies.

The current problem is differential equations based. The authors are pleased to have
been able to provide solutions using the three methodologies. An analytic solution
has been provided in terms of Bessel functions. Alas, the complicated nature of these
functions rendered the solution impractical and hardly tractable. A numerical solution
based on Numerical Shooting Method (NSM) has also been provided to validate the
solution obtained using the efficient technique of Modified Homotopy Perturbation
Method (MHPM). Agreement between the NSM and MHPM methods has been discussed
in this work and assured us of the correctness of solutions obtained.

Presentation of Results

Clear graphs and tables have been used to present our findings in this work. We
presented a thorough and accurate account of what the data told us. An objective of
the work has been to study the effects of flow and medium parameters on velocity,
volumetric flow rate, and wall shear stress. We believe, based on the conclusions drawn,
that this objective has been achieved.

Interpretation of Findings

Data obtained in this work supported some critical conclusions of the effects of the
parameters and limitations of the methodologies used. Critical ranges of some
parameters have been identified. They also point to the need for continuing efforts
in this research area. We have searched for some partial answers, but now we must
research in order to improve on the obtained solutions by considering further models
that better predict a more accurate behavior, or else to provide methodologies that
overcome some of the limitations that we have identified.
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Overall Contribution and Significance
We believe that our modest contribution is significant to the advancement of state-of-

the-art knowledge in the field and presents a baseline and a bench mark with which
further contributions can be compared.
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Characterization of gold nanoparticle suspensions in the
presence of the poly (N-isopropylacrylamide) -co-poly
(3-acrylamidopropyl trimethylammonium) copolymer.
Influence of ionic strength and temperature

Resumen

El recubrimiento de nanoparticulas metalicas con polimero es de interés para dotar de
estabilidad a las suspensiones de dichas nanoparticulas. Por otro lado, existen polimeros
termosensibles que responden de acuerdo a la temperatura a las que son expuestos.
Este estudio tiene como objetivo evaluar y caracterizar el sistema conformado por
nanoparticulas de oro y una version del copolimero termosensible PNIPAAM, -co-
PAMPTMA, (+). Para ello se utilizaron técnicas de dispersion dinamica de la luz, potencial
zeta y espectroscopia ultravioleta-visible. EI PNIPAAM, -co-PAMPTMA,_ (+) fue sometido
a ensayos a distintas temperaturas en los que se confirmé que la temperatura critica
inferior de disolucion del copolimero es de aproximadamente 35°C y que en presencia
de un medio salino tiende a agregar independientemente de la temperatura. Por otra
parte, el copolimero se mezcld con nanoparticulas de oro para estudiar si es un buen
agente de recubrimiento y evita la agregacion de las nanoparticulas a elevada fuerza
ionica. Se encontré que el recubrimiento de las nanoparticulas de oro por parte del
polimero es efectivo ya que al variar la fuerza idnica entre 0 My 0,75 M no se observo
agregacion de las mismas. Esto fue corroborado por el espectro UV-visible en donde
los espectros del sistema (0 nanocomposite) copolimero-nanoparticula a fuerzas
idnicas entre 0 My 0,75 M son practicamente iguales, es decir, el pico del plasmén
aparece en todos los casos a la misma longitud de onda de 520 nm lo que indica que
las nanoparticulas de oro no han agregado. Finalmente, se estudio la evolucién del
sistema copolimero-nanoparticula a distintas temperaturas y fuerzas iénicas. Se detecto
que tanto la influencia de la temperatura como de la fuerza idnica provocan que el
sistema conjunto de copolimero-nanoparticula aumente su tamafo. Sin embargo, las
nanoparticulas de oro en su interior permanecen sin agregarse.

Palabras clave: nanoparticulas de oro, copolimero termosensible, agregacion, dispersion
dindmica de la luz, potencial zeta, espectroscopia UV-vis.
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Abstract

The use of polymer coating on metallic nanoparticles in order to provide great
stability The use of polymer coating on metallic nanoparticles in order to provide
great stability of the suspensions of nanoparticles is an important point of research.
On the other hand, there are thermoresponsive polymers that respond according
to the temperature to which they are exposed. This study is aimed to characterize
the system made up of gold nanoparticles and a version of the thermoresponsive
PNIPAAM, -b-PAMPTMA, (+) diblock copolymer. In this study, dynamic light scattering,
zeta potential and ultraviolet-visible spectroscopy were used. PNIPAAM, -b-PAMPTMA,
(+) was subjected to tests at different temperatures through which it was confirmed
that the lower critical solution temperature of the copolymer is approximately
35°C and that in the presence of a saline medium it tends to increase regardless of
temperature. The copolymer was mixed with gold nanoparticles to study it as a good
coating agent for gold nanoparticles to avoid their aggregation at high ionic strength.
The research shows that by varying the ionic strength between 0 M and 0.75 M, the
coating of the gold nanoparticles by the polymer is effective since no aggregation
was observed. This was corroborated by the UV-visible spectrum where the spectra
of the system (or nanocomposite) copolymer-nanoparticle at ionic strengths
between 0 M and 0.75 M are practically the same, i.e,, the plasmon peak appears
in all cases at the same wavelength of 520 nm, which indicates no aggregation of
the gold nanoparticles. Finally, the evolution of the copolymer-nanoparticle system
was studied at different temperatures and ionic strengths. It was detected that both
the influence of temperature and ionic strength cause the copolymer-nanoparticle
nanocomposite to increase its size. However, the gold nanoparticles inside remained
without aggregating.

Keywords: gold nanoparticles, thermoresponsive copolymer, aggregation, dynamic light
scattering, zeta potential, UV-vis spectroscopy.

INTRODUCCION

Enlas Ultimas décadas, las nanoparticulas de oro (AuNPs) han sido ampliamente estudiadas
debido a que sus caracteristicas fisico-quimicas las hacen aplicables en multiples campos
que van desde la biomedicina a la catélisis o la biodeteccion [1]. En este sentido, las AUNPs
pueden ser utilizadas para el transporte selectivo de farmacos [2], para diagnostico de
enfermedades cancerigenas o para el tratamiento de tumores [3].

Para poder llevar a cabo todas esas aplicaciones es de interés el estudio de la formacion
de agregados de nanoparticulas y de como prevenirlos. Esto es debido a que las
soluciones coloidales son termodindmicamente inestables y tienden a flocular [4].
La comprensién adecuada del proceso de agregacion de las AuNPs es fundamental,
asi como del proceso de estabilizacion. En principio, la estabilizacion se logra por dos
mecanismos, la estabilizacién de carga y la estabilizacion estérica [5] y existen varios
trabajos dedicados a tratar este tema [5-7].
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El objetivo de esta investigacion es caracterizar la estabilizacion de las soluciones de
AuNPs al estar recubiertas de un copolimero termosensible. Sistemas de nanoparticulas
en presencia de polimeros o copolimeros han sido estudiados previamente [4,8-10]
con resultados que han servido de gufa para este estudio. Especificamente, el sistema
(copolimero-AuNPs)  PNIPAAM, -b-PAMPTMA (+) parecido al estudiado en este
trabajo, ha sido caracterizado en estudios anteriores en los cuales se concluye que,
concentraciones altas del copolimero permiten una mejor estabilizacion estérica y
electrostatica de las AuNPs [5].

Para el presente estudio se planted primero la caracterizacion de AuNPs individuales a
distintas fuerzasidnicas y temperaturasy a continuacion se caracterizo la version utilizada
del copolimero poli(N-isopropilacrilamida)-co-poli((3-acrilamidopropil) trimetilamonio,
PNIPAAM, -co-PAMPTMA, (+) que no ha sido estudiadas con anterioridad. La poli(N-
isopropilacrilamida) o PNIPAAM es un polimero termosensible con una temperatura
de disolucién critica inferior LCST (Lower Critical Solution Temperature) por encima
de la cual las cadenas del copolimero se agregan formando estructuras micelares
[11]. Esto es debido a que posee en su estructura grupos amida hidrofilicos y grupos
isopropil hidrofébicos. Temperaturas por debajo de LCST provocan un comportamiento
hidrofilico del PNIPAAM mientras que temperaturas por encima de LCST provocan un
comportamiento hidrofébico pasando a formar micelas o glébulos [12]. Asi, cuando
este polimero se encuentra en disolucién acuosa se produce una separacion de
fases al calentarse por encima de su temperatura critica LCST aproximadamente 32°C
[12]. Considerando que el PNIPAAM es termosensible, la union del mismo con las
nanoparticulas de oro podria influir en el comportamiento de cambio de fase provocado
por la temperatura [13]. Se utilizo el copolimero PNIPAAM, -co-PAMPTMA, (+) derivado
del PNIPAAM en lugar del anterior ya que el anclaje de este en las nanoparticulas de oro
es mas facil debido a que la carga positiva que adquiere el copolimero en disolucion le
permite interaccionar facilmente con la superficie negativa de las nanoparticulas de oro
comerciales utilizadas [9].

Tras la caracterizacion de las AuNPs y del copolimero individualmente, se procedié a
la caracterizacion del sistema formado por ambas entidades cuando se varia la fuerza
idnica y la temperatura. Para ello se utilizaron las técnicas de espectroscopia UV-visible,
dispersion dindmica de la luz y potencial zeta.

MATERIALES Y METODOS
Nanoparticulas de oro

En el transcurso de este estudio se han utilizado nanoparticulas de oro comerciales
con didmetro hidrodindmico nominal de 10 nm, aunque al ser utilizadas cuatro
meses después de su compra las nanoparticulas habian agregado algo y el didmetro
real que determinamos mediante medidas de dispersién dindmica de luz era 20 nm.
La concentracién aproximada de la suspensién comercial era 6x10'? particulas/
cm?®. Las nanoparticulas fueron adquiridas a Sigma-Aldrich (Ref. 741957-25ML). Estas
nanoparticulas estan recubiertas con citrato, molécula que las estabiliza al dotar a su
superficie de carga negativa lo que evita en alguna medida su agregacion.

DOI: https://doi.org/10.18272/aci.v13i2.2338


https://doi.org/10.18272/aci.v13i2.2338

Articulo/Article
Seccién/Section A

Vol. 13, nro.2
1D: 2338

avances
en ciendias e
ingenierias

Caracterizacién de suspensiones de nanoparticulas de oro en presencia del copolimero poli (N-isopropilacrilamida)-co-poli
(3-acrilamidopropil trimetilamonio). Influencia de la fuerza iénica y la temperatura
Herrera / Hernddez (2021)

Copolimero

La variante del copolimero poli(N-isopropilacrilamida)-co-poli((3-acrilamidopropil)
trimetilamonio utilizada en este trabajo, PNIPAAM,-co-PAMPTMA, (+), fue sintetizada
en el Grupo del Prof. Nystrom de la Universidad de Oslo a partir de PNIPAAM [11].

La Fig. 1 ilustra la estructura general de este copolimero. En la versién empleada en
este trabajo, la parte correspondiente al PNIPAAM tiene una longitud de cadena n =48
mondémeros y la parte correspondiente al PAMPTMA(+) tiene una longitud de cadena
m = 6 mondmeros que fue sintetizada de forma exclusiva en el laboratorio del Prof.
Nystrém y utilizada en este trabajo por primera vez. Para abreviar la nomenclatura del
copolimero a lo largo de este trabajo lo denominaremos P-48/6. El peso molecular
promedio de este copolimero es 8190 g/mol.

Figura 1. Estructura general del copolimero PNIPAAM -co-PAMPTA (+). En este trabajon =48y m =6

Disoluciones utilizadas

Se prepard una disolucién acuosa de P-48/6 de concentracion de 0,1% en peso de forma
que, al anadirla a la disolucién de nanoparticulas, la concentracién en las condiciones de
trabajo era 0,075% en peso con lo cual se logra un exceso con respecto a las AuUNPs que
asegura el recubrimiento de éstas [9].

Por otro lado, para variar la fuerza iénica del medio, se prepard una disolucion de cloruro
de sodio, NaCl, de concentracion 2 M a partir de la cual se prepararon las disoluciones
de trabajo mediante dilucion. El NaCl fue adquirido a Panreac y tenfa un 99% de pureza
segun las especificaciones del fabricante.
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Técnicas de caracterizacion

avances  Espectroscopia ultravioleta-visible

g espectroscopia UV-visible se basa en caracterizar las longitudes de onda (A) en el
rango ultravioleta-visible a las que absorbe radiacion una molécula o particula. En el caso
de las nanoparticulas metalicas, estas presentan un maximo de absorcién caracteristico,
denominado pico de resonancia de plasmaén superficial (SPR), que depende del tamafio
de la nanoparticula. Para el caso de las AuNPs, este pico aparece en la region del visible
entre el rojoy el verde.

Los espectros de absorcién se realizaron con un espectrofotometro ultravioleta-visible
(UV-vis) T92+ de PG Instruments Ltd. en el cual se utilizd un rango de longitud de onda
de barrido de 400 a 850 nm siendo el intervalo de barrido de 1 nm.

Dispersion dinamica de la luz (DLS)

La técnica de la dispersion dindmica de la luz es utilizada para la determinacion del
tamano de las particulas en suspensién o macromoléculas en disolucion. Esta técnica se
basa en analizar la fluctuacion a lo largo del tiempo de la intensidad de luz dispersada
por las particulas a un determinado dngulo y correlacionar la rapidez de la fluctuacion
con el tamafo de las particulas. Las fluctuaciones son debidas al movimiento browniano
aleatorio de las particulas, fendmeno explicado por Albert Einstein cuya teorfa permite
escribir la siguiente relacion entre el coeficiente de difusion de las particulas con
movimiento browniano y su tamafio,

KT

. 5
~ 6, R, M

donde D es el coeficiente de difusion, K, es la constante de Boltzmann, n, la viscosidad
del disolvente, T la temperatura absoluta y R el radio hidrodinamico de las particulas.

Esta técnica fue ampliamente desarrollada por R Pecora [14]. Las mediciones de
dispersion de luz se realizaron en un equipo ZetaSizer Nano ZS (Malvern Instruments
Ltd. Malvern, Reino Unido) que posee una fuente de luz laser He/Ne de 4 mW que emite
a una longitud de onda de 633 nm y detecta la intensidad dispersada a un dngulo de
173°. El andlisis de los datos es realizado por el software del equipo (Malvern ZetaSizer
Software 7.03) el cual lleva a cabo el andlisis de la funcion de correlacion procedente
de las fluctuaciones en intensidad, obtiene el coeficiente de difusion D de las particulas
en suspension y a través de la ecuacion (1) relaciona este con el tamafo o radio
hidrodindmico de las mismas.

Ademas, dicho software es capaz de proporcionar la funcién de distribuciéon del tamafo
hidrodindmico. La funcién de distribucion primaria que se obtiene de la técnica de
dispersion de luzes ladenominada funcion de distribucion enintensidad. Esta funcién de
distribucion informa sobre los tamanos de particula presentes en la disolucién, pero no
es indicativo de sus poblaciones relativas ya que las particulas grandes dispersan mucha
mas luz que las pequenas, aunque su poblacién sea menor. Cuando aparecen muchos
picos en la distribucion e interesa conocer qué tamafo tiene una mayor poblacién
de particulas, el software permite, conocidos ciertos pardmetros caracteristicos de las
particulas, transformar la distribucién en intensidad en la denominada distribucién en

5 DOI: https://doi.org/10.18272/aci.v13i2.2338


https://doi.org/10.18272/aci.v13i2.2338

Articulo/Article
Seccién/Section A

Vol. 13, nro.2
1D: 2338

avances
en ciendias e
ingenierias

Caracterizacién de suspensiones de nanoparticulas de oro en presencia del copolimero poli (N-isopropilacrilamida)-co-poli
(3-acrilamidopropil trimetilamonio). Influencia de la fuerza iénica y la temperatura
Herrera / Hernddez (2021)

volumen donde la altura del pico es méas proporcional a la poblacion de particulas que
presentan ese tamano.

Aparte, en este estudio se corroboran las estimaciones del radio hidrodindmico extraidas
del software mediante una aproximacion con el radio de giro (Rg). Asf, la ecuacion (2)
estima el Rg para polimero vinilicos flexibles con conformacion de ovillo al azar [15],

S
R,= CoNeex %C @)

donde Ceo es la razén caracteristica (parametro cuyo valor depende del grado de
flexibilidad del polimero), Nc-c es el nimero de enlaces carbono-carbono, y dc-c es la
longitud del enlace carbono-carbono.

De esta manera, en el caso de estudio, el nimero de enlaces C-C en el esqueleto del
copolimero (n=48 y m=6) es aproximadamente n + m, siendo la longitud de esos
enlaces la tipica del enlace simple C-C, dc-c = 0.154 nm. Como valor de Ceo se puede
tomar como aproximacion razonable Ceo = 10,6, que corresponde al Ceo del PNIPAAM
[16], puesto que la mayor parte del copolimero corresponde a este tipo de polimero.

Potencial zeta ({)

El potencial zeta (Q) es el potencial eléctrico a cierta distancia de la superficie de
una particula o macromolécula cargada en disolucion y esta relacionado con la
carga superficial de dicha particula. El valor del potencial zeta es Util para evaluar la
estabilidad de la suspensién de las nanoparticulas. Valores préximos a cero indican que
la superficie posee poca carga eléctrica por lo que las particulas pueden aproximarse
y agregarla. Valores grandes (en valor absoluto) son indicativos de la estabilidad de
la suspension. Asf, si el potencial zeta (en valor absoluto) es mayor que 30 mV, la
suspension se considera estable.

El potencial zeta se midi6 en el mismo equipo que la dispersion de luz dindmica, es decir
un equipo ZetaSizer Nano ZS (Malvern Instruments Ltd. Malvern, Reino Unido).

RESULTADOS Y DISCUSION

En esta investigacion se caracterizaron tres sistemas: (1) AuNPs a distintas fuerzas
ionicas (puesto que la fuerza idnica influye en su agregacion), (2) copolimero
termosensible P-48/6 a distintas temperaturas (puesto que la temperatura influye en
su agregacion y formacién de micelas) y (3) mezcla del copolimero P-48/6 con AuNPs
a diferentes fuerzas idnicas y temperaturas. El objetivo principal de los ensayos es
observar la interaccion de las AuNPs con el P-48/6 en un rango de temperatura y en
presencia y ausencia de sal.
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Caracterizacion de AuNPs a distintas fuerzas idnicas

avances  Las suspensiones coloidales son termodinamicamente inestables y tienden a flocular.

M En el caso de las AUNPs comerciales, para evitar su agregacion, estas vienen recubiertas
de citrato. Al afiadir sal, el recubrimiento negativo de las AuNPs es apantallado y las
nanoparticulas se agregan. Asi, mediante las técnicas de DLS y UV-visible, se caracterizd
la extension de esta agregacion a distintas concentraciones de sal transcurridas 24
horas tras la adicién de sal para asegurarse de que la reaccién de agregacién habia
evolucionado de forma suficiente. La temperatura de trabajo fue 25°C.

La Fig. 2 representa la distribucién de las AUNPs a distintas fuerzas idnicas entre O M y 1
M. A fuerzas idnicas bajas, comprendidas entre 0 My 0,1 M la agregacion se realiza de
manera lenta y casi imperceptible por lo que el tamarfio de las particulas formadas es
similar al tamano inicial de las AuNPs y el pico no cambia de posicién. La concentracion
de NaCl utilizada no basta para apantallar la carga de la superficie de la nanoparticula
permaneciendo estable largo tiempo. A fuerzas idnicas de 0,5 M se aprecia que las
AUNPs experimentan agregacion, desplazéndose el pico de la funcion de distribucion
a un tamano unas cuantas veces mayor del tamano inicial. A fuerzas iénicas de 0,75 M
y 1 M, el pico de la distribucion de tamafo se desplaza a valores superiores a 100 nm,
indicando una fuerte agregacién. De hecho, a valores de fuerza iénica superiores a 0,75
M los agregados alcanzan un tamafio limite que hacen que precipiten rapidamente.
Dicha precipitacion se apreciaba claramente a fuerza idnica 1 M (a las 24 horas la mayoria
de los agregados habifan ya precipitado). En base a esto se eligio la fuerza iénica 0,75 M
como limite en este estudio.

25 — |=0M
— =0IM
20 — |=05M
1=075M
5 —_ =M
-]
=
}‘E_' 10
=
5
0 ‘ ; ‘ —_
0,1 10 1000
Tamaiio (d.nm)

Figura 2. Distribucion de tamafio de AuNPs a diferentes fuerzas ionicas a tiempo de 24 horas

EnlaFig. 3 se muestra el andlisis de UV-visible que confirma las conclusiones anteriores.
A fuerzas idnicas bajas, 0 My 0,1 M la longitud de onda correspondiente al maximo
de absorbancia es siempre la misma y muy cercana a 520 nm, lo que corresponde a
AuNPs con tamafios inferiores a 50 nm (cuyas suspensiones presentan un caracteristico
color rojo [17]). Este resultado indica que no existe agregacion apreciable de las
nanoparticulas en ese rango de fuerza idnica. Por el contrario, a una fuerza iénica
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de 0,75 M se observa claramente el desplazamiento del pico del plasmén a valores
mayores de longitud de onda, asi como su ensanchamiento lo que es indicativo de
que se han formado agregados de gran tamano. Esto se evidencia en la pérdida de la
coloracién roja tipica de las suspensiones de AuNPs de 20 nm, pasando la suspension
a una coloracién mas bien purpura, indicador de que las nanoparticulas han agregado

aumentando de tamano.
— =0M

—=01M
e | = 0,75 M

Absorbancia

| | | | | |
400 500 600 700 800 900
Longitud de onda (nm)

Figura 3. Espectro UV-visible para AuNPs a distintas fuerzas ionicas

Caracterizacion del copolimero P-48/6 a distintas temperaturas

LLa influencia que puede tener la temperatura en el comportamiento del copolimero es
el objeto de estudio en este apartado. Para ello se prepard una disolucion de copolimero
P-48/6 de concentracion 0,01% en peso sin sal anadida (fuerza idnica cero, | = 0 M). Para
caracterizar el copolimero se utilizd una concentracion pequena (diez veces inferior a la
concentracion preparada inicialmente y utilizada luego para recubrir las nanoparticulas)
para evitar que las cadenas agreguen debido a las interacciones producidas por la
elevada concentraciéon y no simplemente por efecto de la temperatura. Asi, una elevada
concentracion conlleva una excesiva turbidez cuando se alcanza la temperatura LCST
que impide una buena medicion de la intensidad de luz dispersada.

Laevolucion deltamano del copolimero conlatemperaturaen unrango de temperaturas
entre 25°C y 55°C se estudié mediante la técnica de dispersion de la luz. A pesar de la
baja concentracién utilizada para el copolimero (mds pequefia no es posible porque no
da buena sefal), a cualquier temperatura se producen interacciones entre las cadenas y,
por tanto, agregados, por lo que la distribucion en intensidad presenta picos a muchos
tamanos. Para dilucidar qué picos (qué tamanos) son realmente importantes a cada
temperatura se ha representado la distribucion en volumen (Fig. 4). Asi, en la Fig. 4 se
observa que a 25°C y a 35°C las cadenas de polimero estan poco o nada agregadas, lo
que significa que a estas temperaturas predomina el caracter hidrofilico del copolimero
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y ésta esta bien disuelto. De hecho, los picos de la distribucion aparecen en torno a 3 nm
que corresponde al tamafo que tendrian las cadenas individuales del copolimero en
disolucién. Este valor se puede estimar considerando la ecuacion (2) para el radio de giro
Rg. Efectuando los célculos se obtiene que el valor del R, es de 1,5 nm, es decir, un
didmetro (valor representado en Fig. 4) de 3 nm.

A partir de 35°C existe la presencia solo de agregados (los picos de la Fig. 4 aparecen
en torno a 500 nm). Esto es logico puesto que a temperaturas superiores a la LCST en
la cadena de copolimero predomina el carcter hidrofobico, provocando la formacién
de redes o agregados de polimero debido a interacciones entre los segmentos
hidrofébicos.

b — 25
— 35
20 —45C
= 55C
S
e 15
@
£
=
=
10
5
0 | I I I I |
01 1 10 100 1000 10000

Tamaiio (d.nm)
Figura 4. Distribucion de tamafios en volumen del copolimero P-48/6 a distintas temperaturas con | =0 M

Caracterizacion del nanocomposite (AuNPs + P-48/6) a distinta fuerza ionica

Para lograr el recubrimiento de las AuNPs con el copolimero se mezclaron 0,5 ml de
disoluciéon comercial de AuNPs y 1,5 ml de disolucién P-48/6 de 0,1% en peso con lo
que la concentracion de trabajo del copolimero fue 0,075% en peso. Esta disolucion fue
analizada por medio de las técnicas de DLS, UV-visible y potencial zeta.

Para facilitar la comparacion de los tres sistemas estudiados, en la Fig. 5 se representan
conjuntamente las funciones de distribucion en volumen de las disoluciones iniciales
de AuNPs, P-48/6, y nanocomposite (AuNPs + P-48/6) a la temperatura de 25°C y en
ausencia de sal afadida (I = 0). Se aprecia el pico del P-48/6 en torno a 3 nm, el pico
de las AuNPs originales en torno a 20 nmy el pico del nanocomposite a un tamafo
algo mayor que el de las AuNPs individuales, en torno a 50 nm. Una interpretacién
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puede ser que las cadenas de copolimero interaccionan con las nanoparticulas de oro
y las recubren generando una estructura de mayor tamano que la AuNPs individuales.
También pueden existir pequefas redes de copolimero que atrapen nanoparticulas
en su seno.

25
— AUNP:OM
— AuNP-P-48/6: OM
20 P-48/6: OM
E 15
b5,
£
=
S 10
5
O | 1 | | | |
01 1 10 100 1000 10000

Tamaiio (d.nm)

Figura 5. Comportamiento de AuNPs, (AuNPs. P-48/6) y P-48/6 al =0 My a 25°C

La Fig. 6 corresponde a las funciones de distribucién en intensidad de las disoluciones
de AuNPs, P-48/6 y del nanocomposite (AuNPs + P-48/6) a la fuerza idnica limite | = 0,75
My a 25°C. Como ya se vio en las Fig. 2 y 3, las AuNPs individuales agregan en presencia
de sal, apareciendo tamafos en torno a 200 nm. Por otro lado, el copolimeroal=0,75M
estd principalmente en forma de agregados y no hay cadenas individuales (no aparece
pico en torno a 3 nm). Aunque la temperatura es inferior a la LCST, la concentracion de
trabajo es elevada y la presencia de sal apantallando la carga del copolimero facilita que
las cadenas de éste se asocien. Cuando se forma el nanocomposite, en el sistema AuNPs
+ P-48/6, estas redes de copolimero que se forman a elevada fuerza iénica, atrapan
todas las AuNPs en su interior por lo que la funcion de distribucién del sistema AuNPs
+ P-48/6 estd formada por picos a partir de 100 nm (si hubiera AuNPs libres habria un
pico a 20 nm en la funcién de distribucién). El tamafio de estas redes de copolimero
con AuNPs atrapadas es algo menor que las redes formadas solamente por P-48/6
solo. Esto se puede explicar porque las AuNPs atrapadas (carga negativa) producen un
apantallamiento extra de la carga positiva de las cadenas de copolimero que forma la
red con lo que la red puede encogerse algo mas.
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Figura 6. Distribucion de intensidad de AuNPs, (AuNPs. P-48/6) y P-48/6 a | = 0,75M, 25°C

Finalmente, esimportante determinar silas AUNPs que forman parte del nanocomposite
se encuentran agregadas en presencia de sal. La Fig. 7 recoge los espectros UV-vis de
las disoluciones de las AuNPs individuales y del nanocomposite tanto en presencia
como en ausencia de sal. Se aprecia que la longitud de onda a la que aparece el pico
de plasmoén en el nanocomposite (AuNPs + P-48/6) tanto a fuerza idnica 0 M como 0,75
M es aproximadamente la misma e igual a la longitud de onda del pico de plasmdén
caracteristico de las AuNPs sin agregar a | = 0 M, (el copolimero no da sefal UV-visible),
es decir aproximadamente 520 nm. De esta manera se puede afirmar que, si bien el
copolimero agrega con la sal, las AUNPs permanecen sin formar agregados, atrapadas e
inmovilizadas individualmente en la red de copolimero.
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Figura 7. Espectro UV-visible de AuNPs y (AuNPs. P48/6) a 25°Cyal=0My0,75M

Ciertamente, el pico del sistema (AuNPs + P-48/6) a 1=0,75 M esta ligeramente desplazado
a longitudes de onda mayores respecto del pico de las AuNPs individuales, pero esto
puede achacarse a que muchas de las nanoparticulas atrapadas en la red polimérica se
encuentran suficientemente proximas (sin llegar a agregar). La agregacion de las AuNPs,
por otro lado, es clara, como ya se puso de manifiesto en la Fig. 3, cuando se afade sal
sin que esté el copolimero presente.

Figura 8. Imagen TEM del nanocomposite a | = 0 M. Escala de 200 nm

12 DOI: https://doi.org/10.18272/aci.v13i2.2338


https://doi.org/10.18272/aci.v13i2.2338

Articulo/Article
Seccion/Section A

Vol. 13, nro.2
1D: 2338

avances
en ciendias e
ingenierias

13

Caracterizacién de suspensiones de nanoparticulas de oro en presencia del copolimero poli (N-isopropilacrilamida)-co-poli
(3-acrilamidopropil trimetilamonio). Influencia de la fuerza iénica y la temperatura
Herrera / Hernadez (2021)

Las afirmaciones anteriores son apoyadas por imagenes de microscopia de transmision
de electrones TEM. estas arrojan luz sobre el comportamiento de las AuNPs dentro del
copolimero. Las Fig 8 es una imagen TEM correspondiente a una fuerza iénica I=0 M. En
ella se nota claramente que las AuNPs se encuentran en forma dispersa, asociadas en su
mayorfa a cadenas de polfimero individuales.

Figura 9. Imagen TEM del nanocomposite a| = 0,75 M. Escala de 200 nm

Cuando la fuerza iénica es | = 0,75 M, obtenemos la imagen TEM mostrada en la Fig 9
donde se aprecia que las AuNPs siguen sin agregar, aunque aparecen menos dispersas
que anteriormente. Esto Ultimo puede explicarse debido a que el copolimero, al estar
expuesto a una fuerza idnica elevada, se encuentra formando marafas compactas,
razén por la cual en la imagen se observa que las AUNPs impregnadas en estas marafas
se encuentran muy juntas entre si, pero conservan su individualidad.
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Caracterizacion del nanocomposite (AuNPs + P-48/6) a distinta temperatura

20 —T=25C
—T=35(
— T =45
15 T=550
—T=25Cvuelta
<
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=}
5
=
5
0= \ T | n \
10 100 1000 10000
Tamaiio (d.nm)

Figura 10. Distribucion de tamaio del (AuNPs. P-48/6) a distintas temperaturas con fuerza iénica de 0,75 M

Ya que el copolimero es termosensible, se estudid el comportamiento del sistema
(AUNPs + P48/6) al variar la temperatura entre 25°C y 55°C fijando la fuerza iénica en
el valor limite de 0,75 M. En la Fig. 10 se representa la distribucién en intensidad del
tamano del nanocomposite para las distintas temperaturas consideradas.

A 25°Cla distribucién es la misma que ya aparecia en la Fig. 6. Alaumentar la temperatura
enelrangode 35°Ca 55°C, se observa que la distribucion se desplaza a tamafios mayores.
Esto es coherente con la LCST confirmada en este estudio. Es decir, a temperaturas de
35°Cy 55°C el copolimero adquiere un caracter hidrofébico global y tiende agregar, aun
mas de lo que ya estaba debido a la fuerza idnica. Luego, al parecer, tanto la temperatura
como la fuerza iénica influyen en el tamafo del nanocomposite, observando un mayor
tamafoal=0,75M.

Enla Fig. 10 también se ha representado la distribucion obtenida a 25°C tras dejar enfriar
la muestra (25°C vuelta), aproximadamente una hora después de terminar con el ensayo
a 55°C. Se observa que, al dejar pasar un cierto tiempo, el nanocomposite empieza a
disminuir su tamafo (picos se desplazan a tamafos menores) lo cual indica que esta
ocurriendo un proceso de desagregacion de los agregados formados entre las cadenas
del copolimero por efecto de la temperatura.
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Figura 11. Espectro UV-visible de (AuNPs. P48/6) a temperaturas de 25°Cen ida y vuelta con 1 =0,75 M

Ahora bien, que el sistema (AuNPs + P-48/6) haya agregado a temperaturas superiores
a la LCST no nos aclara lo sucedido con las AuNPs atrapadas en su interior. Ante la
imposibilidad de llevar a cabo un anélisis de UV-visible a distintas temperaturas con la
instrumentacion utilizada, se procedié a caracterizar el estado de las AuNPs a 25°C tanto
al inicio de la rampa de temperatura (ida) como tras el proceso de enfriamiento (vuelta).
La Fig. 11 recoge los espectros obtenidos en ambas situaciones. Se aprecia que las
AuNPs mantienen en todo momento su pico de plasmén a 520 nm aproximadamente,
tanto antes de iniciarse la rampa de temperatura como después. Esto evidencia que las
AuNPs no se encuentran agregadas sino simplemente atrapadas en las redes formadas
por las cadenas del copolimero.

Estudio del potencial zeta ({)

Se utilizé la medida del potencial zeta para determinar la estabilidad de las suspensiones
de las AuNPs solas, del copolimero y del sistema (AuNPs + P-48/6). Las mediciones se
realizaron a 25°C y a fuerzas iénicas nula y 0,05 M (la fuerza idnica ha de ser pequefa
porque una fuerza idnica excesiva implica una elevada conductividad que estropea los
electrodos de la celda de trabajo). Los experimentos se llevaron a cabo en el mismo
equipo que se utilizd para las medidas de DLS.

Asi, si el potencial zeta presenta valores muy positivos 0 muy negativos, las particulas
coloidales tienden a repelerse y la suspension es estable. Se asume que valores de
potencial zeta por debajo de -30 mV y por encima de +30 mV confieren estabilidad
a la suspension coloidal. Si el potencial zeta se encuentra entre estos valores, las
suspensiones coloidales seran inestables y tienden a agregarse.

En la Fig. 12 se representan en forma de diagrama de barras las medidas del potencial zeta
llevadas a cabo para las AuNPs, el P-48/6 y el nanocompsite (AuNPs + P-48/6). En las AuNPs a
fuerzaionica 0 M, el potencial zeta tiene valores de -30 mV, por tanto, se pone de manifiesto la
estabilidad de las mismas. Por el contrario, si se aumenta la fuerza iénica a 0,05 M, el potencial
zeta tiende hacia cero con lo que las AUNPs serdn menos estables y empezaran a agregar.
Estos valores son consecuentes con lo observado en el DLS y UV-visible para las AuNPs.
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Figura 12. Medidas del potencial zeta

El P-48/6, que es de naturaleza catidnica, tiene un potencial zeta positivo de 25 mV a
=0 M, lo que implica una relativa estabilidad del copolimero al ser el potencial muy
cercano a 30 mV. En cambio, al aumentar la fuerza iénica, el potencial zeta disminuye
con lo que aumenta la tendencia del copolimero a formar agregados. Esto es coherente
con el comportamiento observado en los experimentos de DLS.

Finalmente, los valores del potencial zeta para el nanocomposite (AuNPs + P-48/6) son
perfectamente coherentes con los resultados procedentes de las medidas de DLS y UV-
visible. A1 =0 M ya se tiene un valor menor que 30 mV, es decir el nanocomposite
tiene cierta inestabilidad como se evidencio en la Fig. 6 donde se pone de manifiesto la
presencia de agregados (aunque son agregados de copolimero, no de nanoparticulas
como se discutid anteriormente). Por otro lado, al aumentar la fuerza iénica, como se
esperaba por los andlisis previos, el nanocomposite (AUNPs + P-48/6) pierde estabilidad
formando agregados mayores.

CONCLUSIONES

Las nanoparticulas de oro tienden a perder su estabilidad y agregarse al aumentar la
fuerza iénica de la suspension en la que se encuentran. La distribucién de tamario vy el
desplazamiento del pico de plasmon obtenidos a través de las técnicas DLS y UV-visible
ponen de manifiesto este fenébmeno de agregacion. Se pudo determinar que a fuerzas
idnicas mayores de 0,75 M (utilizando como electrolito de NaCl) la suspension pierde su
estabilidad en un tiempo inferior a un dfa y las nanoparticulas agregadas precipitan.

La temperatura LCST del copolimero PNIPAAM, -co-PAMPTMA, (+), o P-48/6, es
aproximadamente 35°C. Por encima de esa temperatura, las funciones de distribucion
de tamafno obtenidas mediante DLS se desplazan a tamafos mayores que los
correspondientes a cadenas individuales. Esto es debido al aumento del caracter

DOI: https://doi.org/10.18272/aci.v13i2.2338


https://doi.org/10.18272/aci.v13i2.2338

Articulo/Article
Seccién/Section A

Vol. 13, nro.2
1D: 2338

avances
en ciendias e
ingenierias

17

Caracterizacién de suspensiones de nanoparticulas de oro en presencia del copolimero poli (N-isopropilacrilamida)-co-poli
(3-acrilamidopropil trimetilamonio). Influencia de la fuerza iénica y la temperatura
Herrera / Hernddez (2021)

hidrofébico del segmento de PNIPAAM que provoca la agregacion de las cadenas.
Ademads, en presencia de sal, el copolimero P-48/6 tiende a formar redes. Esto implica
que, aulin a temperaturas inferiores a la LCST, cuando el caracter hidrofilico predomina,
el copolimero agrega. Asi que, el copolimero no sélo es termosensible sino también
susceptible a la fuerza idnica.

En el nanocomposite (AuNPs + P-48/6) a fuerza ionica 0,75 M, las nanoparticulas
permanecen sin agregar, atrapadas en el interior de una red formada por diversas cadenas
de copolimero como pone de manifiesto la utilizaciéon conjunta de las técnicas de DLS
y espectroscopia UV-visible. Al aumentar la temperatura de la disolucion, el copolimero
adquiere caracter hidrofébico a temperaturas superiores a 35°C, favoreciéndose las
interacciones copolimero-copolimero y el consecuente desplazamiento de la funcién de
distribucién a tamafos mayores. Sin embargo, el pico de plasmén permanece en el mismo
valor de longitud de onda correspondiente a las AuNPs originales (520 nm). Por tanto, tras
aumentar la temperatura y la fuerza idnica en el nanocomposite (AuNPs + P-48/6), las
AuNPs permanecen en forma individual atrapadas y protegidas por la red de copolimero.

Finalmente, en principio, el copolimero PNIPAAM -co-PAMPTMA, (+) podria ser utilizado
para recubrir y estabilizar otro tipo de nanoparticulas metélicas debido a que cualquier
nanoparticula con carga superficial negativa es susceptible de interaccionar con el
copolimero de carga positiva.
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Heterologous microsatellite markers assay in
Rubus niveus for the study of its genetic diversity
in the Galapagos Islands

Resumen

Rubus niveus o mora es una especie originaria de Asia. Esta planta se ha dispersado
por varios continentes por sus Usos antropogénicos y sus caracteristicas biolégicas. La
alta adaptabilidad que presenta le ha permitido establecerse en nuevos ambientes y
volverse invasora, como es el caso de las Islas Galdpagos, Ecuador. Desde su llegada a
estas islas, la mora ha ido desplazando plantas nativas y hasta el momento ninguno de
los métodos de control utilizados ha resultado efectivo. Estudiar la diversidad genética
de esta planta usando marcadores moleculares podria servir para explicar el éxito de
su invasion y para desarrollar medidas de control efectivas. Por lo expuesto, en el
presente estudio se evaluo la viabilidad de marcadores microsatélites heterélogos para
el andlisis de la diversidad genética de esta especie en las Islas Galdpagos. Para ello se
colectaron y analizaron 68 muestras de diferentes localidades de las islas Santa Cruz,
San Cristébal, Isabela'y Floreana, y 10 muestras del Ecuador continental. Se escogieron
15 marcadores microsatélites y todos amplificaron exitosamente, demostrando
transferibilidad de una especie a otra. Los 15 loci resultaron monomorficos para las
muestras amplificadas de las Islas Galdpagos y Ecuador continental. Estos resultados
no permitieron determinar la diversidad genética de la mora en las muestras
estudiadas. Nuestro estudio con microsatélites y otros similares en especies del
género Rubus, encontraron loci monomorficos. Por lo tanto, sugerimos llevar a cabo el
secuenciamiento del genoma de la mora y asf utilizar otros marcadores moleculares
como los polimorfismos de nucleétido simple para dilucidar el nivel de diversidad
genética de esta especie.
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Abstract

Rubus niveus is a species that originated in Asia. This plant has spread over several
continents due to its anthropogenic uses and biological characteristics. It presents high
adaptability, which has allowed it to establish in new environments and invade them,
as is the case of the Galapagos Islands, Ecuador. Since it arrived in the archipelago, R.
niveus has displaced native plants. Existing control methods have so far been ineffective.
Understanding this plant’s genetic diversity using molecular markers could explain its
invasive success, and aid in developing efficient control strategies. Therefore, in this study,
we carried out a preliminary analysis of the transferability of heterologous microsatellite
markers for the study of genetic diversity of R. niveus in the Galapagos Islands. For this
purpose, we collected and analyzed 68 samples from different locations within Santa
Cruz, San Cristobal, Isabela, and Floreana islands, and 10 samples from continental
Ecuador. We chose 15 microsatellite markers for this study, all of which amplified
successfully, demonstrating transferability from one species to another. However, all
15 loci were monomorphic in every amplified sample from the Galapagos Islands and
continental Ecuador; therefore, we were unable to determine the genetic diversity of
R. niveus in our samples. Our research with microsatellite markers and similar studies
with species in the Rubus genus found monomorphic loci. Therefore, we suggest that
a better strategy would be to sequence R. niveus'genome and explore other molecular
markers such as Single Nucleotide Polymorphisms to determine the genetic diversity
levels of this species.

Keywords: Rubus niveus, invasive species, Galapagos Islands, microsatellite markers,
genetic diversity, monomorphism.

INTRODUCCION

Rubus niveus (Thunb.), cominmente conocida como “mora” en el Ecuador, es un
arbusto perenne perteneciente a la familia Rosaceae. Esta especie es originaria de Asia,
especificamente de las zonas templadas del sistema de los Himalayas [1]. Su fruto es
altamente apetecible por su sabor agradable y alto contenido nutricional [2], razén
por la cual se comenzd a comercializar aproximadamente en la década de 1930 desde
la India hacia el resto del mundo [3]. Actualmente, se encuentra distribuida en varios
continentes como Asia, Oceanfa, América y Africa [3, 4].

Las semillas de esta especie son altamente viables y tienen un desarrollo rapido [3].
Por esta razén, la mora se puede encontrar en varios ambientes, incluyendo bordes de
carreteras, campos abiertos, bosques no perturbados [5] y dreas urbanas [6]. Ademas,
tiene una alta capacidad competitiva por recursos naturales, rapida madurez vy

DOI: https://doi.org/10.18272/aci.v13i2.2293


https://doi.org/10.18272/aci.v13i2.2293

Articulo/Article
Seccién/Section B

Vol. 13, nro.2
1D:2293

avances
en ciendias e
ingenierias

Evaluacion de marcadores microsatélites (SSRs) heterdlogos en Rubus niveus para estudios de diversidad genética en las Islas Galapagos
Alarcén / Pozo / Erazo-Garcia / Ortega / Rojas / Barriga-Medina / Leon-Reyes / Torres (2021)

multiples modos de reproduccion [7,8]. Estas caracteristicas han convertido a la mora
en un gran problema en distintos archipiélagos [3], tales como Hawdi y Galdpagos,
donde es considerada como una especie invasora [1].

El archipiélago de Galdpagos es una region que presenta un alto grado de endemismo
en varios grupos taxonomicos [9]. Esta regién es vulnerable a plantas invasoras por su
clima variado, su tipo de suelo y sus distintos rangos altitudinales [10]. Varios estudios
indican que la amplia cobertura que existe de la mora en las Islas Galdpagos se debe
a su propagacién vegetativa y la facil dispersion de sus semillas [1,3,11]. Es asi como
Rubus niveus ha proliferado en el archipiélago y se encuentra distribuida en varias islas
como San Cristébal, Santa Cruz, Floreana, Santiago e Isabela [1], desplazando a especies
nativas como Miconia robinsoniana, Cyathea weatherbyana y Scalesia pedunculata [1,4].
Desde una perspectiva de manejo y para controlar el impacto que puede tener esta
especie en la ecologia de las Islas Galdpagos, se ha tratado de mantener la cobertura
de la mora por debajo del 60% [12]. Para lograr este objetivo, se han implementado
distintos métodos que combinan, tanto el control manual como el quimico [12,13]. Sin
embargo, hasta el momento, ninguno de estos métodos ha sido efectivo para controlar
la poblacion de la mora en las Islas Galdpagos [4].

La genéticay la ecologia de poblaciones estan vinculadas con los eventos de invasiones
bioldgicas, ya que a menudo las especies invasoras enfrentan importantes desafios de
adaptacion a nuevos entornos y condiciones ecoldgicas, que pueden ser distintas a
las encontradas en su rango de distribucion nativo [14]. En este contexto, el uso de
marcadores moleculares permitirfa estudiar procesos ecoldgicos, como la colonizacion,
dispersion y las interacciones ecoldgicas dentro de una comunidad [14]. Ademds, estos
marcadores pueden proveer evidencia de la ocurrencia de multiples introducciones,
proporcionar informacion sobre el patron espacial de invasion, permitir identificar la
poblacion o poblaciones de origen, e identificar la variacion genética perdida por cuellos
de botella durante sucesos de colonizacion [15]. En estudios de diversidad genética y
estructura poblacional, el andlisis de marcadores moleculares contribuiria a entender la
dindmica poblacional de Rubus niveus. Ademas, permitirian inferir los posibles eventos
de colonizacion en las diferentes islas y se podrian plantear alternativas de control y
manejo adecuadas para esta especie [1,16].

Se han reportado algunos estudios sobre la diversidad genética de especies del género
Rubus.En R. idaeus se utilizaron Random Amplified Polymorphic DNA (RAPDs) para detectar
diversidad genética, mientras que en R. glaucus se utilizaron Amplified Fragment Length
Polymorphism (AFLPs) con el mismo propdsito [17,18]. Estos dos tipos de marcadores
también han sido empleados para analizar el grado de similitud y diversidad genética
de varias especies de Rubus [17-21]. Por otra parte, los marcadores Inter Simple Sequence
Repeats (ISSRs) y microsatélites o Simple Sequence Repeats (SSRs), han sido utilizados
para la caracterizacién de germoplasma y programas de fitomejoramiento en R.
chamaemorus, R. coreanus, R. occidentalis y R. glaucus [22-25]. 1SSRs, AFLPs y espaciadores
intergénicos fueron empleados en R. phoenicolasius, R. takesimensis y R. aceifolius para
el estudio de la diversidad genética de especies de Rubus invasoras de ecosistemas
forestales e insulares [26-28]. A pesar de contar con toda esta informacion, hasta el
momento no se ha analizado a nivel molecular, la diversidad genética de R. niveus en
las Islas Galapagos.
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El estudio de la diversidad genética de una especie invasora puede servir para explicar
su éxito ecoldgico, la capacidad de las poblaciones para adaptarse a condiciones
ambientales nuevas o cambiantes y para disefAar planes de manejo efectivos [7,15,16].
Los SSRs han demostrado ser polimérficos y transferibles entre multiples especies de
Rubus, por lo que han sido Utiles para el estudio de la diversidad genética, estructura
poblacional y relaciones evolutivas [23,25,29,30]. Por esta razén, el objetivo de este
estudio fue evaluar la viabilidad de uso de marcadores SSRs heterélogos para el anlisis
preliminar de la diversidad genética de esta especie en las Islas Galdpagos.

MATERIALES Y METODOS
Recoleccion de muestras

Se recolectaron 68 muestras de hojas jovenes y sanas de Rubus niveus en cuatro
islas: San Cristébal (SCR), Santa Cruz (STX), Isabela (ISA) y Floreana (FLO) (Tabla 1). Se
tomaron de cinco a siete foliolos por planta. Todas las muestras fueron recolectadas
al borde de caminos, carreteras y vias principales, excepto las muestras de Floreana
que fueron recolectadas en el 4rea del Parque Nacional Galdpagos (PNG), al igual que
cuatro muestras en San Cristobal (El Junco) y tres muestras en Santa Cruz (Los Gemelos)
(Fig. 1). Las muestras fueron almacenadas en bolsas plasticas con cierre hermético que
contenfan gel de silice. Posteriormente, se trasladaron al Galapagos Science Center
(GSC) en San Cristobal y se mantuvieron a temperatura ambiente hasta ser trasladadas
al Laboratorio de Biotecnologia Vegetal de la Universidad San Francisco de Quito (USFQ)
en Quito, Ecuador.

Tabla 1. Ndmero de muestras de Rubus niveus recolectadas por localidad en las Islas Galapagos y el Ecuador
continental, y cddigos utilizados para identificar localidades.

Localidad Cddigo 2;3::::;21
Isla San Cristébal SCR 18
Galépagos Isla Santa Cruz STX 18
Isla Isabela ISA 18
Isla Floreana FLO 14
Av. Intervalles (Pichincha) INT 1
Cumbaya (Pichincha) CUM 1
Ecuador Valle de los Chillos (Pichincha) VCH 2
continental Puembo (Pichincha) PUE 2
Mindo (Pichincha) MIN 2
Riobamba (Chimborazo) RIO 2
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Figura 1. Mapa de los sitios de muestreo de hojas de Rubus niveus en cuatro islas del archipiélago de Galapagos.
(1A) Isla San Cristbal, (1B) Isla Santa Cruz, (1C) Isla Isabela, (1D) Isla Floreana. Mapa realizado con ArcGIS Pro
2.7.0 Esri Inc. (2020).
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Por otra parte, se recolectaron 10 muestras de hojas sanas de Rubus niveus dentro de
Ecuador continental (Tabla 1). Estas fueron recolectadas al borde de las carreteras (Fig. 2)
y almacenadas en bolsas plasticas con cierre hermético que contenian gel de silice, para
ser trasladadas al Laboratorio de Biotecnologia Vegetal de la Universidad San Francisco

de Quito (USFQ) en Quito, Ecuador.
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La recoleccion de muestras y las actividades de esta investigacion se realizaron bajo
el Contrato Marco MAE-DNB-CM-2016-0041, firmado entre la USFQ y el Ministerio del
Ambiente del Ecuador.

Extraccion ADN

El ADN se extrajo siguiendo el protocolo de CTAB (Cetrimonium Bromide) para
aislamiento de ADN vegetal de alto peso molecular [31]. El gel fue revelado mediante
el software Image Lab™ del sistema Gel Doc XR+ (Bio-Rad Laboratories, Inc.). EI ADN
extraido se cuantificé por medio de un espectrofotémetro de UV visible Nanodrop
2000™ de Thermo Scientific™. La calidad del ADN gendmico se confirmé mediante un
gel de agarosa al 1% (p/p) teAido con SYBR Safe (Invitrogen). Las muestras de ADN se
diluyeron en agua ultrapura a concentraciones de aproximadamente 20 ng/pl.

Eleccion de marcadores SSRs

Se utilizaron 15 marcadores SSRs disefiados para las especies Rubus idaeus, R. glaucus, R.
alceifolius y el hibrido Marion blackberry. Los marcadores SSRs escogidos han reportado
previamente un alto polimorfismo 'y alta transferibilidad [25,32,33]. Con el fin de facilitar el
trabajo en laboratorio, se renombré los 15 marcadores SSRs con un nuevo codigo de tres
caracteres (R01- R15). El detalle de los marcadores SSRs escogidos se indica en laTabla 2.

Tabla 2. Informacion de los marcadores SSRs heterélogos escogidos para la amplificacion en Rubus niveus. En
negrita se encuentran los SSRs compuestos.

Codiao Tamano
9 Especie Motivo esperado  Referencia
SSRs
(pb)
Rubus 116a RO1 R. idaeus (CT)12(T)10 299 [30]
Rg-A12-1 R0O2 R. glaucus (GA)23 387-432 [30]
Rubus hybrid,
RhMO003 RO3 Marion (TG)10 173 -264 [18,25]
blackberry
Rubus 16a RO4 R. idaeus (AT)8(GT)11 169 [25,30]
Rubus 76b RO5 R. idaeus (CT)5(CT)4 190-210 [25,30]
Rubus hybrid,
RiMO19 RO6 Marion (AG)12 146 -196 [25,32]
blackberry
Rubleaf97 RO7 R. idaeus (CTT)-(CCT)9 205 [33]
Rubus hybrid,
RhMO11 RO8 Marion (TO)18 252 - 346 [25,32]
blackberry
mRaCIRRIH3 RO9 R . (GT)15(GA)17 160- 226 [25]
alceifolius
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Tamanho
Especie Motivo esperado  Referencia
(pb)
Rubus 126b R10 R.idaeus (CT)31(CA)22 150-201 [33]
Rubus 98d R11 R.idaeus (GAA)5(GA)10 198 [30]
Rubus 259f R12 R. idaeus (CT)4(AG)8 265 [25]
RhMO021 R13 R. idaeus (TO)6 282 [25,30]
Rubus 105b R14 R.idaeus (AG)8 165-173 [25,30]
Rubus 275a R15 R. idaeus (AG)27 114 - 145 [33]

Estandarizacion primers heterdlogos

Para la amplificacién de los marcadores SSRs, se utilizd la metodologia descrita por
[34], la misma que consiste en el uso de tres primers: un primer universal marcado con
un fluordforo (6-FAM, VIC, NED, PET), un primer forward modificado con una secuencia
corta adicional complementaria a la del primer universal y un primer reverse [34]. Este
protocolo ha sido estandarizado previamente en el Laboratorio de Biotecnologia
Vegetal de la USFQ.

Para la amplificacion de 15 SSRs en R. niveus, las concentraciones de los reactivos
de la PCR fueron: 1X de Buffer (Invitrogen), 0,04 mg/ml de BSA, 0,32 mM de dNTPs
(Invitrogen), 0,5 uM de primer reverse, 0,15 uM de primer forward, 0,5 uM del primer
forward universal marcado con un fluoréforoy 1 U de Taq platinum. En el caso de MgCl,
las concentraciones variaron de acuerdo al primer utilizado. La concentracién final de
ADN utilizada fue de 20 ng/ul para la mayoria de los primers, excepto para los primers R04
y R12 donde se utilizaron 40 ng/ul (Tabla 3). El volumen final de la reaccion fue de 25 pl.
El programa de termociclado consistié en una desnaturalizacién inicial a 94°C por 5 min,
seguido de 35 ciclos de desnaturalizacién a 94°C por 30 s, annealing durante 45 s segun
la temperatura estandarizada para cada primer (Tabla 3) y una extensién a 72°C por 45
s. La etapa final fue una extensiéon a 72°C durante 10 min. Finalmente, los amplicones
obtenidos se visualizaron en un gel de agarosa al 1,5% p/p, con el fotodocumentador
Gel Doc XR+ (Bio-Rad Laboratories, Inc.).

Tabla 3. Temperatura de annealing y concentracion final de ADN y Mg(I2 para cada marcador SSR. Se detalla
también el tamafio amplificado en Rubus niveus para cada marcador.

Temperatura de

ADN (ng/ Tamano de

Slosh annealing (°C) MgCl2 (mM) pl) amplicén (pb)
RO1 61 16 20 196
RO2 53 20 20 179
RO3 51 20 20 215
RO4 57 25 40 148
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Temperatura de

ADN (ng/ Tamano de

(LR annealing (°C) MgCl2 (mM) pl) amplicon (pb)
RO5 51 16 20 208
RO6 58 20 20 210
RO7 53 20 20 229
RO8 56 20 20 295
RO9 53 20 20 163
R10 53 20 20 164
R11 51 20 20 194
R12 59 25 40 259
R13 55 20 20 302
R14 58 16 20 165
R15 55 20 20 148
Genotipado

Se enviaron tres series de placas I\/licroAmpTM Optical de Applied BiosystemsTM de los
amplicones obtenidos de las muestras de mora analizadas a Macrogen Inc.,, Corea.
El primer envio fue de las 68 muestras de las Islas Galdpagos amplificadas con los
primers RO1, R02, R0O3 y R04 (Tabla 2). En una segunda placa, se enviaron los 11 primers
restantes (R0O5-R15) (Tabla 2) para un nimero de muestras representativo de las Islas
Galdpagos (15 muestras): tres de Floreana (FLO001, FLO002 y FLOO13), cuatro de Isabela
(ISA0OT, ISA005, ISAOT1 e ISA018), cuatro de Santa Cruz (STX005, STX011, STX015 y
STX021) y cuatro de San Cristobal (SCR001, SCRO05, SCR024 y SCR029). Finalmente, el
tercer envio fue de las 10 muestras del Ecuador continental amplificadas con los 15
marcadores SSRs (Datos S1).

El genotipado de los SSRs se realizd mediante una electroforesis capilar utilizando un
secuenciador Applied Biosystems ABI 3130xI y el marcador de referencia de tamarno
500 LIZ (Humanizing Genomics Macrogen). Los resultados de Macrogen, Inc. se
analizaron con el software GeneMarker de SoftGenetics LLC. (2012). Con este programa
se identificaron los alelos de cada locus en base a su tamanoy al patrén de fluorescencia
de mayor intensidad en el electroferograma. Se usaron como referencia el tamafo y el
motivo de los loci, reportados en la literatura (Tabla 2).

RESULTADOS

Extraccion de ADN

La extraccién de ADN gendmico de las 78 muestras de mora provenientes de las Islas
Galdpagos y del Ecuador continental fue exitosa. La concentracion promedio de ADN

genémico fue de 1.316,6 ng/pl. Los indices de absorbancia A, /A .y A, /A, promedio
fueron de 1,9 y 1,7 respectivamente, lo que indica que se obtuvo un ADN de buena
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0 calidad [35,36]. Se obtuvo una banda de alto peso molecular en el gel de agarosa, lo que
confirmé la buena calidad del ADN (Fig. 3).
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Figura 3. Calidad del ADN gendmico extraido de hojas de Rubus niveus visto en un gel de agarosa al 1% (p/p).

Estandarizacion de primers heterdlogos y amplificacion de SSRs

Los 15 marcadores SSRs amplificaron exitosamente en las muestras colectadas en las
Islas Galapagos y en el Ecuador continental. Trece marcadores mostraron una banda
claray sololoslociR07 y R10 presentaron bandas tenues. Un ejemplo de la amplificacién
de uno de los loci de microsatélite probados puede observarse en la Fig. 4.

STXS STX11 STX1S STX21 SCR1 SCRS SCR24 SCR29

2000bp

Figura 4. Electroforesis en gel de agarosa al 1,5% (p/p) de los productos de amplificacion con el marcador SSR
R14, en ocho muestras de Rubus niveus de las islas Santa Cruz (STX) y San Cristobal (SCR).
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Genotipado

El tamano de los alelos encontrados para cada locus tuvo concordancia con el
reportado en la literatura (Tabla 3), tanto para las muestras de las Islas Galdpagos
como para las del Ecuador continental. Las 68 muestras de las Islas Galdpagos fueron
amplificadas y genotipadas con los primers RO1-R04 y resultaron monomorficos, ya
que se observé un solo alelo para todas las muestras con estos marcadores. Los SSRs
R05-R15 que se genotiparon con 15 muestras representativas de las Islas Galdpagos
también resultaron monomodrficos. Finalmente, las 10 muestras del Ecuador
continental se amplificaron y se genotiparon con los primers R01-R015, obteniéndose
nuevamente un solo alelo en todas las muestras estudiadas. Los electroferogramas
representativos para cada locus microsatélite se observan en la Fig. 5. Un ejemplo
del monomorfismo observado para los loci se observa en la Fig. 6, en donde se han
sobrelapado los electroferogramas obtenidos para las muestras de Ecuador continental
y se distingue Unicamente un alelo para cada locus en las muestras analizadas. Debido
a que todos los loci analizados resultaron ser monomorficos, no fue posible realizar
analisis estadisticos de la diversidad genética.
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Figura 5. Electroferogramas obtenidos de los 15 loci SSRs utilizados en este estudio.
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Figura 6. Superposicion de los electroferogramas de siete muestras de Ecuador continental, amplificadas con
cada uno de los marcadores SSRs utilizados en este estudio.

DISCUSION

La concentracién y calidad del ADN fueron adecuadas para llevar a cabo los anélisis
moleculares. El valor A, /A, se encontré dentro del rango que indica un ADN libre de
contaminantes como proteinas y polisacaridos. La absorbancia en el rango A, /A . fue
cercana al valor ideal (~1,8) [35].

Los 15 marcadores SSRs probados amplificaron y el tamafo de estas bandas tuvo
concordancia con el reportado en la literatura [25,32,33,37]. Por otra parte, el
genotipado reveld alelos monomarficos en cada uno de los 15 loci analizados, tanto en
las poblaciones de las Islas Galdpagos (68 muestras) como en la de Ecuador continental
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(10 muestras), siendo este resultado totalmente contrario al previsto, pues se esperaba
encontrar polimorfismos como los reportados en varios estudios de los que se tomaron
los primers utilizados en esta investigacion [25,32,33,37]. Adicionalmente, se esperaba
encontrar individuos heterocigotos debido a que Rubus niveus es una especie diploide
[38,39]. Los resultados obtenidos con los marcadores SSRs heterdlogos utilizados no
fueron informativos vy, por lo tanto, no se pudieron realizar los analisis de diversidad
genética previstos. Una posibilidad para superar esta limitacion encontrada podria ser el
desarrollo de marcadores SSRs especificos para R. niveus.

Es importante sefalar que esta no es la Unica investigacion en la que se han reportado
alelos monomorficos en el género Rubus. En el estudio de [23] se analizaron 97
SSRs para evaluar su transferibilidad en seis especies de Rubus, y solo 29 fueron
polimérficos. En dos estudios que utilizaron los primers R04, R08 y R13, que también
fueron utilizados en nuestra investigacion, los autores indican que el genotipado con
estos primers de algunas especies del género Rubus, como R. occidentalis, pueden dar
como resultado alelos monomorficos [20,40]. Esta informacion es relevante, ya que
R. niveus y R. occidentalis pertenecen al mismo subgénero que R. idaeus (Idaeobatus),
la especie para la que fueron disefiados [41]. Esto sugiere que, incluso en especies
estrechamente relacionadas con la especie de donde provienen los primers, se
pueden encontrar loci monomarficos. Estos resultados apoyarian la idea que los SSRs
no son marcadores genéticos muy informativos en ciertas especies del género Rubus,
entre ellas R. niveus.

Es importante tomar en cuenta que, en los SSRs, obtener alelos de un mismo tamario
no siempre significa que la secuencia de ADN de los alelos sea la misma. En ocasiones,
el tamafno de los SSRs no resulta de la repeticion perfecta de sus motivos. También se
forman por la repeticién de mas de un motivo y con secuencias cortas intercaladas
entre motivos [42]. Es asi que se ha reportado que los SSRs tienen cierta cantidad de
homoplasia molecular, es decir, que presentan alelos con un mismo tamafo, pero
con secuencia distinta [43]. Esto es comun sobre todo en SSRs compuestos, es decir,
formados por mas de un motivo [43,44]. Ocho de los 15 SSRs utilizados en el presente
estudio son compuestos (Tabla 2) por lo que los resultados obtenidos podrian estar
relacionados con esta caracteristica.

Una alternativa para el analisis de homoplasia molecular en SSRs es la metodologia
High-Resolution Melting (HRM) [40]. Esta técnica consiste en afadir un paso de
desnaturalizacion luego de la extension final en el programa de termociclado de la
PCR. Se usa un tinte intercalante para visualizar curvas de fluorescencia generadas
por diferentes temperaturas de melting (Tm) de los amplicones, pues diferentes
Tm podrian indicar diferencias en las secuencias [45]. Esta técnica ha sido usada
previamente en el género Rubus con la especie R. occidentalis cuando se encontraron
marcadores SSRs monomorficos [40]. En el estudio citado, se pudieron detectar
diferentes Tm en las secuencias con la técnica HRM en algunos loci. Luego de
secuenciar estos alelos se pudo concluir que, efectivamente, existen diferencias
en las secuencias de los alelos del mismo tamano [40]. Esto indicaria que la técnica
del HRM podria dilucidar que, a pesar de encontrar un mismo tamano de alelo, la
secuencia no es necesariamente la misma.
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Sin embargo, considerando la tecnologia disponible actualmente, una mejor
estrategia podria ser la secuenciacion del genoma (WGS, Whole Genome Sequencing)
de Rubus niveus, lo que aportaria con informacién amplia de esta especie y un nimero
alto de marcadores moleculares, como se evidencia en otras especies de Rubus de
importancia econémica que han sido secuenciadas [41]. La técnica de WGS es cada
vez menos costosa 'y mas accesible, ademas de ser la herramienta mas completa para
estudios de variabilidad y diversidad genética [46]. El secuenciamiento ha servido
para disefar nuevos marcadores, como los polimorfismos de un solo nucledtido
(SNPs), que ya han presentado buenos resultados en la determinacion de variabilidad
genética en otras especies del género Rubus [47-49]. Por lo tanto, esta alternativa
podria ser eficiente para determinar la diversidad genética de R. niveus en las Islas
Galdpagos.

Conocer sobre la diversidad genética de una especie invasora como se menciond
previamente puede ser una herramienta para explorar posibles estrategias de control
biolégico como se ha planteado para otras especies invasoras como Rubus alceifolius,
Macfadyena unguis-cati'y Jatropha gossypiifolia [16,50]. Una diversidad genética baja en
una poblacién invasora podria sugerir, por ejemplo, que un agente de control bioldgico
eficaz para un individuo de la especie, probablemente lo serd para toda la poblacién
[51]. Encontrar los mismos haplotipos entre poblaciones invasoras y poblaciones
nativas, puede dar indicios de cémo se puede controlar la poblacién invasora, por
ejemplo, utilizando herbivoros de la regién nativa que afecten estos haplotipos [16].
Sin embargo, para poder determinar la diversidad genética se debe primero encontrar
el marcador molecular ideal. Por esto, para el caso de la mora en las Islas Galdpagos, en
el futuro se espera tener acceso a marcadores mas informativos y asi poder contribuir al
manejo de esta especie invasora.
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Variabilidad estacional e interanual de la temperatura
superficial en los mares interamericanos: patrones de
sesgo en el sistema regional de modelacion del océano

Abstract

The Inter-Americas Seas (IAS), involving the Gulf of Mexico, the Caribbean and a
section of the eastern tropical Pacific Ocean bordering Central America, Colombia and
Ecuador, exhibits very active ocean-land-atmosphere interactions that impact socio-
economic activities within and beyond the region, and that are still not well understood
or represented in state-of-the-art models. On seasonal-to-interannual timescales, the
main source of variability of this geographical area is related to interactions between
the Pacific and the Atlantic oceans, involving anomalous sea-surface temperature (SST)
patterns like El Nifo-Southern Oscillation (ENSO), and regional features in the Caribbean
linked to the bi-modal seasonality of the Caribbean Low-Level Jet. This study investigates
seasonal-to-interannual IAS surface-temperature anomalies in observations, and their
representation in an eddy-permitting, 1/9° (or 0.11°% approximately 10 km) resolution
simulation using the Regional Ocean Modeling System (ROMS), interannually-forced
by the Climate Forecast System Reanalysis for the study period 1999-2008. Here, rather
than analyzing model biases locally (i.e., gridbox-by-gridbox), a non-local SST pattern-
based diagnostic was conducted via a principal component analysis. Regarding spatial
resolution, the results of this study suggest that even at eddy-permitting resolutions
of 0.11° several biases remain, which contrast with the general consensus in the
literature. The approach permitted the identification of magnitude, variance and spatial
systematic errors in SST patterns related to the Western Hemisphere Warm Pool, ENSO,
the Inter-Americas Seas Dipole, and several other variability modes. These biases are
mainly related to errors in surface heat fluxes, misrepresentation of air-sea interactions
impacting surface latent cooling in the Caribbean, and too strong sub-surface thermal
stratification, mostly off the coast of Ecuador and northern Peru.
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Resumen

Los mares interamericanos (IAS), que se extienden desde el Golfo de México, el
Caribe y la parte trépico-oriental del Océano Pacifico que limita con América Central,
Colombia y Ecuador; presentan interacciones muy activas entre el océano, el suelo
y la atmosfera, que influyen en las actividades socioecondmicas dentro y fuera de la
region. Estas interacciones alin no se comprenden en su totalidad y no se representan
adecuadamente, inclusive en modelos de Ultima generacion. En escalas de tiempo
estacionales e interanuales, la principal fuente de variabilidad en esta zona geogréfica,
se relaciona con las interacciones entre los océanos Pacifico y Atlantico, incluyendo
patrones anémalos de la temperatura en la superficie del mar (SST), como El
Nifno-Oscilacion del Sur (ENSO), y otras caracteristicas regionales relacionadas con la
estacionalidad bimodal del chorro de bajo nivel del Caribe. Este estudio investiga las
anomalias estacionales e interanuales de los registros de la temperatura en superficie
en los mares interamericanos, y de los resultados simulados con una resolucién
a una escala de remolino, de 1/9° (0,11°, aproximadamente 10 km), generados
por el Sistema Regional de Modelado del Océano (ROMS), y en base del Reandlisis
del Sistema de Pronostico del Clima para el periodo 1999-2008. En lugar de analizar
los sesgos de los resultados del modelo de manera local (cuadricula por cuadricula),
se realizéd un diagnostico no local, en base de la identificacion de patrones de la
SST, mediante un andlisis de componentes principales. Los resultados indican que
incluso con resoluciones a escala de remolino, y a diferencia del consenso de la
literatura, persisten varios sesgos. El enfoque permitié cuantificar la magnitud, la
varianza y los errores sistematicos de los patrones espaciales de la SST, relacionados
con la piscina célida del hemisferio occidental, ENSO, el Dipolo de los mares
interamericanos y otros componentes de variabilidad. Estos sesgos se relacionan
principalmente con errores la cuantificaciéon de los flujos de calor en la superficie,
una inadecuada representacién de las interacciones entre el mar y la atmosfera,
componentes que afectan el enfriamiento latente en superficie en la zona del Caribe
y genera una estratificacion térmica subterrdnea excesiva, principalmente frente a la
costa de Ecuador y el norte de Peru.

Palabras clave: mares interamericanos, Sistema Regional de Modelizacion del Océano
(ROMS), evaluacion de modelos en base de patrones.

INTRODUCTION

Sea-surface temperatures (SST) are key to understanding physical mechanisms
regulating regional and global climate at multiple timescales. In the Inter-Americas
Seas (IAS), normally referred to as “Intra-Americas Seas,” a region involving the Eastern
Tropical Pacific, the Gulf of Mexico and the Caribbean, SST patterns are subject to
large spatial and temporal biases in state-of-the-art modeling systems, especially in
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boreal summer and fall. Several reasons have been suggested for these biases [1-6],
including a misrepresentation of the observed area, magnitude and location of the
Western Hemisphere and the Atlantic Warm Pool (WHWP and AWP, respectively); model
underestimation of latent heat and downwelling shortwave fluxes, but overestimation
of sensible heat fluxes in the region; and inadequate representation of interactions
between air-sea turbulent fluxes with the low-level easterlies, in turn connected [1-2]
to the variability of the North Atlantic Subtropical High (NASH). With significant Global
Climate Models (GCMs) biases prevalent in surface fluxes and ocean circulation over
the region, it is not surprising to note such large SST model errors over the IAS, and the
related misrepresentation of rainfall fields [6].

The availability of quality observational datasets is key to further understanding the
physical mechanisms that need to be better represented in the models, and the IAS is
one of the most poorly observed regions in the world [7]. Among the first oceanographic
studies in the Eastern Tropical Pacific are those of the ASKOY expedition in 1941 [8],
involving a cruise that navigated the Panama Bight, integrated by the maritime
jurisdictional areas of Panama, Colombia and Ecuador. Years later, in 1965, a description
of the oceanographic conditions in this region was conducted, including physical,
chemical and biological parameters obtained on board the Colombian Navy's vessel
Bocas de Ceniza, through the Augmented Colombian EI Nifio-Tuna Oceanographic
expedition, ACENTO [9].

By 1976, this type of oceanographic research activities was consolidated within the
framework of the Estudio Regional del Fenédmeno de El Nifio (Regional Study of the
El Nifio Phenomenon, or ERFEN by its initials in Spanish) as one of the commitments
that Colombia acquired as member of the Permanent Commission of the South Pacific
(CPPS). To date, fifty-nine scientific expeditions have been conducted, whose records
have allowed to further the knowledge of the oceanic and atmospheric dynamics in
the region, which has helped characterize anomalies associated with the occurrence
of El Nifo-Southern Oscillation (ENSO) events [10]. Frequently unknown to the wider
scientific community, these expeditions have produced different technical publications,
some of which have been compiled in reports by the Centro de Investigaciones
Oceanogréficas e Hidrogréficas del Pacifico Colombiano (Center for Oceanographic
and Hydrographic Research of the Pacific, or CCCP). Another more recent example
is the Colombian Atlas of Oceanographic Data [11], which presents climatologies
of temperature, salinity and density at different standard depths. Although these
investigations have furthered the understanding of oceanographic conditions in the
area, the low temporal resolution available due to the small number of oceanographic
cruises carried out per year (two at best) limits the full characterization of the dynamics
at interannual and seasonal timescales.

One way of palliating the existing regional limitations in the availability of this kind of data
is through the use of the numerical ocean models. Although several model simulations
exist, few evaluations exist of how well these products represent key oceanic features in
this complex region.

Among the numerical models used in the study of ocean circulation processes at
regional level, the Regional Ocean Modeling System (ROMS) stands out [12-13]. This
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model solves the hydrostatic, incomprehensible fluid primitive equations using "terrain-
following" curvilinear vertical coordinates [14]. ROMS has been used by the Colombian
Navy since 2012 following the operational forecast configuration of the Latin American
Observatory for Climate Events [15], but this is the first report of the formal evaluation
conducted on the model.

The main objective of this study is to identify how well oceanic conditions, specifically
sea-surface temperature patterns, are represented in a realistically-forced interannual
simulation in ROMS in the IAS. To accomplish this goal, a pattern-based evaluation
approach is reported, focusing on the analysis of observed and simulated key modes of
SST variability along the year. In the following section the region of study is described.
Data and methods are introduced in Section 3, followed by the main results in Section
4. The overall discussion of the results is presented in Section 5, and the concluding
remarks are summarized in Section 6.

STUDY AREA: THE INTER-AMERICAS SEAS

The Inter-Americas Seas is part of the WHWP, defined as a broad area including the Gulf
of Mexico, southern United States, Mexico, the Caribbean Sea with its islands, Central
America, northern South America, and the ocean off the west coast of Central America
and Colombia (Fig. 1).

25°N 6000
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200N Mexico - . 5000
4500
15°N
4000
10°N 3500
3000 E
5°N Colombia 2500
2000
00 =
1500
1000
5°S 1
Peru 500
LA —tn
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FIGURE 1. Geographical area of study in the Inter-Americas Seas. Colors represent depth in meters below mean
sea level.
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According to some authors, the WHWP is related to the genesis of the warm and cold
phases of ENSO [16-17]. Between the boreal summer and autumn, the WHWP exhibits
a peak in SST [18-19] that dominates most of the eastern tropical Pacific region [20-
21], crossing Central America to encompass areas of the Caribbean and the Central
Atlantic Ocean.

During winter (December to February, DJF), the Inter-Tropical Convergence Zone (ITCZ) is
at its most southern position, and the northeastern trade winds intensify in the region [22].
The difference in atmospheric pressure between the Gulf of Mexico and the Caribbean,
as well as in the Tropical Pacific Ocean (TPO), is related to the presence of the Caribbean
Low-Level Jet (CLLJ, [23-24]) and the bi-annual incursion of NASH in the region of interest
[25], with intense winds that cross the mountainous area of Central America and interact
with other low-level jets in the gulfs of Tehuantepec, Papagayo and Panama [26-27]. The
Papagayo Jet crosses the depression of Lake Nicaragua and rises on the Pacific coast,
about 70 km north of the Gulf of Papagayo, near San Juan del Sur, Nicaragua. The Panama
Jet extends from the coastal area of the Gulf of Panama, centered around 79°W, to the
Ecuadorian maritime territory. As a result of the interaction of these jets with the upper
ocean layer, there is a coastal upwelling (Ekman positive pumping) that generates a zonal
gradient in the SST in the Panama Bight region, as well as in the maritime territory of
Mexico and Nicaragua in the Pacific Ocean [23-24, 28]. In general, the SST isotherms over
the Caribbean and the eastern tropical Pacific are mostly zonally distributed.

DATA AND METHODS
Interannual simulation using the Regional Ocean Modeling System (ROMS)

In the present simulation, the lateral boundary conditions used were taken from the
Simple Ocean Data Assimilation (SODA) dataset [29]. The surface forcing of the model
was carried out with data from the National Center for Environmental Prediction -
Climate Forecast System Reanalysis (NCEP-CFSR), which provides global atmospheric
conditions from 1979 to 2010 [30]. These data have a spatial resolution of approximately
38 km (T382), with global coverage and 64 pressure levels.

The Extended Reconstructed Sea-Surface Temperature dataset version 5 (ERSSTv5)
provides sea-surface temperature fields at 2 degrees and monthly resolutions for the
entire planet, from January 1854 to present [31].

ROMS is a high-resolution model that uses curvilinear coordinates that follow the
bathymetry and solves the primitive equations in a rotating reference system (the
Earth), based on the Boussinesq approximation and considering hydrostatic [32]. In this
study, version 3.0 of ROMS AGRIF was adopted, with which an interannual experiment
was carried out through a 12-year period. This model has been implemented previously
for the studies in the Southeast Pacific, analyzing the mean circulation, the seasonal
cycle, and the mesoscale dynamics of the Peru Current System (PCS; [13]), exhibiting
a good representation of the predominant ocean features in this sector. Nonetheless,
a pattern-based evaluation of the representation by ROMS of SST patterns in the IAS
region has not been conducted until now.
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Model configuration

In the implementation of the model, a computational mesh was configured that
frames a section of the IAS included in the region defined by 100°W to 56°W, and
10°S to 25°S. The bathymetric information has a resolution of two (2) arc-minutes and
was obtained from the global ETOPO2 dataset, which uses observations of depth
sounding and satellite altimetry [33].

Although ROMS has terrain-following coordinates that allow for a more realistic
representation of the bathymetry, a smoothing of the terrain slopes is used to avoid
errors in the pressure gradient [34]. This smoothing is controlled in the model via the
rtarget parameter [35], which, after some sensitivity experiments, was assigned a value
of 0.15.

Theresolution of the simulationis 1/9°(or 0.11°% approximately 10 km) for the construction
of the horizontal grid, and 32 levels of depth for the vertical sigma coordinate. For the
distribution of the vertical layers, values of surface stretching and bottom stretching,
respectively, O, = 6 and 0, = 0 were used, corresponding, respectively, to the coordinate
parameters for the surface and bottom levels.

A total of 12 years were simulated, from January 1997 to December 2008. By the end of
the second simulated year, the volume-averaged kinetic energy reached an asymptotic
value. Hence, the first two years were discarded due to the model’s spin-up period, and
the remaining 1999-2008 period was used in the analysis. Two simulation years have also
been reported by previous studies (e.g., [36, 13]) as a typical time for model stabilization.

Data processing and analysis

The mean seasonal cycle was first subtracted from the sea-surface temperature fields
for each non-concurrent season of interest in the period 1999-2008: DJF, MAM, JJA
and SON (respectively periods of every three months, December to February, March
to May, June to August and September to November). Then a Principal Component
Analysis (PCA) was conducted on the sea-surface temperature anomalies, SSTa, for
each season using the International Research Institute for Climate and Society’s
Climate Predictability Tool (CPTv16; [37]), which computes the Empirical Orthogonal
Functions via a singular-value decomposition. The first three Empirical Orthogonal
Functions (EOFs) were used for the analysis, typically explaining 73-90% of the total
observed variance, depending on the season.

Since the sample size for the PCA is relatively short, a comparison was conducted
between the observed EOFs obtained when using the same 10-year period of the
simulation (1999-2008), and a 20-year (1994-2014) and a 30-year (1984-2014) period,
which included strong El Nifo and La Nifa events. No major differences were obtained
(not shown) in the observed patterns or the explained variance associated with each
EOF in any of the seasons, and hence the selected 10-year period was considered
enough for the analysis.

Because the spatial horizontal resolution of the simulation does not match the
horizontal resolution of the ERSSTv5 dataset, the latter was interpolated from ~0.11° to
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2°. Nonetheless, to avoid losing spatial features when computing the PCA, the analysis
was also conducted using the original model resolution.

Spatial patterns in the simulation (with and without interpolation) were compared
against the observed EOFs for each season, and whenever major differences arose, model
biases were related to concrete physical modes of variability and misrepresentation of
physical mechanisms in the region.

SEASONAL AND INTERANNUAL VARIABILITY OF SEA-SURFACE
TEMPERATURE ANOMALIES IN THE IAS

This section presents the main results of the pattern-based diagnostic analysis, in
conjunction with the identification of biases in ROMS based on an extensive literature
review for discussion.

DJF season

70°W  60°W  100°W  90°"

09 06 03 00 030 060 090

FIGURE 2. Spatial distribution of the first three modes (rows) of SSTa variability for the DJF season for ERSSTv5
(a, dand g), ROMS (b, e and h) and ROMS interpolated at a resolution of 2° (¢, fand i). Each panel displays the
explained variance associated with each EOF.
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The SSTa spatial pattern identified via the first Empirical Orthogonal Function (EOF1;
Fig. 2a) sketches the seasonal imprint of the WHWP covering most of the analysis
domain, consistent with the so-called Meridional-Wind Mode [38]. The EOF1 is related
to northerly wind anomalies linked to below-normal SST in the Caribbean, and at the
same time southeasterly wind anomalies over the Gulf of Mexico, coupled with above-
normal SST there (Figs. 2a-c). This pattern is also associated with frequency variations of
the high-latitude cold air-mass intrusion [39-40]. In this season, ROMS largely captures
the main spatial features of the observed pattern (Fig. 2b, c), although the explained
variance exhibited by the simulated pattern is ~11% less than the observed one.

The EOF2 (Fig. 2d) exhibits a meridional dipolar structure in the Caribbean region, known
as the IAS Dipole, that is mostly driven by changes in the air-sea heat fluxes [17]. A
weak structure appears mainly in the maritime zone of Ecuador in the observed EOF2,
contrasting with the rest of the eastern Pacific. Contrary to the performance exhibited
by ROMS on reproducing the main features of the WHWP seasonal pattern (EOF1),
the model erroneously interchanges EOF2 and EOF3 (see middle and bottom rows
in Fig. 2), assigning slightly more (~4%) explained variance than it should to the
third observed EOF. Furthermore, the simulated EOF3 (cfr. Fig. 2d, h-i) shows biases
both in the magnitudes and geographical extension of the IAS Dipole, confining it
to the northeastern sector of the domain, showing just a weak signal over and to the
west of Cuba.

In addition, ROMS overdoes the observed SSTa pattern over the equatorial Pacific
(cfr. Fig. 2d, h-i), suggesting a warm bias related to a misrepresentation of the
weak sub-surface thermal stratification (“thermostad”) observed in the region [41]
and reported in certain ROMS configurations [42]. The higher spatial resolution of
ROMS allows resolving the effects on SSTa of the Tehuantepec, Papagayo and Panama
Low-Level Jets in the Pacific Ocean region in the observed EOF2, an influence that
is also observed in EOF3, especially in the case of the Panama Jet. Nonetheless, their
impact on SST fields cannot be formally evaluated in this work, as ERSSTv5 does not
resolve them adequately. This topic deserves further analysis and will be discussed
in a future study.

The Caribbean section of the observed EOF3 (Fig. 2g) is related to the seasonal
intensification of the CLLJ, bringing cooler-than-average SSTa off the coast of northern
South America (Fig. 2e, f), in part contributing to rainfall inhibition during this season.
Except for the fact that ROMS confused EOF2 and EOF3, the magnitudes and spatial
patterns are represented by the model, although the SSTa pattern off the coast of
Ecuador is stronger than it should be, suggesting again model biases related to sub-
surface thermal stratification.

The actual difference in the explained variance of the simulated EOF2 and EOF3 is
~1% (cfr. Fig. 2e, h), explaining the inversion in the ordering of the simulated EOFs.
Nonetheless, the same difference in the ERSSTv5 dataset is ~5% (Fig. 2d, g). Even when
these differences can be considered small, they are important when analyzing the
modes of variability that most contribute to explain the SSTa variance and indicate
biases in the physical processes represented in the model.
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FIGURE 3. Spatial distribution of the first three modes (rows) of SSTa variability for the MAM season for ERSSTv5
(a, dand g), ROMS (b, e and h) and ROMS interpolated at a resolution of 2°(c, fand i). Each panel displays the
explained variance associated with each EOF.

In this season, the first observed spatial pattern explaining most of the SSTa variance
(EOF1, Fig. 3a) is consistent with the WHWP SST distribution in both the Pacific and
the Caribbean. Although ROMS assigns a lower explained variance (~7% less than the
observed one; cfr. Fig. 3a-c) to this mode of variability, it tends to reproduce the large-
scale features observed, related to a homogeneous pattern of SST between 27°C and
28°C present in the Caribbean Sea during the season [43].

EOF2 (Fig. 3d) shows a spatial distribution associated with an IAS [17, 38], which is
characterized by late-winter and early-spring positive SSTa in the Caribbean Sea and
negative SSTa in the Gulf of Mexico. This dipole pattern is not really present in the ROMS
simulation (Fig. 3e-f), suggesting biases related to the representation of surface heat fluxes
over the Caribbean and the Gulf of Mexico. Nonetheless, the simulation assigns to this mode
a value of the explained variance that is similar to the one observed (a difference of ~2%).
This relatively high explained variance in the simulation is related to the model assigning a
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large statistical charge to the spatial pattern in the eastern tropical Pacific, related to ENSO,
which otherwise exhibits a similar spatial distribution to the ERSSTV5 (Fig. 2d-f).

The observed EOF3 (Fig. 3g) corresponds to the “Transition Mode” [38], exhibiting a
dipolar pattern in the Caribbean but contrasting with the IAS Dipole (EOF2) because the
signal is almost absent in the Gulf of Mexico, and does not extend into the Pacific, which
shows a mostly homogeneous spatial distribution of SST. Compared to the observed
EOF3, ROMS exhibits in the Pacific a zonally-distributed SSTs pattern of opposite sign
along 5°N and also a noisy SSTa region off the coast of Ecuador and northern Peru;
similarly, the simulation shows a dipolar structure too strong and extending farther
west into the Gulf of Mexico, compared to the observed pattern (Fig. 3h, i). Furthermore,
ROMS underestimates the explained variance for this mode of variability in ~6%.

In summary, in the boreal spring ROMS tends to represent well the spatial features of
the ENSO peak season in the Pacific, and the WHWP in the IAS, but there are important

biases regarding the representation of the IAS Dipole.

JJA season

a\
80°W

| I

09 06 -03 00 030 060 090

FIGURE 4. Spatial distribution of the first three modes (rows) of SSTa variability for the JJA season for ERSSTv5
(a, dand g), ROMS (b, e and h) and ROMS interpolated at a resolution of 2° (¢, f and i). Each panel displays the
explained variance associated with each EOF.
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During the JJA season, the WHWP (EOF1; Fig. 4a) pattern has expanded, covering a larger
extension than in the previous season in both the Caribbean and the Pacific [18, 44-
45]. The WHWP normally transitions into the AWP in June and shows a peak typically
in early September [1]. This spatial pattern is better represented by ROMS (Fig. 4b, ¢) in
the Caribbean than in the Pacific. Although similar patterns appear in both ERSSTv5 and
ROMS off the Pacific coast of Central America, in ROMS the pattern is noisier than the
one observed for the rest of the Pacific region (Fig. 4b, ¢). The difference in explained
variance between the observed and simulated EOF1 is ~12%.

Most of the signal in the observed and simulated EOF2 (Fig. 4d-f) appears in the Pacific
region, which exhibits a pattern associated with ENSO-like SSTa [46-48]. The simulation
and observed explained variances for this mode are basically the same (difference of
~1%), indicating ROMS tends to reproduce adequately the mechanisms related to the
spatial distribution of SSTa variability during the mature season of ENSO.

The EOF3 (Fig. 4g-i) resembles the signature of the so-called eastern Pacific SST Cooling
Mode [49], with its narrow zonal SSTa pattern extending off the coast of Ecuador and
northern Peru. This mode, which ROMS reproduces with the same explained variance as
in ERSSTv5 and with a slightly more equatorially confined pattern—probably due to the
higher resolution of the simulation—is reported to be related to global warming [49]
via a strengthening of the zonal SST gradient in the region, enhancing the trade winds,
promoting stronger upwelling and thus creating a positive feedback that reinforces
the SST contrast. A homogeneous SSTa pattern is observed in both the observed and
simulated EOF3 for most of the Caribbean, with an opposite signal in the Gulf of Mexico.

In summary, in the boreal summer the model has a fair representation of the large-scale
spatial features of the modes analyzed, and the total explained variances the EOF2 and
EOF3, except for the considerably less homogenous signal of the WHWP in the Pacific in
EOF1, which consistently exhibits less variance in ROMS than in ERSSTVS.
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FIGURE 5. Spatial distribution of the first three modes (rows) of SSTa variability for the SON season for ERSSTv5

(a, dand g), ROMS (b, e and h) and ROMS interpolated at a resolution of 2° (¢, f and i). Each panel displays the
explained variance associated with each EOF.

As with the other seasons, most of the observed explained variance (~47%) is associated
with the WHWP (EOF1, Fig. 5a), which exhibits very low SSTa variability in the Caribbean
off the coast of Venezuela and Colombia during the SON season [18], and during
November involves the AWP demise phase [1]. Although ROMS does capture most of
the spatial features (Fig. 5b-c), especially after interpolating at 2°, it assigns an explained
variance which is ~13% lower than the observed one.

The second EOF (Fig. 5d-f) corresponds to the Interocean Mode [38, 1] and is related
to southwesterly winds that contribute to the formation of the inter-basin dipolar
configuration. The pattern also has a contribution related to the second annual weakening
of the CLLJ, which favors an increase in positive SSTa [24] between ~12°N-17°N and 80°W-
70°W. The Interocean Mode tends to be enhanced during ENSO events, which modulate
the strength of the CLLJ, reinforcing the SSTa dipolar configuration [38, 50]. The main
observed spatial feature of the SON EOF2 in the tropical Pacific region resembles an
ENSO-type configuration, consistent with previous studies (e.g. [51]). ROMS captures the
main spatial features of the inter-basin dipole, but the explained variance is ~4% higher
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than that of the observed EOF2. Part of this extra variance can be related to the fact that
ROMS tends to represent high-resolution features, like the Papagayo Jet (southwest off
the coast of Nicaragua), which are less notorious in the ERSSTv5 dataset (Fig. 5d-f). Other
differences are related to a local pattern off the coast of Ecuador in the simulation, that is
not really visible in ERSSTv5; and a mostly inverted signal, and noisier north of 20°N than
the observed pattern, in the Caribbean (Fig. 5d-f).

The Caribbean part of the EOF3, both in ERSSTv5 and ROMS (Fig. 5g-i), resembles the
IAS Dipole discussed in the analysis for the DJF season (section 4.1). EOF3 is considered
here a precursor of the IAS Dipole, related to the so-called Meridional-Wind Mode [38].
Although the difference in explained variance between the ERSSTv5 and ROMS in this
EOF is ~1%, the simulation tends to amplify both in magnitude and areal extension the
observed SSTa configuration along the Pacific coast of Central America.

In summary, in the boreal fall the main model spatial-pattern biases are related to a noisy
SSTa field north of 20°N (EOF2), and a too strong and too wide SSTa signal in the Pacific,
north of the Equator and south of the Central American coast (EOF3).

Main patterns and biases in ROMS

The most common approach when evaluating model biases is to report a variety of
statistical metrics to quantify the differences between model output and ERSSTV5.
Although this approach is deemed very useful by the scientific community, a drawback
is that it tends to lack a direct physical interpretation of the reported errors. For example,
frequently used metrics like Pearson’s correlation or Root Mean Square Error can be very
useful to quantify how in-phase two variables are, or an average measure of how different
the magnitudes of those variables are, respectively, but in and of themselves these metrics
do not provide information about which physical processes are not being well represented
in the model universe.

Furthermore, the most common approach evaluates biases on a gridbox-by-gridbox
(or local) basis, thus making it difficult to assess if particular observed spatio-temporal
patterns are being represented in the model. These patterns can in general be shifted,
rotated, deformed, rescaled or actually not represented at all in the model world [52].

An alternative approach, used in this study, focuses on the evaluation of the model
representation of the most important observed modes of variability of the field of
interest—SST in this case—and that helps identify problems in the representation of key
physical processes. In brief, a pattern-based evaluation approach permits understanding
when the model reproduces the right processes for the right reasons and adds value for
both scientific and operational purposes.

Using a Principal Component Analysis to conduct the model pattern-based evaluation
has the additional advantage of being able to use a Principal Component Regression

(PCR) and other EOF-based methods (see [53]) as bias-correction approaches, also
known as calibration or Model Output Statistics [54]. To make the case, consider PCR:

Y=2n (aU EOFX/)-F,BI' Q)
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Equation (1) builds a linear regression model for the value Y, of the variable of interest (SST
in this case), for each gridbox i, where m counts for the maximum number of the model
pattems——EOF)g—considered (e.g, m=3in this study), a, is the slope regression coefficient
for the gridbox iand——EOij——, and is the corresponding intercept value. In other words, a
PCRis a multiple linear regression which uses the model EOFs as predictors rather than
each gridbox’s value of the variable under consideration.

Hence, analyzing how well the observed patterns are reproduced by a model also
helps to better understand how much of the total bias is associated with each pattern,
assessed, for example, via the explained variance reported by each EOF. This is the
approach followed in this study, and the EOF analysis and associated variances were
described in the previous section.

The simulated patterns do not need to be perfect to be able to conduct a bias-correction
through these EOF-based methods. If the most important observed modes of variability
are simulated, even with biases that shift their location or rotate them, these methods
are in principle able to extract useful information from the model. The Model Output
Statistics approach is especially useful when interested in prediction (for an example
considering the IAS, see [6]). Although this study does not directly deal with calibration
and prediction, these topics underscore the importance of the analysis conducted here
regarding better understanding of model biases in the main patterns of variability in
ROMS, at least for SSTa in the IAS region.

Overall, the main biases are summarized in Table 1. ROMS tends to correctly reproduce
the main mode of variability (EOF1) in IAS, characterized by the WHWP signature, in
all seasons but the boreal summer. Coincidentally, the second and third modes of
variability tend to exhibit different errors in different seasons, but these tend to be less
pronounced in the boreal summer. As indicated in the Introduction, most state-of-the-
art global models tend to show their largest biases in boreal summer and fall [1-5].

TABLE 1. Main patterns and biases in ROMS.

Season EOF Patterns Biases (w.r.t. ERSSTv5)

Western Hemisphere Warm Pool
1 WHWP; [18]) No major biases.
Meridional-Wind Mode [38]

ROMS erroneously interchanges
EOF2 and EOF3. Biases in magnitude
and extension of the IAS Dipole,
suggesting errors in surface heat
fluxes. SSTa warm biases off the coast
of Ecuador related to too strong sub-
surface thermal stratification.

IAS Dipole [17]

DJE Thermostad east of Galapagos [41]

SSTa warm biases off the coast of
Ecuador related to too strong sub-
surface thermal stratification. Also
biases along the Pacific coast of
Central America.

Caribbean Low-Level Jet
(CLLJ; 23, 25))
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Season EOF Patterns Biases (w.r.t. ERSSTv5)
1 WHWP [18] No major biases.
Biases related to the representation
2 IAS Dipole [17] of surface heat fluxes over the
ENSO-like configuration [51] Caribbean and the Gulf of Mexico.
MAM ENSO signal is too strong.
SSTa biases off the coast of Ecuador
3 and northern Peru. Dipolar SSTa
Transition Mode [38] structure too strong and extending
farther west into the Gulf of Mexico
than in ERSSTVS.
SSTa pattern represented by ROMS is
1 WHWP [18] noisier than the one observed in the
Pacific region.
A 2 ENSO-like SSTa [55]. No major biases.
3 Eastern Pacific SST Cooling Mode No major biases.
[46]
Biases related to a SSTa local pattern
1 WHWP [17] off the coast of Ecuador in the
simulation.
;| eocenvodepn | SRBme ot ool
SON ENSO-like configuration [18] )
surface latent cooling.
ROMS tends to amplify both in
e LG magnitude and areal extension the
: iereionz el ete (L] observed SSTa configuration along
the Pacific coast of Central America.

Generally speaking, ENSO-like and Pacific SSTa configurations—although sometimes
too strong—tend to be better represented than some patterns in the Caribbean
and Gulf of Mexico, with some key biases in the IAS Dipole between boreal winter
and spring, and SSTa patterns off the coast of Ecuador and northern Peru (winter),
and alongshore the Pacific coast of Central America (fall and winter). Consistent
with previous studies [1], these errors are suggested here to be related to biases in
surface heat fluxes, misrepresentation of the impact of westerly anomalies on surface
latent cooling in regions of the Caribbean, and warm biases related to too strong
sub-surface thermal stratification. Is it also possible that a component of the biases
is related to the assimilation of initial and boundary conditions, as reported by some
authors (e.g., [42]).

Regarding spatial resolution, the results of this study suggest that even at eddy-
permitting resolutions of 0.11° several biases remain, which contrast with the general
consensus in the literature [1, 55-56]. Itis also true that some spatial features cannot be
adequately evaluated using ERSSTV5 due to the relatively low-resolution of the dataset,
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such as the effects of the Tehuantepec, Papagayo and Panama low-level jets in the Pacific
Ocean region. This is another reason why a process-based model evaluation approach
is an important complement, as more traditional bias assessment between model and
ERSSTV5 when the horizontal resolution is very different can be misleading, even after
interpolation to a common horizontal resolution.

CONCLUDING REMARKS

This study investigated variance and spatial biases in sea-surface temperature patterns
in the Inter-Americas Seas, represented by a 0.11° resolution, interannually-forced
simulation using the Regional Ocean Modeling System. Rather than using a variety
of statistical metrics to assess local (i.e., gridbox-by-gridbox) differences between the
simulation and data based on observations (ERSSTv5), the study focused on analyzing if
the sea-surface temperature patterns that explain most of the total observed variance
are present in the simulation, and, if so, which are the main biases exhibited by each
pattern. Furthermore, the study analyzed the most likely physical processes involved in
those pattern-dependent biases.

The large-scale spatial features and variances related to the Western Hemisphere Warm
Pool and ENSO-like patterns tend to be well represented in the model in most but not
all seasons. Overall, spatial biases are more frequently present in the Caribbean and
Gulf of Mexico than in the eastern Pacific region under study, with magnitude, variance
and areal extension biases related to the Inter-Americas Seas Dipole (boreal winter
and spring), and the Transition (spring), Interocean and Meridional-Wind (fall) modes.
The analysis suggests that model biases are mainly related to errors in surface heat
fluxes, misrepresentation of air-sea interactions impacting surface latent cooling in the
Caribbean, and too strong sub-surface thermal stratification, typically off the coast of
Ecuador and northern Peru.

The fact that several pattern-dependent biases exist in the eddy-permitting, relatively
high-resolution simulation conducted suggests that important errors remain even in
configurations running at high horizontal resolution and that additional work is needed

to improve model representation of physical processes and adequate assimilation of
initial and boundary conditions.
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Update of the geographical distribution of the
indigo snake Drymarchon corais (Boie, 1827) in the
Ecuadorian Amazon

Resumen

Se presenta la actualizacion de la distribucion geogréfica de la serpiente indigo
Drymarchon corais en la Amazonia ecuatoriana. Los datos presentados fueron obtenidos
de la revision de registros histéricos, coleccion de especimenes en campo, revision de
especimenes en colecciones zooldgicas, informacion de investigadores de campo y
revision de bases de datos de libre acceso. El estudio evidencia la presencia de la especie
en localidades y rangos altitudinales que anteriormente eran desconocidos. Ademas,
se presentan datos de historia natural que permiten ampliar el conocimiento sobre la
ecologia de especie.

Palabras clave: Distribucion geogréfica, serpiente indigo, Drymarchon, Amazonia,
Ecuador.

Abstract

This article presents an update of the geographic distribution of the indigo snake
Drymarchon corais in the Ecuadorian Amazon. The data presented was obtained from
the review of historical records, collection of specimens in the field, review of specimens
in zoological collections, information from field researchers, and review of open access
databases. The study shows the presence of the species in localities and in altitudinal
ranges that were previously unknown. In addition, the article presents natural history
data that expands the knowledge about the species’ecology.

Keywords: Geographical distribution, indigo snake, Drymarchon, Amazon, Ecuador.
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Actualizacién de la distribucion geogréfica de la serpiente indigo Drymarchon corais (Boie, 1827) en la Amazonia ecuatoriana
Duerias / Valencia / Franco-Mena (2021)

INTRODUCCION

En el mundo, los bosques neotropicales albergan la mayor cantidad de especies [1,2].
Dentro de estos, en Sudamérica, la Amazonia constituye una de las regiones biogeograficas
mas grandes del planeta y en Ecuador representa la regién de mayor extension con
aproximadamente 120.000 Km? [3]. En este pais, tan solo el Bosque Huimedo Tropical
Amazoénico agrupa el 31,57% de la riqueza de especies de reptiles (156 especies) [4]. Las
investigaciones herpetoldgicas desarrolladas en la Amazonia ecuatoriana en los ultimos
afos han generado la descripcién de nuevas especies (e.g., [56,7]), extensiones de
rango de distribucién [8] y nuevos registros para el pais [9,10,11]. Lo expuesto sefiala la
importancia de investigar y presentar la actualizacién de los patrones de distribucion de
especies que, posteriormente, permitiran plantear estrategias de conservacion.

Las serpientes neotropicales del género Drymarchon (Fitzinger, 1843) comprenden
serpientes medianas a grandes que alcanzan una longitud total de 327 cm [12] y
presentan un cuerpo predominantemente robusto [13]. Las especies de este género
tienen habitos terrestres y una dieta generalista que incluye anfibios, saurios, serpientes,
aves, huevos y pequefios mamiferos como roedores y marsupiales [14-17]. Se ha
documentado que los procesos de alimentacién de estas especies se desarrollan de
manera activa durante el dia en ambientes abiertos y boscosos [16,18]. El rango de
distribucion del género Drymarchon se extiende desde el Sureste de los Estados Unidos
hasta el Norte de Argentina, incluida gran parte de México y América Central [13-20].

Actualmente, las cinco especies descritas en el género son: Drymarchon caudomaculatus,
D. corais, D. couperi, D. margaritae y D. melanurus [21]. D. corais se distribuye desde México
hasta Paraguay; incluyendo Guyana, Venezuela, Colombia, Ecuador, Perd, Bolivia y Brasil
[13,21]. En Ecuador, los escasos registros de D. Corais sefalan que esta presente al Este de
los Andes en los ecosistemas de tierras bajas amazoénicas [4]. Previamente, esta especie se
ha reportado en las provincias de Orellana, Napo y Morona Santiago [4,22,23,24], a pesar
de que varios autores la reportan de manera general en la regién Amazonica [25-32], y que
ha sido introducida accidentalmente en la provincia de Pichincha [33]. En este contexto,
el objetivo de este trabajo es presentar una actualizacion de la distribucién geogréfica y
elevacional de Drymarchon corais en la Amazonia ecuatoriana.

MATERIALES Y METODOS

Los registros de localidades de presencia de Drymarchon corais se obtuvieron de varias
fuentes: 1) especimenes depositados en los Museos de la Escuela Politécnica Nacional
del Ecuador (MEPN), Quito, Ecuador; Laboratorio de Anfibios y Reptiles, Fundacion
Herpetoldgica Gustavo Orcés (FHGO), Quito, Ecuador; 2) especimenes del American
Museum of Natural History (AMNH), Los Angeles County Museum (LACM), Museum
Comparative of Zoology (MCZ), University of Kansas (KU), a través de las plataformas
digitales GBIF, Vernet and iNaturalist; 3) observaciones de campo y registros fotograficos
de varios investigadores. Todos los registros fueron georreferenciados, las coordenadas
fueron transformadas a grados, minutos y segundos en la plataforma virtual Google
Earth (version 7.3.2). El mapa de localidades fue elaborado en el software ArcMap
(version 10.4) en una escala de 1: 1.000.000.
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RESULTADOS
avances

Se compilé un total de 33 registros de individuos de Drymarchon corais (Tabla 1), los
cuales corresponden a 22 diferentes localidades, 18 de los cuales son nuevas para la
Amazonia ecuatoriana (Fig. 1). Diez de estos registros fueron obtenidos de la literatura y
bases de datos digitales (i.e., [4,18,21,22,23,24,27,28,29,30,34]), nueve de informacion de
especimenes depositados en museos de historia natural y los restantes de informacion

en cencias e
ingenierias

3

proporcionada por diferentes investigadores.

Tabla 1. Registros histéricos y nuevos de la serpiente indigo Drymarchon corais (Boie, 1827) en la Amazonia
ecuatoriana (*Registros histdricos; TRegistro fotogréfico de la especie; NA, no aplica porque no tiene un
espécimen asociado depositado en museos).

Cédigo

Museo

Provincia, localidad,
coordenadas, altitud

Colector, observador

Fechade
registro

Sucumbios, Limoncocha Charles M. Fugler
1| MCZ 154059 | (0°23'49,15"S; 76°36'37,51"0; 252 | (Museo Comparativode | 21/01/1929 *
m s.n.m.) Zoologfa)
Sucumbios, Limoncocha
2 | LACM 73364 | (0°2349,15"S; 76736'37,51"0; 252 | . WR-Heyer(Museodel 3501571 «
Condado de Los Angeles)
m s.n.m.)
Orellana, El Coca (0°24'00"S; ) ) v
3| KU 158781 77°000°0; 267 m s.n.m) Universidad de Kansas | 23/04/1975
Sucumbios, Limoncocha
4 | KU183514 (0°23'49,15"S; 76°36'37,51"O; 252 Universidad de Kansas 21/03/1979 *
m s.n.m.)
5 | MCZ 107658 Moropa Santiago (sin datos de Musgo Americano de Desconocido
localidades ni coordenadas) Historia Natural
6 | MCZ 107659 Morona Sant|ago (sin datos de Musgo Amerlcano de Desconocido®
localidades ni coordenadas) Historia Natural
7 | MEPN 8830 | Sin datos de localidad ni coleccién Ana Almendariz 1991 *
8 NA Napo (sin datos de localidades ni Pérez-Santos y Moreno 1991 *
coordenadas)
Napo, Tena, Ahuano (1°4'0,84"S; ) ) g .
9 NA 77°3712,72°0: 427 m sn.m) Diego Cisneros-Heredia 07/11/1999
Orellana, Estacion de Biodiversidad
10 NA Tiputini (0°38'15,72"S; 76°8'59,64" | Diego Cisneros-Heredia 29/12/1999
0O; 216 msn.m.)
Orellana, Estacion de Biodiversidad
n NA Tiputini (0°38'22,20"S; 76°9'38,16" | Diego Cisneros-Heredia 12/06/2000
0; 223 ms.n.m.)
Sucumbios, Nueva Juventud
12 NA (0°4'43,00"S; 76°24'9,00"0; 249 m | Diego Cisneros-Heredia 15/07/2000
s.n.m.)
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Provincia, localidad,

coordenadas, altitud

Colector, observador

Fecha de
registro
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20

2

22

23

24

25

26

27

28

29

FHGO 5742

NA

NA

FHGO 9091

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Orellana, Parque Nacional Yasunf
(0°40'13,68"S; 76°23'58,20"O; 245
m s.n.m.)

Orellana, Estacion de Biodiversidad
Tiputini (0°37'5"S; 76°10'19"0; 234
m s.n.m.)

Morona Santiago, Cusuime
(2°48'7,99"S; 77°38'30,84"O; 215
m s.n.m.)
Sucumbios, Comunidad 13 de
Marzo (0°12'2"N; 76°33'11"E; 250
m s.n.m.)
Sucumbios, Limoncocha
(0°22'48,30"S; 76°35'36,73"0; 251
m s.n.m.)

Zamora Chinchipe, rio
Bombuscara (4°04'04,61"S;
78°56'23,27"0; 937 m s.n.m.)
Zamora Chinchipe, via al Jenairo
(4°2'57,29"S; 78°58'0,20" 0; 1048
m s.n.m.)

Zamora Chinchipe, Zamora
(4°3'13,01"S; 78°56'27,21"O; 960
m s.n.m.)

Zamora Chinchipe, via a Jamboe
(4°3'26,11"S; 78°55'44,23"O; 903
m s.n.m.)

Orellana, Tiputini (0°38'10,32"S;
76°9'51,99"0; 218 m s.n.m.)

Napo, Ahuano (1°3'13,46"S;
77°31'51,34"0; 356 m s.n.m.)

Orellana, Nueva Esperanza
(0°29'57,48"S; 76°45'53,80" O; 261
m s.n.m.)

Pastaza, Kapawi (2°32'28,24"S;
76°51'30,96"0; 249 m s.n.m.)
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Figura 1. Registros de la serpiente indigo Drymarchon corais en la Amazonia ecuatoriana. Circulos negros:
registros histdricos, Triangulos anaranjados: nuevos registros.
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REGISTROS HISTORICOS

Tres especimenes (MCZ 154059, LACM 73364, KU 183514) fueron encontrados en los
alrededoresdelagunade Limoncocha (0°23'49,15"S;76°36'37,51"W; 229 m s.n.m.), cantén
Shushufindi, provincia de Sucumbios. Estos fueron recolectados el 21 de enero de 1929
por Charles M. Fugler, el 21 de marzo de 1979 por Ronald Heyer y 23 de abril de 1975
por William Duellman, respectivamente. Un espécimen (KU 158781) fue identificado en
la ciudad de El Coca (i.e, Puerto Francisco de Orellana, provincia de Orellana) (0°24'00"
S; 77°0'00"W; 267 m s.n.m.) el 23 de abril de 1975. Dos especimenes adicionales (AMNH
107658, 107659) fueron colectados en la provincia de Morona Santiago sin localidad
especifica. Finalmente, un espécimen (MEPN 8830), sin localidad fue colectado en la
Amazonia de Ecuador.

Algunos autores reportan a Drymarchon corais en la Amazonia de Ecuador [4,22,23,24,26],
aunque sus registros no estan respaldados por material voucher (especimenes o
fotografias). Por ejemplo, Cisneros-Heredia [22] reporté un individuo en la Estacion de
Biodiversidad Tiputini (EBT), provincia de Orellana, pero no reporta evidencia fotogréfica
o informacién de especimenes. M. Ortega [24] reportd un individuo en el sector de
Cusuime, provincia de Morona Santiago sin evidencia fotogréfica ni coleccién de un
espécimen voucher. Lainformacion acerca de la distribucion de Drymarchon corais sefala
que es una especie que se distribuye en la Amazonia ecuatoriana [4,18,22,23,26,32] y
que accidentalmente ha sido introducida en la provincia de Pichincha [33]. En la lista
reptiles de Ecuador, Almendariz [30] reporta a Drymarchon corais en la Amazonfa de
Ecuador (sin detalle de localidad). Del mismo modo, Pérez-Santos y Moreno [23] en su
monografia de Serpientes de Ecuador mencionan que la especie estd presente en la
provincia de Napo, sin mayor detalle de localidades.

NUEVOS REGISTROS

Un espécimen joven de Drymarchon corais (FHGO 5742) fue colectado por Morley Read,
Edwin Carrilloy Silvia Aldas (Fig. 2A, 2B) el 15 de noviembre de 2005 en el Parque Nacional
Yasuni, via a CPF (0°40'13,68"S; 76°23'58,20" O; 245 m s.n.m.), canton Aguarico, provincia
de Orellana. Otro espécimen (FHGO 9091) hembra adulta (Fig. 2C, 2D), fue colectado
por Manuel R. Duefas el 15 de enero de 2012, a las 09:32 h en la localidad 13 de Marzo
(0°122"N; 76°33'11"W; 250 m s.n.m.), cantén Pacayacu, provincia de Sucumbios (Fig.
1). Ambos especimenes (FHGO 5742, 9091) fueron encontrados muertos. El primero
atropellado en la carretera, y el segundo después del ataque de pobladores locales.
Adicionalmente, se encontré que el espécimen FHGO 9091, contenfa en su estbmago
restos de un sapo de la cafa Rhinella marina (Fig. 3A).
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Figura 2. Especimenes de Drymarchon corais preservados. FHGO 5742 A: cuerpo vista dorsal, B: cabeza vista
lateral. FHGO 9091 C: cuerpo vista lateral, D: cabeza vista lateral.
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Figura 3. Registros fotogréficos de la historia natural y nuevas localidades de Drymarchon corais en la Amazonia
ecuatoriana. A: predacion de Rhinella marina Sucumbios, comunidad 13 de Marzo B: Napo, Ahuano. C: Orellana,
Chiru Isla. D: Morona Santiago, Cangaime. E: Morona Santiago, Guayabal. F: Orellana, Nueva Esperanza.

G: Orellana, Nuevo Rocafuerte. H: Zamora Chinchipe, Nuevo Paraiso.

Los dos especimenes colectados (FHGO 5742 y FHGO 9091) y depositados en el museo
de Anfibios y Reptiles de la Fundacion Herpetoldgica Gustavo Orcés fueron identificados
como Drymarchon corais por concordar con los siguientes caracteres propuestos por
Waister et al. [13], Boie [35]; Pérez-Santos y Moreno [23]: “(1) menor tamafo que D.
melanurus; (2) mancha de gran tamafo con tres ramificaciones negras debajo del
0jo presente; (3) 19-17-15 dorsales; (4)188-216 ventrales; (5) 66-81 subcaudales; (6)
cambio de color a lo largo del dorso de los adultos, mas oscuro anteriormente y pélido
posteriormente; (7) marca oblicua negra al lado del cuello ausente; (8) color uniforme y
pélido alolargo de la regién ventral y la cola; (9) subcaudales oscuras o palidas ausentes”.

Observaciones adicionales reportan una hembra adulta enrollada sobre un talud al
borde de la carretera, entre los helechos, a la entrada de la Estacion Cientifica de la
Fundacion Jatun Sacha (1°4'0,84" S; 77°37'12,72" O; 427 m s.n.m.), parroquia Ahuano,
canton Tena, provincia de Napo, el 07 de noviembre de 1999. Dos individuos adultos
fueron observados en la Estacién de Biodiversidad Tiputini, cantén Aguarico, provincia
de Orellana. El primero el 29 de diciembre de 1999, moviéndose durante el dia entre las
ramas de un arbol a 5 m del borde del rio Tiputini (0°38'15,72"S; 76°8'59,64" O; 216 m
s.n.m.) y el segundo el 12 de junio de 2000 mientras se movia entre las raices tabulares
de un ceibo (0°38'22,20"S; 76°9'38,16" O; 223 m s.n.m.). Un cuarto individuo adulto fue
observado en el suelo cerca a la comunidad Nueva Juventud (0°4'43,00"S; 76°24'9,00"
O; 249 m s.n.m.), parroquia Tarapoa, cantén Cuyabeno, provincia de Sucumbios el 15 de
julio de 2000 (D. Cisneros-Heredia in litt. 2020).
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Cuatro ejemplares de Drymarchon corais (J. Culebras in litt. 2020) fueron reportados
con los siguientes datos: (1) un individuo adulto activo a las 12:00 h, el 04 de febrero
de 2012, en un dia soleado en un bosque conservado en el sector de Limoncocha
(0°22'48,30" S; 76°35'36,73" O; 251 m s.n.m.), provincia de Sucumbios; (2) un individuo
activo a las 11:30 h, el 10 de noviembre de 2016 en la Estacion de Biodiversidad Tiputini
(0°38'10,32" S; 76°9'51,99" O: 218 m s.n.m.), provincia de Orellana; (3) un individuo
capturado y fotografiado el 14 de junio de 2017 en un area alterada en el sector de
Ahuano (1°3'13,46"S; 77°31'51,34" O; 356 m s.n.m.), provincia de Napo (Fig. 3B); (4) un
individuo activo a las 10:00 h en un dfa soleado en Kapawi (2°32'28,24"S; 76°51'30,96" O;
249 m s.n.m.), provincia de Pastaza.

Seis individuos de D. corais fueron reportados en el cantén Zamora, provincia de Zamora
Chinchipe por D.NUfez con los siguientes datos: (1) el 25 de abril de 2012 alas 13:35 hun
individuo cruzando una via cercana al rio Bombuscaro en direccién al Parque Nacional
Podocarpus (4°04'04,61"S; 78°56'23,27" 0; 937 m s.n.m.); (2) el 07 de agosto de 2014 un
individuo durmiendo en un arbol a 1.80 m del suelo en una franja de bosque intervenido
en la via a Jenairo (4°2'57,29"S; 78°58'0,20" O; 1048 m s.n.m.); (3) el 15 de enero de 2015,
observé un individuo alas 10:15 h cruzando una via de segundo orden en un parche de
bosque intervenido junto al estadio municipal Reina del Cisne (4°3'13,01"S; 78°56'27,21"
0; 960 m s.n.m.); (4) el 22 de marzo de 2015 a 15:15 h, un individuo muerto en una via
de segundo orden que dirige al sector de Jamboe (4°326,11"S; 78°55'44,23" O; 903 m
s.n.m.); (5) el 13 de julio de 2018 a las 09:55 h un individuo muerto en una vfa colindante
con una zona de potrero en el cantdon Nangaritza, parroquia Conglime (4°2'53,34"S;
78°38'9,12"0; 896 m s.n.m.) y (6) el 17 de noviembre de 2018, un individuo durmiendo
en un arbol a 2 m del suelo junto al rio Chuchumbletza (3°34'18,85"S; 78°31'16,97"O; 751
m s.n.m.), via a Tundayme, cantén El Pangui en el limite entre las provincias de Zamora
Chinchipe y Morona Santiago.

Un individuo adulto, con longitud total de 270 cm, fue capturado y fotografiado en la
zona de amortiguamiento del Parque Nacional Yasuni cerca al rio Huarmi Yuturi en el
sector de Chiru Isla (0°35'38" S; 76° 430" 'O; 232 m s.n.m.), canton Aguarico, provincia
de Orellana (Fig. 30), el 06 de mayo de 2018 a las 10:48 h. El individuo fue observado
desplazdndose sobre un pantano en un area intervenida compuesta por bosque en
regeneracion, areas abiertas y abundante vegetacion herbacea (L. Oyagata in litt. 2019).

Otro individuo adulto con una longitud aproximada de 200 cm fue observado y
fotografiado en una comunidad Shuar cercana al rio Cangaime (2°47'15"S; 77°31'33"0;
224 m s.n.m.), sector Puerto Morona, cantéon Tiwintza, provincia de Morona Santiago
(Fig. 3D), el 27 de mayo de 2019 por Axel Marchelie. El individuo fue encontrado a las
08:00 h tomando el sol sobre el suelo de un pastizal a 20 m de un pequefo arroyo.
Inicialmente, el individuo intentd huir lentamente hacia un agujero debajo de las
rafces de un arbol de chonta (Bactris gasipaes). En el intento de captura la serpiente se
mostré muy agresiva intimidando con la boca abierta e intentando morder por dos
ocasiones a la altura de las rodillas.

Un individuo adicional, de aproximadamente 250 cm fue observado y fotografiado en el

sector de Guayabal (3°2529"S; 78°33'38" O; 810 m s.n.m.), aproximadamente a 3 km de
Gualaquiza, provincia de Morona Santiago (Fig. 3E), el 09 de abril de 2020 a las 07:23 h por
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Angel Vasquez. El individuo fue observado mientras se desplazaba entre la vegetacion
herbacea de una pequena poza en medio de una zona de pastizal en una finca.

La informacion contemplada en la plataforma digital iNaturalist sefala que; (1)
Drymarchon corais es una especie reportada por Diego Naranjo el 19 de junio de
2017 en la parroquia de Nueva Esperanza (0°29'57,48"S; 76°45'53,80" O; 261 m s.n.m.),
provincia de Orellana (Fig. 3F); (2) el 07 de agosto de 2019 reportada por Mike Tidwell en
la parroquia de Nuevo Rocafuerte, cantdon Aguarico, provincia de Orellana (0°55'22,36"
S; 75°23'57,64" O; 183 m s.n.m.) (Fig. 3G); (3) el 16 de febrero de 2020 en la parroquia
Ahuano, cantén Tena, provincia de Napo (1°04'36,50”S; 77°31'40,53" O; 433 m s.n.m.); y
(4) el 20 de abril de 2020 reportado un individuo muerto en la parroquia Nuevo Paraiso,
cantéon Nangaritza, provincia de Zamora Chinchipe (4°28'03,93"S; 78°41'26,95"O; 1110
m s.n.m.) (Fig. 3H).

DISCUSION

Los registros de las nuevas localidades presentadas para la serpiente indigo Drymarchon
corais en las provincias de Sucumbios, Pastaza, Morona Santiago y Zamora Chinchipe
son los primeros oficialmente documentados y reportados en la Amazonia ecuatoriana.
Nuestros registros incluyen latitudinalmente los puntos mas cercanos y conocidos de la
especie hacia las fronteras con Colombia (al Norte) y Per (al Sur). Estos registros amplian
el rango de distribucién geogréfica conocida de la especie en aproximadamente 65
km hacia el Norte y 511 km hacia el Sur desde sus localidades previamente conocidas
[4,18,22] dando un éarea total de ocupacion de la especie de 28.940,81 km? Ademas,
reportamos individuos observados, fotografiados e identificados sobre los 1110 m
s.n.m. en la provincia de Zamora Chinchipe, siendo estos los registros mas altos para
esta especie ampliando el rango altitudinal conocido previamente en la Amazonia
ecuatoriana de 0-230 m a 0-1100 m s.n.m. [4,18,22].

Los datos de historia natural de Drymarchon corais indican alta tolerancia hacia
ambientes antrépicos en concordancia con varios autores [14,16,27,29,36,37]. Basados
en nuestros registros reconfirmamos en parte lo expuesto por Wister et al. [13]; Bernade
y Abe [14]; Da Costa et al. [16]; McCranie, [27] quienes mencionan que la especie es
diurna, con un forrajeo activo en el estrato terrestre y con alta afinidad hacia los cuerpos
de agua [27]. Por otra parte, el registro de varios individuos de D. corais en el estrato
arbdreo incrementaria la lista de especies que erréneamente han sido identificadas
Unicamente con habitos terrestres [38]. Adicionalmente, identificamos que D. corais
presenta un comportamiento agresivo y territorial cuando tiene encuentros ocasionales
con las personas. Es probable que esta agresividad y su gran tamafo signifiquen un
factor adverso para su conservacién ya que estas caracteristicas tienden a producir
mayor temor en la gente [39,40].

Estudios histéricos desarrollados en otros paises determinaron que D. corais era
abundante en dreas protegidas con buen habitat [41]. Sin embargo, a partir de la década
de los 90 se evidencié el declive de sus poblaciones [42]. Una situacion similar ocurre
en la Amazonia ecuatoriana, donde por afios, se han realizado diversos estudios que
han incluido colecciones cientificas, pero al parecer la especie es bastante esquiva a
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los muestreos ademés de poco abundante [24,43]. Lo sefalado concordarfa con las
categorias de la IUCN [44], donde globalmente Drymarchon corais estéd categorizada
con Preocupaciéon menor (LC) y localmente, en Ecuador, en Datos insuficientes (DD) [45].
Los nuevos registros de la especie presentados para todas las provincias de la Amazonia
ecuatoriana, sugerirfan que su estado poblacional es estable. Sin embargo, es necesario
focalizar estudios y esfuerzos conjuntos de conservacion para identificar las principales
amenazas de la especie y determinar el estado real de sus poblaciones. Finalmente, y no
menos importante, se considera que una campana agresiva de educacion ambiental
serfa una estrategia de conservacion vital que permitiria generar una mayor oportunidad
de supervivencia de la especie.
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Primer registro de eritrismo parcial en una especie de
rana venenosa de la familia Dendrobatidae: Epipedobates
darwinwallacei Cisneros-Heredia y Yanez-Muiioz, 2010

Abstract

We report the first recorded case of partial erythrism in a frog belonging to the family
Dendrobatidae, the Mindo Poison Frog Epipedobates darwinwallacei Cisneros-Heredia
and Yanez-Mufioz, 2010. In February 2019, we found an individual in the valley of
Mindo, province of Pichincha, Ecuador, showing dorsal surfaces uniformly orange, throat
and posterior surfaces of legs black, and ventral surfaces yellow. Despite the atypic
colouration, its external morphology coincides with E. darwinwallacei, and individuals with
typical colouration for the species were abundant syntopically. We include photographs
comparing the erythristic individual and a typical colouration frog from the same area.
We provide a brief review of chromatic atypic colourations reported in Dendrobatoidea.

Keywords: Atypical colouration, Anura, Dendrobatoidea, Chromatic anomaly

Resumen

Reportamos el primer caso de eritrismo parcial para la familia Dendrobatidae; Epipedobates
darwinwallacei Cisneros-Heredia y Yanez-Murfioz, 2010, encontrado en el valle de Mindo,
2019, provincia de Pichincha, Ecuador. Este individuo presenta una coloracién anaranjada
uniforme en el dorso, garganta y superficies posteriores de las piernas negras, y superficies
ventrales amarillas. A pesar de presentar una coloracion atipica, su morfologia externa
coincide conlade E darwinwallacei, e individuos con la coloracion tipica fueron abundantes
en sintopia. Incluimos un breve resumen de los reportes de coloracion cromatica atipica
de Dendrobatoidea y evidencia fotografica comparando el individuo con eritrismo y uno
con coloracion normal de la misma localidad.

Palabras clave: Coloracion atipica, Coloracion, Anura, Anomalia cromatica
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One of the families with the highest rate of variation in aposematic colouration is
Dendrobatidae [1]. Variation in colours and patterns in dendrobatids is usually related to
warning visually oriented predators of their potential toxicity [1]. Even within populations
of Dendrobatidae species, variation rates are high on colour hue and pattern. Myers
& Daly [2][3] and Brown and collaborators [4] remarked that intrapopulation variation
in Dendrobatidae is strongly impacted by geographic distribution and migration.
Mutations and atypical colourations could occur more frequently due to the exchange
of genetic information from different geographical lineages as a result of migration
[2-3]. Studies in Oophaga pumilio have evidenced that genetic drift may impact the
expression of new colour phenotypes [4].

Different colouration anomalies have been reported in anurans, such as melanism,
albinism and leucism [5]. Selective expression of pigments not related with these three
anomalies previously mentioned are even more rare to see in wild populations (e.g.,
xanthism, erythrism, and axanthism) [6][7]. Unlike the variation in the colour pattern,
which is caused by environmental pressures (e.g. visually oriented predators, body
size and camouflage on heterogeneous backgrounds) over the fitness of individuals
that forces more variable phenotypes, it is suggested that the expression and loss of
specific pigmentations associate with morphological conditions, random mutations
and immunological abnormalities [1][5][8-11].

Epipedobates is a genus of poison-dart frogs of the family Dendrobatidae with seven
species in northern South America [12]. Mindo Poison Frog Epipedobates darwinwallacei
Cisneros-Heredia and Yanez-Munoz, 2010 is endemic to cloud forests on the Cordillera
Occidental of the Andes in north-western Ecuador, at an altitude between 1250 and
1390 m.asl. This species inhabits near swamps and slow streams in primary and
secondary forests [13-15]. E darwinwallacei is a small frog characterised by having a
black to dark brown dorsum with orange to bright yellow spots, pale yellow oblique
longitudinal lateral stripe on flanks, dark throat and dark venter with large orange or
yellow spots [13-15].

Several colourationanomalies have beenreportedinwild populations of Dendrobatoidea,
including partial leucism in Epipedobates anthonyi [16], partial leucism in Allobates
femoralis [5], leucism in Dendrobates truncatus [17], partial leucism in Anomaloglossus
stepheni [18], albinism in froglets and tadpoles of Mannophryne trinitatis [19], and creamy
pigmented eggs and tadpoles of D. auratus [20]. All reported cases are related to the
expression of iridophores and melanophores. Herein, we present the first report of
partial erythrism in a species from Dendrobatidae. Erythrism is the overexpression of
xanthophores that provide yellow-orange and red-orange hues due to carotenoid and
pteridine pigments [7].
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FIGURE 1: Occurrences (white spots) of E. darwinwallacei and locality (black star) where the partial erythristic
individual of E. darwinwallacei was found in the valley of Mindo, province of Pichincha, Ecuador.

During anexpeditionin February 2019, an adult male with partial erythrism (unvouchered
specimen) identified as Epipedobates darwinwallacei by its straight and weakly curved
tarsal keel [13] was found next to a temporary creek in a ravine near the River Mindo,
province of Pichincha, Ecuador (0.059713 S, 78.774013 W, 1288 m.a.s.l), active at 22:00
p.m. (Fig. 1). The erythristic individual shows a uniformly dark orange colouration in the
dorsal and yellow ventral surfaces (Fig. 2). Flanks are dark orange with a yellow oblique
stripe and a black tympanic membrane. Axilla and folds from posterior and anterior legs
are black. It still has a dark throat with a yellow spot near the mouth (Fig. 2 D). It does not
present the common dorsal pattern of the species—reticulated, uniformly dispersed
spots and medial line forms [13]—nor the ventral mottled pattern that is generally
present in most species of Dendrobatidae. The erythristic dorsal pattern and colouration
are similar to the uniform brown to reddish-brown dorsal colouration presented by
some populations of E. boulengeri [21], a species not found in sympatry. Possibly, this
similarity shows that the colour pattern of these two species could be regulated by the
same genes, which mutated in the case of the erythristic £. darwinwallacei.
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Compared to the size range of adult males’ snout-vent length (SVL) 16.5-18.0 mm of £.
darwinwallacei [14], the partial erythristic individual SVL measures 19.2 mm. Thus, it is
larger than males of E. darwinwallacei and closer to the higher limit size of females (SVL:
13.0-19.5 mm) [15]. This type of chromatic anomaly may be related to growth factors
present at the larval stage. Cabrera-Guzman and collaborators [22] suggested that
growth factors could be related to a higher pigment concentration diet, the presence
of metals and nutrient sources. For example, some authors have hypothesized that high
iron concentrations could be associated with the saturated pigmentation in erythristic
Pelobates fuscus [23][24]. Tadpoles developing on high iron concentrations media could
produce negative developmental, morphological, genetic and biochemical effects
during its development [22]. More reports of chromatic abnormalities in Dendrobatoidea
are needed in order to use them as background information for developing extensive
research that relates predation and environment over the survival and fitness of these
atypically coloured individuals in wild populations.

FIGURE 2. Photographs of erythristic (A—C) and typical colouration in Epipedobates darwinwallacei (unvouchered
specimen): (A) Dorsolateral, (B) dorsal and (C) ventral views of erythristic individual (SVL: 19.2 mm); (D)
Dorsolateral, (E) dorsal and (F) ventral views of individual (unvouchered specimen) with typical colouration (SVL:
16.5 mm). Photographs by Pedro Pefiaherrera-R.
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Los productos naturales como fuente de farmacos en la
lista de medicamentos esenciales de Ecuador

Abstract

This paper presents the analysis of the origin of 391 active ingredients of the 9 list of
essential medicines of Ecuador, using the system proposed by Newman and Cragg with
certain modifications in order to highlight the contribution of natural products in the
discovery and development of the drugs used in the Ecuadorian public health system.
The active ingredients of natural origin represent 54.2% of the list and have greater
importance in the categories H, R and B of the Anatomical, Therapeutic and Chemical
classification system for pharmacological substances and medicines. In addition, the
influence of natural products was analyzed in the categories with the highest number
of active ingredients J, L and N, as well as in category C, which is associated with the
main cause of death in Ecuador.

Keywords: active ingredients, classification, metabolites, public health, source

Resumen

En este trabajo se presenta el andlisis del origen de 391 ingredientes activos de la 9™ lista
de medicinas esenciales de Ecuador, utilizando el sistema propuesto por Newman y Cragg
con ciertas modificaciones con el propdsito de destacar la contribucion de los productos
naturales en el descubrimiento y desarrollo de los farmacos utilizados en el sistema de
salud publica ecuatoriana. Los ingredientes activos de origen natural representan el 54,2%
de la lista y tienen mayor importancia en las categorias H, Ry B del sistema de clasificacion
Anatémica, Terapéutica y Quimica para sustancias farmacoldgicas y medicamentos.
Ademas, se analizé la influencia de los productos naturales en las categorfas con el mayor
numero de ingredientes activos J, L y N, asi como también en la categoria C la cual esta
asociada a la principal causa de muerte en Ecuador.

Palabras clave: ingredientes activos, clasificacion, metabolitos, salud publica, fuente
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INTRODUCTION

avances  The use of natural products as lead compounds in the process of drug discovery has

M been revitalized[1]. This is due to three factors: 1) the technology based on synthetic
molecules being less efficient than desired [2], 2) the evaluation of natural products in
new biological targets [1], [3] 3) the great diversity of molecular scaffolds found in the
living organisms [4]. Between 2003 and 2012, Newman and Cragg ([5]-[7]) categorized
1,355 drugs approved by the U.S. Food and Drug Administration (FDA) in the period
of 1981-2010, according to their source. They pointed out the importance of natural
products (NP) in the discovery and development of drugs, not only as lead compounds
or as drugs properly, but as inspiration for the design of new ones. Furthermore, they
identified that NP have influence mainly on the drugs used for treatment of cancer and
infectious diseases. Following the methodology proposed by Newman and Cragg, Jones
[8] analyzed the influence of NP on the World Health Organization Essential Medicines
List, 13" Revision, which has nearly 300 drugs. In that work the 210 small-molecule
therapeutic agents were classified, and among them 139 have a direct influence by NP.
In addition, Tao [2] used the Newman and Cragg’s methodology to determine the NP-
related drugs named by them as NP lead of drugs (NPLDs); in a list of 749 pre-2013
FDA approved and 263 clinical trial molecule drugs, these made up 442. Based on the
previous information, Tao's group [2] generated and evaluated distribution patterns in
the chemical space represented by the molecular scaffold and fingerprints of 137,836
non-redundant natural products.

On the other hand, the Essential Medicines List (EML) is an inventory, which defines
the most relevant drugs for a country, according to the prevalence and prevention of
diseases in the population, drug efficiency, marketing, etc. In the case of Ecuador, the
drugs of the Essential Medicines List are classified according to the ATC (Anatomical,
Therapeutic, Chemical classification system) code established by the WHO [9]. However,
none of the drugs on the Ecuadorian Essential Medicines List (EEML) have been classified
according to their origin. In this work, the origin of drugs on the EEML was determined
using Newman and Cragg methodology to evaluate the contribution of NP in each
category of ATC code. Besides, the origin of some drugs was described with the goal of
highlighting the contribution of natural products on the discovery and development of
the drugs used for the treatment of prevalent diseases in Ecuador.

MATERIALS AND METHODS

The active ingredients (Als) of the 9" Ecuadorian Essential Medicines List [10] were
classified according to the categories proposed by Newman and Cragg [7]. The category
“M”was added to gather the inorganic compounds. In addition, the category B was
divided into two, following the criteria of Tao's group [2].

(Categories

“B*"Human biologics include peptides, nucleic acids, proteins, and antibodies.

"B"Nonhuman biologics include peptides, nucleic acids, proteins, and antibodies.
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“M”Minerals.

“N"Natural product.

“NB"Natural product “Botanical”.

“ND" Derived from a natural product and is usually a semisynthetic modification.
"S"Totally synthetic drug, often found by random screening/modification of an existing agent.
"S*"Made by total synthesis, but the pharmacophore is/ was from a natural product.
"V"Vaccine.

Subcategory: “NM"Natural product mimic.

First, a search of the compounds previously classified was carried out in the books and
articles that follow:

D. J. Newman and G. M. Cragg, “Natural Products as Sources of New Drugs over the 30
Years from 1981 to 2010, J. Nat. Prod., vol. 75, no. 3, pp. 311-335, 2012.

L. Tao et al., "Clustered Distribution of Natural Product Leads of Drugs in the Chemical
Space as Influenced by the Privileged Target-Sites,’ Sci. Rep., vol. 5, 2015.

W.P. Jones, Y. Chin, and A. D. Kinghorn, “The role of pharmacognosy in modern medicine
and pharmacy;’ Curr. Drug Targets, vol. 7, no. 3, pp. 247-264, 2006.

R. S. Vardanyan and V. J. Hruby, Synthesis of Essential Drugs, First. Amsterdam, The
Netherlands: Elsevier B.V., 2006.

T.L.Lemke, D. A. Williams, V. F. Roche, and W. Zito, Foye's Principles of Medicinal Chemistry,
6th ed., Philadelphia: Lippincott Williams & Wilkins, 2008.

W. Sneader. Drug Discovery A History. Chichester. John Wiley & Sons Ltd., 2005.

The Als not found in these references were assigned according to the information found
in scientific articles or web pages. The list of all Als with their corresponding references is
described in Supporting Material 1.

RESULTS AND DISCUSSION

391 Als were determined in the 9" Ecuadorian Essential Medicines List [10]. Ortiz-Prado
[9] determined 397 Als in 533 pharmaceutical forms and 725 different concentrations.
This discrepancy could be attributed to the fact that in this work, products like
rehydration salts, multivitamins and vitamin combinations were not considered as Als.
Nevertheless, the components of these mixtures were considered, such as vitamin
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A, ascorbic acid, and sodium chloride. Trace elements, Zinc products, and hypertonic
solutions were considered as one Al each and categorized in the group M. In addition,
the multi-enzymes and gelatin agents were considered as Ais and assigned to the
categories B* and B, respectively. In the product electrolytes with carbohydrates, only
dextrose was considered and assigned to the category N. Also, for the product Ringer
lactate, only the component sodium lactate was considered as Al and assigned to the
category ND. Each vaccine was considered as Al.

The determination of the Als'sources is summarized in Figure 1. For all 391 Ais, there are
two principal sources with 108 (27.6%) and 96 (24.6%) corresponding to the groups S
and ND, respectively. The third group in importance is N (69, 17.6%). These three groups
have Als in all categories of ATC code. Considering all synthetic-type groups (included
the minerals) as only one and the others grouped as natural-type, 179 (45.8%) Als occupy
the non-natural category. It is evident that the majority of Als of EEML have a natural
origin. To evaluate the contribution of natural products in EEML more precisely, only the
small molecules were considered. In other words, the EEML was analyzed without the
groups V, M, B and B* due to its high molecular weight or to its inorganic origin. Overall,
324 Als were considered as small molecules. The natural-type ones (165, 50.9%) have a
slightly higher contribution than synthetic-ones (159, 49,1%) (Figure 2). These results are
in accordance with those reported by Newman and Cragg [7].

Figure 1. Alsin the EEML
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Figure 2. Source of small molecules in EEML
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The origin of Als of EEML can be analyzed by each group of the ATC code. It is important
to consider that some Als are used for more than one treatment in the ATC code (15
are repeated twice and 2 three times). For this reason, the total number of Als used
increased from 391 to 412. The results are summarized in the Tables 1 and 2.

Table 1. Distribution of Als in the EEML by group of ATC code
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A=Alimentary tract and metabolism; B=Blood and blood forming organs; C=Cardiovascular system; D=Dermatological
drugs; G=Genitourinary system and reproductive hormones; H=Systemic hormonal preparations, excluding reproductive
hormones and insulins; J=Antiinfectives for systemic use; L=Antineoplastic and immunomodulating agents; M=
Musculoskeletal system; N=Nervous system; P=Antiparasitic products, insecticides and repellents; R=Respiratory system;

S=Sensory organs; V=Various ATC structures.
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Table 2. Distribution of Als in the EEML by group of ATC code in percentages

A 294 | 147 | 176 - 88 59 29 - 206 - 83
B 278 28 11.1 167 | 83 = = 28 306 = 8.7
@ 16.7 | 433 | 300 - - 33 33 33 - - 7.3
D 400 | 26.7 6.7 = = = = 133 133 = 36
G 250 | 188 | 375 - - 6.3 - 12.5 - - 39
H 214 | 143 | 500 = 7.1 7.1 = = = = 34
J 129 | 204 | 280 - 43 9.7 43 1.1 - 194 226
L 177 | 194 | 210 | 113 | 97 | 145 | 48 16 = = 15.0
M 7.7 538 | 231 7.7 - 7.7 - - - - 32
N 85 574 | 191 = = 43 2.1 6.4 2.1 = 114
P 154 | 615 154 - - 7.7 - - - - 32
R 23.1 154 | 46.2 = 7.7 = 7.7 = = = 32
S 231 308 | 385 - - - - 77 - - 32
V 154 | 462 | 154 = = = = 7.7 154 = 32
100.0

A=Alimentary tract and metabolism; B=Blood and blood forming organs; C=Cardiovascular system; D=Dermatological
drugs; G=Genitourinary system and reproductive hormones; H=Systemic hormonal preparations, excluding reproductive
hormones and insulins; J=Antiinfectives for systemic use; L=Antineoplastic and immunomodulating agents; M=
Musculoskeletal system; N=Nervous system; P=Antiparasitic products, insecticides and repellents; R=Respiratory system;
S=Sensory organs; V=Various ATC structures.

For a clearer notion concerning the source of Als in the groups of ATC code, two
principal categories were set: the natural-type (N, ND, B, B* and V) and the synthetic-
type (S, ¥, S/NM, S*/NM and M). Figure 3 shows the differences between the mean
value of overall EEML and the number of Als inside of each group or ATC code. Also, the
analysis only for small molecules was made (Figure 4), where the positive values mean
a major natural contribution while the negative values a major synthetic contribution.
The categorization of these groups as natural or synthetic-type does not mean that
within the group there are not important natural-type Als or vice versa. In addition, the
structure of the small molecules can be envisioned according to the classification by
origin and ATC's category in Supporting Material 2.
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Figure 3. Contribution of the source (natural-type or synthetic-type) to the Als of EEML in the groups of ATC code
compared with a mean value.
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In the EENL, the group of the ATC code with majority of Als is the J group (93, 22,6%)
(Tables 1 and 2). This group is related to anti-infective drugs for systemic use. It is
important to recognize the significance of the vaccines for this group. Basically, it is the
only group where the category V appears (Table 1). The main category within this group
is the ND. Only the category M is not present in this group. When strictly considering
the synthetic drugs assigned to the S category, it was observed that 20.2% of Als in
this group do not have any “natural”influence (Table 2). Moreover, when only the small
molecules are considered, the J group has a slightly larger synthetic-type component
compared to the mean value (Figure 4).

Figure 4. Contribution of the source (natural-type or synthetic-type) to the small molecules of EEML in the
groups of ATC code compared with a mean value.
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For visualizing the impact of the origin of Als in infectious diseases, bronchitis, one of the
lower respiratory infections, was considered. These infections have been recognized as
the main cause of death [11]regional, and national health policies. In the Global Burden
of Disease Study 2013 (GBD 2013 during the period of 1990-2013 in Ecuador. The drugs
in EEML for the treatment of bronchitis are: Ampicillin (ND), Cotrimoxazole, which
have two Als Sulfamethoxazole (S) and Trimethoprim (5%), Clarithromycin (ND) and
Levofloxacin (5%). Only one of these Als has a totally synthetic origin—Sulfamethoxazole.
The Ampicillin is synthetized from (+)-6-aminopenicillanic acid, which is produced
from a brew of the Penicillium mold [12]. Clarithromycin is a macrolide antibiotic which
was obtained for the first time in 1990 (Morimoto, et al, 1990) from a derivative of
Erythromycin synthetized by Flyn [13]. The Erythromycin is an antibiotic which was
isolated in 1952 from a strain of Streptomyces erythreus, present in a soil sample from
the Philippines [13]. This short example is useful to remark that most antibiotic drugs
have an origin in microorganisms. Also, it helps to target most antibiotics with new
molecular skeletons fight against the resistant strains, which is a serious public health
problem [14]. It is envisioned that a bigger effort should be made in the screening
of secondary metabolites from microorganisms, especially in areas of rich biological
diversity which exist in tropical countries like Ecuador. On the other hand, Trimethoprim
has a synthetic origin and is a strong dihydrofolate reductase inhibitor. Trimethoprim
has a diaminopyrimidine fragment in its structure. This structural factor is similar to the
pteridine ring of folic acid [15]. The activity of this drug could be attributed to the high
affinity of the diaminopyrimidine fragment with the bacterial dihydrofolate reductases.
Therefore, it can be intuited that Trimethoprim was inspired by folic acid. Levofloxacim is
an antibiotic drug of the fluoroquinolones group with a synthetic origin. All quinolones
have their origin in the nalixidic acid, a by-product in the synthesis of natural product
chloroquine [16]. Therefore, quinolones were inspired by quinine. Quinine was isolated
from Cinchona officialis, a native tree from South America. This plant was intensely
exploited during the 17" and 18" centuries in Loja, Ecuador because it was one of the
few remedies for malaria at that time. The use of this plant was common between the
natives before Europeans arrived to the New World [17].

The second largest group of Als is the L group (62, 15.0%) related to antineoplastic and
immunomodulation agents. ND is the main category within this group. It is remarkable
thatin this group only the categories M and V are not present. The relevance of the Als of
category B¥ in this group is greater than in other groups. This group is mostly composed
of natural-type Als (Figure 4). Newman and Cragg [7] found that most anti-cancer drugs
approved by the FDA in the period of 1940-2010 had natural-type origin. According
to official data [18], neoplastic causes were the second leading cause of deaths in
Ecuador in 2016. The deadliest kind of neoplastic illness was stomach cancer, around
17.2% of overall neoplastic illnesses. According to EEML, the Als used in the treatment
of this kind of cancer are Docetaxel (ND) and Mitomycin (N). Docetaxel is obtained by
the semi-synthesis of 10-deacetylbaccatine Ill, commonly known as 10-DAB, from the
ubiquitous Taxus baccata, or English yew. It is a well-known case about the importance
of pharmacognosy in the discovery and development of new drugs. Two facts are
remarkable: The first one is the discovery of paclitaxel from the extracts of the bark of
the Pacific yew (Taxus brevifolia). This compound showed great anti-tumor activity for
some types of cancer [19]. The main issue for using paclitaxel as a therapeutic agent
lies on the fact that the old yews were the unique source of this drug. The harvesting of
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the bark kills the tree. The age for the maximum yield by tree was too high to consider
this idea as practical. The complex structure of paclitaxel represents a big challenge for
synthetic chemists. But, the solution was found in Taxus baccata. The molecule 10-DAB
(the most complex residue of paclitaxel) is produced in the needles of this yew. Using
10-DAB as starting material, the efficient semi-synthesis was achieved by the scientists
of Bristol-Myers Squibb Company in 1994 [20]

The third largest group of Als is the N group (47, 11.4%), which is related to nervous
system drugs. This group has a great synthetic component, more than all other groups.
However, there is an Al from natural source with great importance to treat the deadliest
disease of this group in Ecuador, which is Alzheimer’s disease [18]. This compound
is Galanthamine. The isolation and evaluation of the biological activity of this Al was
inspired by ethnomedical reports [21]. Galanthamine was isolated from Galanthus
nivalis, a specie from the Amaryllidaceae family which is richly represented in the
tropics and has pronounced centers of diversity in South Africa and the Andean region.
Some genera are also found in the Mediterranean area and temperate regions of Asia.
In addition, in Iberoamerica there is vigorous research about the determination of the
ability of the Amaryllidaceae species to produce Galanthamine in good yield to satisfy
the market necessities [22].

In 2016 the main cause of death in Ecuador was associated with the cardiovascular
system [18], group C according to the ATC code. This group is mainly composed of
synthetic-type Als. However, the natural-type Als are relevant in this group. Simvastatin
is a compound used to lower cholesterol levels. It was obtained by the synthetic
modification from lovastatin, which was isolated from the fungus strain of Aspergillus
terreus [23]. The discovery of statins in fungi and their mechanism of action (inhibition
of 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase, or HMG-CoA) constitute a clear
example of drug research and development. In addition, another relevant and classic
example is Digitoxin, a natural compound isolated from Digitalis purpurea.

A remarkable example (which is not present in the EEML) of a natural source of a
medicine found in Ecuador is the FulyzagTM. The Al is Crofelemer, a purified
oligomeric proanthocyanidin from the latex of Croton lechleri Mull.Arg. locally known
as “Dragon’s blood” and used in the treatment of wounds [24]. This botanical drug
has been approved by the FDA as the first anti-diarrheal drug for HIV/AIDS patients
[25]. In the author’s opinion, the inclusion of botanical drugs in the market means
an opportunity for research in the search for active ingredients of drugs in countries
with great biodiversity such as Ecuador. As it has been pointed out, the role of natural
products as sources of medicine is indispensable. Either by its structure, by its activity,
or by serendipity, the research of natural products is of great importance in drug
discovery and development.

CONCLUSIONS

The EEML has been categorized according to the drug origin. The natural-type Als were
found to be slightly more abundant and to have a greater influence on the H, R and B
categories of the ATC code, even when the small-molecule criterion was considered. In
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addition, the group M was created to group Als of mineral or inorganic origin. This work
is an example of the contribution of natural products on the public health of a nation.
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Estudio de modelado de la combustion de biomasa sdlida
usando OpenFoam

Abstract

Biomass is an important renewable energy source that has great potential as a substitute
for fossil fuels in the short and medium-term, which has led to the development of
various methods for its energy conversion, of which combustion is the most widely
used. This process has several environmental advantages compared to traditional
energy sources, however, there is still a long way to go in terms of process efficiency and
emission reduction. In this context, CFD computational models are a powerful tool that
enables the study and improvement the performance of combustion systems in a safe,
fast and economical way, compared to experimental studies. OpenFoam is one of the
most important CFD software currently available, yet there are few works that use it to
simulate the combustion of solid biomass. In this work, an application of the software
in modeling of a biomass boiler fueled by grape marc is reported, this model allows for
the prediction of important parameters like CO, H20 and velocity fields in a 2D domain.

Keywords: Solid Biomass, Combustion, Simulation, Modeling, OpenFoam.

Resumen

La biomasa es una importante fuente de energia renovable que tiene un gran potencial
como sustituta de los combustibles fésiles en el corto y mediano plazo, lo cual ha llevado
al desarrollo de varios métodos para su conversion energética, de los cuales la combustion
es el mas utilizado. Este proceso, llevado a cabo con biomasa, tiene varias ventajas
medioambientales comparadas con el mismo al utilizar fuentes de energia tradicionales,
sin embargo, todavia hay un camino largo por recorrer en términos de mejora de
la eficiencia del proceso y la reduccion de emisiones. En este contexto, los modelos
computacionales CFD son una herramienta poderosa que permite estudiar y mejorar el
desempefo de sistemas de combustion de una manera segura, rapida y econémica, en
comparacién con estudios experimentales. OpenFoam es uno de los softwares CFD mas
importantes disponibles en la actualidad, no obstante, hay pocos trabajos que lo utilicen
para simular la combustion de biomasa solida. En este trabajo se reporta una aplicacion
de dicho software en el modelado de la combustién en una caldera alimentada con
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orujo de uva, este modelo permite predecir pardmetros importantes como el campo de
velocidades y las emisiones de CO y H20 en un dominio 2D.

Palabras clave: Biomasa sélida, Combustion, Simulacion, Modelado, OpenFoam.

INTRODUCTION

To overcome the serious environmental problems of global warming and poor air quality,
it is necessary to develop clean energy sources and reduce society’s energy consumption.
Studies have been carried out around the world in order to find and improve renewable
energy sources that can replace fossil fuels. Biomass is one of the most important; it is
considered the most promising energy source to mitigate greenhouse emissions in the short
and medium-term [1]. The use of biomass-derived power has increased during the last few
decades [2], becoming the fourth largest energy source worldwide, after coal, oil, and natural
gas [3] [4] [5]. However, there remain challenges associated with optimizing and applying
biomass technologies which make biomass energy conversion seemingly too inefficient to
be an environmentally and commercially viable alternative to traditional finite fuels [2].

Over time, various processes have been developed for the transformation of biomass into
energy, framed within thermochemical, biochemical and chemical conversion routes. Of
these, combustion is the most used as it is the most suitable from the economic point of
view [6] [1]. Nevertheless, there remain problems in current biomass combustion furnaces,
such as slagging, instability of heat load, and low thermal efficiency [7] [8]. These present a
necessity in terms of research to improve the performance of these devices and to reduce
pollutants, as the increase in efficiency leads to a significant decrease in emissions and fuel
consumption; analysis has shown that a 1% increase in the efficiency of biomass power
plants causes a 3% reduction in their CO2 emissions [1]. Another area of improvement
needed in the research is the biomass characterization in terms of its physico-chemical
properties, which is imperative to understanding biomass combustion. Traditionally the
most commonly used solid is wood but, in order to improve energy utilization, an increase
of the use of other types of biomass is expected, including a diversity of agricultural residues
and biogenic waste [9]. These will require the study of their properties and transformation
processes to achieve maximum energy performance.

Computational models are a valuable tool to improve the performance of biomass
combustion systems since - the design and operating conditions of these systems can be
improved without incurring the economic and environmental costs of the experimental
studies[10] [11]. This has motivated the development of Computational fluid dynamics
(CFD) models in recent decades. A full review of this topic is presented in the works of
Dernbecher et al. [6], Karim and Naser [12], Bhuiyan et al. [1], and Khodaei et al. [2]. This
is an issue that is still under development due to the complexity of the combustion
process, which requires various submodels for the thermo-chemical conversion of the
biomass and sufficient computational resources for the simulation [9]. OpenFoam is a
powerful open-source engineering tool, which has been successfully used in numerous
applications. It has the advantages of being a free and open source, being constantly
under development, and including solvers for many applications [13]. Despite these
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factors, there are relatively few works that use it to simulate the combustion of solid
biomass. In order to guide researchers interested in the use of OpenFoam for this type of
applications, this document provides a 2D simulation of combustion in a boiler fed with
grape marc employing OpenFoam [14] [15] [16]. This is a simple model that predicts CO
and H,0 profiles of velocity and temperature over the freeboard.

METHODOLOGY

In this work, the combustion in a biomass boiler with dimensions 8 m wide and 15 m
high in a 12.5 MWel combined heat and power plant was simulated. The system was
already analyzed in the work of Cordiner et al. [17] [18], but the novelty of our study lies in
the simplicity of the model, which requires relatively few computational resources. The
furnace operating conditions are presented in table 1. A squared mesh with a grid size of
approximately 20 was used, the computational grid was done with the blockMesh utility
(see figure 1). The characteristics of the biomass used are shown in table 2, which were
also taken from the work of Cordiner et al. [18]. The volatilization kinetic parameters were
taken from the work of Fiori [19].

Table 1. Furnace operating conditions [18].

Condition Value

Biomass flow rate 18,300 kg/h
Primary air flow rate 53,750 kg/h
Secondary air flow rate 53,750 kg/h
Secondary air nozzles diameter 76 mm
Secondary air nozzles number 38(19+19)
Primary air temperature 170°C
Secondary air temperature 25°C

Table 2. Fuel characteristics [18].

Property Value

Volatile Fraction 30%
Cco 80%
CH, 10%
CHy 10%
Solid Fraction 20%
Ashes 30%
C content 52.1%
H content 5.8%
N content 0.84%
S content 0.19%
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Figure 1. Computational Domain

The simulation was under the following main assumptions:

« The fuel (biomass) is supplied to the combustion chamber following a predefined
path.

« Solid particles are not moved by gas action (drag and gravity forces are neglected)
but gas phase movement is affected by bed particles.

«  The Equations of continuity, energy and momentum of the gas are solved taking
into account chemical reactions and interactions with the solid phase.
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An empirical 2D model implemented in OpenFoam was used, utilizing the
coalChemistyFoam solver. To model the turbulence/chemistry interaction in the
combustion process the k-¢ model and the Partially Stirred Reactor (PaSR) combustion
model were employed, in the latter, the computational cells are divided into two zones,
one in which all reactions occur and the other in which no reactions occur so that the
composition changes due to the mass exchange with the reaction zone. The governing
equations used in the gas phase are presented below:

«  Continuity equation:
%00 47 (p,U,) = Sm (1)
. Energy transpor equationt

9pgh) 4 20K

ot o TV (pgUgh) + V- (pgUgK) = V- (s (W) =-Vp +pUg-g+Sp (2

. Momentum equation:

30U,
€20 47 (o005 ~V: (1)~ V- (oyR) = ~Vp+ prg+5, )

. Species transport equation:

@D 17 (pgu,¥) ~ V- (D7 (p+V3)) = S @

h is the enthalpy, S is the source terms, K is kinetic energy, Rg is Ronald stress term,
Yiis the mass fraction of the species, and aeff and Deff are the effective thermal and
mass. The freeboard reaction mechanism used was proposed by Gémez et al. [20],
which consists of the reactions summarized in table 3. The system was simulated in a
computational cluster of the “Universidad Industrial de Santander”, named GUANE, that
consists in 16 ProLiant SL390s-G7 computing nodes such as shown in Table 4 [21] [22].

Table 3. Combustion reactions [21].

Homogeneous reactions

9
RI CH,+ ., 0, 60 +3H,0
3

R2 CH,+,0,~ CO +2H,0
1

R3 H,+,0,~H,0
1

o €0 +,0,~Co,

RS H,0+C0~CO,+H,

R6 €0, +H,~ H,0+CO
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Table 4. Setting GUANE Cluster Nodes [21]

B s Setting Guane A B C
Ingenierias
Node type SL390s SL390s SL390s
Number of nodes 8 3 5
Processor Intel Xeon Xeon Xeon
Processor Model E5645 E5645 E5640
Processor by node (#) 2 2 2
Clock frequency (GHz) 240 240 240
Core/Processor (#) 6 6 4
Thread/Core (#) 2 2 2
GPUS Nvidia Tesla Tesla Tesla
GPUS Model M2075 M2075 M2075
GPUS by node (#) 8 8 8
Memory DDR (GB) 104 104 104
SAS disk (GB) 200 200 200
Gigabit Ethernet (Gbps) InfiniBand (1B) 101 101 101
RESULTS

The furnace was simulated under steady state conditions, CO, H20 and velocity fields
obtained are reported in figure 2. The results are similar to those obtained by[18], who
simulated the same type of boiler. Although this model does not simulate NOx emissions,
its valueis that it achieves good results in a simple way with low computational resources.
The calculated temperature closer to the outlet section equal to 1300 K, which can be
compared with the experimental one, that is equal to 1,270+15 K[18]. Also, the CO, H20
and velocity values at the outlet of the chamber, evaluated in this study and taken from
the literature [18], were compared; which can be seen in table 5. The difference between
results is less than 6%, which shows the capacity of the model to predict the behavior of
the combustion of solid biomass. Therefore, the model developed is useful to study the
feasibility of the use of new biomass fuels.

6  DOI: https://doi.org/10.18272/aci.v13i2.2082
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Figure 2. Simulation results. A) Velocity magnitude field [m/s]. B) CO mass fraction. C) H20 mass
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Table 5. Comparison between data obtained from the literature and data obtained in this work.

Parameter Literature [18]
Velocity [m/s] 7.50 7.07
CO mass fraction 0.00 0.00
H20 mass fraction 0.13 0.10
CONCLUSION

A 2D model for biomass furnace is reported in this paper, the model represents the
evolution during thermal decomposition in the combustion chamber with a relatively low
computational cost. The model is capable of predicting the CO and H20 concentration
and velocity, and temperature, profiles evolution over the freeboard. The results present an
overall satisfactory behavior showing good agreement with literature data.
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Technical and economic pre-feasibility study of the
implementation of a biorefinery for the conversion of
orange peel waste

Resumen

La cdscara de naranja es un residuo orgéanico abundante en el Ecuador que puede ser
aprovechado y transformado en productos de alto valor agregado. Por ello, el presente
articulo analiza la pre-factibilidad técnico-econémica de una biorrefineria a partir de
cascara de naranja para la obtenciéon de aceite esencial, pectina y/o bioetanol. Primero,
se compararon varios escenarios alrededor de la combinacién de productos a ser
obtenidos, y se establecid que el mds conveniente seria la obtencion de aceite esencial
y pectina, con una producciéon anual de 8,7 y 44,4 toneladas, respectivamente. A
continuacion, se diseid un proceso para esta biorrefineria que consiste en 3 secciones:
el pretratamiento de la materia prima, la extraccion del aceite y la extraccion de la
pectina. Se realizaron los balances de materia y energfa del proceso, y posteriormente,
se seleccionaron y dimensionaron los equipos de acuerdo a metodologias especificas. El
proceso considerd la recuperacién y recirculacion de etanol empleado en la seccion de
extraccion de pectina para reducir los costos de produccién. Finalmente, se realizé un
analisis econdmico a partir de las estimaciones de costos tedricos y un analisis de costos
de catdlogo. Se encontré que el proyecto es rentable y que el tiempo de recuperacién
de la inversién estaria entre 5 y 6 afos. Por lo tanto, la implementacién de la biorrefineria
generarfa un impacto positivo a nivel econdmico, ambiental y social en el pafs.

Palabras clave: anélisis técnico-econdmico, valorizacion de desecho, aceite esencial,
pectina, destilacion de arrastre de vapor, hidrélisis acida.

Abstract

Orange peel is an abundant organic waste in Ecuador that can be used and transformed
into products of high added value. This work analyzes the technical-economic pre-feasibility
of a biorefinery from orange peel to obtain essential oil, pectin, and/or bioethanol. First,
several scenarios were compared around the combination of products to be obtained
and it was established that the most convenient one would be obtaining essential oil and
pectin, with an annual production of 8.7 and 44.4 tons, respectively. Next, a process was
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designed for this biorefinery that consists of 3 sections: the pretreatment of raw material,
extraction of the oil, and the extraction of pectin. Material and energy balances of the
process were carried out, and later, the equipment was selected and sized according to
specific methodologies. The process considered the recovery and recirculation of ethanol
used in the pectin extraction section to reduce production costs. Finally, an economic
analysis was carried out based on the theoretical cost estimates and a catalog cost analysis.
It was found that the project is profitable, and that the payback time for the investment
would be between 5 and 6 years. Therefore, the implementation of the biorefinery would
generate a positive economic, environmental and social impact in the country.

Keywords: technical-economic analysis, waste recovery, essential oil, pectin, steam
distillation, acid hydrolysis

INTRODUCCION

La naranja (Citrus sinensis) es una de las frutas mds cultivadas en el mundo, con una
produccion de mas de 52 millones de toneladas anuales [1]; en el Ecuador, su produccion
anual bordea las 142 mil toneladas [2]. Debido a su alto contenido de vitaminas y
minerales, el principal uso de la naranja es el consumo alimenticio ya sea como fruta,
jugo o mermeladas, entre otros [3]. Sin embargo, las aplicaciones de la naranja no son
Unicamente como alimento; también sus desechos pueden ser transformados en
productos naturales de alto valor agregado como aceite esencial, pectina, harinas citricas,
bioetanol, y biogés, entre otros [4-6]. Una de las tecnologias que permiten obtener estos
productos a través de residuos como la céscara de naranja son las biorrefinerias [7]. Por
ello, el proyecto propone la implementacién de una biorrefineria para la obtencién de
aceite esencial, pectina y/o bioetanol como productos a partir de cdscara de naranja
para su aplicacion en la industria cosmética y alimenticia.

La necesidad de disminuiry revalorizar los desechos de naranja surge de la gran cantidad
producida anualmente. Sélo alrededor del 50% en peso de la naranja es aprovechada,
mientras que el otro 50% constituye el residuo, lo que implica una generacién de
desechos de aproximadamente 71 mil toneladas anuales en el Ecuador. Una alternativa
para el uso de este residuo constituye el compostaje de la cascara; no obstante, este
presenta un tiempo de descomposicion largo debido a sus caracteristicas fisicoquimicas
intrinsecas [8]. Por este motivo, se requiere encontrar mejores formas de aprovechar los
residuos de la naranja, tal como su conversién a una variedad de productos que son
requeridos en el mercado ecuatoriano.

El aceite esencial de la naranja es un liquido aromético conformado por varias sustancias
como el limoneno, su principal componente. Este es ampliamente utilizado en la industria
cosmética y del cuidado personal para la fabricaciéon de cremas, aceites corporales y
desodorantes, entre otros productos [9]. En cuanto a la pectina, esta es un polisacarido de
dcido galacturénico que es empleada en la industria alimenticia como aditivo gelificante,
espesante y estabilizante [10]. Por otro lado, el bioetanol es altamente requerido para los
protocolos de bioseguridad y desinfeccién de ambas industrias [11]. De esta manera, la
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cascara de naranja es un desecho organico del cual se puede generar un sinnimero de
productos y permiten satisfacer las necesidades de la industria cosmética y alimenticia.

Ecuador es un pais exportador de aceites esenciales, por lo que ya existe una
infraestructura para su obtencién y comercializacion. Asimismo, en la actualidad, hay
una creciente demanda de etanol para protocolos de seguridad y para combustibles,
lo cual muestran la necesidad de aumentar la produccion de bioetanol. Sin embargo,
también hay el caso de productos como la pectina, de la cual actualmente no existe
produccion nacional; por esta razén se importa alrededor de 50 toneladas al afo desde
paises como Brasil, Dinamarca y México, lo cual representa mas de 1 millon de dolares
[12]. Ademas, estos productos pueden ser utilizados en diversas aplicaciones dentro de
las industrias cosmética y alimenticia.

Estudios previos han evaluado la factibilidad técnica y econdmica de la biorrefineria de
cdscara de naranja para la produccion de pectina y biogas en Colombia, pero ha sido
destacada la poca factibilidad econdémica de su uso en la generacién de biogas [5].

En vista de esto, el objetivo del trabajo es evaluar la prefactibilidad técnico-econémica
de una planta para la valorizacion de la cascara de naranja a través de una biorrefineria
para la obtencion de productos con aplicacion en las industrias cosmética y alimenticia
en el Ecuador. Para alcanzar este objetivo, se plantea establecer los bioproductos mas
adecuados a ser obtenidos por medio de la biorrefineria y, en base a esto, definir el
proceso aimplementar, realizar el disefo conceptual de la planta, abarcando la seleccion
de los equipos y su dimensionamiento, y finalmente realizar un analisis econémico de la
planta para evaluar la rentabilidad de su implementacion.

MATERIALES Y METODOS

Para definir los productos de la biorrefineria se tomaron en cuenta diferentes criterios
de importancia, tales como: la disponibilidad y costo de la materia prima, costos y
pertinencia de los productos, y la complejidad del proceso. El disefio de la biorrefineria
y sus equipos dependen del producto que se desea obtener; por ello, se plantearon tres
alternativas de produccion de la biorrefineria: 1. Aceite esencial, pectina y bioetanol; 2.
Aceite esencial y pectina; 3. Aceite esencial y bioetanol.

La alternativa 1 debe ser descartada debido a que la cantidad de reactivo requerida para
el proceso de extraccion de pectina (etanol) es mayor a la produccion de bioetanol, de
acuerdo a célculos basados en trabajos previos [13-14]. Ademds, cabe mencionar que la
produccion de bioetanol a partir de céscara de naranja, a diferencia de la obtencién a partir
de cafa de azUcar, si bien es posible, presenta bajos rendimientos; a partir de la cascara
de naranja se obtienen alrededor de 18 L etanol/ton [15], en comparacién a 75 L etanol/
ton de cafa de azucar [16], lo que implica una gran desventaja al tratarse de un producto
altamente demandado, y la mayor disponibilidad de la materia prima de cafa de aztcar,
pues en Ecuador se cuenta con alrededor de 110 mil hectéreas de cafa de azucar [17].

Por esta razén, no se considera la alternativa 1 que incluye la produccién de bioetanol.
Por otro lado, como se sefala en la introduccién, los crecientes mercados del aceite
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esencial y la pectina, es decir, su creciente demanda junto con sus elevados costos
justifica la explotacién de la cdscara de naranja para su extraccion. Finalmente, se
establecio que la biorrefineria para la produccién de aceite esencial y pectina (alternativa
2) es mds conveniente que la alternativa 3. Una vez seleccionados los productos de
la biorrefinerfa, se identificaron los subprocesos a definir para la extraccién de aceite
esencial y la extraccion de pectina.

Diseiio del proceso de produccion de aceite esencial de naranja y pectina

Sepropone un proceso basadoen literatura previa,que constade 3 etapas: 1) pretratamiento
dela materia prima, 2) extraccion del aceite esencial de la cascara de naranja, y 3) extraccion
de pectina a partir de los residuos soélidos [6]. Cada operacién unitaria es de tipo batch y
el proceso en general es batch. Se podria realizar simultdneamente algunas operaciones
unitarias de las etapas, pero el proceso sigue siendo por lotes. Se opta por realizar este
tipo de proceso ya que la recoleccion para este disefio inicial se considera se realizarfa
diariamente y la cantidad de materia no serfa suficientemente alta para una operacion
continua. Ademas, una ventaja del sistema batch es que si la cantidad de desechos de
naranja aumentase se podrfa adaptar para una mayor produccion hasta el doble ya que
la operacién unitaria mas limitante es la precipitacion de pectina es de 12 horas. De igual
manera, se tiene un mejor control de los lotes y se puede realizar mejor la limpieza entre
lote y lote para controlar la calidad de los productos.

El pretratamiento abarca el lavado, triturado, secado y molienda de la céscara de naranja.
Por otra parte, la extraccion de aceite consiste en la extraccion por arrastre de vapor y
la separacion del agua y aceite. A su vez, la extraccion de pectina se conforma por una
hidrdlisis 4cida, separacion del liquido, precipitacion y lavado de la pectina, prensado,
secado y molienda [6,7,13].

Seleccion y dimensionamiento de equipos

Después de definir las operaciones unitarias del proceso, se selecciond el tipo de equipo
mas conveniente para llevarlas a caboy se realizé su dimensionamiento. Para ello, primero
se determinaron los caudales de procesamiento de cada operacion unitaria a partir de
balances de masa y se determind las capacidades de los equipos. Los distintos tipos
de equipos requieren una metodologia especifica para realizar su dimensionamiento
detallado. Para el dimensionamiento de la columna de destilacion se utilizd el simulador
de Aspen Hysis para calcular pardmetros como el calor del rehervidor y el nimero de
platos requeridos. Con este proceso se determind la altura y didmetro de la torre [18].

Analisis economico de la implementacion de la biorrefineria

El andlisis econémico se hizo en base a la metodologia propuesta en la literatura por
Towler y Sinnot [19], como se explica a continuacion:

La estimacion del costo total requerido para la implementacion de la planta se realizé
a partir del dimensionamiento de los equipos presentado previamente. En primer
lugar, se calculd el costo de inversién de capital fijo, el cual estd constituido por el
costo Inside Battery Limits (ISBL), Outside Battery Limits (OSBL), costos de ingenierfa y
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costos de contingencia o imprevistos. El costo ISBL se tomd como el promedio de los
valores calculados por medios de las estimaciones tedricas empleando los métodos de
factores de instalacion de Lang y de Hand, también el método Factorial Detallado y
de cotizaciones por catélogo de los equipos. A partir de este costo ISBL, y de acuerdo
a guias empiricas de proporcion de costos, se calculéd el costo OSBL como el 40% del
costo ISBL; los costos de ingenierfa como el 30% del costo ISBL+OSBL, y el costo de
imprevistos como el 15% del costo ISBL+OSBL.

Posteriormente, se calculo el capital de trabajo, el cual estd compuesto por los costos de
materias primas y de produccion que se requieren para la puesta en marchay operacion
inicial de la biorrefineria. El capital de trabajo abarca: el valor del inventario de productos,
efectivo en caja, cuentas por cobrar, créditos de cuentas pendientes e inventario de
repuestos. Los costos de inversion de capital fijo y el capital de trabajo conforman la
inversion total requerida.

Por otro lado, se realizd el cdlculo de los costos de produccién fijos (FCOP) y variables
(VCOP). Los costos de produccién variables son aquellos que dependen del rendimiento
y el caudal de produccién de la planta, tales como el costo de materia prima, servicios,
transporte, etc. Por otra parte, los costos fijos de produccion no dependen de la produccion,
estos incluyen gastos salariales, mantenimiento, impuestos y alquiler de terreno.

Asimismo, se determind los ingresos tomando la produccién anual, precio de venta de
los productos en el mercado, los costos de materia prima de proveedores locales, los
costos de produccion e impuestos. A partir de estos datos, se calculé el valor actual neto
(VAN), la tasa interna de retorno (TIR) y el tiempo de recuperacion de la inversion que
reflejan la rentabilidad del proceso.

Finalmente, se empled el método de costos anualizados para obtener el diagrama de
flujo de caja descontado acumulado para confirmar el tiempo de recuperaciéon de la
inversion. Se tomo en cuenta el beneficio bruto, la depreciacion y los impuestos. Este
método asume que la inversion se realiza en el tiempo ceroy se alcanza inmediatamente
la produccién maxima, por lo tanto, los ingresos también corresponden a los planificados
en el disefio de la planta. En la vida real se esperaria que los costos de ingenieria,
adquisicion de equipos y construcciones se realicen entre el primer y tercer afio cuando
se realizarfa el pago del capital de trabajo para la puesta en marcha de la planta. Asi los
ingresos incrementarfan paulatinamente a lo largo de los 3 afios siguientes junto con
el incremento paulatino de la produccion hasta alcanzar el caudal de produccién de
disefio. Sin embargo, este método es acertado para una estimacion inicial dado que no
se cuenta con informacion mds detallada sobre los costos mencionados anteriormente.

RESULTADOS Y DISCUSION

Como se establecio al inicio de la seccién 2, la biorrefineria mas adecuada serfa la que
produce aceite esencial de naranja y pectina. Esto es debido a que cuenta con mayor
disponibilidad de materia prima pues no requiere compuestos controlados. Ademas
el proceso presenta mayor sencillez y se considera més pertinente puesto que no
hay produccion local de pectina. En cuanto a los precios, si bien los costos de materia
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prima son mas elevados, de igual manera, los costos de los productos son altos. Una
vez establecidos los productos a obtenerse por medio de la biorrefinerfa, se definid
mediante un estudio previo realizar la extraccion de aceite esencial por arrastre de vapor
y la extraccion de pectina por hidrdlisis 4cida empleando acido citrico.

Caudales de produccion de la biorrefineria

Los caudales de produccion del proceso fueron establecidos en base a la cantidad de
desechos generados por los establecimientos de una cadena de supermercados a nivel
nacional, lo que constituye el caudal de alimentacion al proceso disefiado a continuacién. Se
registrd que se produce alrededor de 5 toneladas diarias de cascara de naranja como desecho
que resulta de la produccion de jugo de naranja. Por lo tanto, se fijo el caudal de alimentacion
anual en 365 toneladas de céscara seca, tomando en cuenta un 80% en peso de humedad en
la cascara recién desechada. Los rendimientos de extraccion fueron establecidos como 2,5%
w/w para el aceitey 149% w/w para la pectina, en base seca [4-5]. A partir de estos rendimientos,
se establecié que el caudal de produccion es de aproximadamente 9 toneladas anuales de
aceite esencial de naranja y cerca de 50 toneladas anuales de pectina.

Descripcion detallada del proceso

El balance de masa del proceso se realizé considerando un ciclo de extraccion, con cada
ciclo de extraccion abarcando alrededor de 33 horas. Por ello se considera un nimero
de 21 extracciones mensuales. Para establecer el caudal de alimentacion del balance,
se considerd una disponibilidad de materia prima de 1.825 ton de cascara de naranja
humeda anuales. Entonces, se establece una produccion de 34,4 kg de aceite esencial y
176,3 kg de pectina por extraccién como resultado del proceso ilustrado en la Fig. 1. Por
otro lado, el balance de energia se realizd en base a los requerimientos energéticos de
cada tipo de equipo. Por medio de este, se determind que se requiere 1,56 x 10° kJ en
total por extraccién, es decir, 9,5 MW como se muestra en la Tabla 1.
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Equipo Codigo ) Codigo

Balsa de lavado L-01 Tanque almacenamiento aceite T-03

%‘g’c?en',?gf?% Picadora P-01 Tanque mezdadora R-01

Secador 1 S-01 Filtro de prensa F-01

Molino rodillo M-10 Tanque precipitacion T-04

Tanque almacenamiento céscara T-01 Tanque lavado T-05

Extractor E-01 Filtro de prensa F-02

Condensador 1-01 Secador2 $-02

Centrifuga 1 01 Molido de bolas M-02

(entrifuga 2 02 Tanque almacenamiento Etanol T-06

Decantador D-01 Columna destilacién DT-01

Tanque almacenamiento aceite agua T-02 Tanque almacenamiento Pectina T-07

Figura 1. Diagrama de flujo de la Biorrefineria de Céscara de Naranja para la Produccion de Aceite Esencial y
Pectina

Tabla 1. Especificaciones de los equipos empleados en el proceso.

] Potencia

apacida

pad calc;\’;da, Parametros Referencia de
m Adicionales Diseiio

(Comerdial,
HP)
Balsade Lavado |  100-500 kg/h 4 Peso (kg) 400 (atdlogo
Piadora | 300400 | kg 15 | Tamaiio (mm) 95°1X1(7)8°X Catdlogo
2 Tamario de
£ | Molinoderodillo| 300-1.000 kg/h 15 particula 40-120 (atdlogo
g (malla)
2 Gewdort | 1097 ? : Qneto (kW) | 355,07 Sha‘”a‘[’;‘g;" 2007
Tanque :
Almacenamiento 41 mw - Material $S304 Towler & Sinnot
. 2008[19]
(ascaras
Extractor 1 kg/batch - V efectivo (L) 5 (atdlogo
= (entrifuga 5 m? 22,5 Tamafio (mm) | 350 % 1500 (atdlogo
E Condensador | 226.482,4 kgagua/h - Q (kw) 2,96x10° | Koretsky,2013 [21]
£ Tanque2] .
% Imacenamiento 5,62 m - Material $S304 Tow;)roi ?;r;?ott,
'g Aceite
g ) Towler & Sinnott,
b= 3 - 3
g Decantador 2,24 m Material 55305 2008[19]
= Tanque )
Almacenamiento 0,05 m - Material 55306 Towler & Sinnott
Aceite 2008[19]
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Capacidad Potencia
apacida calc:‘:;da, Parimetros Referencinde
(Comerdial, Adicionales Disefio
HP)

) Dimensiones | 9,82 3,15x ‘
Filtro de Prensa 1 24 kg/h 2,6 m) 287 (atdlogo
) Dimensiones | 11,6 3,15 X ‘
Filtro de Prensa 2 18 kg/h 26 m 267 (atdlogo
Tamanio de
Molino de Bolas | 50-100 kg/h 2,2 particula 0,074-04 (atdlogo
(mm)
Tanaue Areade Towler & Sinnott,
Mezc?a dor 314 m’ 723,23 Chaqueta 7,68 2008[19];
(m2): Koretsky,2013 [22]
§ Tanque N ) ) Towler & Sinnott,
S | Predpitadon | 0V m Material 304 2008[19]
;§ . i ) Towler & Sinnott,
§ Tanque Lavado 36,85 m Material $S304 2008[19]
3 Towler & Sinnott,
Columna s o 2008 [19]; Granger,
Destilacion %521 m 563309 \“Platos 6 Smith & Poppick,
2016 [18]
Tanque :
Almacenamiento 61,55 m? - Material $S304 Towler & Sinnotf,
2008 [19]
Etanol
Tanque :
Almacenamiento 0,31 m? - Material $S304 Towler & Sinnott,
Pecti 2008[19]
ectina
Secador 2 2,44 m? - Qneto (kW) 63,1 Shawak[);glh 2007
Destilador de Dimensiones | 0,6 0,81 [
Agua 149 L/h 84 m) 14 (atdlogo
Galdera | 1214-4664| kg, /h Qfuel (kW) 362847  |Koretsky, 2013 [21]
£ ) Towler & Sinnott,
§ Bomba 1 18,64 kg/s  0,38kW (0,5 HP) (entrifuga 2008 [19]
=] .
8| Bomba2 6,58 Ky | OS9KW(1HP) Diiagma | "1 ?;’;']“’“
= onkwes | Towler & innott
) , ) owler & Sinnott,
Bomba 3 48 kg/s HP) Diafragma 2008[19]
. Towler & Sinnott,
Bomba 4 348 kg/s  0,22kW (0,5HP) (entrifuga 2008 [19]

Dimensionamiento de los equipos

El dimensionamiento de cada equipo se clasificd en 3 secciones: pretratamiento,
extraccién de aceite esencial, extraccion de pectina y una seccion extra de equipos
adicionales. A continuacion, se muestran los pardmetros fundamentales de cada equipo
en la Tabla 2. El consumo de electricidad de la mayoria de los equipos de la Tabla 2 fue
tomado de modelos estandar encontrados en catalogos comerciales. Para el caso de los
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equipos personalizados como la columna de destilacién, los secadores y el condensador,
al ser hechos a la medida, se optd por la potencia calculada. Por otro lado, se cuenta con

ambos datos para las bombas.

Tabla 2 Célculo del capital fijo, capital de trabajo y costos de produccién.

Inversion de Capital Fijo
ISBL

OSBL

Ingenierfa
Imprevistos

Capital de Trabajo
Inventario de materia
Valor de inventario
Efectivo

Cuentas por pagar
Crédito

Repuestos

COP Variable
Materia prima/mes
Catalizador/mes
Electricidad/mes
Vapor/mes
Agua/mes
Transporte/mes

COP Fijo

Labora de operacién (operarios)
Supervisor

Salariales directos
Mantenimiento
Impuestos

Alquiler de terreno
Gastos generales

Gastos medio ambientales

Analisis economico

Total
$7.496.292,68

$3692.755,01
$1477.102,01
$1.550.957,11
$ 77547855
$921.377,94
$1451297
$264.344,90
$7.25648
$528689,80
$29.025,93
$77.547,86
$111.437,03
$29.025,93
0
$66.236,61
$7.992,07
$2003,32
$6.179,09
$417.252,77
$11.500,00
$2.875,00
$5.750,00
$147.710.20
$36.927,55
$51.698,57
$109.092,88
$51.698,57

Elandlisis econémico partié del costo ISBL calculado a partir de los costos de los equipos,
como se muestra a continuacion en la Tabla 2. EL costo ISBL se estim6 en alrededor de

$3,6 millones.
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A continuacién, se muestra el célculo del capital fijo, el capital de trabajo y los costos de
produccion fijos y variables. El capital fijo se estimd como alrededor de $7,5 millones,
el capital de trabajo en $921 mil, los costos de produccién variables en $111 mil y los
costos fijos en $417 mil.

Finalmente, se realizé el célculo de los ingresos por ventas anuales considerando la
produccion anual de cada producto y un costo promedio en el mercado de $68 por
unidad de aceite esencial y $34 por unidad de pectina. Se estiman los ingresos de la
biorrefineria propuesta en alrededor de $2,1 millones al afio.

Evaluacion de la prefactibilidad de laimplementacion de la biorrefineria
La rentabilidad del proyecto se evalud a partir del valor actual neto, la tasa interna de retorno
y el tiempo de recuperacion de la inversion. A continuacion, se muestran los resultados

obtenidos a partir de los ingresos y egresos considerados previamente en la Tabla 3.

Tabla 3. Resultados de pardmetros empleados para el andlisis de recuperacion para un precio de $34
(opcion 1)y $27,5 (opcion 2).

Analisis de Recuperacion

Precio Pectina $ 34,00 $27,50
Tiempo de recuperacion 5,62 6,91
Tasa de interés 10,00% 10,00%
VAN $1.762.877,40 $52.186,75
TIR 15,28% 10,16%

Através de estos resultados, se pudo establecer que considerando un precio de venta de
aceite esencial de $68 y de pectina de $34 por kilogramo, la recuperacién de la inversion
se da a largo plazo al ser de aproximadamente 6 afos. A partir del VAN, se establecio
la rentabilidad del proyecto porque se puede recuperar mas del 15% de la inversion al
ano. Finalmente, se determind que el proyecto es rentable dado que el valor actual neto
VAN es positivo y la tasa interna de retorno TIR es mayor a la tasa de interés del banco.

Adicionalmente, se considerd una segunda opcién donde se evalud la rentabilidad
del proyecto bajo la suposicién de un precio menor de pectina al que se definid
originalmente, dado que existen varios importadores de pectina a nivel nacional
con una variedad de precios de venta. Por medio de este andlisis, se encontrd que
es posible disminuir el precio de venta de la pectina hasta $27,5 por kilogramo. No
obstante, si se disminuye este precio, también se disminuyen los ingresos por su venta
y en consecuencia se alarga el tiempo de recuperacion a 7 afos. Por lo tanto, se podria
considerar disminuir el precio de la pectina sélo temporalmente como estrategia de
venta hasta posicionar el producto en el mercado.

Adicionalmente, se obtuvo el diagrama de flujo de caja descontado acumulado de la
Fig. 2, el cual permite confirmar que la inversién con los precios establecidos de los
productos se recupera aproximadamente en el afo 6 donde se empieza a tener un
saldo positivo. Si bien el método de costos anualizados tiene desviaciones con respecto
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al comportamiento real, es aceptable el utilizar este método para el anélisis de pre-
factibilidad econémica.

Diagrama de Flujo de Caja

Costo (millones)
()

0 2 4 6 8 10 12
Arios

Figura 2. Diagrama de flujo de caja descontado acumulado seguin el método de costos anualizados.

CONCLUSIONES

La biorrefinerfa de residuos agroindustriales se perfila como una de las estrategias mas
prometedoras para la transformacion de la industria ecuatoriana hacia un modelo més
sostenible. La naranja, de gran consumo a nivel nacional y generadora de grandes
cantidades de residuos, representa un buen punto de partida para lograr este propésito.
Si bien existe una plétora de potenciales productos que podrian obtener de esta
biomasa, la pectina y el aceite esencial son quizas los mas facilmente extraibles, y con
mayor relevancia industrial en el contexto local. La obtencion de estos es factible con
equipamiento relativamente sencillo, que puede incluso ser construido en el pafls, lo
que implica que un proyecto de esta envergadura podria potenciar el desarrollo de otro
tipo de industrias. Es importante mencionar que, al ser los costos estimados a través de
métodos tedricos o por consulta de catdlogos internacionales, los costos asociados al
proceso pueden variar; sin embargo, a través de un mecanismo eficiente de busqueda
y adquisicién de equipos, estos costos podrian ser alin menores a los estimados. Por lo
tanto, puede decirse, con un alto margen de confianza, que este proceso es factible no
sélo técnicamente, pero también desde el punto de vista econdmico.

A futuro, serd importante considerar el manejo de los residuos sélidos de la extraccién
de estos componentes, quizés a través de la implementacion de procesos secundarios
como lafabricacién de carbdn activado, o cultivo de microorganismos para la produccién
de metabolitos de interés. Todo esto con el fin de alcanzar un proceso “zero-waste”.
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Abstract

The increase in computational capacities has helped in the exploration, production and
research process, allowing for the use of applications that were infeasible years ago. This
increase has brought us into a new era (known as the Post-Moore Era) and produced a
wide range of promising devices, such as Single Board Computers (SBC) and Personal
Computers (PC) that can perform what could only be achieved on a server a decade
ago. This work presents high performance computing devices with low monetary
cost and low energy cost that meet the needs for the development of research in
Artificial Intelligent (Al) applications, in-situ data analysis, and simulations that can be
implemented on a large scale. These devices are compared in different tests, presenting
advantages such as the performance per watt consumed, smart form, and more.

Keywords: Edge computing, embedded systems, manycore and heterogeneous
computing, low-cost computing.

Resumen

El aumento de las capacidades computacionales ayudo en el proceso de exploracion,
produccion e investigacion, permitiendo la ejecucion de aplicaciones que eran inviables
hace algunos afnos. Este incremento de las prestaciones computacionales permitio el
surgimiento de una nueva era conocida como era Post-Moore y produjo una amplia gama
de dispositivos prometedores, como las tarjetas de placa tnica (SBC) y computadoras
personales (PC) con rendimientos que solo se veian en un servidor hace una década. Este
articulo presenta unanalisis de dispositivos Post-Moore de bajo costoy consumo energético
reducido que soportan despliegue y ejecucion de aplicaciones para inteligencia artificial
(Al), Andlisis de datos in-situ y simulaciones que pueden implementarse en sistemas de
gran escala. Estos dispositivos se comparan en diferentes pruebas, resaltando beneficios
como el procesamiento por vatio consumido y escalabilidad.

Palabras clave: Computacion Edge, Sistemas Embebidos, Computacién Multintcleo y
Heterogénea, Computacién de Bajo Costo
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INTRODUCTION

Two of the largest projects in Latin America have been the Fénix [1] supercomputer
and the Santos Dumont Hybrid [2] supercomputer, both of which were manufactured
by Atos. Fénix was commissioned by Petroleo Brasileiro S.A. [1] to be used in the oil
and gas industry, while the Santos Dumont was built for the Laboratério Nacional
de Computacédo Cientifica [2] for the academic segment and meets in the post 476
of the TOP500 list [3]. Fénix is among the top three on the continent and, at number
195 on the TOP500 list, provides a theoretical capacity of 4,297.42 TFlop/s and has a
Linpack result of 1,836 TFlop/s with a consumption of approximately 287 kW. These
capabilities have contributed to geophysical data processing using complex algorithms
to generate images that are essential in oil exploration and production processes. With
these computational capabilities, it will be possible to provide higher resolution images
which will reduce operational and geological risks directly impacting the profitability of
projects. The Fénix project demonstrates the great benefit of investing in technological
tools, however, developing countries cannot always make those investments. Therefore,
itis necessary to search for alternatives that can offer decent computing capabilities that
also provide a good cost/benefit ratio.

Hardware has advanced in a complicated and long process, that has yielded beneficial
results, the exponential increase of performance. Moore's law [4] was the guide for
planning, development and investigation for decades. Numerous advances have
arisen under its implementation. This triggered an improvement in performance
thousands of millions of times. However, Moore's Law has several limitations in
practice and doesn't always follow the exponential pattern. In 2016, the roadmap for
semiconductor technology stopped focusing on "Moore's law", and its (complete)
discontinuation is expected for the period 2025-2030 [5]. This change illustrates how
application needs drive the advancement of technology. This has led to an "explosion”
[6] of astonishing(impressive) computing capabilities. Algorithms that were previously
inviable (Artificial Intelligence, Autonomous and deep learning) are at the top of
current research and generate the technological evolution of countries. There is also an
abundance of hardware with high computing capacity, low power consumption, and
at an affordable price.

This paper focuses on the energy efficiency of low-cost devices and the different techniques
and tools such as commands, monitors, hardware, and benchmark suites that can help
with related issues. The first topic to be discussed will be the context in which computing
is currently situated, followed by an explanation of reference devices, techniques and
tools, and finally, a presentation of the results obtained from the tests performed

POST-MOORE ERA

Any attempt to overcome the limitations presented by Moore's law can be considered
post-Moore [5]. Moore's law says that approximately every two years, the number
of transistors in a microprocessor will double. In addition to this, the expansion is
characterized by an increase in the clock frequency and a decrease in lithography [5],
but limitations, such as size the lithography or quality of silicon, have caused Moore's law
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to begin to falter. This shift has generated new research paths such as multicores and
heterogeneous computing. Furthermore, these emerging architectures do not focus on
a single chip but on the combination of multiple chips [5]. This allows these architectures
to adapt to the needs of each application, generating a sudden appearance and rapid
diversification of the hardware. In order to achieve this integration, strategies such as
Heterogeneous System Architecture (HSA), languages such as CUDA [14], OpenCL
[15] or OpenACC [16], unification of CPU, GPU, FPGA, NPU, non-volatile 3D memory,
reconfigurable communication grids, inductive wireless couplings, among others in a
SoC [6, 7, 8, 9], must be taken into account.

As discussed above, the investment in computing resources is helpful for research and the
development of countries, but developing countries often do not prioritize such things,
which creates shortages in resources for computation. To reduce research costs, low-cost
devices such as the Single Board Computer (SBC) or computer equipment heterogeneous
desktop (PC) that can meet the needs of the applications can be made or bought. In
addition, the applications must be developed or transcribed with the objective of being
implemented in these architectures as a test base and these applications must maintain a
portability and scalability that allows them the flexibility of deployment on architectures
with greater capabilities. To verify the performance of different architectures, two reference
devices are chosen that classify under the characteristics proposed by the Post-Moore Era.
These devices will be addressed in the next section.

REFERENCE DEVICES

In order to compare performance, various devices were chosen to perform the
experiments and compare the results. After several searches, there were several
candidates, among which the following stand out: Raspberry Pi [17], Orange Pi [18],
Asus Tinker Board [19], Odroid [20] and NVIDIA Jetson [21]. Of all these proposals, the
NVIDIA Jetson family proved the best. The “Jetsons” are SBCs developed by Nvidia and
in this group there are boards such as TK1 [22], TX2 [23] and Xavier [24]. Although their
costs can be high and some production was suspended, from this family, Jetson Nano
was chosen.

The Nano features provide us with an ARM CPU, a Nvidia GPU. The other architecture
chosen has an AMD Ryzen CPU [25] and a Nvidia GPU, and is a somewhat more
traditional architecture. The components that the experiments will focus on are the CPU
and GPU, a review of which is provided in the following sections.

The CPUs

ARM Cortex-A57 is primarily composed of a finder, decoder instruction dispatcher,
integer executor, load / storage unit (L1) and L2 memory system. It also has a floating-
point unit, advanced SIMD, generic CPU interrupt control interface, generic timer, debug
and trace.

AMD Ryzen 5 3600 is manufactured in a AMD Zen 2 microarchitecture. This design is
given around small 8-core chiplets separated into 2 groups of 4. This allows the cores to
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be organized in a "central complex” or CCX, which contains the 4 cores and an L3 cache
set. Regardless of the number of chiplets, it is paired with a central I/O via Infinity Fabric.
This 1/O acts as a central hub for all off-chip communications, as it houses all PCle lanes,
memory channels, and Infinity Fabric links to other chiplets or CPUs. This separation
greatly improves its scalability and manufacturing capabilities as well as making it easier
to build processors with many cores.

The GPUs

The selected GPUs are from successive architectures, NVIDIA Maxwell [26] and NVIDIA
Pascal [27].

NVIDIA Maxwell focused primarily on energy efficiency and its SM (Streaming
Multiprocessor) was restructured, partitioned and renamed SMM. The structure of the
warp scheduler, along with the FP64 CUDA core and texture unit was inherited from
NVIDIA Kepler [28], but the design of most execution units was partitioned so that
each warp scheduler in an SMM handles a 32-core FP32 CUDA package. This enables
better resource management than Kepler, saving more energy when the workload
is not optimal for sharing resources. Maxwell would be succeeded by the Pascal
microarchitecture.

NVIDIA Pascal architecture improvements are based on five technological
advancements, 1) a 16nm fabrication process that increases performance and improves
energy efficiency, 2) increased double precision performance for HPC workloads (in
Deep Learning offers more than 12 times of neural network training and a 7-fold increase
in Deep Learning inference performance compared to previous generation GPU
architectures), 3) it is the first architecture to integrate revolutionary NVIDIA NVLink™ [29]
bidirectional interconnect High Speed (this technology is designed to scale applications
across multiple GPUs, delivering faster 5X acceleration of interconnect band), 4) using
an innovative approach to memory design, CoWoS® (Chip-on-Wafer -onSubstrate) with
HBM2 gives you a 3X boost in memory bandwidth performance over NVIDIA Maxwell ™
architecture, 5) the new in 16-bit medium-precision floating point instructions and the
new 8-bit integer instructions allow Al algorithms to provide real-time responsiveness
for Deep Learning inference.

Table 1. Specifications of the Reference Devices.

Device 1 Device 2

CPU | ARM Cortex-A57 Quad-Core 64-bit @ 143 GHz | "MD Ryzen 5 3600 Hexa-Core 64-bit

@ 3.6GHz
RAM 4GB LPDDR4 @ 1600 MHz 16GB DDR4 @ 3200 MHz
GPU Nvidia Maxwell 128-Core @ 921 Nvidia Pascal 768-Core @ 1350~1800
MHz Mhz (GTX 1050Ti)
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These descriptions provide an idea of the specifications that these devices offer. In
the next section, an explanation is given of the techniques and tools used to measure
performance in the reference devices.

TECHNIQUES AND TOOLS

As shown in the introduction, computational capacities are immense and this requires
large amounts of funds and investments and as such, the reference devices used in this
study cannot be compared with the devices exposed in the introduction. Based on the
Post-Moore approach, more affordable participants can be chosen. In order to simplify
the choice, these devices should have at least one CPU and one GPU, it should also be
possible to measure their power consumption. In this way, its capabilities can be verified
by means of benchmarks.

There are many benchmark tools, from the reliable Linpack (HPL) [10] to Phoronix Test
Suite (PTS) [11]. Energy consumption, hardware or other measurement variants can be
used to obtain this data in a controlled way.

Benchmarks

Stress-ng [12] will test a computer system in various selectable ways. It can execute
a wide range of CPU-specific stress tests that exercise floating point, integer, bit
manipulation and control flow. It was designed to show thermal problems and errors
in the operating system. Warning, if stress-ng was configured wrong, it may physically
damage the device.

HPL (High-Performance Linpack) [10] solves a random dense linear system in double
precision (64 bits) arithmetic on distributed-memory computers. HPL provides a testing
and timing program to quantify the accuracy of the obtained solution, as well as the
time it took to compute it. The generic implementations of MPI, the BLAS and VSIPL are
available for a large variety of systems.

PTS (Phoronix Test Suite) [11] is a testing and evaluation platform. The software is
designed to effectively carry out qualitative and quantitative benchmarks in a clean,
reproducible, and user-friendly way. It will take care of the entire testing process, from
dependency management to test download/installation, execution and aggregation of
results. PTS has access to more than 100 tests used in the benchmark suite find in [13]. If
there is a test that is not currently covered in PTS, it can be added through its extendable
architecture.

DOI: https://doi.org/10.18272/aci.v13i2.2108


https://doi.org/10.18272/aci.v13i2.2108

Articulo/Article
Seccién/Section C

Vol. 13, nro.2
1D: 2108

avances
en ciendias e
ingenierias

Low Energy Consumption on Post-Moore Platforms for HPC Research
Rojas / Barrios / Steffenel (2021)

Measure Power Consumption

As for measuring the power consumption, the aim is to generate the least possible load
on the chosen devices, therefore, a measurement tool external to the device is chosen,
which will measure the consumption second by second. For this task, we chose a smart
outlet of the VTA brand.

Table 2. Specifications of the Measure Power Consumption.

VTA Smart Outlet
Wi-Fi 24 GHz
Operating Voltage 125 VAC 60Hz
Maximum Current 10A
Maximum Power 1250 W

The smart outlet counts a mobile APP, which carries a monthly history consumption, but
video of second-by-second consumption can be taken when testing is performed. The
devices are thought to have the lowest possible cost and decent capacities; therefore,
SBCs are the best option that can be found, followed by Personal Computers (PC).
Although their cost is not comparable to SBCs, they have higher power.

An SBC is a computer (CPU, RAM, GPU, etc.) on a single circuit or board. Its applications
range from industrial environments to home loT systems. Due to their high component
integration and small footprint, these devices feature a higher reliability, better power
handling, less weight and an SBC can be mass-produced to reduce its costs.

On the other hand, the PC has been heterogeneous for quite some time. In addition,
over time, the cost of calculations per second has been decreasing, improving access
to new hardware with greater power, allowing the development and implementation
of countless applications. To measure the performance of each reference device, several
tests must be carried out, the process of carrying out these tests is presented in the
following section.

EXPERIMENTS

The tests perform two branches of experiments to measure the behavior of the chosen
devices. The first branch focuses on the use of the CPU, the second on the use of the
GPU. For CPU testing, Stress-ng and HPL were nominated. Stress-ng offers a variety of
tests such as operations with floating numbers, integers, random numbers, matrices,
among others. Bogo operations are the number of iterations of the stress test during
the race. This is the metric for how much overall "work" has been accomplished in stress
operations. The following configuration is used for this test:
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stress-ng --cpu N --cpu-load P --cpu-method method --metrics-brief --timeout T
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en diencias e Wh ere,
ingenierias

—-cpu N starts N jobs by stressing the CPU.

—cpu-load P loads the CPU with a percentage P of load for stress jobs on the CPU.
Accuracy depends on overall processor load and planner responsiveness, so the actual
load may be different from the desired load. Also, the number of bogo operations
may not scale linearly with load, as some systems employ CPU frequency scaling, and
therefore heavier loads result in higher CPU frequency and higher bogo operations.

—-metrics-brief enables metrics and only shows non-zero metrics.

—-timeout T stops the stress test after T seconds. You can also specify units of time in
seconds, minutes, hours, days, or years with the suffix s, m, h, d, ory.

--cpu-method method specifies a CPU stress method. By default, all stress methods are
exercised sequentially, however, only one method can be specified to use if necessary.
Some methods were selected to measure the behavior of the CPU:

« cfloat are 1000 iterations of a combination of complex floating-point
operations.

«  correlate makes a correlation of random doubles: 16384 x 1024.

« union performs integer arithmetic on a combination of bit fields in a C union.
This shows how well (the compiler and the CPU) can perform loading and
storing of integer bit fields.

o hyperbolic calculates sinh(6) X cosh(8) + sinh(26) + cosh(36) for
hyperbolic sine and cosine functions on float, double and long double, where
0 =0a2min 1500 steps.

o prime finds all prime numbers in the range 1 to 1,000,000 using a slightly
optimized brute force search.

o matrixprod is a matrix product of two 128 x 128 double floating matrices.
Testing in hardware shows that this provides a good combination of memory,
cache, and floating-point operations and is probably the best method of
measuring CPU performance.

In addition to the Stress-ng tests, HPL tests are performed. HPL is software that solves

a dense, random linear system with double-precision (64-bit) arithmetic on computers
with distributed memory. For the HPL test, it is configured as presented in the Table 3:
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Table 3. Configuring the HPL parameters.

Parameter
Device NB (0]
Jetson 11584 64 1 4
Test 1
Nano PC 23168 64 1 4
Jetson 17376 96 1 4
Test 2
Nano PC 34752 96 1 4

In Test 1, the HPL.dat was configured to use + 50% of the RAM capacity. Test 2 only
uses 75% of the total capacity. It was configured in this way to take advantage of the
capabilities that each device offered.

The next branch contains GPU usage tests, which are carried out with different tests
that use OpenGL and CUDA, among others. The tests consist of building a terrain in a
random way, simulating a colloid in a liquid medium and the CUDA nbody test, and
using the PTS as a benchmark tool for this test. The tests are performed at 1080p for
the Simulation-Visualization cases and with the power limiters disabled for all the tests.

-
<> 3

Figure 1. Diagram of General Test Workflow.

In order to better explain the tests, the Diagram of General Test Workflow is presented
(Fig. 1). This diagram presents six steps and is described below:

Set up the different test requirements

As explained earlier in this section, each test is different and can modify values such
as the duration time or the percentage of the test load. In addition, a test can modify
the OS configuration files to increase the Hertz or the models of consumption of the
devices. For these reasons, it is necessary to configure the test.
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Configure the energy consumption monitor

The consumption monitor is always active and presenting data, therefore, after configuring
the test, we must find a way to capture the data at the time of the test. If possible, one
should look for monitors that keep a record of their measurements. If it is not possible, one
can capture the behavior of the monitor during the test on video or by hand.

Start energy monitoring and launch test

Once the test is configured and it is ready to capture the data from the monitor, the test
is run. An awareness of the beginning and end of the test is particularly important since
this is when the probability of failure is highest.

Store and label test results

Labeling is an incredibly important step. When it is done incorrectly, it results in
confusion when comparing the results of each device and the test may have to be
repeated. If possible, the label should bear the name of the device, the test carried out,
% of workload, and its duration or the consumption model.

Repeat the test to average the results or start a new test

In certain cases, it is necessary to have greater certainty in the results, therefore it is good
to repeat the test several times and vary its configuration. This allows us to see patterns
of behavior in the devices. The test can also be changed and these modifications can
reveal problems like the thermal bottle, collars, memory saturation, or poor performance
when loading or storing data types, etc.

Group the results and generate the graphs of the tests

Based on the labels, the data is processed to generate the graphs. For this document, the
number of operations (Ops) per second performed was taken together with the number
of watts to generate the Ops/W.

With this description, the following section shows the results obtained in each of the
tests carried out for the different configurations.

RESULTS

In the previous section, the tests carried out for the analysis of the two reference devices
were explained. It should be clarified that the ARM Cortex-A57 is presented with the
A57 label, the AMD Ryzen 3600 uses the 3600 labels. As for GPUs, the tag used for the
GPU of the Jetson Nano is Nano and the NVIDIA GP107 tag is used for the NVIDIA GTX
1050ti. Each test is performed five times per core (5 x 1 core, 5 x 2 core, etc.) and the
results presented are the average of the values obtained in each test. The first tests to be
performed are those carried out on the CPU. The first test performed is Cfloat, the unit
of measurement will be Operations per watt (Ops/W), and, as indicated above, Cfloat is
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1000 iterations of a combination of complex floating-point operations. The completion
of these 1000 iterations is counted as an Operation (Ops) and the following graph (Fig.

2) shows the results of this test:

B Cfloat 3600 B (float AS7

0 300000 600000 900000 1200000
Ops/W

Figure 2. (float test on CPU.

As shown in Figure 2, the 3600 has superior performance and better scalability in this
test than the A57. It should be noted that the A57 suffers from a bottleneck when using
all of its processors for the task, which flattens out scalability growth. The second test
run is Correlation, an Ops consisting of the performance of a random double correlation
(16384 x 1024), the results of which can be found in Fig. 3.

. Correlate 3600 . Correlate A57
4 L
’ h
4]
S
T2 h
1 h
0 90 180 270 360 450 540
Ops/W

Figure 3. CPU Correlation Test.
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In this test, the A57 stands out notably in its performance, but it is still affected by the
bottleneck. Even so, it almost triples the performance of the 3600. The third test is a

union test; the results are shown in Fig. 4.

I Union 3600 Il Union AS7

4 _

3 —
4]
S
=2 —

1 _

0 110000 220000 330000 440000
Ops/W
Figure 4. CPU Union test.

The A57 shows an excellent handling (Compiler-CPU) of the loading and storage of bit
fields, which is the strength of this test, almost quadrupling the performance of the
3600. The fourth test carried out was a hyperbolic test. It calculates hyperbolic sine and
cosine functions with 1500 steps in each Ops, Fig. 5 shows these results.

B Hyperbolic 3600 B Hyperbolic A57

4 —

3 —
]
S
=) —

1 F

0 1700 3400 5100 6800
Ops/W

Figure 5. CPU Hyperbolic Test.
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The 3600 showed excellent performance for this test, doing well in hyperbolic operations
with float, double and long double, almost five times more than the A57. The fifth test
is a calculation of the primes between 1 and 1,000,000. This calculation is carried out
by means of brute force and once it is finished, it compares the results. If the results
coincide, it is marked as an Ops. The results are presented in Fig. 6.

M Prime 3600 Bl Prime A57

4 _

3 _
4]
S
= 2_

1 _

0 35 70 105 140
Ops/W
Figure 6. CPU Prime Test.

In this test, the A57 gives us superior performance per watt used, making it a good
candidate for brute force tasks. The penultimate test performed is a multiplication of
two 128x128 matrices. Each element in the matrix is in a double precision floating point
format and once the task is completed, it is marked as an Ops. The results of this test can
be seenin Fig. 7.

B Watrixprod 3600 B Matrixprod A57
4 —
3 —
4]
S
* —
] —
0 100 200 300 400 500 600
Ops/W

Figure 7. CPU Matrix Multiplication Test.
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The results shown by the 3600 overwhelm the A57. With this preliminary matrix
multiplication test completed, we move on to the next and last test, the HPL. HPL is one of
the best-known benchmarks to test the performance of a CPU. Figure 8 shows the results.

- I PC75% RAM I Nano 75% RAM
Il PC50% RAM Nano 50% RAM
0.00 0.20 0.40 0.60 0.80 1.00
Gflops/W

Figure 8. HPL for CPU.

The test was performed with two different loads and was done conservatively so as not
to have the losses presented in the previous tests. As shown, the CPU 3600 achieves a
performance of almost one Gflop per Watt consumed. After completing the task, the
3600 has consumed almost 8 Watts while the A57 has consumed about 7 Watts. The
CPU 3600 provides a greater computational force than the A57 but it should be noted
that the AMD Ryzen 3600 works at a frequency of 3.6 Ghz, while the ARM Cortex-A57
works at a frequency of 1.4 Ghz, among other differences.

The previous tests were carried out on the CPU and the following round of tests was
carried out on the GPUs of the chosen devices. The GPUs are the GPU of the Jetson Nano
(Nano) and the GTX 1050ti (GP107), Fig. 9, 10, and 11 present the results. Terrain (Figure 9)
is a simulation of a field that is generated randomly. This generation is measured by frames
per second (FPS). During this test, the ratio of FPS per Watt consumed during the task is
shown and clearly, the Jetson Nano is far superior to that of the GTX 1050Ti (GP107).

B Coloide Nano I Coloide GP107
0 10 20 30 40
FPS/W

Figure 9. Colloid Simulation Tests.
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Figure 10. Terrain Simulation Test.

W0 WGPI07

0 250 500 750 1000 1250
Nbody?/s/W

Figure 11. N-body test.

The Colloid test has the same configuration as Terrain and presents its result in the
same unit of measurement, Fig. 10 shows the results. Colloid, like Terrain, shows us an
excellent FPS/W ratio, almost double the FPS per Watt consumed. In addition, these two
simulations were performed at 1080p.

For the final test, a deployment of the Phoronix Test Suite tool is performed. This tool
provides us with several benchmarks. Mini-Nbody was selected as the test benchmark
and the result is shown in Fig. 11.

The Nbody per Watt consumed ratio is considerably better in the Jetson Nano. It should
be noted that each of the tests was performed in the maximum consumption mode for
the Jetson Nano. As for the GP107, the configuration given by the manufacturer Asus in
its ROG Strix model is maintained. Once these tests are performed according to Figure
1, several conclusions are reached. In the final section, these, and other conclusions that
this work has generated, are presented.

CONCLUSIONS

As discussed at the beginning of this paper, the objective of this work is to propose low-
cost computational options that take advantage of the characteristics of Post-Moore
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Era devices to increase benefit / cost ratio. With the abundance of devices this era has
brought forth, two devices were selected to perform the same tests. SBCs are devices
that stand out for their low cost and PCs for their wide use in different fields. Both offer
computational capabilities that, less than a decade ago, were only found in servers or
supercomputers. The investment in these devices is, in most cases, less than 5 ~ 10% of
what it would be to invest in equipment for HPC.

The results presented in the previous section show that SBCs like the Jetson Nano are
a great option for use as the computational force of an investigation. These devices
provide researchers with computational strength on par with more traditional options.
Due to its shape, we can take advantage of its energy efficiency to be implemented in
different tasks and environments.

Both SBCs and PCs are excellent options from an economic point of view to encourage
investment in research and development. The current PC offers us considerable
computational strength at affordable prices, while SBCs provide the advantage of low
energy consumption. Both options can be implemented in multiple tasks, achieving
great performance.

In addition to this, the specifications of these devices make them essential for the
development of applications designed to be scalable, portable, simple and efficient.
Because, when developing an application for these devices, tests can be carried out
with different amounts of data or be deployed on different platforms, more flexibility is
available to applications when implemented on servers or supercomputers.

FURTHER WORK

The most intense tests were performed on the CPU. For future work, a series of easy-to-
implement, high computational effort tests will be developed on the GPU. In the first
instance, the tests are written in CUDA, then transcribed into other languages. Once this
stage is complete, an implementation methodology will be proposed to measure the
impact on performance when testing is performed non-natively (using methods such
as containers).
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Abstract

Currently, practical network packet processing used for Intrusion Detection Systems/
Intrusion Prevention Systems (IDS/IPS) tend to belong to one of two disjoint categories:
software-only implementations running on general-purpose CPUs, or highly specialized
network hardware implementations using ASICs or FPGAs for the most common
functions, general-purpose CPUs for the rest. These approaches try to maximize the
performance and minimize the cost, but neither system, when implemented effectively,
is affordable to any clients other than those at the well-funded enterprise level. In this
paper, we aim to improve the performance of affordable network packet processing
in heterogeneous systems with consumer Graphics Processing Units (GPUs) hardware
by optimizing latency-tolerant packet processing operations, notably IDS, to obtain
maximum throughput required by such systems in networks sophisticated enough
to demand a dedicated IDS/IPS system, but not enough to justify the high cost of
cutting-edge specialized hardware. In particular, this project investigated increasing
the granularity of OSI layer-based packet batching over that of previous batching
approaches. We demonstrate that highly granular GPU-enabled packet processing is
generally impractical, compared with existing methods, by implementing our own
solution that we call Corvyd, a heterogeneous real-time packet processing engine.

Keywords: Networks, CUDA, Intrusion Detection Systems

Resumen

En este articulo, estamos interesados en investigar el procesamiento por lotes basado
en capas para la inspeccién de paquetes de red en paralelo. Estudios anteriores de
inspeccion de paquetes basada en GPU [1], [2] y [3] lograron ganancias de rendimiento
a través de algunas innovaciones, los mas importantes se basaron en la latencia de
acceso a la memoria ocultando [4] que no es monopolizado por los sistemas GPU. Los
sistemas de procesamiento de paquetes en cualquier hardware también deben usar
alguna forma de bypass del kernel para evitar la sobrecarga asociada con las pilas de red
de propdsito general [4] y [6]. Estos estudios producen un rendimiento dramdticamente
mejor que sus predecesores. Por el contrario, el enfoque de este proyecto se limita
estrictamente a un conjunto de mejoras algoritmicas. El procesamiento por lotes es

1 DOI: https://doi.org/10.18272/aci.v13i2.2142


mailto:mpanto01%40calpoly.edu?subject=
https://dx.doi.org/10.18272/aci.v13i2.2142

Articulo/Article
Seccién/Section C

Vol. 13, nro.2
1D: 2142

avances
en ciendias e
ingenierias

A high granularity approach to network packet processing for latency-tolerant applications with CUDA (Corvyd)
Barrett / Pantoja (2021)

comun a cualquier implementacién paralela de alto rendimiento. Este proyecto propone
explorar un procesamiento mas granular basado en capas que divide los pagquetes
a través de multiples rondas de programacién para maximizar la homogeneidad
del lote y minimizar la divergencia de la GPU. Esto aumentard significativamente la
sobrecarga para procesar un solo paquete, ademas de aumentar la latencia a medida
que se requerird mas almacenamiento en bufer, pero este enfoque tiene el potencial de
mejorar el rendimiento en cargas de trabajo de IP altamente erréticas, donde el trabajo
previo ha favorecido fuertemente las cargas de trabajo uniformes como ejemplos de
PoC minimizados para representar sistemas que probablemente tendrian un bajo
rendimiento en el campo [4],[5], y [6].

Palabras clave: redes, CUDA, Sistemas de Deteccion de Intrusiones

INTRODUCTION

In this paper we are interested in investigating strictly layer-based batching for highly
parallel deep packet inspection. Previous approaches to GPU-based packet inspection
[1,2,3] (both shallow and deep) achieved performance gains through a few key
innovations, the most significant of which were based on memory access latency
hiding [4,5], which is not monopolized by GPU systems. Competitive packet processing
systems on any hardware must also use some form of kernel bypass to avoid the
overhead associated with general purpose network stacks [4,5]. These key approaches
yield dramatically better performance over their predecessors. In contrast, this project’s
approach is very tightly.

constrained to a small set of algorithmic improvements. Batching is common to any
high-throughput parallel implementation. Whereas prior work has tended to batch
whole packets together for parallel processing, this project proposes to explore more
granular, layer-based processing which splits packets up through multiple scheduling
rounds in order to maximize batch homogeneity and minimize GPU warp divergence.
This will significantly increase the overhead for processing a single packet, in addition
to increasing latency as more buffering will be required, but this approach has potential
to improve performance on highly erratic IP workloads, where prior work has strongly
favored uniform workloads as minimized PoC examples to represent systems that would
likely underperform in the field [4-6].

OVERVIEW CORVYD

Corvyd is a heterogeneous system, using host-based computation to read, structure, and
output raw packet data. The GPU device is responsible for all intelligent packet processing.
Each host stage uses custom concurrent queues for communication among threads.
Wherever practical, each host section gets its own thread. A notable exception is the
Device Dispatcher, which is simply a static interface to the kernel and would not benefit
from its own parallel pipeline stage. The sections, appearing in fig.1, are as follows:
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Packet Batcher

The packet batcher is responsible for reading corvyd packet streams. The corvyd packets
are sorted into batches, based on similarity between the packets. Each batch has an
associated packet type, and contains only packets for which the last parsed layer is of
that type. Processing status of a packet is tracked with the “layer” construct. Batches
have a size fixed at launch. Once a batch has collected enough packets, it is sent to
the Batch Scheduler for further processing. Note that this means that the worst-case
memory complexity of the batcher is proportional to O(p), for which p is the number of
unique packet types staged in the batcher, so processing highly diverse packet streams
requires significant host memory.

Batch Scheduler

The scheduler is responsible for deciding which batches run when. In practice, it serves
as a placeholder since the host-side processing jobs bottleneck around the scheduler,
and intelligent GPU scheduling work is effectively done by batching packets in the first
place, which is what the scheduler would be doing otherwise. In the current version,
the scheduler is just responsible for calling the host wrapper for each GPU kernel as
appropriate for the batch type.

DEVICE DISPATCHER

The device dispatcher is the host interface to GPU. It sets up, calls, and recovers results
of GPU kernels, and returns the results to the scheduler to be passed on. As batches are
very large sets of data not unlike graphical frames, yet do not share the precise regularity
of size thereof, batches are handled one at a time.

PACKET SERIALIZER

The design of the OSI model [3] asserts independence of layers within a packet.
Therefore, it is not guaranteed that two packets with a second layer of one type will
have third layers that also match. Because of the design of batches as described above,
after each layer is processed, packets must be re-sorted into new batches for which the
last layers match. The serializer breaks batches into their original packets and streams
those packets off to the batcher to be re-entered into the pipeline. If the last processed
layer is the last one to be processed, then the processed packet is passed on for output.
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Figure 1. Data flow and structural diagram of the Corvyd processing pipeline.

Experiment

To evaluate its performance, corvyd was compared with Snort 3 [7], a CPU packet
processing IDS/IPS system, tcpdump [8], a simple and lean traffic analyzer, and
PacketShader [6], a landmark GPU packet processing system. It must be noted that not
all of these systems serve precisely the same purpose, but their basic functions and
approaches overlap enough to be considered a basic representation of existing tools.
Each system was run and timed on a controlled set of pcap files, most importantly
characterized by the inter-packet entropy; we hypothesized that our system would
perform best with highly entropic workloads compared with other systems, which
would perform best with relatively uniform pcaps. The test set consisted of 4 pcaps:

1. Asmall pcap (j10 packets) to measure setup overhead.
2. Apcap of identical IP packets.

3. Apcap of a variety of IP packet types, for which each packet of the same type was
identical

4. A pcap of real ambient home network traffic.
Solely for reasons of availability, our test system used a Ryzen 1700X CPU, 2x8GB 2133

MT/s DDR4 memory, and a Nvidia RTX 2070 Super GPU, and a Samsung 860 EVO SATA
111 SSD for all tests.
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RESULTS

Given the lack of system-specific optimization, corvyd showed some limited viability
compared with other packet processing systems. As seen in table 1, corvyd has a large
minimum runtime, resulting from the forced GPU transfers which are inappropriate for
small packet processing. For packet captures of larger sizes, corvyd runtimes scale better
with complexity than snort3, but much worse than the almost solely size-dependent
runtimes of tcpdump. Snort3 does sophisticated processing on a single main thread,
so harsh complexity scaling is to be expected. Tcpdump on the other hand does
minimal processing and packet dissection and is much more comparable to corvyd.
The performance of tcpdump, however, excels far beyond that of the other programs.
As others have found [4], [5], the inclusion of a GPU coprocessor in packet processing
tasks yields its most significant speedups from memory access latency hiding and the
simple addition of hardware. Yet it does not obviously overcome the basic limitations of
increased complexity and increased memory overhead associated with heterogeneous
computing, however well implemented. Finally, even our version of pure CPU packet
processing was much faster than our GPU version, also scaling better with complexity.

Table 1. Performance, in seconds, of various tested programs on various described test workloads

Program Tiny pcap Simple pcap Moderate Complex pcap
pcap
corvyd 0.201 202 242 294
corvyd (CPU only) 0.004 040 044 049
snort3 0.108 294 3.15 4.8
tcpdump 0.004 043 0.5 0.51
FUTURE WORK

The current state of corvyd is that of a humble proof of concept. It lacks optimization,
and does not define an optimal platform. While the harsh contrast between our own
GPU and CPU results (table 1) convinces us that the GPU implementation would likely fail
even if done optimally, we cannot know for sure until a more competent development
team furthers the project. In particular, the host pipeline is cumbersome and memory-
intensive. Despite being conceived to run on a weaker CPU with access to a GPU, it is still
very CPU-demanding, and sometimes CPU-limited. While performance with an ample
host system would be interesting, it was not pursued for reasons of cost and practicality.

CONCLUSION

[tis clear that corvyd offers no benefit over traditional CPU-based packet processing. While
some of this is explained by the relative crudeness of the implementation, our findings
on corvyd time complexity scaling, GPU vs. CPU, corroborate the findings of the G-Opt[4]
and APUNet [5] teams, which indicated that, in both performance and cost, CPU packet
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processing in general applications reigns supreme. It is the opinion of the authors that
even in a medium-sized business where snort3 on a desktop may be too simple and a
dedicated flow processor may be too expensive, it is likely better to persist on the snort or
suricata [8], [7], [9] box than to repurpose GPUs for a hybrid IPS/IDS system.
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CyberColombia: Una iniciativa regional para ensenar
Computo de Alto desempeiio y ciencias computacionales

Abstract

The series Summer School HPC Colombia is an initiative to extend highperformance
computing-related knowledge in Colombia, and more widely in Latin America, and
integrate expertise and research from academia and industry in the same event. This
year's edition, which is the third in the series, was carried out entirely online due to the
outbreak of the COVID 19 pandemic during the first half of the year 2020. In this paper,
we summarise the aims, development, deployment, and results of the Summer School
HPC Colombia 2020 event. It is an example of the potential that the use of virtual tools
and environments has to grow education for HPC.

Keywords: HPC Training, Biocomputation training, Parallel programming

Resumen

La serie de escuelas de Verano en HPC Colombia es una iniciativa para extender la
capacidad y conocimiento en Colombia relacionado al cémputo de alto desempefio,
esta iniciativa pretende tener impacto en Latinoamérica integrando experiencias de
investigacion, academia e industria en un mismo evento.

Dado la pandemia relacionada al COVID 19, desde la mitad del afo 2020, el evento
desde su tercera edicion se ha desarrollado estrictamente en linea. En este paper hemos
descrito de manera general el propdsito, el desarrollo, el despliegue y los resultados
obtenidos de la escuela de verano HPC Colombia 2020. Este evento es un ejemplo del
potencial del uso de herramientas y ambientes virtuales para desarrollar y hacer crecer
la educacion relacionada al computo de alto desemperio (HPC)

Palabras clave: Entrenamiento HPC, Computacion Paralela, Programacién Paralela,
Biocomputacion
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MOTIVATION

Exploring the large data-sets generated with today’s highly instrumented data
collection practices stretches the capacity of single groups or institutions, and requires
interdisciplinary partnerships across research domains, particularly between scientists
and computational engineers.

As the computational power at our disposal increases, the possibility to solve larger
problems opens to us. High performance computing (HPC) is a vehicle that can foster
scientific innovation and knowledge-driven economic growth in Colombia.

Several sectors important for Colombia's economy are data-intensive, including: Drug
development [1], weather prediction [2], oil and gas exploration [3], astrophysics [4],
biodiversity genomics [5], development of new materials [6, 7] and Al [8].

The power of HPC systems mainly relies on the use in parallel of many processors,
which implies the management of distributed and/or shared resources, and the
communication between different threads or processes. This is a computational model
most programmers are not used to work with, which presents an access barrier for many
programmers. There is consequently an opportunity to grow education and training
to acquire skills in parallel computing in Latin America. Filling this knowledge gap is
important for the development of the region.

THE CYBERCOLOMBIA INITIATIVE

Cybercolombia is an interdisciplinary partnership across research domains, particularly
between scientists and computational engineers, resulting from the coordination of
several independent projects with shared objectives, including the Summer School HPC
Colombia.

Cybercolombia aims to develop the critical skills, strategic planning and networking
required to make available and maintain a highperformance digital infrastructure
(or cyberinfrastructure) for the analysis of large data-sets in Colombia and Latin
America. However, an efficient data infrastructure not only consists of an advanced
set of computational tools, so the partnership also aims at influencing sustainable
data policies, as well as fulfilling Colombia’s needs for experts with the technical skills
necessary to execute and share those resources, services and tools in a sustainable,
secure and interoperable way.

Cybercolombia’s objectives are to:

«  Improve the development and availability of tools and services for data-intensive
science.

«  Facilitate advanced skills and competencies in data management and analysis.

« Promote best practice and influence policies for data access and management.
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A primordial event was the C3Biodiversidad workshop organised in Bogota in June
2018. In this workshop, experts from sixteen Colombian institutions, and a panel of
international infrastructure maintainers and tool developers from the UK and USA,
carried out an analysis of the needs to promote a cyberinfrastructure for the analysis of
Colombia’s biodiversity data [5].

In a later event held at University de Los Andes (Bogota, Colombia) in 2019, thirty two
stakeholders from industry, University and Government in the areas of big data and bio-
economy in Colombia analysed the challenges and opportunities for the big data sector in
Colombia, and the tentative role of this sector in the socio-economic growth of Colombia.

THE HPCSUMMER SCHOOL ALONG THE YEARS

The HPC summer school events have been a regular yearly series up to the present. The
events consisted of two main parts: (i) Informative talks given by international speakers
in various HPC related topics and (i) practical workshops supervised by both teachers
from academia and outreach staff from industry. The events are usually more focused
on hands-on training, which we consider closer to the core purpose of a summer school.
However, the balance between the number of talks and workshops has changed from
year to year due to the availability of speakers, the prioritisation of recent developments
in the field, or external factors, as the recent COVID-19 pandemic.

The aim of the informative talks is twofold. First, they aim to introduce the attendees
to basic-to-intermediate level HPC-related topics with the intention of leveling up the
field for all participants, who may come from very different backgrounds and possess
different knowledge on the field. Second, it attempts to motivate the attendees and
create an atmosphere of curiosity by presenting cutting-edge relevant topics.

On the other hand, workshops are designed to give a hands-on introduction to the
technical aspects of the subject. By directly interacting with the different methods and
technologies related to HPC, the attendees acquire an understanding of topics that
allow them to link core concepts, such as parallel programming, management of shared
and distributed memory, use of container technologies, etc,; to the user-cases in their
respective fields. This should facilitate options to enhance their productivity and explore
novel approaches that were previously out of reach due to a need for large computing
resources or data size.

FIRST HPCSUMMER SCHOOL

The first iteration of the summer school took place in 2018 at Universidad de los Andes,
Bogotd, Colombia. The participants were mainly students at the undergraduate (60%)
and graduate (20%) level, along with a fraction of the participants coming from private
and public institutions (20%). This initial event focused mainly on hands-on workshops
and the talks, at the beginning of each day, were aimed at providing a background for
the workshops held later in the day.

The topics presented in where the following:

DOI: https://doi.org/10.18272/aci.v13i2.2255


https://doi.org/10.18272/aci.v13i2.2255

Articulo/Article
Seccién/Section C

Vol. 13, nro.2 CyberColombia: a Regional Initiative to Teach HPC and Computational Sciences
D:2255 Hernandez / Alvarez / Varela / Mallarino / De Vega (2021)

. Introduction to HPC (talk)

avances < Introduction to C++, cython and the torque scheduler (workshop, C. Alvarez, V.

aemetes Arias, J.P. Mallarino, U. de los Andes, U. del Rosario)

« OpenMP (Workshop on Hybird MPI/OpenMP programming on Intel platforms, S.
Stanzani, )

. Introduction to accelerators (talk, P. Cruz Silva, Nvidia)
+  Cuda/OpenACC (talk and workshop, P. Cruz Silva, Nvidia)
« Singularity containers (talk and workshop)

In this iteration a challenge that consisted in accelerating a particular application using
the tools learned in the school.

SECOND HPC SUMMER SCHOOL

The second iteration was held at Universidad del Rosario, Bogotd, Colombia form June
5th to 9th 2019. On this event the attendees were mainly students at the undergraduate
(50%) and graduate (40%) level, as well as academic/teaching staff (10%). The focus on this
occasion continued to be on hands-on workshops with introductory talks to each topic.
A talk and workshop day about distributed memory computing with MPI was also added.
The topics presented during this iteration were the following:

«  Introduction to HPC and cloud computing (talk and workshop, K. Jorissen, AWS)

« Introduction to C++ (workshop, J. Rincén, U. del Rosario)

. OpenMP (talk and workshop, J.P. Mallarino, U. de los Andes)

+ OpenACC (talk and workshop, P. Cruz Silva, Nvidia)

« MPI (talk and workshop (C. Alvarez, U. del Rosario))

This second iteration also included a challenge to parallelize code using the tools
learned in openACC.

THIRD HPCSUMMER SCHOOL

The year 2020 was marked by the outbreak of COVID 19, which among other things,
affected in many aspects the way in which events could be developed. Our third
iteration of the summer school was no exception and the organization presented new
challenges as all the aspects of the summer school had to be moved to virtual mode.
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The balance of topics in the 2020 iteration of the summer school leaned towards the talk
presentation mode more then the previous versions. This was principally because the
presentations done via streaming allowed the speakers to remain at their home towns,
which meant less traveling expenses and time consumption for them. This facilitated
their participation. Likewise, the levels of attendance increased, presumably due to the
same factors.

On the other hand, the deployment of the workshops was presented with some new
technical challenges, as the attendees had to be able to participate remotely and have
access to advanced machines and software which was not available at their home
machines. How these challenges were met is the topic of the next section.

The topics presented during this last iteration were the following:

. Building HPC systems (keynote, J. Moreno, IBM)

- Convergence of HPC and Big Data (talk, S. Cai no-Lores, U. Tennessee)

. Nvidia for Healthcare (talk, P. Cruz Silva, Nvidia)

. New directions in Al-driven research (keynote, P. Buitrago and N. Nystrom, PSC)

«  Biology at true resolution (talk, A. Suarez, 10x Genomics)

« HPCon the cloud (talk, K. Jorissen, AWS)

. AWS Graviton2 processors (talk, A. Petitpiere, AWS)

+  Scalability on bio-inspired computational models (talk, D. Dematties, U. Buenos
Aires and G. Thiruvathukal, Loyola U. Chicago and S. Rizzi, ANL)

. Tensorflow (talk, F. MArtinez, PSL)
« HPCagainst COVID 19 (talk, D. Bhowmik, ORNL)
« OpenACC (workshop, J. Monsalve, U. Delaware)

. MATLAB for biomedical applications (workshop, L. Walker-Hannon, MathWorks)
Parallel programming with MATLAB (workshop, S. Obando, MathWorks)

TECHNOLOGICAL CHALLENGES FOR THE 2020 SUMMER SCHOOL

Due to the COVID-19 pandemic, the main obvious challenge for this year summer
school was to bring the school up in a virtual fashion. To do that we used several tools to
leverage virtual sessions as well as interactions among organizers and participants. For
the virtual sessions Zoom conference rooms were enabled. Each day a different Zoom
room was appointed and participants were informed via e-mail in advance.
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In order to keep communications going, a slack channel was enabled so participants
and organizers could keep updates and questions.

Hands on practical sessions are of paramount importance for events such as summer
schools. It is there where the participants get their hands on and learn from practice and
experience. As a key component of the 2020 Summer School HPC Colombia, two main
workshop were carried out: OpenACC and Mathworks. Each of them presenting their
own challenges to become operative and functional. The speaker Presentations were
given through Zoom virtual rooms while practical tutorials were performed in parallel
through the available remote platforms. Below we present a short overview of the main
sessions carried out in this year summer school.

« Mathworks session: This session developed two different tracks. The first one being
related to deep learning and aiming to appoint data science and artificial intelligence
in MATLAB for Biomedical applications. While the second one focused on parallel
programming principles using OpenACC[9]. Both practical session were sponsored
by Mathwoks[12]. They provided a private virtual platform where summer school
participants could access via web to execute the exercises remotely. Users were
required to register in advance to apply for a software valid licence.

« OpenACC session: This session was organized using the OpenACC Official Training
Material [9]. Since the material was designed to execute in a single instance of
docker per user. Modifications had to be done in order to adjust jupyter notebooks
multi-user execution in the Centauro HPC cluster at Unviersidad del Rosario.

To do that, a jupyterhub[10] server was set on the master node. So multiple users
could access simultaneously through a friendly jupyter notebook web-based
interface. The training OpenACC material was taken out from the docker instance and
make it available to user working space. In this way users could execute notebooks
on the master node. Since the tutorial targeted the use of GPU's, an integration with
slurm workload manager{11] had to be implemented in order allow users to allocate
computer resources equipped with GPU capabilities within the cluster. In this way,
users could independently access notebooks from the jupyterhub server to later on
execute each notebook through the submission of jobs via slurm[11] to compute
nodes available. The architecture is depicted in Figure 1:

-~ e
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: .
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User Master Node

Compute Nodes
GPU capabilities

Figure 1. jupyterhub slurm integration architecure for OpenACC training session
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CONCLUSION AND FUTURE PERSPECTIVES

The HPC Summer School series of events, as part of the Cybercolombia partnership, has
successfully trained dozens of students and staff from academic institutions and industry
in the usage and development of applications for HPC. In the last edition in 2020, we
developed an entirely virtual summer school. From this experience we concluded several
differences compared with our previous events :

«  The number of speakers increased, as the financial and time costs of presenting in a
virtual environments are significantly lower than that of live presentations.

«  Theinvolvement and questions from the attendees were similar to that in previous
events.

« Nevertheless, opportunities of networking were probably affected as no interaction
with the speakers was possible outside of the programme.

« The workshops required more preparation from a technical point of view, but
once these aspects were covered, we were able to deploy them without further

complications.

« The workshop full filled their aims, i.e. it was possible for the students to perform
the exercises and interact with the tutors.

« The use of breakout rooms to aggregate the attendees into smaller groups proved
to be a successful strategy to focus the time and attention of the tutors.

For future events we plan to use the lessons learned in face-to-face as well as remote

events in order to offer possibilities for remote as well as in-person participation,
broadening the reach and scope of the event.
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First experiences to build the Advanced Computing
Colombian Network: LaRedCCA

Resumen

La Red Colombiana de Computacion Avanzada (LaRedCCA) fue establecida para
fortalecer la comunidad de supercdmputo y unir conocimientos, recursos e
infraestructura distribuida geograficamente en Colombia mediante la red académica.
Igualmente busca integrar los centros de recursos de computacion de alto rendimiento
para soportar iniciativas cientificas y académicas de interés nacional y sin animo de
lucro. Ha sido conformada inicialmente por el SC3UIS (Supercomputacion y Célculo
Cientifico) de la Universidad Industrial de Santander, la Universidad de los Andes v la
Red Nacional Académica de Tecnologia Avanzada (RENATA). LaRedCCA ha establecido
un banco de prueba inicial para compartir recursos informaticos a través de un
enlace de alta velocidad proporcionado por RENATA y busca apoyar la investigacion
en todas las dreas del ecosistema cientifico y tecnolégico del pais, impulsando éreas
como la computacion paralela y distribuida, la inteligencia artificial y el Big Data. Este
enlace ha mostrado resultados interesantes al proporcionar un canal HPC dedicado
que proporciona un alto ancho de banda para la transferencia de datos para analisis
posteriores o simulaciones realizadas por los centros de investigacion de la Universidad
de los Andes en y en los recursos de computacion de alto rendimiento de SC3UIS,
principalmente en la plataforma GUANE-1.

Palabras clave: Centros de supercomputacién y alto rendimiento, Redes Académicas,
Redes de computadores

Abstract

The Colombian Network for Advanced Computing (LaRedCCA) was established to
strengthen the supercomputing community and unite knowledge, resources, and
infrastructure geographically distributed in Colombia through the academic network.
It also seeks to integrate high-performance computing resource centers to support
scientificand academic initiatives of national interest and not for profit. It has been initially
formed by the SC3UIS (Supercomputing and Scientific Calculation) of the Industrial
University of Santander, the University of the Andes, and the National Academic Network
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for Advanced Technology (RENATA). The RedCCA has established an initial test bed to
share computing resources through a high-speed link provided by RENATA and seeks
avances  to support research in all areas of the country's scientific and technological ecosystem,
e promoting areas such as parallel and distributed computing, artificial intelligence, and
Big Data. This link has shown interesting results by providing a dedicated HPC channel
that provides high bandwidth for data transfer for subsequent analysis or simulations
performed by the research centers of the Universidad de Los Andes in and on high
computing resources. SC3UIS performance, mainly on the GUANE-1 platform.

Keywords: High-Performance Computing Centers, Academic Networks, Networking

INTRODUCCION

La computacion de alto rendimiento ha soportado por afios la investigacién en
diferentes campos de la ciencia y la ingenieria, durante los cuales se han hecho grandes
saltos en innovacion tanto en el mismo campo de las ciencias computacionales como
en los que se han apoyado en él. Esto ha motivado a multiples entidades tanto publicas
como privadas a adquirir sus propios entornos de trabajo, hablese de computadores
personales con altas prestaciones, Workstation y/o servidores con especificaciones
para computo avanzado, pero muchas de estas, han visto las dificultades existentes a
medida que escalan sus problemas y se plantean nuevos retos en sus investigaciones.
Estos problemas van desde el simple inconveniente de contar con personal capacitado
en tareas de cOmputo avanzado, administraciéon de este tipo de entornos, costos de
mantenimiento hasta ver que sus recursos disponibles no cuentan con la capacidad
necesaria para la ejecucién de sus trabajos. El ultimo problema planteado suele ser
el mayor limitante y el acceso a recursos con mayores prestaciones puede incurrir en
sobrecostos en los cuales la gran mayoria de los investigadores no puede incurrir.

LaRedCCAfue conformada parafortaleceralacomunidad de supercémputoen Colombia
junto con la meta de apoyar, soportar y prestar recursos de computo avanzado a los
diferentes entidades nacionales que desarrollan proyectos de investigacién sin dnimo de
lucro y que requieren de estas capacidades. La red busca crear un entorno colaborativo
para generar un espacio de interaccion entre estudiantes, cientificos e investigadores,
facilitando el acceso al conocimiento, experiencias y diferentes herramientas.

La primera seccién describe la Red Colombiana de Computacién Avanzada, quienes
la conforman en esta primera experiencia y hace una breve descripcion técnica. En la
segunda seccion se realiza una descripcion técnica sobre supercémputo, se detallan los
recursos que se han proporcionado y se especifica el sistema de manejo de usuarios.
En la tercera se muestran los resultados de la obtenidos de esta primera experiencia
mediante dos pruebas realizadas: medicién de ancho de banda vy, acceso, soporte y
ejecucion de trabajos en entornos de supercémputo por parte de los grupos de
investigacion invitados. La cuarta seccion se discutes los resultados obtenidos y se realiza
una descripcion de las posibles causas de estos. Finalmente, se realizan las conclusiones
generadas de esta primera experiencia.
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LAREDCCA

La Red Colombiana de Computacién Avanzada (LaRedCCA) nace en junio de 2019 con
el objetivo de generar un espacio que favorezca la colaboracion de los investigadores
mediante el uso de escenarios de supercémputo. Esta red busca acompanar, beneficiar
y fortalecer el proceso educativo cientifico y tecnolégico en Colombia, asi como generar
un espacio de interaccién entre estudiantes, cientificos e investigadores potenciando
los proyectos y trabajos conjuntos, facilitando el acceso al conocimiento, experiencias y
diferentes herramientas que se brindan a través de LaRedCCA.

RENATA (Red Nacional Academica de Tecnologia Avanzada, 2021) junto con el SC3
(Supercomputacion y Calculo Cientifico, 2021) de la UIS (Universidad Industrial de
Santander, 2021) y UniAndes (Universidad de los Andes, 2021) se han enlazado para
desarrollar esta primera experiencia de interconexion de plataformas y servicios
HPC (o de Computo de alto rendimiento, de las siglas en inglés High Performance
Computing) permitiéndole a diferentes investigadores acceder a este tipo de recursos
y proporcionandoles entornos de trabajo que mejoren sus tiempos de investigacion y
abarcar problemas mas amplios en sus respectivos campos. En la Figura 1 se observa
el esquema general de la interconexion realizada en el cual ambos clisteres pueden
verse a través de direcciones IP publicas proporcionadas por RENATA y que ademds
proporciona un canal dedicado, seguro y eficiente para la transferencia de grandes
volumenes de datos entre las plataformas. Es importante tener en cuenta que el ancho
de banda con el que cuenta UniAndes es de 100 Mbits/s mientras que el de la UIS es
de 1 Gbit/s y por lo cual, la conexion estard limitada al minimo valor. Por otro lado, SC3
cuenta con una firewall para monitorear y proteger el tréfico y conexiones entrantes y
salientes que se realicen al servidor de entrada a la plataforma HPC.

R=NNTA

100 Mbits/s——————————————— !
1 Gbitls
3

UTM/Firewall

SCIHGUANE-

Computer LAB

Universidad de

los Andes

FIGURA 1. Esquema de conexién entre SC3UIS/RENATA/UniAndes

En la siguiente seccion se hablard sobre que es HPC, los recursos que se han
proporcionado para el trabajo de los investigadores y como se ha manejado el acceso
de estos a LaRedCCA.
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HIGH-PERFORMANCE COMPUTING - SC3UIS/UNIANDES

LLa computacion de alto rendimiento es el campo de las ciencias de la computacion que
busca aumentar el rendimiento para la resolucién de problemas de ciencia, ingenieria
y negocios. Estos problemas, que son computacionalmente complejos, son modelados
matematicamente y que mediante técnicas de computacion paralela se convierten en
instrucciones de codigo que pueden ejecutarse en maquinas de computo paralelo mas
conocidas como supercomputadores (Clustering fundamentals, 2021).

Los supercomputadores modernos fueron introducidos en la década de 1960 por
Seymour Cray (Thornton, 1980) y desde entonces han evolucionado de tal forma que
han alcanzado el orden de los PetaFLOPS (10" Operaciones de punto flotante por
segundo) gracias a la creciente demanda de altas velocidades de computo para resolver
problemas en areas como la mecanica cuantica, la prediccion del clima, exploracion
de petréleo y gas, entre otras. El hardware HPC se divide en tres categorfas principales:
multiprocesador simétrico (SMP), procesadores vectoriales y clisteres Beowulf
(Clustering fundamentals, 2021), siendo este Ultimo el mas popular.

En la Ultima década, el desarrollo de estos supercomputadores se ha debido al boom
de la inteligencia artificial, particularmente a los algoritmos de Deep Learning, los cuales
han sido aplicados al desarrollo de diferentes campos como la visién por computador,
prediccion de textos y como apoyo para la resolucion de problemas de otras areas,
como las nombradas anteriormente.

De manerageneral,un clsterHPC, estd compuesto por cuatroelementos fundamentales:
nodos de administracion, nodos de computo, sistema de almacenamiento y la red de
interconexién tal como se muestra en la Figura 2. Existen otros elementos fisicos en este
tipo de configuraciones como nodos de I/0, Firewalls y nodos de control de usuarios
que no son esenciales, sin embargo, no contar con los nodos fisicos no implica que no
se requiera del servicio para un correcto funcionamiento (Torres & Barrios, 2021).

Users
(X X A
ﬁ:"m“_’a High Speed Network Compute Nodes
l ST
Master Node (=]
Terminal ;I
l 1/0 Server Storage
I I I -~
Firewall P4
E .
Fiber Channel
Ethernet :g
Network

FIGURA 2. Esquema general acceso a los recursos HPC de SC3UIS
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En ese orden de ideas, varios centros de investigacion y universidades en todo el
mundo adquirieron y configuraron sus propios supercomputadores para llevar a cabo
avances  los diferentes procesos de investigacion que se llevan a cabo en estas entidades. Cabe
M anotar que estas maquinas ademas de su elevado costo de adquisicion conllevan a
costos secundarios de mantenimiento y administraciéon y, por lo cual, es un recurso de
dificil acceso para muchos investigadores.

Para esta primera experiencia en donde se busca proveer de recursos computacionales
de altas prestaciones a los investigadores, se vinculan dos universidades: la Universidad
Industrial de Santander con el Centro de Supercomputacion y Célculo Cientifico (SC3) y
la Universidad de los Andes. Los dos clusteres proporcionados para el trabajo en la red
presentan las siguientes caracteristicas:

GUANE-1, FELIX y YAJE

+  8nodos de computo:
°  2lIntel(R) Xeon(R) CPU E5645 @ 2.40GHz
o 104 GB RAM
° 8 GPUTesla M2075
« 3 nodos de computo:
°  2Intel(R) Xeon(R) CPU E5645 @ 2.40GHz
° 104 GB RAM
°  8GPUTesla S2050
+  5nodos de computo:
0 2 Intel(R) Xeon(R) CPU E5640 @ 2.67GHz
° 104 GB RAM
°  8GPUTesla S2050
. 1 nodo de cémputo - FELIX:
°  4lIntel(R) Xeon(R) CPU X7560 @ 2.27GHz
o 125 GB RAM
° 2 GPU GeForce GTXTITAN X
. 1 nodo para visualizacion cientifica - YAJE:
° 1 Intel(R) Xeon(R) CPU E5-2609 v3 @ 1.90GHz
° 16 GBRAM
° 1 GPU GeForce GTXTITAN X
. Storage HP Storage P2000 G3
°  10.8TB de almacenamiento libre en RAID5
. Red de Interconexion Infiniband
°  Velocidad de 40 Gb/s

UniAndes

« 2 nodos de computo:
o 2 x Intel(R) Xeon(R) CPU E5-2640 v3 @ 2.60GHz
°  GPU:NVIDIA SMI 41048
° 256 GBRAM
° 1TB de almacenamiento
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« 21 nodos de computo:
° 2 x Intel(R) Xeon(R) CPU E5-2695 v2 @ 2.40GHz
° 192 GB RAM
° 1TB de almacenamiento
+  5nodos de computo:
0 2 x Intel(R) Xeon(R) CPU E5-2690 v4 @ 2.60GHz
o 512 GB RAM
° 1TB de almacenamiento
. 1 nodos de cémputo:
° 2 x Intel(R) Xeon(R) CPU E5-2699 v4 @ 2.20GHz
° 512 GBRAM
° 1TB de almacenamiento
° Red de Interconexion Infiniband
° Almacenamiento 230 TB DDN

Finalmente, el acceso de los usuarios se manejé desde el servidor LDAP (Lightweight
Directory Access Protocol, 2021) con el que se cuenta en la plataforma SC3UIS. Este
servicio esta configurado para manejar cuentas de usuario por instituciones, grupos de
investigacion y proyectos, lo cual permitio asignarles roles y permisos especificos para
el uso del cluster.

Enla seccién presentada a continuacion se mostraran los resultados de dos evaluaciones
realizadas especificamente para esta primera experiencia. La primera fue observar el
comportamiento de la interconexién y la calidad que se ofrece a los investigadores para
la transferencia de sus datos entre las instituciones. La segunda evaluacién correspondio
adarle accesos a dos grupos de investigacion de la Universidad de los Andes y el soporte
necesario para la correcta ejecucion de los trabajos sobre el entorno HPC.

RESULTADOS

La primer evaluacién se realizéd usando iPerf/iPerf3 (iPerf - The ultimate speed test
tool for TCP, UDP and SCTP, 2021) para medir el ancho de banda real entre las dos
instituciones y determinar posibles problemas de conexion y configuracién entre
ambos puntos. El registro de los resultados obtenidos se puede apreciar en la Figura
3. Allf se encuentra registrada la informacién de cada prueba realizada. El dia 27 de
agosto hubo una falla del equipo de origen lo que impidié tener resultados de este
horario, por lo cual se promedia el dia anterior con el siguiente para obtener un valor
para este dia teniendo presente que el comportamiento general durante el periodo
de estudio es muy similar.

Como se puede apreciar, durante los 7 dias, en horarios de la mafiana se mantiene un
valor promedio cercano a 90 Mbit/s que viene siendo un valor relativamente cercano
al tedrico de 100 Mbit/s. En cuanto al resultado obtenido para horarios de la tarde, se
encuentra un resultado con fluctuaciones para los diferentes dias variando entre valores
de 60 - 90 Mbit/s, proporcionando un valor medio de 78,8 Mbit/s. En los resultados
obtenidos para horas de la noche, el ancho de banda desciende a valores que en
promedio se sitUan en 42,2 Mbit/s.
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FIGURA 3. Resultados de las pruebas de medicion ancho de banda UniAndes-UIS (Mbits/s).

Para la evaluacion de uso de LaRedCCA se invitaron a participar a dos grupos de la
Universidad de los Andes: BIOMMAR (Biologia Molecular Marina) y CMUA (Centro
de Microelectronica de la Universidad de los Andes). En cada grupo participd un
investigador, el cual ejecuto diferentes pruebas tanto de conexion a través de las redes
académicas, transferencia de datos y ejecucion de tareas sobre el cluster HPC.

En cuanto a CMUA solicitaron el uso de los nodos con capacidades de entrenamiento
de redes neuronales y espacio de disco de 300 GB junto con el software Darknet
(Darknet: Open Source Neural Networks in C, 2021) y PyTorch (PyTorch, 2021). En la
Figura 4 se observa el total de tareas lanzadas sobre la plataforma y su divisién entre
las tareas ejecutadas, canceladas vy fallidas dentro de la plataforma HPC. En cuanto al
tiempo de uso de la plataforma por parte del grupo CMUA se obtuvo un total de 837
horas de computo.
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24

Jobs completados

avances 27
igenierias Jobs cancelados

47
Jobs fallidos

FIGURA 4. Resumen de trabajos lanzados por CMUA

Por otra parte, en la Figura 5 se muestra que el grupo BIOMMAR presenté un menor uso
de la plataforma durante el periodo en el cual se realizaron las primeras pruebas con
solo 2 horas de computo.

14
Jobs fallidos

6

Jobs completados

FIGURA 5. Resumen de trabajos lanzados por BIOMMAR

En la proxima seccion se analizan los resultados obtenidos de las primeras pruebas
realizadas y se establecen las principales motivos de ciertos comportamientos
presentados durante el periodo de evaluacion de LaRedCCA.

DISCUSION

El ancho de banda total de la conexion entre SC3UIS y UniAndes es de 100 Mbits/s
siendo este el maximo que puede alcanzar la conexion por parte de UniAndes. Las
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caidas en la trasferenciay durante las diferentes pruebas puede estar siendo provocado
por el nivel de congestion tanto a nivel local como a nivel WAN, la conexién de cada

avances  organizacion con la NREN (National Research and Education Network) o el rendimiento

M de los equipos desde los cuales se realizaron las pruebas. En esta Ultima parte es
importante aclarar que las conexiones al cluster SC3UIS estan filtradas por medio de
una UTM/Firewall (Gestion unificada de amenazas, 2021) junto con un servidor de
acceso a usuarios que valida su acceso antes de permitirles ingresar al frontend del
cluster. Actualmente estos resultados siguen siendo investigados con la finalidad de
alcanzar el uso total del ancho de banda.

En cuanto a los resultados obtenidos del uso de la plataforma, se observé que ambos
grupos de investigacion presentaron un gran numero de trabajos cancelados o
fallidos durante el lanzamiento de sus scripts. Esto se debe principalmente a la curva
de aprendizaje normal cuando los usuarios saltan de usar las tipicas Workstation a
plataformas de supercomputacién como la proporcionada por el SC3. En nuestra
experiencia es un comportamiento normal de los usuarios y por ello se hace necesario
realizar un acompafamiento constante a los investigadores durante las primeras
semanas de trabajo.

Finalmente, se observé que el grupo BIOMMAR presento un significativo bajo uso
de la plataforma durante el periodo de tiempo evaluado. Este comportamiento es
debido esencialmente a el choque que se menciond con anterioridad al realizar el
salto a plataformas HPC y contrasta con el del grupo CMUA que ya contaba con cierta
experiencia en este tipo de entornos.

CONCLUSION

En conclusién, durante el periodo estudiado en estas primeras experiencias de LaRedCCA
el uso de este tipo de plataformas HPC interconectadas mediante redes académicas
permitié un significativo mejoramiento en el acceso de recursos a los investigadores
junto con la creacion de un entorno de trabajo colaborativo entre la Universidad
Industrial de Santander y la Universidad de los Andes, Igualmente, se permitié crear un
ecosistema de recursos computacionales aun mayor del que cada investigador puede
acceder dentro de su campus académico.

En cuanto a los datos obtenidos en la mediciéon de la estabilidad y ancho de banda de
la red de interconexion, se puede observar fluctuaciones que van desde los 87 Mbps
a los 93 Mbps sobre el canal de 100 Mbps de UniAndes. Por otra parte, se observo
una disminucion considerable del ancho de banda en horas de |a tarde y de la noche;
este comportamiento es actualmente objeto de estudio en LaRedCCA. Finalmente, la
estabilidad y el ancho de banda proporcionados por RENATA muestran una conexion
estable y confiable para los investigadores durante los procesos de transferencia de
datos y de interconexién entre las plataformas.

9  DOI: https://doi.org/10.18272/aci.v13i2.2369
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Quantitative structure activity relationship of
bioconcentration factor of polychlorinated biphenyls
in fish species using machine learning

Resumen

Los bifenilos policlorados (PCBs) son contaminantes persistentes que afectan
enormemente a los ecosistemas marinos. Utilizando técnicas de aprendizaje de
maquina, se construyeron modelos de relacién cuantitativa estructura-actividad
(RCEA) para predecir el factor de bioconcentracion (BCF) de los PCBs. Estos modelos
se construyeron a partir de descriptores topogréficos 2D y 3D calculados para la
estructura molecular optimizada en el nivel de mecénica molecular. Después de
analizar sus pardmetros estadisticos, se determind que dos modelos son bastante
robustos para la prediccion de logBCF. Los modelos seleccionados fueron: M_4_LR
construido con dos descriptores moleculares y presenta valores de R’=0,9154, Q° =
08944, y @°, = 09119, y M_13 construido con cuatro descriptores moleculares y
presenta valores de R’=0,9375, Q° ,,=0,9155,y Q°, = 0,844. Los dos modelos pasaron
la doble fase de validacion y cumplieron con los criterios de la prueba de Tropsha.
Esto implica que las predicciones para el logBCF fueron bastante precisas tal como se
muestra en los resultados del presente estudio.

Palabras clave: Regresion lineal, PCBs, descriptores moleculares, mecanica molecular,
especies marinas.

Abstract

Polychlorinated biphenyls (PCBs) are persistent pollutants that greatly affect marine
ecosystems. Machine learning techniques were used to build quantitative structure
activity-relationship (QSAR) models that predict PCBs’ bioconcentration factor (BCF).
These models were built from topographic 2D and 3D descriptors calculated for the
molecular structures optimized at molecular mechanics level of theory. After analyzing
their statistical parameters, it was determined that two models are robust enough

1 DOI: https://dx.doi.org/10.18272/aci.v13i2.2275
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for predicting logBCF. The selected models were: M_4_LR, built with two molecular
descriptors and showed values of R’= 09154, Q* | .= 0.8944,y Q’_ =0,9119,and M_13,
built with four molecular descriptors and showed values of R’= 0.9375, Q” .= 0.9155,
y Q°_ = 0.844. Both models passed the double validation phase, and they satisfied
the criteria from Tropsha’s test. This implies that predictions for logBCF were quite
accurate, as is showed in the results from the present study.

Keywords: Linear regression, PCBs, molecular descriptors, molecular mechanics, marine
species

INTRODUCCION

En los ultimos afos, los bifenilos policlorados (PCBs) han sido estudiados por los
investigadores debido a sus repercusiones negativas en la salud debido a su incremento
acelerado en el ambiente [1-3]. Los PCBs son un grupo de contaminantes organicos
cuya estabilidad fisicoquimica les permiten resistir en el medio ambiente por un
largo tiempo incluso en diferentes condiciones ambientales [3-8]. A pesar de que
estos compuestos han sido sujetos a prohibiciones en muchos paises debido a sus
efectos adversos, los PCBs siguen presentes en los ecosistemas acudticos [1,59-12]. La
naturaleza hidrofébica de los PCBs les permite sedimentar y formar reservorios en las
profundidades de los cuerpos de agua donde se encuentran las poblaciones de corales,
por esta razén, algunas especies de peces consumen directamente estos quimicos
[5,12]. En consecuencia, la cadena alimenticia submarina se ve afectada, y las personas
se exponen a estos compuestos toxicos principalmente mediante el consumo de
especies acudticas [1,9,12]. Después de la ingestién, los PCBs tienden a acumularse en
los tejidos adiposos, y esto conlleva riesgos carcindgenos, reproductivos y genéticos
[8,10,12]. Los PCBs son un problema tanto para los ecosistemas marinos como para la
poblaciéon mundial, por lo tanto, es de gran importancia estudiar la bioconcentracion
de los mismos.

La bioconcentracién es la capacidad de un individuo de acumular una sustancia del
ecosistema en sus tejidos [13-15]. En general, se puede cuantificar esta propiedad a
través del factor de bioconcentracion (BCF). EI BCF es la proporcién entre laconcentracion
de un contaminante en la especie y la concentracion del contaminante en el ambiente
[16]. Este pardmetro es de gran importancia para evaluar el riesgo potencial de un
compuesto toxico [8].

Los estudios de bioconcentracién en especies acudaticas se realizan con el objetivo de
extraer informacion sobre la cantidad de componentes téxicos del agua que puede
absorber directamente un organismo [17]. Sin embargo, la determinacién del BCF a
través de procedimientos experimentales presenta costos altos en cuanto a tiempo y
dinero [4,8,11]. En consecuencia, algunos estudios tedricos han sido llevados a cabo
para predecir caracteristicas toxicolégicas de las moléculas a través de modelos de
relacion cuantitativa estructura-actividad (RCEA)[2].
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RCEA es una técnica muy utilizada para establecer relaciones entre las propiedades
fisicoquimicas de sustancias y sus respectivas actividades bioldgicas [18]. El objetivo
principal de un estudio RCEA es desarrollar modelos matematicos utilizando descriptores
moleculares para predecir propiedades bioldgicas de interés [19]. Los descriptores
moleculares son representaciones matemdticas de una molécula obtenidos a partir de
su estructura, a través de algoritmos computacionales [20]. Estos descriptores se clasifican
en: una dimensién (1D), dos dimensiones (2D), y tres dimensiones (3D) de acuerdo con
la complejidad de la estructura molecular optimizada [20]. Ademas, los descriptores se
pueden calcular para diferentes niveles de teoria, siendo los métodos de mecéanica
molecular los que requieren menor cantidad de recursos computacionales [21].

La mecénica molecular (MM) es un nivel de teorfa en el que una molécula se aproxima al
comportamiento que tendrian bolas unidas por resortes [22]. El principio fundamental
de la MM es expresar la energia potencial de una molécula en funcion de los términos
que corresponden al estiramiento de enlaces, al doblamiento de los dngulos de
enlace, a los dngulos diedros, y a las interacciones no enlazantes [22]. En general, las
aproximaciones de la MM son bastante buenas para la obtencion de energias con
los pardmetros adecuados; sin embargo, debido a que los calculos se realizan en el
estado basal de las moléculas, las geometrias no se adaptan bien cuando se estudian
mecanismos en donde se involucran el rompimiento y la formacién de enlaces [21].

En el presente trabajo, se presenta un estudio que se enfoca en la posible correlacion
que existe entre la estructura de los bifenilos policlorados y el factor de bioconcentraciéon
de estos compuestos en especies de peces. Para cumplir con este objetivo, se utilizaron
descriptores topogréficos 2D y 3D obtenidos a partir de las estructuras optimizadas en
el nivel MM, y algoritmos de aprendizaje de méaquina para la busqueda de los posibles
modelos. Estos modelos se validaron estadisticamente con la intencién de evaluar la
capacidad predictiva que presentan los mismos.

MATERIALES Y METODOS
Preparacion de los datos

Un conjunto de 58 compuestos cuya estructura se muestra en la Figura 1 fue utilizado
para el modelaje realizado en el presente estudio. Las diferencias presentes en las
estructuras en términos de la cantidad y posicién de dtomos de cloro se encuentran
enlistadas en la Tabla 1 [11]. Una vez hecho esto, se representaron las estructuras
moleculares 3Dy 2D. Las estructuras 3D de las moléculas se optimizaron en el nivel de
teorfa de UFF (Universal Force Field), empleando el programa RDKit [23]. Posteriormente,
se calcularon 89 descriptores 3Dy 791 descriptores 2D con el software QuBILS-MIDAS
y QuBIiLs-MAS, respectivamente [24]. Los valores para el IogBCFexpe”,mema‘ se obtuvieron
de la literatura para especies variadas de peces (guppies, pececillo de cabeza gorda,
trucha arcoiris y pez luna de agallas azules) [25-32]. Finalmente, se empezo6 el modelado

utilizando Weka 3.8.0 y MATLAB R2017b [33,34].
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Figura 1. Estructura general para el bifenilo y sus derivados clorados.

Tabla 1. Compuestos de estudio junto su numeracién (S.N), CAS, radicales sustituidos con cloro, y BCF

experimental.

S.N. CASNO Rn con Cl logBCFexp
1 92-52-4 - 2,64
2 2051-62-9 R? 2,77
3 13029-08-8 R'R® 3,38
4 16605-91-7 R'R? 4,11
5 25569-80-6 R'R’ 38
6 33284-50-3 R'R? 3,55
7 34883-43-7 R'R 3,57
8 34883-39-1 R'R* 3,89
9 34883-41-5 R?R* 3,78
10 2050-68-2 R?R® 3,28
Il 37680-65-2 R'R*R® 4,11
12 7012-37-5 R'R3R® 4.2
13 15862-07-4 R'R3 R 4,26
14 16606-02-3 R'R*R® 423
15 38444-93-8 R'R?R°R® 4,23
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S.N. CASNO
16 41464-39-5
17 2437-79-8
18 70362-47-9
19 41464-40-8
20 35693-99-3
21 15968-05-5
22 52663-58-8
23 32598-11-1
24 32598-13-3
25 38380-02-8
26 68194-07-0
27 41464-51-1
28 38380-01-7
29 37680-73-2
30 32598-14-4
31 74472-35-8
32 31508-00-6
33 57465-28-8
34 38380-07-3
35 38411-22-2
36 35694-06-5
37 35065-28-2
38 52712-04-6
39 74472-41-6
40 52663-63-5
41 35065-27-1
42 33979-03-2
43 38380-08-4
44 69782-90-7
45 32774-16-6
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Rn con Cl
R',R?RER™®
R'R*R%R®
R',R®R*R®
R'R*R°RY
R'R*R%R?
R',R°RER1C
R'RZR°R®
R'R*R7R®
R?R3R7R®
R'R?R%R®

R'R?R*R° R

R',R*R*R%R’

R'R®R*R°,R®

R'R®R*R°R?

R'R2R3R7RE

R'R?2RR°R”

R'R®R*R’R®

R?R*R*R’R®

R'R%RR° R R®
R',R?R°R%R’,R10
R'R2R% R R6R®
R'R2R% R RER?
R'R2R%R*R°R?
R',R?R*R°RE R
R'R%R*R°R°R’
R'R*R%RRERY
R',R3R°R°,RER1®
R'R2R%R* R’ R
R'R2ZR3R7,RER?

R?R*R*R"RER’

Moreno / Mora (2021)

logBCFexp
4,84
4,85
5
4584
4,63
3,85
4,6
4,77
4,59

538

543

54
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S.N. CASNO Rn con Cl logBCFexp
46 38411-25-5 R',R?R3R*R° R R™® 58
47 35065-29-3 R",R?R3R%R°RER? 58
48 60145-23-5 R',R%R3R*RoRER® 58
49 52663-69-1 R'R?R*R°R°Ré R’ 584
50 52663-68-0 R'R%R%R°RER° R 58
51 74472-50-7 R'R2R*R°R°R,R® 5,84
52 35694-08-7 R'R%R%R*RER7 RE R 5381
53 52663-78-2 R'R?R*R*R°R°R" R 592
54 42740-50-1 R',R?R3R*R° R RER® 592
55 68194-17-2 R'R%R*R*R°R°R" R 588
56 2136-99-4 R',R%R*R°>ReR’,R°R™® 582
57 52663-77-1 R'R?R*R*R°R° R R R 571
58 2051-24-3 R'R%R?R*R° R R”,RE R’ R™® 544

Modelado con técnicas de aprendizaje de maquina

Weka 3.8.0 es un software libre que ofrece una amplia gama de técnicas de aprendizaje
de méaquina para realizar andlisis de regresion y clasificacion. Las técnicas de regresion
que se emplearon en este estudio fueron Gaussian Processes (GP), IBK, Linear Regression
(LR), Random Forest (RF) y SMOreg. GP es una técnica de regresion flexible en la que se
utilizan procesos aleatorios no paramétricos para la construccion de un modelo clésico
[35]. LR es un método en el que se construye un modelo a partir de las multiplicaciones
entre las variables y su respectivo coeficiente o “peso” [36]. IBK es una técnica en la que
se miden y optimizan distancias para encontrar la instancia del set de entrenamiento
mas cercana al set de prueba [36]. RF construye un modelo robusto generado a partir
de la combinacion de arboles de decision, donde cada arbol depende de los valores de
un vector aleatorio [36,37]. El método SMOreg construye un modelo a partir del ajuste
de un set de entrenamiento, asignando mayor peso a las instancias que estan mas cerca
al set de prueba [38].

En primer lugar, se realizd una evaluacion de atributos con los algoritmos mencionados
anteriormente, utilizando cinco como el valor para la validacion cruzada [39]. Este
proceso se realizd con el objetivo de encontrar el mejor set de descriptores para el
modelado, siendo siete el nimero maximo de variables presentes en el modelo. Se
denomind cada set de datos con el prefijo M_i_j donde i es el nimero del modelo y
j es la abreviacion de la técnica utilizada. Se utilizd Weka 3.8.0 y MATLAB R2017b para
construir los modelos de regresion [33,34].
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Validacion de los modelos

La validaciéon en cualquier estudio RCEA es de gran importancia ya que se mide
la relevancia y la fiabilidad de los modelos matematicos [40]. Existen dos tipos de
validacion para modelos RCEA: interna y externa. Una validacion interna utiliza los datos
que construyen el modelo, mientras que una validacion externa utiliza un set de datos
aparte [40]. Utilizando el algoritmo k-means de agrupacion de datos de Minitab, los
compuestos se dividieron en dos conjuntos: el set de entrenamiento (= 70-75%) y el
set de prueba (= 25-30%), para los procesos de validacion externa. Para la primera fase
de validacién se utilizd Weka 3.8.0 y se analizaron una serie de pardmetros estadisticos.

Para la segunda fase se utilizdé QSARINS, software que se emplea en la validacion
y desarrollo de modelos de regresién lineal RCEA [41]. Se analizaron los siguientes
parametros estadisticos para determinar la fiabilidad de los modelos que pasaron la
primera fase:

1. La colinealidad de las variables se cuantifica con los valores de r de la matriz de
correlacién, por lo tanto, se esperan valores menores a 0,7 [42].

2. El valor del coeficiente de determinacion (R?) como una evaluacion general de
modelo.

3. Elcoeficiente devalidacion cruzada parala pruebade dejarunofuera (Q’ ), el coeficiente
de validacion cruzada para la prueba de dejar varios fuera (Q7,, ) y el coeficiente de
validacion externa (Q’_ ) como medidores de la predictibilidad del modelo.

4. Unapruebadescrambling en la que se cuantifica la aleatoriedad de las predicciones
del modelo, por lo tanto, se espera valores bajos en los parametros R> _y Q°_

5. Una prueba de Tropsha para la validacion de dejar uno fuera y para la validacién
externa.

RESULTADOS Y DISCUSION

La metodologia del presente estudio esta resumida en la Figura 2. En total, se
construyeron 65 modelos a partir de los descriptores topograficos. Con ayuda de Weka
3.8.0, se obtuvieron 30 modelos utilizando descriptores 3D y 30 modelos utilizando
descriptores 2D, para los que cuales se tabuld el coeficiente de correlacion (R). Los
modelos y su respectivo coeficiente de determinacion (R?) estan tabulados en las Tablas
2-3 para descriptores 2Dy 3D, respectivamente. EI R es un parédmetro que funciona como
indicador de la dependencia lineal entre las variables de un modelo matematico [43].
Utilizando como criterio valores altos para R? se seleccionaron los 10 mejores modelos
con descriptores 2D y los 10 mejores modelos con descriptores 3D para proceder con
su validacién. Los modelos y su valor de R? se muestran en las Tablas 4-5. Utilizando
MATLAB R2017b, se construyeron 5 modelos de regresion lineal multiple utilizando un
algoritmo genético como método de selecciéon de subconjuntos, y se pasé a la primera
fase de validacién. Los modelos y sus parametros estadisticos se muestran en la Tabla 6.
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Figura 2. Resumen de la metodologia del presente estudio.

Tabla 2. Tabla S1. Modelos construidos con Weka utilizando descriptores 2D

Modelo Nombre R®_GP R2_IBK R%_LR RZ.RF  R?:_SMOR

M_1 IBK_BF_3 0,8493 0,9349 0,8407 0,8998 0,8405
M_2 IBK_GS_3 0,8493 08791 0,8407 0,8998 0,8405
M_3 LR_BF_7 0,8851 08174 0,9473 08316 0,9303
M_4 LR_GS_7 0,8851 08174 0,9473 08316 0,9303
M_5 RF_BF_6 0,864 0,8066 0,8928 0,9493 0,8748
M_6 RF_GS_3 04946 0,7813 0,8503 0,9454 0,8429

Tabla 3. Tabla S2. Modelos construidos con Weka utilizando descriptores 3D

Modelo Nombre R?_IBK R%_LR R>. RF  R?> SMOR
M_7 IBK_BF_2 05721 0,9038 08123 0,8501 08256
M_8 IBK_GS_2 05721 0,9038 08123 0,8501 08256
M_9 LR_BF_5 0,7319 0,7656 09103 0,8254 0,9084

M_10 LR GS_5 0,7319 0,7656 09103 0,8254 0,9084
M_11 RF_BF_7 0,6529 0,6997 0,847 09111 0,7691
M_12 RF_GS_6 06726 0,8481 08243 09139 0,7681
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Tabla 4. Tabla S3. Coeficiente de correlacion para los mejores 10 modelos construidos con Weka utilizando descriptores 2D

avances
en cencias e Modelo
ingenierias

M_5_RF
M_4_LR
M_6_RF
M_1_IBK
M_4_SMOR
M_1_RF
M_5_LR
M_3_GP
M_2_IBK
M_5_SMOR

R2
0,9493
0,9473
0,9454
0,9349
09303
0,8998
0,8928
0,8851
08791
0,8748

Tabla 5. Tabla $4. Coeficiente de correlacion para los mejores 10 modelos construidos con Weka utilizando descriptores 3D

Modelo
M_12_RF
M_11_RF
M_9_LR
M_9_SMOR
M_7_IBK
M_7_RF
M_12_IBK
M_T1_LR
M_7_SMOR
M_9_RF

R2
09139
09111
09103
0,9084
0,9038
0,8501
0,8481
0,847
0,8256
08254

Tabla 6. Tabla S5. Coeficiente de correlacion para los modelos construidos con MATLAB

Modelo
M_13
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La primera fase de la validacién se realizd en Weka 3.8.0 con el propdsito de evaluar
la linealidad, el error medio absoluto (MAE) y la predictibilidad de cada uno de los
modelos construidos. Se entrend cada modelo con un set de 42 moléculas y se evalud
su predictibilidad con un set de 16 moléculas. Los modelos, sus descriptores y su
pardmetros estadisticos se encuentran tabulados en la Tabla 7. A partir de los resultados,
se escogieron los mejores 3 modelos: M_4_LR,M_13yM_14.Los modelos seleccionados
y sus pardmetros estadisticos se muestran en la Tabla 8.

Tabla 7. Tabla S6. Pardmetros estadisticos de los modelos para la primera fase de validacion

_ Set de entrenamiento Set de prueba
| Modelo | R R MAE| R R MAE_

M_1_IBK 0,9303 0,8654581 0,269 0,9652 0931611 01212
M_1_RF 0,9266 0,8585876 0,2523 09334 0,8712356 0,2188
M_2_IBK 0,9303 0,8654581 0,269 0,9652 0931611 01212
M_3_GP 0,9098 0827736 0,2659 0,9562 09143184 0,1883
M_4_LR 0,9663 09337357 0,1848 09757 0,9519905 0,1468
M_4_SMOR 0,939 0881721 0,2339 0,9686 0,938186 0,1691
M_5_LR 0,8954 0,8017412 0,2968 0,9505 0,9034503 0,1836
M_5_RF 09379 0,8796564 0,2602 0,9857 0,9716045 0,1011

M_5_SMOR 08775 0,7700063 0,3427 0,9528 0,9078278 0,1823

M_6_RF 0,9262 0,8578464 0,2853 0,9729 0,9465344 0,1247
M_7_IBK 0,8893 0,7908545 0,2882 0,9421 0,8875524 0,2063
M_7_RF 0,9052 0,819387 0,3013 09169 0,8407056 0,2299

M_7_SMOR 0,8836 0,780749 0,3255 0,8828 0,7793358 0,292

M_9_LR 0,863 0,744769 03416 0,9566 0,9150836 0,1735
M_9_RF 0877 0,769129 0,3026 0,9019 08134236 0,2483
M_9_SMOR 0,8409 0,7071128 0,3506 0,959 0,919681 0,1909
M_11_LR 0,7565 0,5722923 03717 09162 0,8394224 02787
M_11_RF 0,8448 0,713687 0,3549 0,9707 0,9422585 0,1584
M_12_IBK 0,7038 04953344 04177 0,8302 0,689232 0,3381
M_12_RF 0,8842 0,7818096 0,3165 09715 0,9438123 0,1602
M_13 0,9552 0,912407 0,2061 0,9456 0,8941594 0,2149
M_14 0,9566 09150836 0,2063 0,9268 0,8589582 0,2624
M_15 0,9484 0,8994626 0,9484 0,9434 0,8900036 0,236
M_16 0,9503 0,9030701 0,2358 0,9501 0,90269 0,2024
M_17 0,9446 0,8922692 0,245 0,9428 0,8888718 0,2073
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Tabla 8. Valores de R2 y MAE para el set de entrenamiento y el set de prueba para los modelos seleccionados en
la primera fase de validacion.

avances

en cencias e
Ingenierias .
-- Set de entrenamiento Set de prueba

T AR

M_4_LR 0,921 0,2058 0,9291
M_13 5 09124 0,2061 0,8942 02149
M_14 5 09151 0,2063 0,859 0,2624

Como primer paso de la fase de validacion en QSARINS, se optimizaron los modelos con el
proposito de eliminar descriptores colineales. Para este analisis, se evaluaron los valores de
R de la matriz de correlacion. Es de esperarse que estos valores se encuentren entre -0,7 y
0,7 para asegurar que no existe colinealidad entre las variables [42]. La correlacién de 0,42
entre los descriptores de M_4_LR se encuentra dentro de este rango. Una vez eliminados
los descriptores colineales, se descarté M_14 ya que se construye a partir de los mismos
descriptores que M_13. Los resultados del andlisis de correlacion para los modelos estan
resumidos en la Figura 3, y la denominacién de los descriptores se muestra en las Tablas
9-10. La matriz de correlacion para M_13 se encuentra en la Tabla 11

12

H il

Descriptores
WA Wb ¢ D Wt mf

= o o
~ o oo

Coeficiente de correlacion (r)

o
)

02

Figura 3. Resultados del andlisis de correlacion para los descriptores de los modelos de M_4_LRy M_13.
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Tabla 9. Descriptores moleculares, pardmetros estadisticos y ecuacion para M_4_LR.

avances
en cencias e MfLLR
ingenierias

S_B_AB_Ci(2.0;-2.0)_2_5S3_H_n_X_LGP[1;2;6]_c-m_MAS (A)

N3_B_AB_nCi_2_MP4_H_n_T_LGP[4-6]_v-e_MAS (B)

Tamano

logBCF=13.2595 + 0.1941A - 43.0019B

Tabla 10. Descriptores moleculares, pardmetros estadisticos y ecuacién para M_13.

M_13

ES_RA_Q_AB_nCi_2_M8_SS1_T_LGP[5]_r_MID (C)
AC[2]_S_Q_AB_nCi_2_M12_MPO_T_LGL[1-2]_p_MID (D)
AC[1]_S_Q_AB_nCi_2_M10_MPO_T_LGL[2-3]_v_MID (E)
HM_Q_AB_nCi_2_M5_SS7_T_LGP[2]_e_MID (F)

Tamano

4 09375 09155 0,9087 0,844 0,0951 -0,1758

logBCF=0.7453 + 0.0699C + 0.4874D - 0.6705E + 13.0386F

Tabla 11. Tabla S7. Matriz de correlacion de los descriptores presentes en M_13

M_13

Descriptores

ES_RA_Q_AB_nCi_2_M8_SS1_T_LGP[5]_r_MID (C)
AC[2]_S_Q_AB_nCi_2_M12_MPO_T_LGL[1-2]_p_MID (D)
AC[1]_S_Q_AB_nCi_2_M10_MPO_T_LGL[2-3]_v_MID (E)
HM_Q_AB_nCi_2_M5_SS7_T_LGP[2]_e_MID (F)

0,28 1
0,56 0,40 1
043 -0,02 003 1

I
| o |
| e |
& ]
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Los nombres de los descriptores topogréficos corresponden al enfoque matematico que
se aplicé sobre las estructuras moleculares 2Dy 3D. Las letras minusculas representan los
atributos fisicoquimicos que se utilizaron para el calculo de cada descriptor. Los modelos
de las Tablas 9-10 estédn construidos en funcion de las siguientes propiedades: cargas
atémicas (c), masa (m), volumen de Van der Waals (v), electronegatividad (e), indice de
refraccion (r) y polarizabilidad (p). Las cargas atomicas (c) brindan informacion de la
distribucion de densidad electrénica en una molécula[44]. La masa (m) y el volumen
de Van der Waals (v) son propiedades estructurales que indican las dimensiones de la
molécula [42]. La electronegatividad (e) describe la atendencia de un dtomo para atraer
electrones hacia si mismo [45]. El indice de refraccion (r) y la polarizabilidad (p) estan
relacionados con la habilidad de distorsion de la nube electronica de una especie [42,46]

Por un lado, ¢, e, m, y v juegan un papel importante en la construccién de M_4_LR.
Si bien B tiene un coeficiente més grande, A tiene mayor impacto que B ya que
presenta mayor variabilidad. Esto sugiere que la distribucién de la carga y el nimero de
sustituyentes clorados influyen en el célculo del logBCF Por otro lado, 1, p, v, y € juegan
un rol importante en la construccion de M_13. F tiene el coeficiente mas grande, sin
embargo, C cuenta con mayor impacto debido a su variabilidad. F y C son descriptores
afectados principalmente por el nimero de dtomos de cloro, debido al aumento de
electronegatividad y a una mejor distribucion de la carga. De manera general, se puede
establecer una relacién directa entre el nimero de dtomos de cloro y el IogBCFexperimema‘.
El segundo paso de esta validacion es analizar los pardmetros estadisticos descritos en la
seccion de Materiales y Métodos. Valores de R*cercanos a 1 indican un ajuste éptimo del
modelo. Valores altos para Q° ., Q* . y Q°_ .aseguran una buena predictibilidad. Valores
bajos para los pardmetros de la prueba de scrambling demuestran que el modelo
no realiza sus predicciones aleatoriamente. Los descriptores moleculares, pardmetros
estadisticos y ecuacion de los modelos M_4_LRy M_13 se muestran en las Tablas 9-10.
Adicionalmente, se realizé una prueba de Tropsha para la validacion de dejar uno fuera
y para la validacion externa. Los resultados de las pruebas para los modelos M_4_LRy
M_13 estén tabulados en las Tablas 12-13. Finalmente, las Figuras 4-5, muestran una
buena correlacion lineal entre los valores de logBCF experimentales versus los valores
calculados tanto para el conjunto de entrenamiento como de prueba.

Tabla 12. Criterios de validacion de la prueba de Tropsha para M_4_LR.

M_4 LR

_ Validacién de dejar uno fuera Validacién externa

R*>06 09154 Pasa 09154 Pasa

R >05 0,8944 Pasa 09119 Pasa

(R, -R)/R <01 0 Pasa 0,0005 Pasa
(R, -R?)/R? <01 0,0056 Pasa 0,0145 Pasa
abs(R*-R?)<0,1 0,005 Pasa 00127 Pasa
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M_4_LR

-
a ﬁcels Validacion de dejar uno fuera Validacion externa
en cencias e
Ingenierias Criterio Resultado Evaluacion Resultado | Evaluacion

0,85<k<1,15 0,9995 Pasa 0,9987 Pasa

0,85<k'<1,15 0,997 Pasa 0,9994 Pasa

Tabla 13. Criterios de validacion de la prueba de Tropsha para M_13.

_ Validacién de dejar uno fuera Validacién ext

R?>0,6 0,9375 Pasa 0,9375 Pasa
R’,>05 0,9155 Pasa 0,844 Pasa
(R, -R?)/R <01 -0,0001 Pasa 0,0036 Pasa
(R, -R2)/R?,_<0,1 0,0062 Pasa 00136 Pasa
abs(R’ -R?)<0,1 0,0058 Pasa 0,0085 Pasa
0,85<k<1,15 0,9984 Pasa 0,9919 Pasa
0,85<k'< 1,15 0,9989 Pasa 1,0044 Pasa

7

6

@ Setde entrenamiento
® Setde prueba
-@- Set de entrenamiento
-@— Setde prueba
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logBCF
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Figura 4. BCF experimental versus BCF calculado con M_4_LR para el set de entrenamiento y el set de prueba.
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Figura 5. BCF experimental versus BCF calculado con M_13 para el set de entrenamiento y el set de prueba.

CONCLUSION

Enel presente estudio, se realizd un modelado RCEA del logBCF de los PCBs utilizando
técnicas de aprendizaje de maquina. Dos modelos robustos, construidos a partir de
descriptores topoldgicos, se escogieron segun los pardmetros estadisticos de las
pruebas de validacion externa e interna. M_4_LR es un modelo de 2 descriptores
con R?=0,9154, Q" .= 0,8944,y Q’_ =0,9119. M_13 es un modelo de 4 descriptores
con R’= 0,9375, Q” .= 09155, y Q’_ = 0,844. Ambos modelos pasaron todos los
criterios de la prueba de Tropsha. Por un lado, M_4_LR destaca por su predictibilidad
para la prueba de validacién externa. Por otro lado, M_13 presenta una mejor ajuste
debido a que su valor de R? es mayor. Los resultados del estudio son evidencia
solida para demostrar que los descriptores topogréficos 2D y 3D, calculados para la
estructura optimizada en el nivel de mecanica molecular, son variables muy utiles
para la construccion de modelos de regresion que podrian ser usados para predecir
el valor de logBCF.
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Analysis and evaluation of the cosine efficiency of a
polar parabolic trough collector: Applicationina
subtropical region of Argentina

Resumen

Se analiza el comportamiento de un dispositivo de concentracién solar para la
generacion directa de vapor localizado en Ezeiza (34,82 S, 58,53 W) regién subtropical de
Argentina. El dispositivo consiste en un concentrador cilindro parabdlico y un receptor
con agua como fluido de trabajo, se conoce como colector cilindro parabélico polar
porque estd inclinado segun la coordenada de latitud. Este colector es prometedor
para sistemas que usan energfa solar concentrada en latitudes subtropicales, porque
aprovecha mejor el recurso solar para generar calor o electricidad, en aplicaciones de
mediana y baja escala. El colector tiene un eje de rotacién longitudinal inclinado sobre
la linea imaginaria norte-sur, el concentrador estad curvado parabdlicamente v realiza
el seguimiento solar sobre su eje de rotacion. Se analiza matematicamente con datos
de un afo solar tipico y se compara el colector cilindro parabdlico polar con uno sin
inclinacion. Se encuentra que el colector cilindro parabdlico polar muestra una mejora
significativa en la eficiencia dptica coseno durante todo el afo especialmente en el
invierno, con una pérdida anual de la energia disponible debido al efecto coseno del 4%
frente a una pérdida del 13% para el concentrador sin inclinar. Con el fin de eliminar las
pérdidas por final del colector, se han calculado las dimensiones éptimas del receptor
empleando el método Montecarlo, obteniéndose un receptor de 3,2 m que sobresale
0,4 m por encimay por debajo del concentrador. El drea del receptor es un 10,6% mayor
en el colector inclinado, para disminuir las pérdidas térmicas se propone un aislamiento
térmico estacional.

Palabras clave: Energia Solar Concentrada, Colector Cilindro Parabolico, Generacién
Directa de Vapor, Regién Subtropical

Abstract

The behavior of a solar concentrating device for direct steam generation located
in Ezeiza (34.82 S, 58.53 W) subtropical region of Argentina is analyzed. The device
consists of a parabolic trough concentrator and a receiver with water as the working
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fluid; itis known as a polar parabolic trough collector because it is inclined according to
the latitude coordinate. This collector is promising for systems that use concentrated

avances  solar energy in subtropical latitudes, because it makes better use of the solar resource

T 1o generate heat or electricity, in medium- and low-scale applications. The collector
has a longitudinal axis of rotation inclined on the imaginary north-south line. The
concentrator is parabolically curved and tracks the sun on its axis of rotation. It is
mathematically analyzed with data from a typical solar year and the polar parabolic
trough collector is compared with one without inclination. It is found that the polar
parabolic trough collector shows a significant improvement in the optical cosine
efficiency throughout the year, especially in winter, with an annual loss of available
energy due to the cosine effect of 4% compared to a loss of 13% for the concentrator
without tilting. In order to eliminate losses at the end of the collector, the optimal
dimensions of the receiver have been calculated using the Monte Carlo method,
obtaining a 3.2 m receiver that protrudes 0.4 m above and below the concentrator.
The receiver area is 10.6% larger in the inclined collector. To reduce thermal losses, a
seasonal thermal insulation is proposed.

Keywords: Concentrating Solar Power, Parabolic Trough Collector, Direct Steam
Generation, Subtropical Region

INTRODUCCION

La demanda de energia crece continuamente a nivel global. Las predicciones indican
que entre 2015 y 2040 el consumo mundial de energia aumentard en un 28% [1]. Los
logros sociales y tecnoldgicos del siglo pasado fueron consecuencia del facil acceso al
petroleo, carbon y gas natural, cuyos procesos de oxidacion han contribuido al aumento
de la contaminacion ambiental y a un peligroso calentamiento global.

La energia solar es una de las formas de energia alternativa con el potencial de
suministrar el calory la energfa que demanda toda la poblacién de la Tierra. Para obtener
electricidad a partir de la energia solar, es posible aprovechar tanto el efecto fotovoltaico
como el contenido de calor de los rayos solares [2, 3]. Esto ultimo se logra con la ayuda
de concentradores solares espejados que interceptan la luz solar y la reflejan en un
receptor. Varios dispositivos termosolares estan en desarrollo o ya se estdn aplicando
para usos comerciales [4]. Uno de ellos es el llamado concentrador cilindro parabdlico
(CCP) que tiene un eje usualmente ubicado a lo largo de la linea imaginaria norte-sur.
EI CCP es capaz de concentrar la radiacién solar en un receptor tubular ubicado en una
zona de enfoque lineal. En el receptor, el agua que circula es calentada por los rayos
solares concentrados produciendo vapor saturado o sobrecalentado, para ser utilizado
posteriormente en procesos térmicos o para obtener electricidad [5].

Para lograr la concentracion éptima de rayos solares en el concentrador es importante
que el mismo esté orientado hacia Sol y siguiendo su movimiento aparente durante su
funcionamiento, de lo contrario los rayos solares no se concentraran adecuadamente
en el tubo receptor [6]. Es importante definir dos pardmetros solares para comprender
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el fendmeno de la concentracién de radiacién solar, uno es el plano de apertura del
concentrador por el cual ingresan los rayos solares al mismo, el otro es el dngulo
de incidencia solar (8) que se forma entre el vector normal al plano de apertura y la
ubicacion del Sol. Cuando 6 es distinto de cero, el flujo solar radiante que atraviese el
plano de apertura se ve disminuido debido al llamado “efecto cosendo’, definiendo una
eficiencia coseno que varia entre 0y 1, segun el valor del cos 8 [5].

Los CCPs que cuenten con seguimiento en eje norte-sur, alineardn la componente este-
oeste de la normal del plano de apertura con la posicién solar pero no podran hacerlo
en el sentido norte-sur, por lo que si el sol no se encuentra sobre el paralelo (Iinea este-
oeste) existird una disminucion de la energia colectada debido al efecto coseno. Esta
es la razén por la cual, la mejor ubicacion para el CCP es sobre el ecuador terrestre, ya
que es en esta region donde el Sol se encuentra més proximo por sobre el paralelo a lo
largo del afo, permitiendo tener asi una mejor recolecciéon de energia con eficiencias
coseno mas altas. En otras latitudes los CCPs logrardn eficiencias menores, efecto que se
incrementa al aumentar la latitud. [7-9].

En regiones subtropicales el arco de la trayectoria solar nunca se encuentra por sobre
el paralelo, por esto los sistemas CCPs tendran una reduccion de eficiencia significativa.
Diversos autores han propuesto otros sistemas de seguimiento solar para mitigar esta
dificultad [10, 11]. Asi, el sistema de seguimiento polar que inclina el eje de rotacién
del colector tantos grados como la latitud del lugar (elevando el concentrador por
su extremo norte en el hemisferio norte o por su extremo sur en el hemisferio sur) ha
mostrado un buen desempefio en todas las latitudes. Este sistema es denominado
colector cilindro parabdlico polar (CCPP).

Se han realizado diferentes estudios para determinar el dangulo de inclinacién éptimo
del concentrador y asf recolectar la cantidad maxima de energfa anual. Zhang et al.
calcularon mediante un algoritmo numérico estocéstico los angulos de inclinacion
Optimos para cinco ciudades chinas ubicadas en distintas latitudes [9]. Por otra parte, El
Kassaby encontré que el éngulo de inclinacion dptimo resulta de la suma del valor de la
latitud local més 3.5° [7].

La eleccion de datos meteoroldgicos adecuados es fundamental para realizar una
simulacion energética y lograr conclusiones validas. La variacion de las condiciones
ambientales mas realista se logra mediante el uso de afho meteoroldgico tipico (AMT),
que es un ano estadistico que consta de 12 meses meteoroldgicos tipicos basados en
mediciones de campo que se extienden a lo largo de décadas [12].

Este trabajo tiene como objetivo demostrar que la eleccién de un colector cilindro
parabdlico inclinado seguin la latitud logra disminuir el dngulo de incidencia a lo largo
del afo, con respecto al colector no inclinado. Se propone analizar el efecto del éngulo
de incidencia sobre la energfa solar colectada utilizando un AMT para el CCP y el CCPP
ubicados en el Aeropuerto de Ezeiza, Buenos Aires, asi como determinar la longitud
adecuada del receptor del CCPP para atenuar las pérdidas por final de colector.
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METODOLOGIA

avances  El analisis es realizado para las coordenadas 34,82 S, 58,53 W, que coincide con el
Ingenierias . . . .
Aeropuerto de Ezeiza, Buenos Aires, Argentina, Fig. 1.

Figura 1. Ubicacién del Colector Problema

En los colectores cilindro parabdlicos todo el conjunto, concentrador y receptor, esta
montado sobre una estructura que sigue la trayectoria solar en el eje norte-sur durante
el movimiento diurno. En la Fig. 2 se muestra un dispositivo CCP clasico y en la Fig. 3,
se muestran las disposiciones de (a) un conjunto de CCPs ordenados en serie y (b) un
conjunto de CCPPs ordenados en paralelo. Es importante sefialar que para un pequefo
campo solar en una regién subtropical; es conveniente utilizar CCPPs mds cortos para
lograr una estabilidad estructural adecuada. En una ubicacién subtropical, la eleccion
de un CCPP se realiza para abordar dos dificultades encontradas en la generacién
directa de vapor utilizando CCP. La primera se debe a la variabilidad del éngulo 6, lo
que provoca el efecto cosenoy por tanto una pérdida de la energia captada; la segunda
dificultad es la generacion de un flujo bifésico de agua / vapor en el receptor durante
las horas alejadas del mediodia, cuando la radiacién reflejada incide lateralmente y
se produce un mal intercambio de calor entre las paredes del receptor caliente y el
vapor, como se muestra en la Fig. 4 [13]. Independientemente de la suposicién acerca
de que la inclinacién del sistema ayudard en gran medida a disminuir el flujo bifésico,
este cambio de comportamiento del fluido dentro del receptor no se analizard en este
trabajo, aunque estd propuesto para futuras investigaciones.
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Figura 2. Disefio de un Dispositivo Cldsico CCP
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Figura 3. Disefio del Ordenamiento de los Conjuntos a) CCPs b) CCPPs
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. __decalor
Qﬁe calor apropiado
Figura 4. Intercambio de Calor en (CP: a) al Mediodia b) a la Mafiana/a la Tarde
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Evaluacion del angulo de incidencia solar ()
Paraanalizarel efectode B sobre la energiatérmica captada, es necesario definirlafraccion
colectada (C) como la relacion entre la potencia (P) entregada por el concentrador al
receptor por unidad de &rea del plano de apertura y la potencia proporcionada por el
Sol por metro cuadrado (P) [5]:

C,=P /P (1)
C, es 1, cuando el sistema esta perfectamente alineado y todos los rayos incidentes se
reflejan en el receptor (caso de espejos ideales).

Cuando 0 es distinto de cero, C; se modifica segun [5]:

Pf = r’COS * IDS (2)

donde n_ se define como la eficiencia coseno o el modificador del éngulo de incidencia:
n,, =cos6 (3)
Para ambos concentradores, CCPP y CCP, 6 se puede calcular en cualquier momento

utilizando el vector de posicién solar U, que se determina utilizando el algoritmo de
posicionamiento solar [14] y se representa como:

U:(ux, u,u) 4

X(norte) Y(este)

Figura 5. Diagrama de Vectores a) para CCP y b) para CCPP. Az es el azimut y h es la elevacion solar

Para obtener el valor 8 se define otro vector k, unitario y paralelo al eje de rotacién del
colector. Como k es paralelo al eje de rotacién, k también es perpendicular al plano
que contiene todos los vectores normales al plano de apertura (puesto que el plano de
apertura es orientado por el sistema de seguimiento para alinearse con el Sol). Para el
CCP el vector k que se muestra en la Fig. 5a, se puede escribir como:
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N
k =(1,00) ©)

Debido a su eje de rotacién, k estd alineado con el meridiano local y colocado
horizontalmente, mientras que en la Fig. 5b, para CCPP el vector es:

N
k = (cos B,0,5en B) (6)

Donde B es el angulo de inclinacién del concentrador. En consecuencia, los valores de 6
se determinan para todos los k vectores de acuerdo con:

- >
B=arcsen (k- U) (7)

Elalgoritmo de posicionamiento solar se utiliza para calcular U para todo el afhio tomando
una hora como intervalo de tiempo. Como las condiciones ambientales (radiacion solar
incidente, temperatura, humedad, etc.) varian significativamente de un afo a otro, no
se pueden obtener resultados confiables usando pardmetros medidos en solo un afo
calendario. Resulta apropiado aplicar el AMT.

En el algoritmo, ademds de los datos de posicionamiento (latitud, longitud vy
altitud), se ingresaron los de humedad, presion atmosférica y temperatura del AMT,
en el Aeropuerto de Ezeiza [12]. Usando el conjunto de datos 6 para cada vector k,
se calcula un conjunto de datos de cosB. Ademés, los valores de P se obtienen
usando la Ecuacion 2, tomando los valores de P_del AMT. Con esta coleccion de
datos se realiza una integracion trapezoidal de la potencia solar colectada P para
cada sistemay se compara la energfa solar captada anualmente con las configuraciones
CCPPy CCP.

Optimizacion del tubo receptor del CCPP

En todos los concentradores cilindro parabdlicos existe una disminucion de la eficiencia
debido a la pérdida los extremos del concentrador, que ocurre cuando la radiacion que
haincidido en el extremo del espejo se refleja fuera del receptor Fig. 6. Xu et.al sugirieron
reducir las pérdidas por un método de compensacién aplicable en regiones con una
latitud superior a 25° [15].

A. (CP B. (CPP

Pérdida al final del colector

Figura 6. Pérdidas al Final del Concentrador a) CCP y b) CCPP
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Para optimizar el tamafo del tubo receptor del CCPP, el software Tonatiuh Ray
Tracing realiza una simulacion éptica que utiliza el método de Monte Carlo para
modelar el camino de un gran conjunto de elementos aleatorios que actéan como
fotones emitidos por el sol [16]. El software permite seleccionar los pardmetros del
concentrador y su orientacion espacial. Se trabaja con un concentrador de 2,40 m
de largo y 3,00 m de ancho. La distancia focal se establece en 0,90 m, medida desde
el vértice de la pardbola. Para trabajar con un modelo realista, la reflectividad de la
superficie se fija en 0,85 y el o de pendiente en 3 mrad, de acuerdo con un espejo real
de cristal promedio [11, 17, 18].

Para la simulacion, se ubica en el 4rea focal del concentrador un objetivo que consiste
en un plano rectangular de 4,00 m de largo y 0,20 m de ancho con su lado mas largo
siguiendo la linea focal. El objetivo se utiliza para analizar el ancho'y la longitud del drea
focal porque, de esta forma, es mds facil elegir un didmetro para el tubo receptor. En la
simulacion, se escoge una cantidad de 5 x 107 fotones. Para representar correctamente
el Sol, se utiliza una distribucion pillbox. Los fotones impactan primero en la superficie
del concentrador, luego son reflejados, y finalmente chocan con el objetivo. El software
genera un archivo de datos binarios con las coordenadas de cada colisién que luego se
procesan utilizando diferentes algoritmos. Para medir la concentracién local de fotones
que impactan en el objetivo, se construye en el mismo una malla de 1000 x 1000 celdas
y se cuenta el nimero total de fotones que chocan en cada una de ellas. Se excluye la
zona difusa, considerando solo el drea de mayor intensidad que contiene 88,5 % de los
fotones impactados en el objetivo.

Para analizar el comportamiento del concentrador en la ubicacion 34,82 S, 58,53 W
(Aeropuerto de Ezeiza), se seleccionan tres posiciones que representan el 8 maximoy el
0 minimo i) solsticio de verano, 6= 22,419, ii) equinoccios de primavera y otofio 6 = 0°,
y iii) solsticio de invierno 6= -22,41°. Los valores de 8 se consideran constantes durante
los dias seleccionados.

RESULTADO Y DISCUSION
Analisis comparativo de concentradores CCP y CCPP

Para CCPP la variacion diaria de 6, durante los solsticios, es 0,23°y durante los equinoccios
0,380. Los valores promedio de la variacion diaria de 6 para ambos colectores se muestran
enlaTabla 1. Los valores de 8 son casi constantes a lo largo del dia con un CCPP, mientras
que con un CCP la variacion diaria es mucho mayor. Las variaciones medias mensuales
de 0 para ambos concentradores se muestran en la Fig. 7.

Tabla 1. Comparacién de Resultados entre el CCPy el CCPP

Variacion media diaria [°] 0,34 34,57
Energfa Anual colectada [MJm?] 1,28 1,40
n.. anual 087 0,96

cos
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Figura 7. Variacién Diaria de 6 en Promedios Mensuales de un AMT. En azul para CCP y en naranja para CCPP.

Esta variacion diaria de 0 indica la estabilidad del sistema para recolectar energia. Los
valores pequerios de este parametro tendran la misma eficiencia coseno durante todo
el dia para el concentrador; consecuentemente, existird una captacion de energia
proporcional a la energia solar accesible.

La Fig. 8 muestra 6 para CCP y CCPP durante todo el afo. Para que el gréfico sea mas
comprensible, se han afadido los recuadros con los valores de 6 correspondientes a los
solsticios y los equinoccios de otofio y primavera.

&
P o N

Angulo [°]

20 — 0
-10
_40 1 Il 1 1 Il 1 Il Il 1 Il 1 I}
ene feb mar abr may jun jul ago sep oct nov dic ene
Mes

Figura 8. Variacién de 6 a lo largo del Ao. En azul para CCP y en naranja para CCPP. Los recuadros muestran el
aumento de un dia en el gréfico en a) equinoccio de otofio, b) solsticio de invierno, ¢) equinoccio de primavera y
d) solsticio de verano.
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Puede observarse que los valores de 6 para CCPP siguen la variacion de la declinacion
solaralo largo del afo, porque el eje de rotacién del concentrador se encuentra paralelo
al eje de rotacion terrestre.

Con los valores de 6 obtenidos a lo largo del afio, pueden calcularse los de n__que se
representan en la Fig. 9 en funcion del tiempo para CCPy CCPP.

=

Mes

Figura 9. Variacién de cosf a lo largo del Afio. En azul para CCP y en naranja para CCPP. Los recuadros muestran la
variacion en a) equinoccio de otofio, b) solsticio de invierno, ¢) equinoccio de primavera y d) solsticio de verano.

Se observa una gran estabilidad durante todo el afio en los valores de n__para el CCPP,
mientras que existe, para el mismo intervalo, una marcada variacion de n__para el CCP.
De acuerdo con la Ec. 2, los valores mds cercanos a 1 implicardn una mejor recoleccién
de energfa. Ademas, los valores de n___para el CCPP varian entre 0,92 y 1,00, mientras que

Cos

para el CCP varfan entre 0,50 y 1,00.
Para analizar el efecto de n__en P, se puede calcular P para CCP y CCPP para cada
momento del ano aplicando la Ec. 2, los datos de P_son obtenidos del AMT del

Aeropuerto Nacional de Ezeiza, Argentina. Los resultados se muestran en la Fig. 10.

1000

©

o

o
——

Intensidad [W/m2]
[=)]
(=]
o

1N G R

Bt

ene feb jul ago sep oct nov
Mes

Figura 10. Variaciones de PS (negro) y Pr (en naranja para CCPP, en azul para (CP) durante todo el afio. Los
recuadros (ampliar para ver detalle) muestran la variacién en a) equinoccio de otoiio, b) solsticio de invierno, )
equinoccio de primavera y d) solsticio de verano.
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Realizando una integracion trapezoidal de los valores de P a lo largo del ano, la
cantidad total de energia obtenida es 1,40 MJm™ para CCPP y 1,28 MJm™ para CCP. Con
la integracion trapezoidal anual de P_ (1,47MJm?) es posible determinar la eficiencia
coseno para ambos colectores, que resulta ser 0,96 para CCPP y 0,87 para CCP. Estos
valores se muestran en laTabla 1.

Ademads del aumento en la eficiencia, el CCPP muestra una captacion de energia estable
alolargo de los dias y del afo. Para CCP, en cambio, se observan grandes variaciones de
la energia recolectada, tanto diaria como estacional, con una notable disminucion en el
rendimiento durante el invierno, Fig. 10. Estos resultados justifican recomendar el uso de
sistemas CCPP en regiones subtropicales.

En este trabajo se obtuvieron resultados comparables con otros publicados. El Kassaby
obtuvo para una latitud similar (35°) un n__anual de 0,934 para un CCPP y de 0,78 para
un CPP [7], mientras que Zhang et al. obtuvieron un n_anual estimado de 0,93 para
un colector inclinado con la latitud [9]. Los valores informados en este estudio son mas
cercanos a la realidad porque se contemplan los dias nublados al utilizar datos del AMT,
que dan valores de P, mas bajos que los utilizados por los otros autores, obteniéndose
en consecuencia una mayor eficiencia anual.

Optimizacion del tubo receptor con CCPP

A pesar que el CCPP tiende a disminuir el angulo de incidencia debido a la latitud del
emplazamiento, se observa que las dimensiones del receptor deben ser modificadas en
referencia a las del receptor del CCP.

Para determinar las dimensiones del receptor, es necesario considerar no solo la longitud
sino también el ancho del 4rea focal. Aplicando el método Monte Carlo se obtienen los
siguientes resultados i) en el solsticio de verano: la imagen focal se extiende 0,40 m
por debajo del colector, ver Fig. 11a); ii) en los equinoccios: la imagen focal se extiende
desde el principio hasta el final del colector, ver Fig. 11b); iii) en el solsticio de invierno: la
imagen focal se extiende 0,40 m por encima del colector, ver Fig. 11¢).
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Figura 11. Trazado de Rayos para CCPP. El inicio y el final del receptor propuesto se muestran en lineas rojas
verticales, el ancho de la franja focal con 88,5% de la energia reflejada se muestra en la linea roja horizontal a)
durante el solsticio de verano,e y ¢) durante los equinoccios.

Se ha obtenido un ancho de 0,051 m para los equinoccios, y casi el mismo valor para los
solsticios, 0,052 m. Por lo tanto, el receptor propuesto tiene un didmetro de 0,052my una
longitud de 3,20 m con 0,40 m por encima y por debajo de la longitud del concentrador.

Segun el mismo analisis para un CCP con una longitud de 2,4 m, el didmetro calculado

del receptor es 0,062 m. Se observa que el drea del receptor para CCPP es 10,6% mayor
que la de CCP.
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Para atenuar posibles pérdidas térmicas, se propone el aislamiento del final del receptor
que no esté en uso (es decir, el extremo inferior en el lapso de tiempo que va desde el
equinoccio de primavera al equinoccio de otofio; y el extremo superior en el lapso de
tiempo que va desde del equinoccio de otofio al equinoccio de primavera).

CONCLUSIONES

El andlisis tedrico realizado en este trabajo permite distinguir el comportamiento del
CCPP de aquel del clasico colector solar CCP para la region de Ezeiza, Argentina.

El dispositivo CCPP tiene dos importantes logros a destacar:

El primero es la reduccion del efecto coseno, que muestra una mejora del n__durante
todo el afio en la latitud seleccionada, (@nualmente fue de 0,87 en CCP y de 0,96 en
CCPP).

El segundo logro es que las variaciones diarias de 6 son casi insignificantes para CCPP, lo
que aumenta la estabilidad del sistema. Ambos logros dependen de la latitud: cuanto
mas lejos del ecuador, més importantes resultan éstos.

El CCPP presenta un rendimiento superior especialmente en invierno, donde el CCP
tiene mayores variaciones de 0 y en consecuencia un n__menor.

Para reducir las pérdidas por final de colector en el extremo del CCPP se debe seleccionar
un tubo receptor més largo que el propuesto para CCP. Aungue este receptor es mas
largo, también es mas delgado, lo que resulta en un aumento en el drea de superficie
de solo 10,6%.

Con el receptor mas largo, las pérdidas térmicas del tubo receptor se pueden mitigar
con aislamiento térmico estacional.

Eluso de CCPP es promisorio para su aplicacion en latitudes subtropicales y proporciona
un mejor aprovechamiento del recurso solar, especialmente en aplicaciones de mediana
y pequefa escala, para los procesos involucrados en la obtencién de calor o generacion
de electricidad.
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Simulation of wildfire spread using firebreaks in llalo
Volcano, Quito-Ecuador

Resumen

Los incendios forestales provocan pérdidas materiales cuantiosas para la gente que
vive en el sector afectado y en algunos casos comprometiendo la seguridad de la
poblacion. En este proyecto se propuso simular la propagacion del fuego en el incendio
forestal ocurrido el dfa 14 de septiembre de 2015 en el Volcan llalé-Sector La Toglla,
Quito-Ecuador, utilizando los programas QGIS y FARSITE, ademas de estudiar soluciones
alternativas para contener la propagacion del fuego. Utilizando informacién topogréfica
y meteoroldgica, se construyd en FARSITE una simulacion de la propagacion del fuego y
las repercusiones que se vieron reflejadas en varias hectareas de naturaleza quemadas y
la produccién de gases de combustion. Los resultados del estudio de FARSITE pudieron
ser validados con la informacion oficial de los contaminantes expulsados a la atmosfera.
Finalmente, los métodos de contencion desarrollados mostraron una disminucion del
area afectada y toneladas de contaminantes expulsados al ambiente, en comparacién
con las condiciones reales en el Volcan llalé correspondientes al incendio estudiado.
Esta herramienta puede guiar los esfuerzos de disefio de cortafuegos y reforestacion en
zonas erosionadas, como el llalé.

Palabras clave: contaminacion del aire, FARSITE, gases de combustion, prevencion de
incendios, reforestacion, silvicultura

Abstract

Wildfires provoke costly material losses for the inhabitants of affected zones and unsafety
to people. In this project, the simulation of fire spread of a wildfire that occurred on
September, the 14th, 2015 at Ilald Volcano-La Toglla Sector, Quito-Ecuador was proposed,
using QGIS and FARSITE computer programs, in addition of studying alternative
solutions to contain the spread of fire. By using topographical and meteorological
information, a simulation was set up in FARSITE, which included the spread of fire and
its impact which translated into several hectares of nature burned and the production
of combustion gases. The results of the FARSITE study were validated with the official
information regarding the amount of pollutants expelled into the atmosphere. Finally,
the developed methods of suppression showed a reduction of the affected area and the
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tons of pollutants expelled into the environment, compared to the actual conditions in
llalé Volcano corresponding to the studied fire event. This tool can lead the efforts of
firebreak design and reforestation in eroded zones, such as llalé.

Keywords: air pollution, combustion gases, FARSITE, fire prevention, forestry, reforestation,
silviculture

INTRODUCCION

Los incendios forestales son un fendmeno natural, presentes desde tiempos
inmemoriales. Existen registros de la ocurrencia de estos eventos desde hace al menos
25.000 afos, los cuales han sido hallados en sedimentos en lagos y en depdsitos de turba
[1]. Los incendios forestales ponen en riesgo la seguridad de las personas, causando
pérdidas materiales cuantiosas a las comunidades emergentes que habitan las zonas de
alto riesgo de incendios [2]. Se producen en épocas del afio cuando la lluvia escasea y la
temperatura ambiente estd por encima del promedio registrado en el afio, condiciones
que se presentan cominmente en el verano en la Sierra del Ecuador [3].

La estacion de verano en la regién interandina del Ecuador, dentro de la cual se
encuentra el Distrito Metropolitano de Quito, se presenta entre los meses de junio hasta
agosto, siendo los meses de enero hasta mayo y septiembre hasta diciembre, periodos
lluviosos en el afo [3]. Sin embargo, desde el afio 2010 los periodos lluviosos y secos
en el ano han sido fluctuantes en cuanto a su tiempo de permanencia [4]. Este cambio
se pudo evidenciar en el afo 2015, en el cual el invierno se ‘retrasd, provocando la
ausencia de precipitaciones en el mes de septiembre [4]. Como consecuencia de la
sequia presentada en el mes de septiembre de 2015 y de ciertos sucesos lamentables,
se presentaron numerosos incendios forestales a lo largo del Distrito Metropolitano de
Quito, especialmente en el dia 14, afectando localidades como el Cerro llalé, Cruz Loma,
Cerro Auqui, Tumbaco, Lloa, Quinche y San José de Minas.

Entre todas las locaciones sumaron 3102 hectdreas afectadas en el Distrito [5].
Muchos de estos incendios son de origen antropogénico, pues 10 dfas después del
evento las autoridades reportaban 15 personas detenidas por estar involucradas
en los flagelos [5]. Adicionalmente a los incendios presentes en las localidades
montafosas, se visualizaron nubes compuestas por gases de combustion y material
particulado producidos por los incendios presentes en la zona urbana de Quito. Esta
acumulacién de gases resultd incomoda para las personas que vivian y trabajaban
en ese sector de la ciudad [6]. Desesperados intentos de extinguir el fuego fueron
ejecutados por parte del gobierno y el cuerpo de bomberos, acudiendo al lugar
con los implementos necesarios y helicopteros de extincion de incendios. Incluso
se estudio la alternativa de pedir ayuda a los paises que conforman la UNASUR para
controlar los lamentables sucesos [7].

En los Ultimos afos, se han estudiado las dreas de terreno afectadas por los incendios
forestales en el Ecuador, para realizar un mapa de riesgos que incluya estas zonas [8].
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Para complementar los estudios que se estan realizando sobre incendios forestales,
se considera importante la implementacion de un método que permita pronosticar y
prevenir la generacién de estos incendios en lugares susceptibles a este fendmeno. La
simulacion por computadora se presenta como herramienta alternativa al estudio de
los incendios forestales, de manera que se puedan recrear eventos que sucedieron en
el pasado y estudiar diversas soluciones que pudieron tomarse, y considerarlas para
casos futuros.

Existen varias técnicas de simulacién y visualizacién de los incendios forestales. QGIS
es un sistema de informacién geogréfica que permite analizar y visualizar datos
experimentales de campos vectoriales de viento, topografia del lugar y tipo de
vegetacion para ser introducidos en un software de simulacion de incendios, como
lo es FARSITE, para recrear la propagacién del fuego de un evento que ya ha ocurrido
[9]. Con la presencia de cortafuegos se deberia reducir el impacto del fuego, el cual se
puede cuantificar en drea afectada y en cantidad de CO, emitido. Cabe recalcar que las
simulaciones deben ser validadas, de manera que la metodologifa que se estd utilizando
compruebe que puede usarse como un modelo predictivo en condiciones reales para
estos eventos [10].

En este trabajo se propone realizar una simulacion de la propagacion del incendio forestal
ocurrido en el Cerro llalé-Sector la Toglla, perteneciente al Distrito Metropolitano de
Quito, el 14 de septiembre de 2015 utilizando los programas QGIS y FARSITE de manera
que, a partir de datos topogréficos, meteoroldgicos y de vegetacion presente, se pueda
simular la propagacién del incendio ocurrido. Finalmente, como objetivos secundarios,
se propone estudiar soluciones alternativas para evitar los incendios y contenerlos
para detener su propagacion, de manera que el impacto en dreas afectadas y gases de
combustién producidos se puedan minimizar.

METODOLOGIA
Area de estudio

El'lugar y fecha de estudio elegidos son el Volcan llalé-Sector La Toglla ubicado en las
coordenadas (50,248856 W78,438464) en latitud-longitud y el dia 14 de septiembre de
2015, respectivamente. El dfa elegido es clave para estudiar dada la susceptibilidad a los
incendios entre los meses de junio a septiembre [4] y los dafos que estos han provocado
producto de la gran extension de dreas afectadas y gases de combustion expulsados al
ambiente [6]. Los datos necesarios se obtuvieron con la ayuda de la carrera de Ingenieria
Ambiental de la Universidad San Francisco de Quito y de Paul Dehousse, asesor de los
Proyectos de Recuperacion Agro-Ambiental del Volcan llalé.

Simulacion de la propagacion del fuego en FARSITE
Para la obtencién de los archivos de entrada que necesité FARSITE, se utilizé el sistema
de informacion geogréfica QGIS, de manera que permitié visualizar, analizar y generar los

datos de manera precisa y confiable. Se lo dividird en diferentes secciones presentando
el método realizado para generar cada archivo de entrada necesario.
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Topografia del Volcan Ilalé e implementacion digital

avances  Dentro de la topografia del llalo, fue necesario generar tres archivos de tipo raster:
Ingenierias ., .
¢ elevacion, pendiente y aspecto [11,12].

Figura 1. Mapa topogréfico del Volcan Ilalé dentro del dominio elegido

Para generar estos tres archivos, se utilizaron las curvas de nivel del Distrito Metropolitano
de Quito con una precisiéon de 5 metros, ubicando el llal6 y extrayendo los valores
necesarios, obteniendo asi, el dominio deseado. La interseccion de las dos areas dio
como resultado un mapa topogréfico del Volcéan Ilalé, dentro del dominio elegido para
el estudio. A partir de la Fig. 1, fue posible generar los tres archivos raster mencionados
anteriormente, los cuales pudieron ser ingresados a FARSITE. En la Fig. 2 se muestra un
ejemplo del archivo raster generado para guardar los datos de elevacion del llalé.
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Figura 2. Archivo rdster con datos de elevacién del llalé (m s.n.m.)

Tipo de vegetacion en el Volcan llalo

Los datos del tipo de vegetacion que existe en el Cerro Ilalé fueron proporcionados
por los colaboradores del proyecto. Ademas, se pudo distinguir la distribucion de la
vegetacion presente dentro del dominio, en base a datos de la Secretarfa de Ambiente
[13]. Con la informacion obtenida se generaron dos archivos réster necesarios para ser
variables de entrada de FARSITE.

El primer archivo corresponde a la cobertura vegetal del llalé, el cual se refiere al
porcentaje de las dreas dentro del dominio que se encuentra cubiertas por arboles
[11]. Para este se ubicaron los sectores del Volcan llalé que se encuentran cubiertos por
arboles y se les asignd el nimero 4, que corresponde al 100% dentro de una escala de
1-4 desde 25% a 1009% [11].

El segundo archivo corresponde a los combustibles presentes en el dominio. Esta
informacion debio ser traducida al formato en el cual FARSITE puede leer los datos
de vegetacion correctamente, correspondiendo a los 40 modelos de combustibles
asociados al comportamiento del fuego desarrollados por Scott y Burgan [14]. Estos 40
modelos de combustibles consisten en asignar un ndmero entre 0 y 259 a diferentes
tipos de combustibles con diferentes caracteristicas entre los cuales se pueden
distinguir: materiales que no se pueden quemar, combustibles de alto y bajo indice
de combustion, etc. [14]. La asignacién de estos numeros a la distribucion de los
combustibles en el Volcén llalé fue acompanada de la asignacion de las caracteristicas
propias de cada modelo, de manera que la vegetacién presente corresponda a un
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combustible en especifico. Cabe recalcar que el dominio elegido para el estudio del
Volcéan llalé considera construcciones urbanas, por lo que fue importante ubicarlas
correctamente y asignarles su nimero de combustible que, para este caso, corresponde
a edificaciones que no se pueden quemar [14].

En la Tabla 1 se presenta un resumen del tipo de vegetacion encontrada en el estudio
“Caracterizacion del Area de Intervencién Especial y Recuperacion Volcan llalé y Bosque
Protector Flanco Oriental del Volcén Pichincha y Cinturén Verde de Quito (Bloque 8)"y el
numero de modelo de combustible asignado, segun las caracteristicas de edificacién,
arbol, arbusto, etc. [13]. En esta tabla, el término Canopy Cover se refiere al porcentaje de
area de la montafia que se encuentra cubierta por arboles [15].

Tabla 1. Modelo de combustible y cobertura vegetal asociado al tipo de vegetacion del Volcan llald

LANDFIRE Fire Behavior Fuel Model Canopy

LLECIA L Fuel Model 40 NUMBER Code Cover
Arbustos hiimedos 143 SH3 1
Arbustos secos 145 SH5 1
Cultivos/ cultivos ciclo corto 145 SH5 1
Infraestructura/Edificaciones-

Invernaderos 91 NB1 1
Eucalipto adulto 164 TU4 4
Eucalipto joven y regeneracion 164 TU4 4
Herbazales secos 145 SH5 1
Pasto Cultivado 107 GR7 1
Pasto Natural 107 GR7 1
Pinos y ciprés 164 TU4 4
Rios 98 NB8 1
Suelos en preparacion de

cultivo 107 GR7 1
Suelos erosionados 145 SH5 1

Cultivos semipermanentes y
permanentes 145 SH5 1

En resumen, los archivos raster necesarios generados para construir un terreno de
estudio del llald en FARSITE fueron elevacion, pendiente, aspecto, cobertura vegetal y
distribucion y tipos de combustibles.

Es importante mencionar que estos 5 archivos generados debian tener la misma
extension y el mismo tamafo de celda en QGIS para que FARSITE los pudiera leer
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correctamente [11]. Debido a esto, se eligid el dominio presentado en la Fig. 1,
manteniendo siempre la misma extension y tamaro de celda en cada andlisis.

Campo vectorial de velocidades del viento

Con los datos del campo vectorial del viento proporcionados por los colaboradores
de este proyecto, se logré realizar un analisis exhaustivo sobre el vector resultante y
direccién del viento dentro del dominio elegido, con el fin de visualizar los datos
obtenidos y facilitar la interpretacion de los resultados futuros.

Los datos proporcionados se encontraban situados geograficamente, en celdas de
Tkm? de acuerdo con el rango de longitud v latitud dentro del cual se encuentra el
Volcén llalé. Por cada celda de este tamario, para cada hora del dia 14 de septiembre
de 2015, se tenian las magnitudes de dos vectores en direcciéon u'y v, correspondiendo
a coordenadas ortogonales horizontal x e y en el plano, respectivamente. Se hallé el
madulo y la direcciéon de los vectores resultantes para todas las celdas en una malla de
120x120 para introducirlos en QGIS para que se pueda visualizar el comportamiento del
viento en el llald y sus alrededores. Este procedimiento se lo realizé para todas las horas
del dia estudiado, obteniendo 24 campos vectoriales distintos. Estos campos vectoriales
se sobrepusieron encima del dominio elegido para el estudio dando como resultado el
ejemplo presentado en la Fig. 3, una visualizacién de la direccion del viento dentro del
dominio en una hora especifica. Los valores de velocidad del viento en km/h y direccion,
en grados, para cada hora del dia 14 de septiembre, fueron organizados en un archivo
de texto e introducidos en FARSITE como variable de entrada para la simulacion.

Y O R . T T O

Velocidad
(km/h)
' 0,71-2,10

I 210-348
{1 348-487
1 487-626
T 626-765

A

A A S ] ] Pl 2 s N8
Figura 3. Velocidad (km/h) y direccidn del viento en el Volcan I1ald a las 8:00 AM del 14 de septiembre de 2015
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Condiciones meteoroldgicas del 14 de septiembre de 2015

Los datos de las variables meteoroldgicas presentes en el dia del estudio se consiguieron
a través del registro de la Secretaria del Ambiente. Con el objetivo de que la simulacién
se realice con mas variables, se registraron condiciones meteoroldgicas un dfa antesy un
dia después de la fecha de estudio [11]. Para esto, en el archivo de texto de condiciones
meteoroldgicas del 13, 14y 15 de septiembre de 2015 para FARSITE se requeria registrar
[11]: Precipitacion, Temperatura ambiente minimay maxima en el dia, Humedad minima
y maxima en el dia, Horas del dia de los datos registrados.

En la Tabla 2 se muestra la recopilacién de los datos mencionados anteriormente [16].

Tabla 2. Condiciones meteoroldgicas del 13, 14y 15 de septiembre de 2015 en el Volcan llalé

Fecha 13/09/2015 14/09/2015 15/09/2015

Precipitacion [mm] 0 0 0

Hora Temperatura Minima 5h00 6h00 6h00

Hora Temperatura Médxima 13h00 12h00 14h00
Temperatura minima [°C] 10 11 9
Temperatura méaxima [°C] 25 25 26
Humedad minima [%] 12 8 17
Humedad méxima [%] 55 38 57

Punto de ignicion y duracion de la simulacion

El punto de ignicion corresponde al lugar en el cual se inicié el incendio y desde el cual
se propago [11]. Para localizar dicho punto, se acudié a los datos histéricos registrados.
Tras labusqueda se determind que el 14 de septiembre de 2015 se identificd un incendio
forestal en el Volcan llalo-Sector La Toglla, es decir, en el lugar de estudio elegido en este
proyecto [17]. Por lo tanto, la localizacion del punto de ignicién en FARSITE se posiciona
en las coordenadas geograficas que hacen referencia a La Toglla.

De igual manera, la duracién de la simulacion se determind de acuerdo con datos
histéricos. En el incendio forestal registrado en La Toglla, menciona que la alerta fue
notificada al Cuerpo de Bomberos de Quito aproximadamente a las 06h00 vy, hasta
las 14h00, los bomberos se encontraban controlando el incendio [17]. Por lo tanto, se
calculan 9 horas de duracién del incendio, que a su vez corresponde a la duracion de la
simulacion en FARSITE.

Método de contencion de la propagacion del incendio forestal
Se colocaron cortafuegos en lugares cercanos al punto de ignicién (La Toglla), con
el objetivo de observar el comportamiento del incendio bajo estas condiciones. Se

eligio que los cortafuegos sean compuestos por plantas resistentes al fuego. Bajo
este supuesto, se procedid a construir los cortafuegos en QGIS segun la ubicacién
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geogréfica de cada tipo de vegetacién descrito en el estudio Caracterizacién del
Area de Intervencion Especial y Recuperacidn Volcdn llalé y Bosque Protector Flanco
Oriental del Volcdn Pichincha y Cinturdn Verde de Quito (Blogue 8) [13]. Tomando en
cuenta la trayectoria del fuego cuando se observan los resultados de area afectada por
el fuego presentados en la Fig. 4 y considerando que se va a mantener el mismo punto
de ignicion para estudiar los métodos de contencion, se construyeron cortafuegos que
permiten frenar o disminuir la propagacion del incendio de dos maneras:

1. Colocando una barrera cortafuegos alejada del punto de ignicion

2. Colocando dos barreras cortafuegos de manera que el punto de ignicién se ubicé
entre las dos barreras

Tipos de
combustible

[1e1y=>99NB9
[a07)=>16
[ a43)=>17
I (145)=>18
B (164)=>19

Figura 4. Area afectada por el incendio (zona marrén) representada en un mapa de distribucion y tipos de
combustibles del llald, mostrando una propagacién no homogénea por los distintos combustibles presentes.

Los combustibles encontrados en las coordenadas geograficas descritas anteriormente
fueron reemplazados por un combustible tipo NB (non-burnable) correspondiente a
material que no se puede quemar del cortafuegos. Estos cambios del tipo de vegetacién
en el archivo raster “Distribucion y tipos de combustibles” fueron actualizados e
ingresados a FARSITE para simular el incendio forestal bajo condiciones diferentes.

Comprobacion estadistica usando el método de t-student
Se efectud un andlisis estadistico de las variables CO, CO,y PM, . mediante una prueba

de t-student de una muestra y bilateral. Se usaron dos numeros de la muestra y se
compararon con los valores reales para determinar la existencia de una diferencia
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significativa. Como hipétesis se plantean: la presencia de los cortafuegos disminuye la
produccion de CO, CO, y PM, .

RESULTADOS Y DISCUSION
Propagacion del fuego en FARSITE

Resultados de la simulacion en FARSITE

En primer lugar, en la Fig. 5 se muestra el resultado de la distribuciéon de vegetacion
existenteenelVolcanllald alintroducir el archivo raster, de manera que se pueda visualizar
la densidad de cada tipo de vegetacion en cada sector. En la Fig. 5 se puede observar
la distribucion de los tipos de combustibles (archivo rdster necesario) presentes en el
Volcan llalé, segun el estudio de caracterizacion presentado en “Caracterizacién del
Area de Intervencién Especial y Recuperacidn Volcdn llalé y Bosque Protector Flanco
Oriental del Volcdn Pichincha y Cinturén Verde de Quito (Bloque 8)” en FARSITE [12].
A partir de esta representacion gréfica y los datos presentados en la Tabla 1, se puede
observar que los combustibles que no se pueden quemar, cuyo nimero asignado se
encuentra en el rango de 91 hasta 99 (NB1 — NB9), se encuentran ubicados en las faldas
delllalé. Este resultado es légico debido a que, comparando las coordenadas geograficas
de estos lugares con Google Earth, se observd que se trataba del sector “El Tingo', zona
urbana perteneciente a la parroquia de Alangasf [18]. Los otros tipos de combustibles,
referenciados en esta distribucién, consisten en los arboles, arbustos y cultivos descritos
en laTabla 1, ubicados en las elevaciones del llal6.

Tipos de
vegetacion

[J(91)=>99NB9
[Jaon=>16
[ 043)=>17
I (145)=>18
Il (164)=>19

Figura 5. Distribucidn de los diferentes tipos de vegetacion en el Volcan llalé
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Por otro lado, en la leyenda de la Fig. 5 se observa la distribucion del combustible
numero 164, denominado como arboles seguin la Tabla 1. Esta distribucion corresponde
a la cobertura vegetal, uno de los cinco archivos réster necesarios, que proporciona
informacion sobre el porcentaje de las dreas dentro del dominio que se encuentra
cubiertas por arboles [11].

Ahora bien, una vez localizado el punto de ignicion en las coordenadas geogréficas que
especifican el Sector La Toglla y configurando FARSITE para el tiempo de duracién del
incendio especificado anteriormente, se obtuvieron diferentes resultados que permitieron
visualizar y analizar la propagacion del incendio y los gases de combustion liberados
hacia la atmdsfera. En la Fig. 4 se puede visualizar un mapa de distribucién y tipos de
combustibles del llalé, el cual sirve de guia para evaluar el drea afectada por el incendio,
representada por la zona roja dentro de esta figura. Se observa que el drea afectada por
el incendio forestal no es homogénea, esto se debe a que la elevacion y la distribucion
de combustibles no cumplen un patrén definido, como se observa en las Figs. 1y 5.
Por lo tanto, al momento que el fuego se esta propagando, se encuentra con diferentes
combustibles con diferentes propiedades, ademas de elevaciones distintas del terreno, lo
cual provoca variacion en la propagacion, asi como diferentes direcciones de los poligonos
de expansion [15]. Una vez que el incendio forestal se extinguid, el érea total de afectacion
en el Volcan Ilald, obtenida a través de FARSITE, fue de 211,7 hectareas.

Enlas Figs. 6y 7 se presentan graficos que describen la tendencia de generacion de dos
productos diferentes de la combustion: PM, . (material particulado menor a 2,5 micras)
y CO para los casos de “smoldering’, “flaming”y la suma total de ambos. El “smoldering’
consiste en una combustién prolongada a bajas temperaturas en donde se conserva el
calor de la reaccion del oxigeno con la fase condensada del combustible, mientras que
el“flaming”sucede a altas temperaturas en la reaccién con la fase gaseosa [19]. En los dos
graficos se observa que, en las primeras horas de duracién del incendio, la produccién
es baja hasta que se incrementa vy fluctia hasta el punto final. Este comportamiento
se puede explicar por medio de la distribucion no homogénea de combustibles, las
diferentes inclinaciones del terreno y el campo vectorial del viento. En la fase de inicio,
la combustién es desacelerada debido a que el incendio recién empieza a interactuar
con el viento y no lo propaga de manera significativa. En la siguiente etapa, conforme el
fuego interactua con el viento, el incendio se expande y alcanza diferentes inclinaciones
del terreno. Estas, al tener pendientes altas y bajas, haran que el incendio se propague
con més o menos velocidad, respectivamente [2]. Adicionalmente, los diferentes indices
de combustion de cada combustible presente en el terreno también generan estas
fluctuaciones de combustion de gases y material particulado.

d
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Figura 7. Tasa de emision de CO (ton/h) vs. Hora del dia (h) para smoldering, flaming y total

Validacion del modelo desarrollado en FARSITE

El proceso de validacion del modelo se lo realizd a partir de datos tomados del
inventario de emisiones atmosféricas realizado para el mes de septiembre de 2015 en
el Distrito Metropolitano de Quito [20]. En este inventario se registraron emisiones de
PM,  para diversos dias de septiembre de 2015, incluyendo el dia 14. Analizando los
resultados presentados en este trabajo, el inventario muestra que se produjeron 340
ton/dia de PM, , [20].
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El resultado del estudio realizado para el flujo masico de PM,, en FARSITE, muestra que
se produjeron 439 toneladas dia de PM, .. Tomando los dos resultados experimental y
tedrico, se obtiene un error porcentual expenmental de 29%. Este resultado muestra
que, a pesar de que el error porcentual exceda el 15% aceptable, es una buena primera
aproximacion y coinciden en orden de magnitud [21].

Métodos de contencion de la propagacion del incendio

Primer método de contencion

El primer método de contencion de la propagacion del incendio consistié en construir
una barrera cortafuegos que impida el paso del fuego. Guiados por la trayectoria
del fuego en referencia al drea afectada de la Fig. 5, se colocaron areas con barreras
contrafuego, colocando los combustibles de la barrera como vegetacién que no se
puede quemar. El resultado de este proceso se muestra en la Fig. 8. En esta figura se puede
observar el cortafuegos, de color amarillo y encerrado en el circulo rojo, representado
una vegetacion de tipo NB, que se encuentra interrumpiendo la trayectoria del incendio
presentado en la Fig. 5. Localizando el mismo punto de ignicion y bajo las mismas
condiciones del dia 14 de septiembre de 2015, se obtiene el resultado de érea afectada
por el incendio presentada en la Fig. 9.

Tipos de
combustible

1 (91)=>99NB9
1 (107)=>16
B (143)=>17
B (145)=>18
Bl (164)=>19

Figura 9. Area afectada por el incendio (zona marrén) aplicando el primer método de contencién mostrando un
menor impacto comparado a la figura 6.

Comparando las Figs. 5y 9, se puede notar, claramente, que el drea afectada en la
dltima figura es menor. Este es el efecto que se esperaba del cortafuegos, pues al
ser un camino donde la vegetacion no se puede quemar, el area afectada disminuye
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porque la tasa de propagacion del fuego es menor debido a la barrera que encuentra
el incendio conforme avanza por los combustibles presentes. Adicionalmente, se
puede observar que la trayectoria del fuego, al momento de alcanzar la barrera, fue
rodear el cortafuegos. De esta manera, observando la Fig. 8, el incendio no logré
atravesar el cortafuegos y se dirigié por los lugares donde si existian combustibles,
correspondiendo al contorno inferior de la barrera. Esta barrera provoca una
disminucién de la propagacién debido a que el incendio se demora mas tiempo
en encontrar un lugar con combustibles por dénde expandirse. En la préctica, una
barrera que frene la propagacién proporciona tiempo valioso a los bomberos para
controlar el incendio.

Segundo método de contencion

El segundo método de contencién de la propagacion del incendio consistid en
construir dos barreras cortafuegos que impidan el paso del fuego, de manera que el
punto de ignicién se encuentre en el medio de ellas. En la Fig. 10 se puede observar
el resultado de la distribucién de combustibles en el segundo método de contencion.
En el circulo rojo se presentan dos barreras cortafuegos encerrando en la mitad
al punto de ignicién del incendio forestal, cuya funcién es contener y disminuir la
propagacion de este.

Tipos de
combustible
=>99 NB9
107 =>16

Lo
I«
0 (143)=>17
B (
I

145)=>18
164)=>19

Figura 10. Sequndo método de contencién de la propagacion del incendio forestal (2 barreras cortafuegos)

Localizando el mismo punto de ignicidn y bajo las mismas condiciones del dia 14 de
septiembre de 2015, se obtiene el resultado de édrea afectada por el incendio presentada
en la Fig. 11. Comparando las Figs. 5y 11, se puede evidenciar que el area afectada
aplicando el segundo método de contencién fue menor, como era de esperarse. De
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igual manera que en el primer método de contencién estudiado, la propagacion del
incendio forestal es menor debido a la presencia de las dos barreras que se interponen
en su trayectoria, provocando que el fuego se demore en expandir por los lugares
donde encuentre combustibles.

Tipos de
combustible
=>99 NB9
(107 =>16
(143)=>17
(145)=>18
(164)=>19

L]
[
[
[ |
|

Figura 11. Area afectada por el incendio (zona marrén) aplicando el sequndo método de contencién mostrando
un impacto menor comparado a la Fig. 6

Adicionalmente, al comparar las Figs. 9y 11, se puede observar que, en el primer caso, el
incendio roded el cortafuegos por sus contornos para seguir avanzando. Por otro lado,
en el segundo caso, el incendio si logrd cruzar el cortafuegos. Este Ultimo efecto se debe
a la densidad de combustible reemplazado que no se puede quemary los espacios que
la barrera no logré cubrir. En la Fig. 8, correspondiente al primer método de contencion,
se observa que la cantidad de combustible tipo NB por area, que conforma la barrera,
es mayor al presentado en la Fig. 10. De igual manera, la continuidad de la barrera
cortafuegos de la Fig. 8 difiere con los espacios sin cubrir de las barreras cortafuegos
de la Fig. 10. Por lo tanto, los cortafuegos del segundo método de contencién son mas
susceptibles a que el incendio los atraviese debido a su baja cantidad de combustible
tipo NB por érea v, al dejar varios espacios sin cubrir, el fuego se expande por estos
lugares con menos dificultad.

Comparacion con resultados obtenidos sin aplicar los métodos de contencion

En la Tabla 3 se resumen los valores de drea afectada por el incendio y toneladas
producidas de CO, CO, y PM, . para los dos métodos de contencion de la propagacion
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del incendio forestal. Analizando los resultados de la Tabla 3 y la Fig. 12, se puede
observar que la produccion de PM,,, CO y CO, disminuyo6 por la presencia de los
avances  cortafuegos. De igual manera, el area afectada por el incendio fue menor. De la prueba
MR student se obtuvieron valores p menores que alpha para cada caso, por lo tanto, las
hipdtesis nulas se rechazaron, lo que quiere decir que en todas las variables existe
diferencia significativa. En la tabla 4 se puede apreciar en detalle los datos usados para

este andlisis.

Tabla 3. Resultados simulados aplicando dos métodos de contencidn

Segundo método (2 barreras

Primer método (1 barrera cortafuegos)

cortafuegos)
Area afectada [ha] 171 Area afectada [ha] 169
Cantidad de PM2,5 liberado [ton] 331 Cantidad de PM2,5 liberado [ton] 339
Cantidad de CO liberado [ton] 3.750 Cantidad de CO liberado [ton] 3.850
Cantidad de CO2 liberado [ton] 56.900 Cantidad de CO2 liberado [ton] 57.200

Resultado de Métodos de Contencién

6.000 80.000 450
5.500
70.000 400
5.000
4.500 60.000 350
4.000 300
= 50.000
£ 3.500 %0
£ 300 40,000
S 250 200
30.000
2.000 150
1.500 20.000 100
1o 10,000
500 ' 20
0 0 0
Método Método Condiciones Método Método Condiciones Método Método Condiciones
1 2 reales 1 2 reales 1 2 reales
© «, PM,

Figura 12. Resultado de métodos de contencion mostrando la disminucién de los contaminantes producidos
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Tabla 4. Anélisis de prueba t-student para variables de 0, 02y PM2.5

(€0) (€0) PM

2 2,5
t 356 130,33 26
xbar 3800 57050 335
n 2 2 2
S 70,71 212,13 5,66
s_xbar 50 150 4
dof 1 1 1
pvalue 0,018 0,005 0,024
alpha 0,05 0,05 0,05

Es importante mencionar que el punto de ignicién se mantuvo constante en todos los
estudios, simulando las mismas condiciones en diferentes escenarios. Finalmente, se
puede mencionar que los cortafuegos si tuvieron un efecto positivo en la contencién
de la propagacion del incendio forestal.

CONCLUSIONES Y RECOMENDACIONES

El uso de los programas QGIS y FARSITE fue de gran utilidad para simular la propagacion
del fuego usando las condiciones del dia de estudio y la topografia del sitio. Con el
resultado de esta simulacién, se lograron obtener datos de los contaminantes
producidos y el drea afectada por el incendio. Adicionalmente, se logré validar la
simulacion de FARSITE al obtener un error experimental del 29% entre los datos tedricos
y experimentales.

Finalmente, se logré estudiar dos métodos de contencion de la propagaciéon de
incendios forestales en FARSITE utilizando barreras cortafuegos distribuidas de dos
maneras diferentes. Los resultados de produccion de contaminantes y drea afectada
aplicando los métodos de contencién fueron menores a los registrados en condiciones
reales del dia 14 de septiembre de 2015. Esta disminucion del impacto del incendio
senald que las barreras cortafuegos si ayudan a contener la propagacion del fuego en
un incendio forestal. Esta metodologia se puede desarrollar para evaluar el impacto de la
presencia de cortafuegos con multiples disefos sobre la topografia de zonas susceptibles
al fuego, convirtiéndose en una herramienta para optimizar esfuerzos de reforestacion
en sectores erosionados. Como trabajo futuro se puede comparar la concentracion de
PM, . del evento con predicciones obtenidas mediante modelos dinamicos lineales [22].
También se propone mejorar el disefo de cortafuegos vegetales para incrementar la
cobertura en el llalé realizando una seleccién mas profunda de biomasa, de preferencia
endémica para fomentar su conservacion; asi como también el uso de otros tipos de
distribucion de las barreras.
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Modelacion y analisis de un puente de vigas
preesforzadas previo a una prueba de carga de
diagnostico

Abstract

Progressive deterioration is a problem that affects road infrastructure, especially
bridges. This requires the development of methods to determine its influence on
structural behavior, one of them being load testing. Within load testing, finite element
analysis (FEA) models are used as part of the preparation process. This study focused
on the modeling and analysis of the static response of the bridge over the Lili River
in Cali, Colombia, a prestressed girder bridge programmed to undergo a diagnostic
load test. A linear FEA model was created, and variations were applied to the stiffness
of diaphragms and elastomeric bearings. The analysis included obtaining the critical
position for the design vehicles, the transversal distribution of stresses, and the
influence of the variation parameters in the structural response. Results showed
that the critical responses were with loads close to the exterior girders and that the
variation of parameters did not significantly influence the structural response of the
bridge. Girder Distribution Factors (GDF) were contrasted with previous research,
finding similarities in shape and value. Finally, an instrumentation plan was proposed.
The findings show how linear FEA models provide relevant information regarding
the critical position, the distribution of stresses and the expected response under
design loads.

Keywords: critical position, finite element method, Girder Distribution Factors,
instrumentation plan, static analysis

Resumen

Eldeterioroprogresivoesun problemaqueafectalainfraestructuravial,especialmente
a puentes. Esto requiere del desarrollo de métodos para determinar su influencia en
el comportamiento estructural, siendo uno de ellos las pruebas de carga. Dentro de
las pruebas de carga, los modelos en elementos finitos se utilizan como parte del

1 DOI: https://doi.org/10.18272/aci.v13i2.2295


mailto:elantsoght%40usfq.edu.ec%20?subject=
https://dx.doi.org/10.18272/aci.v13i2.2295

Articulo/Article
Seccién/Section C

Vol. 13, nro.2
1D: 2295

avances
en ciendias e
ingenierias

Modeling and analysis of a prestressed girder bridge prior to diagnostic load testing

Andrade / Lantsoght / Castellanos / Marulanda (2021)

proceso de preparacion. El presente estudio se enfoco en la modelacion y anélisis de
la respuesta estatica del puente sobre el rio Lili en Cali, Colombia, un puente de vigas
preesforzadas programado para someterse a una prueba de carga de diagndstico.
Un modelo lineal en elementos finitos fue creado y variaciones a la rigidez de
diafragmas y neoprenos fueron aplicadas. El andlisis incluyé la obtencién de la
posicion critica de los vehiculos de disefo, la distribucion transversal de esfuerzos
e influencia de los pardmetros de variacion en la respuesta de la estructura. Los
resultados mostraron que las respuestas criticas se dieron con cargas cercanas a las
vigas exteriores y que la variacion de los pardmetros no influyé significativamente
en la respuesta estructural del puente. Los factores de distribucién de carga en vigas
se contrastaron con investigaciones anteriores, encontrando similitudes en forma y
valor. Finalmente, se propuso un plan de instrumentacion. Los hallazgos muestran
como los modelos lineales en elementos finitos proporcionan informacion relevante
con respecto a la posicion critica, la distribucién de esfuerzos y la respuesta esperada
bajo cargas de disefio.

Palabras clave: posicion critica, método de elementos finitos, factores de distribucion de
carga en vigas, plan de instrumentacién, andlisis estatico

INTRODUCTION

The progressive deterioration of road infrastructure is a threat to the continued
operation of the road network. In the case of the United States, 36% of bridges need
structural repair, rehabilitation or replacement, which includes 7.3% of bridges classified
as structurally deficient [1]. Equally, an analysis carried out on 2000 bridges in Colombia
showed that 28% of structures present significant damage, and 4% have serious damage
and risk of collapse [2]. Bridges, as well as other infrastructures, must guarantee safety in
their use, and their assessment is a present necessity.

Load testing of bridges is a method that allows the assessment of bridge performance,
especially when analytical methods do not provide accurate answers about the bridge’s
behavior [3]. Load testing can be categorized into two groups: diagnostic load tests
and proof load tests, the main difference being the applied load value and the test
purpose. While diagnostic tests involve fractions of the design live load, proof tests
use the full factored load required by the codes [3] [4]. Diagnostic load tests allow the
measurement of real responses of a structure to known loads, with the purpose of
using this information to calibrate analytical models that can later predict responses to
higher loads [5]. The results obtained from these tests make it possible to verify design
considerations or assumptions, measure the stress to which components or members
of the structure are subjected, and accurately characterize the load distribution [3] [4]
[6]. Load testing provides engineers relevant information in order to make decisions on
the future use of bridges.

Regardless of the type of load test, there are stages that allow the test to be carried out
successfully. These stages are the preparation, the execution, and the analysis of results
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[3]. In particular, the preparation stage consists in defining the most appropriate type
of load test and the objectives, producing safety and instrumentation plans, and other
elements that will then be used in the following phases of the test. In this stage, finite
element models play an important role by providing information to [3]:

«Identify secondary and non-structural elements that can affect the response of the
bridge to loads.

« Develop predictions of the response to choose the correct instrumentation and
guarantee the safety of the test.

« Create an instrumentation plan based on positions of interest.

The information obtained from finite element analysis (FEA) models includes the critical
positions according to the stress or force being analyzed, the most common being
bending moment and shear force. The critical position indicates the location of the load
where these effects reach their maximum values, and they are calculated based on the
design vehicles provided by the codes.

Given that the development of FEA models is closely related to the preparation of
diagnostic load tests, the accuracy of the information is a priority for these tests to be
conducted correctly. This includes the critical position of design vehicles, which will
help obtain not only an order of magnitude for resultants of interest, but also the load
distribution capacity of the structure and the most relevant locations for instrumentation
[7]. It also measures the influence of secondary and non-structural elements that can
later help improve analytical models in the post-processing phase. Based on the above,
the objective of this work is to study the behavior, stress distribution and maximum
expected responses of the bridge over the Lili River, a prestressed girder bridge located
in Colombia, under design loads. This study plans to address the validity of linear FEA
models to obtain initial but relevant information about the structural behavior of the
bridge and the influence of the load-carrying capacity of diaphragms and the stiffness
of the elastomeric bearings in its response. The purpose is providing high-quality results
that can later help adjust analytical models with experimental information.

METHODS
Description of the bridge

The bridge over the Lili River (see Fig. 1), built in the 2000s, is located in the neighborhood
Ciudad Jardin, Cali, Colombia. It consists of two lanes with the same traffic direction. A
twin bridge next to it, structurally independent, carries traffic in the opposite direction.
This structure is a prestressed girder bridge with a 19 m span, a 12.2 m width, and no
intermediate supports. The deck sits on seven prestressed I-beams, and there are also
four diaphragms, two in the extremes and two positioned at one third of each support.
The plans for the bridge were not available, so the geometry, shown in Fig. 2, was
obtained by a manual survey, with long tape measure.
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B. Bottom view

Figure 1. Photographs of the bridge over the Lili River
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Figure 2. Plan of the bridge over the Lili River (mm)
Modeling choices

The program used to model and analyze the bridge was SCIA Engineer 20.0, a Finite
Element Analysis (FEA) software [8]. This structural engineering program allowed the
creation of a linear FEA model of the bridge shown in Fig. 3, with approximately 23000
nodes and an average size of 2D elements of 0.1 m. Linear analyses are applicable when
stresses remain within the elastic range of the materials, as expected during the load test.

Figure 3. 3D Model of the bridge in SCIA Engineer

DOI: https://doi.org/10.18272/aci.v13i2.2295


https://doi.org/10.18272/aci.v13i2.2295

Articulo/Article

Seccion/Section C Modeling and analysis of a prestressed girder bridge prior to diagnostic load testing
Vol. 13, nro.2
1D:2295 Andrade / Lantsoght / Castellanos / Marulanda (2021)

The girders, whose geometry is shown in Fig. 4, were defined as 1D beam elements
and later adjusted to plate ribs to create the connection between them and the slab,
avances  defining a composite section’s behavior. The four diaphragms were also modeled as
" 1D beam elements with a height of 0.7 m and a variable width. At last, the slab, with a
thickness of 0.2 m, was modeled as a 2D plate and analyzed with Mindlin-Reissner plate
theory, since the thickness is greater than one tenth of the spacing between girders [9].
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Figure 4. Dimensions of girder (mm)

The information and plans from a similar bridge, also located in Cali, were used to estimate
the material properties for the model. Table 1 shows the compressive strength of each
structural element, and Tables 2 and 3 present the associated properties for these values.
The modulus of elasticity for concrete, £, was calculated with Equation 1[10]

E =4700,/f," with f’in [MPa] (M

where £ is the specified concrete compressive strength.

Table 1. Materials and associated strength for linear model of the bridge

Structural Element Material Compressive Strength (MPa)
Deck Concrete 28
Girder Concrete 35
Diaphragm Concrete Variable

6  DOI: https://doi.org/10.18272/aci.v13i2.2295
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Table 2. Material properties for 28 MPa concrete

Property
Material Behavior Linear Elastic
Modulus of Elasticity (GPa) 24.87
Poisson Coefficient 0.15
Compressive Strength (MPa) 28
Unit Weight (kN/m3) 24

Table 3. Material properties for 35 MPa concrete

Property
Material Behavior Linear Elastic
Modulus of Elasticity (GPa) 27.81
Poisson Coefficient 0.15
Compressive Strength (MPa) 35
Unit Weight (kN/m3) 24

As for boundary conditions, supports were located at the ends of each girder. The
restrictions followed the guidelines of a simple support, but in the perpendicular
direction a specific value for the stiffness was assigned to simulate the effect of the
elastomeric bearings.

Parameter studies

In order to determine the effect of certain criteria on the behavior of the bridge, three
variation parameters were proposed. The first one was the load-carrying contribution of
diaphragms, where the modulus of elasticity was adjusted to simulate possible cracking
of the concrete and its impact on the distribution of loads to the adjacent girders. The
initial value of the modulus of elasticity was derived assuming a concrete compression
strength of 28 MPa. The second value was an approximate 50% reduction on the first
modulus of elasticity. The second parameter was the stiffness of the elastomeric bearings,
which assumed three values. The first corresponded to the resistance of elastomeric
bearings with a 50-year period of use, equal to 475 kN/mm [11]. The remaining two
values corresponded to an approximate increase and decrease of 50% on the first
value. In this way, the uncertainty on the real value was covered by a wide range of
possible values for stiffness, which generally increases over time. Table 4 summarizes the
information that was used for these two parameters. Finally, the third parameter was the
transversal position of the lane. Six different lines were created, all aligned with the axis
of the girders. These lines worked as guides for the location of the design vehicles'loads,
explained in the following section.

DOI: https://doi.org/10.18272/aci.v13i2.2295


https://doi.org/10.18272/aci.v13i2.2295

Articulo/Article
Seccién/Section C

Vol. 13, nro.2
1D: 2295

avances
en ciendias e
ingenierias

8

Modeling and analysis of a prestressed girder bridge prior to diagnostic load testing

Andrade / Lantsoght / Castellanos / Marulanda (2021)

Table 4. Quantitative variation parameters values

Parameter Value

2487

Modulus of Elasticity for Diaphragms (GPa) e
475

Stiffness of Elastomeric Bearings (kN/mm) 250
750

Loads

The loads considered in the model represent the design vehicles from the Colombian
Code for Bridge Design (CCP 14), which specifies the design vehicle live load required for
bridge design and analysis [12]. Two types of design vehicles were considered: a tandem
and a truck. The design tandem consists of 125 kN twin axles 1.2 m apart,and with 1.8 m
distance between the tires of an axle [12]. The design truck, see Fig. 5, consists of three
axles, the front one having the lowest load. The distance between the two rear axles,
sharing the same load value, must be varied within the specified range to find the most
critical effect. The distributed lane load was not included in the model so that the results
are consistent with the test, where the effect measured will be from the vehicles only.

A. Side view B. Rear view
ANA
\ 1N/
40|kN 160[kN 160|kN
L 4300mm | 4300t0 9000 mm |

Figure 5. Geometry and axle loads for design truck

The two resultants of interest within the model were shear force and bending moment, and
the proposed positions of the design vehicles answered to the maximum possible values
for these forces. For shear, the rear axle of both vehicles was located at a distance of 0.12
m from the supports. This distance resulted in the highest shear response on the modeled
structure, after a check on several positions on the edge. For the bending moment in the
case of the tandem, the axles were centered within the span. For the truck, Barré's Theorem
was applied. This theorem states that “for a train of loads in a simply supported structure, the
bending moment is maximum under the closest load to the midpoint, when that load and
the resultant of the train of loads are located at symmetrical points regarding the midpoint
of the load's span” [13]. Therefore, the design truck’s longitudinal position for maximum
bending moment is shown in Fig. 6. The direction of circulation is from south to north, and
all mentions regarding distances are measured from the reference point indicated in Fig. 2.
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Figure 6. Design truck’s longitudinal position and wheel loads for maximum bending moment (mm)

As mentioned in the prior section, six lines, all aligned with the girders, were proposed
to locate the vehicles in the transversal position. Given that the most critical case
corresponds to two lanes loaded simultaneously, various load combinations were
proposed to simulate this state, avoiding the overlap of loads and the possibility of two
vehicles in the same lane. Fig. 7 shows all the proposed load combinations for maximum
bending moment with the design truck, Fig. 8 for maximum shear force with the same
vehicle, and finally Fig. 9 shows the load combinations for bending moment and shear
force with the design tandem. The code used to refer to the different positions for the
design vehicles, as well as the load combinations, includes letters and numbers, all
explained in the legend of the aforementioned figures. Therefore, TM1 would refer to
the position of the design truck (T) for maximum moment (M) in the transversal position
associated with girder 1; and TM14 would mean the load combination of TM1 and
TM4. In the case of shear, AST would refer to the position of the design tandem (A) for
maximum shear (S) in the transversal position associated with girder 1; and AS14 would
mean the load combination of AST and AS4.
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Figure 7. Load combinations for maximum bending moment for the design truck
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Figure 9. Load combinations for maximum shear force and bending moment for the design tandem

Some considerations were established to optimize the analysis and obtain only the most
relevant information. The most critical results imply that the two vehicles are in the same
longitudinal position. In addition, the distance between rear axles in the design truck,
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which initially must be varied in a range specified by the code, was set with the smallest
value to generate the greatest effects, given that the bridge does not have intermediate
supports. Finally, a total of six different analyses were carried out per design vehicle,
resulting from the combination of the variation parameters previously discussed. These
analyses are referred to as protocols, and the information regarding each one can be
found in Table 5.

Table 5. Values of variation parameters per protocol

Protocol Stiffness of Elastomeric Modulus of Elasticity for
Number Bearings (kN/mm) Diaphragms (GPa)

1 475 2487

2 250 2487

3 750 24.87

4 475 11.50

5 250 11.50

6 750 11.50

RESULTS

Critical position for bending moment and shear force

The results obtained from the bridge analysis were based solely on the effect of the
design vehicle’s live load and were obtained from the girders. It is expected that this
consideration will be consistent with the experimental data from the load test, as it also
only measures the effect of the applied live load.

The obtained critical position corresponds to the vehicle’s load combinations that
caused the greatest response of shear force and bending moment in the girders of the
bridge. For the design truck, the maximum values for shear force, bending moment and
displacement are shown in Table 6. The load combinations that caused these values
are TS14 and TM14, and the most affected girder was girder 1. Even though the critical
position coincided in all six protocols, the presented reactions are from protocol 6, where
the combination of variation parameters resulted in the highest structural response. The
location of both trucks that resulted the most critical is transversally the closest to the
left cantilever of the bridge (near to girder 1), which is coherent with the geometrical
asymmetry of the bridge. For the design tandem, the analysis of the critical position
was focused on verifying two aspects. The first aspect is that the maximum shear force
and bending moment values did not exceed those obtained with the design truck.
The second aspect is that the critical positions, corresponding to the combinations
AM14 and AS14, were transversally the same as for the truck. Both assumptions were
confirmed within the model.
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Table 6. Maximum values for resultants with design truck

Shear Force (kN)

Combination Value Girder Longitudinal Position [m]
TS14 1944 Girder 1 0
Combination Value Girder Longitudinal Position [m]
™14 157.1 Girder 1 99
Displacement (mm)
Combination Value Girder Longitudinal Position [m]
™14 9.2 Girder 1 93

Influence of variation parameters
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Figure 10. Influence of stiffness of elastomeric bearings on the maximum shear force

To analyze the influence of the stiffness of the elastomeric bearings in the behavior
of the bridge, two graphs were made. The first one, shown in Fig. 10, represents the
influence of this parameter on the maximum shear response for all six protocols. To

quantify the impact of the proposed variation, a percentage difference was determined
with Equation 2,

V-7 o

2l 4100% )
n+7)/2

where and are the values to be compared [14]. The percentage difference was calculated
separately for protocols 1 to 3 and protocols 4 to 6, considering both groups have the
same diaphragms' modulus of elasticity. The results showed a percentage difference of

percentage difference =
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3.1% and 3.3% respectively, resulting in an average of 3.2% of variation between shear
force values caused by the change in the elastomeric bearings' stiffness. The same
calculation was made for the maximum bending moment response, shown in Fig. 11.
For this reaction, the average percentage difference was barely 0.04%. It is expected
that the effect is larger in shear force than in bending moment, because the elastomeric
bearings are located in both ends of the bridge, where shear is governing. Both graphs
showed that an increase in the stiffness of the elastomeric bearings increases the shear
force as well. This increment in the shear response is a real effect in bridges because the
stiffness of elastomeric bearings tends to increase over time. Within bridge assessment,
underestimating this parameter will result in an underestimation of the maximum shear
force and bending moment. Therefore, an increment in the value of stiffness, if the real
value of this parameter is unknown, could avoid an error of this nature.
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=
=
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200 300 400 500 600 700 800

Stiffness of Elastomeric Bearings [kN/mm]

Figure 11. Influence of stiffness of elastomeric bearings on the maximum bending moment

Additionally, a similar analysis was made to evaluate the influence of the modulus of
elasticity of the diaphragms in the response of the bridge. This time, the percentage
difference was calculated for protocols 1 and 4, 2 and 5, and 3 and 6, which share the
same elastomeric bearings stiffness. For shear force (see Fig. 12), the average percentage
difference was 4.4%. For bending moment, shown in Fig. 13, the value reached 0.4%.
This analysis revealed that an increase in the modulus of elasticity of the diaphragms
results in a reduction of the shear force and bending moment responses. This too is an
expected result, considering that a lower modulus of elasticity affects the transmission
of loads to nearby girders and, therefore, the response to applied loads increases. As well
as in the stiffness results, the shear response was the most affected by this variation. If
this parameter is unknown, it is better to decrease the value to avoid an underestimation
of the shear force or bending moment response. This reduction could be validated at an
inspection if damage is located.
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Figure 12. Influence of modulus of elasticity of diaphragms on the maximum shear force
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Figure 13. Influence of modulus of elasticity of diaphragms on the maximum bending moment

As stated in Table 5, protocol 6 is integrated by the highest elastomeric bearing’s stiffness
value and the lowest diaphragm’s modulus of elasticity. Based on the previous analysis, it
is expected that the maximum values correspond to this protocol. Parameter variations
are useful to assess whether the effect of these elements is representative on the
response of a structure and to adjust analytical models with experimental information.
The effect of the variation parameters was coherent with the expected behavior of the
bridge. This includes an increase in shear force and bending moment consequent with
the increase in the stiffness of the elastomeric bearings and a decrease in the same
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-
parameters due to the increase in the modulus of elasticity of the diaphragms. The
analysis showed that the protocols did register a change in the values for shear force and
avances  bending moment as a result of these variations; however, the critical position and most
Ingenierias . . .
affected girder remained the same through all the protocols. This demonstrates that the
influence of the elastomeric bearings'stiffness and the diaphragms'modulus of elasticity
is not relevant enough to produce significant changes in the behavior of the bridge.

Recommendations on position of instrumentation

The application of finite element models has several purposes within the preparation
of load tests. One of these is the preparation of an instrumentation plan according
to positions of interest. Based on the critical position obtained in the analysis,
recommendations can be given to obtain the most relevant results.

Regarding bending moment, strain gauges are acommonly used type of instrumentation
because the measured strain can later be converted to these forces using the cross
section [15]. The suggested location for these sensors (see Fig. 14) is where the
maximum bending moment is expected, and in order to guarantee redundancy and
verify the reliability of the data, several gauges must be available for each location [3]
[15]. Therefore, it is suggested that at least two gauges be located in the bottom flange
of the girders. Also, to verify the linear strain profile assumed, two more gauges could
be located in the top flange [3]. This location in height can also help determine if the
girders and the slab are working as a composite section, which could be an assumption
included in the FEA model.
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Figure 14. Proposed plan of instrumentation
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Based on the preliminary assessment of the bridge, shear is not an expected failure
mechanism in the structure, so its measurement in the diagnostic load test might not
be a priority. Either way, a proposed sensor’s position for this load effect is also presented
in Fig. 14. For shear force measurement, strain gauges are also used, but the position is
in the girder’s web. Factors like the geometry of the bridge, the girders' cross-sections
and the applied load could generate an out-of-plane bending [16]. Knowing that this
phenomenon could affect measurements, it is recommended that at least two gauges
be located in the points of interest, one at each side of the web, so that data can be
averaged and a possible out-of-plane bending effect countered.

For vertical displacement, displacement sensors are also included in the proposed plan.
The position close to mid-span corresponds to the expected location of the largest
response, and the position close to both supports works as a reference point for the
measurements, especially considering that the stiffness of the elastomeric bearings is
unknown. In order to guarantee redundancy, a total of three Linear variable differential
transformer (LVDT) sensors are located on each girder, as shown in Fig. 14.

Analysis

This study focused on the modeling and analysis of the bridge over the Lili River, which
is programmed to undergo a diagnostic load test. The objective of the analysis was to
obtain the critical position of the design vehicles, as part of the preparation stage of this
test. Because the plans of the bridge were not available, variation parameters for the
elastomeric bearings'stiffness and the diaphragms’modulus of elasticity were proposed
to measure their affectation in the overall response of the bridge.

It was found that the critical position for both vehicles and for bending moment and
shear force shared the same axle positions transversally. Regarding maximum shear, the
position of the back axles also coincided for both vehicles longitudinally. For maximum
bending moment, due to the geometry of the vehicles, the position was no longer
related. It was also found that the most affected girder was the same in both cases.

The load combinations corresponding to the design truck caused the highest responses for
bending moment and shear force in the model. The longitudinal critical position proposed
for the truck was based on Barré's Theorem, which is used to find the maximum bending
moment of a train of loads [13]. This theorem is based on a simply supported beam, which
shows the limitations within its application. Given that this concept was applied to a more
complex structural system, composed of several girders, it was expected that the finite
element analysis showed variations in regard to the expected location of the maximum
bending moment. According to the theorem, the maximum value should be located in
the closest load to the midspan, corresponding to a distance of 10.2 m measured from the
reference point. On the other hand, the model revealed the location of maximum bending
moment at 9.9 m. The corresponding value for bending moment for the first distance is
1564 kNm, while for the second is 157.1 kNm. A percentage difference was calculated
for both distance and bending moment values. The variation in the distance was of 3.1%,
while for the bending moment the difference was quantified as 0.4%. Both values can be
considered low in relation to the contrast that exists between the finite element model of
the bridge and the simplified model for the theorem. These observations are considerable
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because they show how, when analyzing simple span prestressed girder bridges, Barré’s
Theorem can provide an accurate critical position for trains of loads to cause the largest
bending moment response.

To analyze how the loads were being distributed transversally, the Girder Distribution
Factors (GDF) were determined for the two most critical cases of loading in the bridge,
corresponding to TM1 and TM14, by applying Equation 3,

M

ZM 3

GDF =

where s the live-load bending moment at girder i, and n is the total number of girders
[17]. For this calculation, the moments for all the girders, measured in reference to the
point of maximum bending moment on girder 1, were used. Fig. 15 shows the GDF for
each girder in the aforementioned load scenarios. These values can be contrasted with
the research of Eamon, Chehab and Parra-Montesinos on two prestressed concrete girder
bridges for live-load distribution, where a comparison of microstrain vs. girder for two
tested bridges and a FEA model was made [17]. The corresponding load to these values
was from a single truck located transversally at the edge of the bridge and longitudinally at
mid-span for maximum bending moment response, which is highly similar to the location
for one truck, named TM1, proposed in the present work. Even though in both graphs (Fig.
15 and the cited research) the y-axis represents a different parameter, GDF can be obtained
from bending moment and deformation assuming that the Young's modulus and section
modulus are the same for all girders [18]. When contrasting the two mentioned diagrams,
a similarity in shape is recognizable. For both models, the GDF is the largest in the closest
girder to the load and decreases until reaching negative values in the furthest beam,
which represents negative bending moment or deformation. Eamon, Chehab and Parra-
Montesinos also showed that the values from their FEA model were remarkably similar
to the results from their two tested bridges, which opens the possibility of contrasting
their experimental data with Fig. 15. The contrast was established with positions TM1 and
TM14. For position TM1, the experimental GDF for positive bending moment in an exterior
girder is 0.35 and 0.36 for bridges 1 and 2 from the above-mentioned research [17]. On
the other hand, as can be observed in Fig. 15, the maximum GDF for TM1 in the proposed
LFEA model is 0.36. For position TM14, the experimental GDF from the referenced work
is 0.26 and 0.22 for bridges 1 and 2, correspondingly [17]. The obtained value from the
proposed model is 0.22. Given the close similarities between the FEA model of the bridge
over the Lili River and the experimental values from the research of Eamon, Chehab and
Parra-Montesinos, the use of linear FEA models can be highlighted as a reliable method to
obtain initial information and analyze the transversal distribution of stresses in prestressed
concrete girder bridges.
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Figure 15. Girder Distribution Factors (GDF) for maximum bending moment

In the case of shear force, the GDFs from the LFEA model can be compared with the
research of Huang, Wang and Shahawy on multigirder concrete bridges [19]. This
research consisted of the analysis of the impact behavior of multiple vehicles on seven
modeled prestressed concrete girder bridges [19]. The design vehicle was the HS520-44
truck, a vehicle resembling the one used in the present work. As part of the study of the
effect of vehicle weight, a static distribution for asymmetric loading on the form of a
GDF vs. number of girder graph is presented in the mentioned research. In this case, the
distribution factors were calculated with Equation 4,

Fuo
GDF =—"— .
Fyo/n @

where is the maximum shear force on the i girder, is the sum of shear force of all
girders at one section, and n is the number of wheel loads in the transverse direction
[19]. To establish a comparison, Fig. 16 was generated using the values of shear force
from all girders in reference to the point of maximum shear for girder 1, with the load
combination TS1. As well as for the distribution factors for bending moment, Fig. 16 has
similarities with the cited research in terms of shape and order of magnitude of GDF. The
difference between both maximum GDFs can be related to the transversal position of
the truck. Even though for both cases the load is asymmetric, in the research of Huang,
Wang and Shahawy the truck was located in between two girders, while the position
TS1 consists of the truck being aligned with girder 1. This factor could also explain the
representative difference between the GDF for girder 1 and girder 2 in Fig. 16. This
contrast shows that, as stated before for bending moment, the proposed FEA model
provided initial information on what to expect from the transversal stress distribution for
shear in concrete girder bridges.
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Figure 16. Girder Distribution Factors (GDF) for maximum shear force

The negative values in girder 7 presented in Figs. 14 and 15 show that the positions
TM1 and TS1 caused an upward deflection on the farthest girder from the load. This
finding is consistent with the previously mentioned research of Eamon, Chehab
and Parra-Montesinos, where this behavior was first found in the load tests and later
confirmed with a simple FEA model [17]. Araujo, in his research on prestressed concrete
bridges, also obtained negative microstrains in the girder at the opposite side of his
analyzed bridge after conducting a load test with a load combination similar to TM14
[20]. These findings show that eccentric loads can generate negative bending moment
in the girders opposite the vehicle load, which is something to consider when analyzing
experimental data from the diagnostic load test.

DISCUSSION

The modeling and analysis of the bridge over the Lili River revealed valuable information
regarding the use of LFEA models in the preparation stage of diagnostic load tests.
These elements include the effectiveness of the use of simplified models to obtain the
critical position of design vehicles, a transversal distribution of stresses and an order of
magnitude for bending moment and shear responses.

Transversal distribution of stresses

The analysis of the FEA model with the loads corresponding to the design vehicles
showed that the critical position was TM14 and that girder 1 was the most affected by
the static loads. This exterior girder supported the highest bending moment and shear
responses when the two trucks were located at the closest points from it. Regarding
the other exterior girder, position TM36 was the closest to it, but since the discrete
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positions of the trucks were aligned with the center axis of the girders, the vehicles were
not close enough for the most affected girder to be number 7. In order to verify if the
exterior girders are expected to endure the highest responses, a modification to position
TM36, consisting of moving TM3 and TM6 0.8 m transversally, was made to achieve the
vehicle’s closeness to girder 7. With this new position, the maximum bending moment
reached 157 kNm in girder 7.

To establish a comparison, a third value from TM35, equal to 144.4 kNm and associated
to girder 4, was also considered. When contrasting the values from TM14 (Table 6), TM35
and the new position, it was revealed that the exterior girders 1 and 7 have the highest
responses when the position of the trucks is sufficiently close to them. The same analysis
was repeated for shear force, arriving to the same conclusion. This finding coincides with
the aforementioned research on two prestressed concrete girder bridges conducted
by Eamon, Chehab and Parra-Montesinos, which showed that, when contrasting
experimental results, the largest responses were from an exterior girder if the position of
the vehicle was above or sufficiently close to it [17].

This information proves that linear FEA models can provide initial but relevant
information with regard to the transversal stress distribution for shear and bending
moment responses in the girders. Also, knowing that the highest resultants will come
from exterior girders can be used to propose other positions for the vehicles depending
on the resources and the goals of the load test.

Parameter studies

To analyze the influence of the elastomeric bearings’ stiffness and the diaphragms’
modulus of elasticity, both parameters were varied with several values, resulting in a
total of six protocols. The results showed that the critical position of the design vehicles
remained the same for all the protocols and that the variations in the bending moment
and shear resultants for each scenario were not significant.

Regarding the stiffness of the bearings, the finding is consistent with the research
conducted by Green, Yazdani and Spainhour on the contribution of intermediate
diaphragms in enhancing precast bridge girder performance [21]. They concluded
that, even though the increase in the stiffness of elastomeric bearings decreases the
maximum girder deflection, this effect is minimum. The maximum deflections from
protocol 5 and 6 support this observation, with a difference that barely reached 3.2%.

The influence of diaphragms has been previously analyzed in the research by Schwarz
and Laman on the response of prestressed concrete I-girder bridges to live load [22].
They determined that the variation percentage in the response of a structure is low
if diaphragms are introduced in a FEA model. This observation is consistent with this
study, where the consideration of different modulus of elasticity for these elements
resulted in a minimal influence on the behavior of the bridge.

Even though neither parameter produced significant changes in the considered

resultants, the influence analysis made it possible to establish certain recommendations
in case the information was required but not available. Based on the results, it is
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recommended to model diaphragms with low modulus of elasticity and elastomeric
bearings with high stiffness. This way, an underestimation in the response for bending
moment and shear force can be avoided.

The information that this study provides about parameter studies shows that, in the
preparation stage of a diagnostic load test, LFEA models can be simplified, and parameter
studies omitted, without resulting in relevant changes in the results. This simplification
can be translated into a reduction in computational time when certain elements, like
intermediate diaphragms, are excluded from the model. Also, it removes the difficulties
in determining specific values, like the stiffness of elastomeric bearings, which may not
be available.

The findings in this study show that LFEA models provide relevant information that
proves useful for diagnostic load tests and that its reliability will not be affected by
its simplification. The refining efforts of a FEA model regarding secondary and non-
structural elements could be focused instead as a post-processing goal that can be
worked alongside the experimental data from the test.

CONCLUSIONS

The results of the modeling and analysis of a prestressed girder bridge prior to a
diagnostic load test led to the following particular conclusions:

« The critical position of the design vehicles was determined. For the design truck,
TM14 and TS14, consisting of loads closest to exterior girder 1, proved to be the
most critical load combinations for bending moment and shear force, respectively.
For the design tandem, the load combinations AM14 and AS14 produced the
largest responses, but they did not exceed the values generated by the truck.
For both maximum bending moment and shear force, these positions match
transversally for the truck and the tandem. This provides a wide range in geometry
and load value for the critical position of the load test vehicle to coincide as well.

« The values for maximum bending moment and maximum shear force from the
combinations TM14 and TS14 were 157.1 kNm and 194.4 kN, measured from girder 1.

« Due to the lack of plans and design specifications, it was decided to vary the
modulus of elasticity of the diaphragms and the stiffness of the elastomeric bearings
and evaluate their influence. Even though protocol 6 resulted in the highest
bending moment and shear responses, the results showed no significant impact
of these parameters on the behavior of the bridge. This analysis demonstrates that
simplified FEA models provide accurate initial information regarding the overall
behavior of a bridge and that the effort in refining FEA models can be part of the
post-processing stage instead.

« A proposal of instrumentation, focused on the main elements of the bridge, was
created based on important locations identified in the critical position analysis.
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These locations include the most affected girder and the zones where maximum
bending moment and shear force are expected. The proposal is based on ensuring
the redundancy and reliability of the experimental data collected from the test, as
well as evaluating the assumption of a composite section.

«  Toanalyze the bending moment and shear force transversal distribution, a contrast
was made between the Girder Distribution Factors (GDF) found in the proposed
LFEA model and other research on prestressed concrete girder bridges. The
comparison revealed similarities that validate the use of LFEA models as a first
approximation to study the load transmission capacity of structures.

« A comparative analysis with load combinations TM14, TM35 and an additional
position close to girder 7 showed that exterior girders present the highest
responses for bending moment and shear force when the position of the vehicle
is above or sufficiently close to them. This demonstrates that, when defining the
position of the vehicle in a diagnostic load test, locations close to exterior girders
will provide the most critical results.

The overall conclusion drawn from this study is that the use of linear FEA models
provides relevant information for diagnostic load tests, including the critical position
of design vehicles, the distribution of stresses, and the expected values for bending
moment and shear under design loads.
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Comportamiento de inflamabilidad de biocarbon de
pirolisis rapida para transporte y almacenamiento

Abstract

Biochar is a fairly new material in the research arena with limited information on safety
aspects related to transportation, storage, disposal or field application methods. The
objective of this research was to assess the flammability characteristics of fast pyrolysis
biochars with test methods EPA 1030 and ASTM D4982. Results indicated that biochar is
a non-flammable substance when tested with EPA 1030 Ignitability of Solids. However,
when tested with ASTM D4982, a fast screening method, biochars showed potential
risks of flammability. Nevertheless, the addition of 20-50% of moisture reduced any
flammability concern.

Fast pyrolysis biochar was more prone to flammability than traditional charcoal and
slow pyrolysis biochar tested in this study. Still, fast pyrolysis biochars presented lower
flammability potential (ASTM D4982) in comparison to its precursor biomass. The
flammability propagation measured with EPA 1030 had high correlations with oxygen
content and surface area of the fast pyrolysis biochar. The combustion reaction of fast
pyrolysis biochar is a flameless combustion process, with a slow burning rate, and most
commonly exhibiting a hot ember smoldering propagation front.

This paper illustrates the necessity of performing recurring tests due to biochar’s intrinsic
variability stemming from the different modes of production and feedstock used.

Keywords: Fast Pyrolysis Biochar, flame propagation, ignitability, safety

Resumen

El biocarbon es un material relativamente nuevo en el campo de la investigacién con
informacién limitada sobre los aspectos de seguridad relacionados con el transporte,
el almacenamiento, o los métodos de aplicacion en el campo. El objetivo de esta
investigacion fue evaluar las caracteristicas de inflamabilidad de biocarbén de pirdlisis
rapida con los métodos de prueba EPA 1030 y ASTM D4982. Los resultados indicaron
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que el biocarbdn es una sustancia no inflamable cuando se prueba con la inflamabilidad
de solidos EPA 1030. Sin embargo, cuando se probd con ASTM D4982, un método de
deteccion rapido, los biocarbones mostraron riesgos potenciales de inflamabilidad. Sin
embargo, la adicion de un 20-50% de humedad redujo el riesgo de inflamabilidad.

El biocarbén de pirdlisis rapida era mas propenso a ser inflamable que el carbén vegetal
tradicional y el biocarbon de pirdlisis lenta probado en este estudio. Aln asf, los biocarbones
de pirdlisis rapida presentaron un potencial de inflamabilidad menor (ASTM D4982) en
comparacion con su biomasa precursora. La propagacion de la inflamabilidad medida con
EPA 1030, tuvo altas correlaciones con el contenido de oxigeno y el drea de superficie del
biocarbon de pirdlisis rdpida. La reaccion de combustion del biocarbén de pirdlisis rapida
es un proceso de combustion sin llama, con una velocidad de combustién lenta y, por
lo general, exhibe un frente de propagaciéon de brasa ardiente. Este documento ilustra la
necesidad de realizar pruebas recurrentes debido a la variabilidad intrinseca del biocarbon
derivada de los diferentes modos de produccién y materia prima utilizada.

Palabras clave: Biocarbon de pirdlisis rapida, propagacion de llama, inflamabilidad,
seguridad

INTRODUCTION

Biochar, as defined by the International Biochar Initiative (1B), is “a solid material obtained
from the thermochemical conversion of biomass in an oxygen-limited environment”
[1]. More simply, biochar is a charcoal-like material that can be used for soil amendment
to improve plant growth, soil quality and sequester carbon dioxide [2, 3]. Biochar has
been a hot topic in the literature due to its increased water adsorption capacity, pH buffer
potential,and cation and anion exchange capacity. These characteristics are determined by
the specific feedstock and production conditions. As opposed to other soil amendments,
such as compost or worm casts, biochar has a high concentration of recalcitrant carbon
due to its intrinsic aromatic carbon ring structure [4]. Therefore, biochar can be a unique
alternative to combating greenhouse-gas emissions and improving degraded soils [4].

Physical and chemical characteristics of biochar can vary widely [5, 6]. There are various
thermochemical methods to produce biochar (pyrolysis, carbonization, gasification,
hydrothermal liquefaction, etc), including different feedstocks (grasses, wood, waste
materials, algae, etc) and processing conditions (temperatures from 300-1000°C,
vacuum to high pressures, in nitrogen gas to superheated steam, etc.). Therefore, the
resulting biochars may have similar appearances but have very different chemical and
physical characteristics [2, 6, 7]. Just to name a few variances among biochars, carbon
content can range from 30-90% d.b. [8], the pH from 4-12 (although its pH is typically
basic) (8], the cation exchange capacity from 5-90 cmolc/kg [8], and the microporosity
measurements by Brunauer-Emmett-Teller BET surface area from 1 to 1000 m?/g [9].

For the purpose of this study, it is important to consider not just the carbon constituent
itself but also contaminants that can be brought in during harvesting, the production
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of the biomass feedstock, or the thermochemical process which could influence
flammability characteristics. Most typical contaminants are dirt and soil acquired from
the biomass harvesting process and raking; sand used in entrained flow or fluidized
reactors used to enhance heat transfer; and re-condensed bio-oil vapors responsible for
a small percentage of the volatile content in the fast pyrolysis biochar (Figure 1).

1A[21]

1C
Figure 1. Bio-oil condensation, sand contamination, and oil contamination in various biochars (from top to bottom)
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Bio-oil that re-condenses in the biochar is known to have a higher propensity to ignite
as well as lower flash points than biochar. Re-condensed bio-oil can potentially trigger
oxidation reactions at lower temperatures. For example, when analyzing biochar’s
surface area, slow pyrolysis biochars degassed at the same conditions had no tar
formation as opposed to fast pyrolysis char. Figure 1 shows tar condensation on wall vials
containing fast pyrolysis biochars during 300°C degassing for surface area analysis (top),
sand contamination in fast pyrolysis biochar produced in a fluidized bed (middle), and
ashes from biomass without soil contamination or clean harvest 5-6, and contamination
with soil 3-4 (bottom).

Sand particles from the fast pyrolysis fluidized bed reactor are visible in the red oak
biochar ash samples after they have undergone proximate analysis (Figure 1, middle
picture). This indicates that sand from the bed is elutriating out of the reactor, most likely
due to the small freeboard region of the reactor (between the bed and outlet plumbing
going towards the cyclones) being too short or fluidization properties not optimized
for the sand and gas flow rates being used. The presence of foreign sand in the biochar
sample resulted in high“ash”contents, which may have a different flammability potential.
Another important source of contamination is the soil, especially for crops where soil
particles that could be raked and harvested with the biomass feedstock.

The high heating value of the biochar is an important parameter for understanding
the energy that will be produced once it has been oxidized or has undergone
combustion reactions. However, the energy content itself does not determine the rate
at which that energy and reaction products are formed nor the conditions at which
the reactions will be triggered. For example, the energy content in graphite is higher
than typical biochars (approximately 32 MJ/kg vs. ~20 MJ/kg), but due to the carbon
crystalline structure and chemical stability at standard conditions, graphite is very
difficult to ignite [10, 11]. It is important to note that the energy content discussed
is with respect to a dry base, and thus moisture that is typically present in biochar
materials has to be removed before combustion can occur. This moisture deters much
of the flammability concerns.

There are several classifications for flammable solids. The United Nations' classification
of flammable solid is defined as “a solid which is readily combustible, or which may
cause or contribute to fire through friction.” Readily combustible solids are considered
‘powder, granular or pasty chemicals, which are dangerous if they can be easily
ignited by brief contact with an ignition source such as a burning match and if the
flame spreads rapidly” [12, 13]. The important consideration here is that the substance
can be ignited when exposed to flames or friction and that has rapid flame propagation.

The US Department of Transportation (US DoT) divides substances into nine classes of
hazardous materials (Hazmats). Class 4 addresses flammable hazardous materials. Under
Class 4, there are three different types of flammable classes: 4.1 flammable solids; 4.2
spontaneously combustible materials; and 4.3 solids that are hazardous when wet.

«  Class4.1areflammable solids, self-reactive substances, and desensitized explosives.

This class refers to materials that are self-reactive with accelerated decomposition
and are potentially explosive when confined.
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« Class4.2arepyrophoric substancesand self-heating substances that spontaneously
combust. This class identifies spontaneously combustible materials, and tests are
performed to determine if the material in a 25 mm or 100 mm sample mesh cube
at 100, 120, and 140 °C will undergo self-heating and potential smoldering or
combustion.

«  Class 4.3 are materials that are hazardous when wet. When exposed to various
degrees of moisture, these materials can heat and emit gasses and thus present
safety concerns (if producing more than 1 L of gas per kg of material).

Zhao etal.[11] conducted a study of 34 biochars. None of these biochars were identified
as flammable, and no significant burning or smoldering propagation was noted
either, according to the UN flammability methodology. When comparing different
thermochemical production methods, these researchers found that fast pyrolysis was
more likely to be flammable, followed by slow pyrolysis and then gasification chars
(which had no smoldering propagation).

Zhao et al. [11] also reported that there was a higher propagation of fast pyrolysis
material (but not enough to be considered flammable). This higher propagation
correlated negatively with fixed carbon and positively correlated with volatile content.
The hydrogen to carbon ratio (H:C) was also positively correlated with the tendency
to show flammability characteristics and potentially indicating that more stringent
pyrolysis conditions (lower H:C) will result in less flammable materials (higher aromaticity
structure). Also, the propensity for flammability of fresh biochars was higher for those
made at 450 °C than at 350 °C (very low-temperature char or more appropriately
identified as torrified material). Cote [15], however, reported that the carbonization of
wood at low temperatures leaves the charcoal with chemically unstable conditions,
opposing Zhao's results.

Fast pyrolysis biochar is a fairly new material to researchers [16], and many questions
are yet to be answered regarding the hazardousness of this material. Further studies will
be needed to thoroughly understand which types of hazards biochar can pose. What
methodologies can be used to effectively assess the potential hazards? What conditions
should be avoided in order to minimize the risks of a safety incident? How is flammability
affected by the production process, and how does it vary due to product characteristics?
How do thermochemical processes, feedstocks, particle size, quenching mechanisms,
and impurities affect flammability?

The objective of this study is to evaluate flammability characteristics of fast pyrolysis
biochar with EPA test method 1030 for Ignitability of Solids [17] and ASTM D4982
for flammability potential screening [18], and to compare the results with current
information for carbonaceous materials. The results could provide valuable information
for handling biochar and for communicating biochar flammability data.
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EXPERIMENTAL

oSt Biochar and reactor types

Several fast pyrolysis biochars were produced from agricultural and forestry feedstock
(e.g, red oak, corn stover, loblolly pine, switchgrass) in a wide range of operating
conditions. Different reactors, biomass feedstocks, and processing parameters resulted
in fast pyrolysis biochars with a wide range of chemical composition (see Table 1 and
Table 2). The three types of reactors used in this study are fluidized bed, free fall, and
auger reactor (Figure 2). Temperatures ranged from 400 to 600°C with a residence time
between 2 and 10 seconds for the fluidized bed, less than five seconds for the free
fall, and between 20 and 60 seconds with the auger reactor. Detailed descriptions of
different types of pyrolysis reactors were described by Brown [19].

Table 1. Chemical properties of fast pyrolysis biochar used for flammability and self-reactivity assessment

Fast
Biomass | Pyrolysis | Temperature | Moisture | Volatiles | Fixed C| Ash
feedstock | Reactor (°Q) (wt%) | (wt%) | (wt%) |(wt%)|(wt%)

Type
Com Stover H“éi‘éed 500 64 | 36 | 41 |6 | ss | 4 | 1| B 16 |77] w5
Com Stover H“é‘i‘éed 500 48 | o | 3 | w0 |3 3| 1| 6| 19 | 87| 14
Log'noe”y Free Fall 485 4 45 9 | 12 ] 6 | 4 0 | 2 | 17 | 24| n9
Lobloly | reral | 550 3| 3 e | s || 4| 1| 16| 15 |33] w9
Red Oak H“é‘i‘éed 400 ol 8 | 3 |36 | | 3| 0| | 18 |10 184
Red0ak | M40 ) g 25 | 4 |31 | n e | 4| 0| 8 | 16 |22 55
Red Oak H“éi‘éed 500 18] 5 | s |8 | s 2 0| 9 | 19 |15 186
Red Oak H“é‘i‘éed 550 12 | 4 | ® s | o 2 0| 3| 20 | 11| 13
RedOak | Freefall | 450 3 e | 24 o | 7| s |29 16
RedOak | Freefall | 550 23| 8 |6 | 2|7 4o | 7| 16 |60| ®
RedOak | Freefall | 600 8 | 0 | e | 2] 4] 0o | 6| 15 47| »
Swichgass | 40| s 26 | 9 | B |3 |0 3| 1| w17 |19 19

* Oxygen content determined by mass difference
**S.A. = Surface Area
***HHV = Higher Heating Value
Sulfur was measured but almost undetected in these samples.
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Table 2. Expanded list of fast pyrolysis biochars selected for testing based on feedstock, reactor configuration,
reaction conditions and biomass pretreatments

avances

com stover fluid bed F.P (lean-harvest technique

617 com stover fluid bed F.P 500 Conventional harvest technique

910 loblolly pine fluid bed F-P 485 Not washed

918 loblolly pine fluid bed P 485 Torrified @215°C

1027 loblolly pine fluid bed F.P 485 Torrified @215°C

1031 loblolly pine fluid bed P 485 Torrified @250°C

831 loblolly pine free fall FP 550 Washed

1104 red oak PDU fluid bed FP 400

mm red oak PDU fluid bed FP 450

1026 red oak PDU fluid bed FP 500

119 red oak PDU fluid bed FP 550

113 red oak free fall FP 550

401 red oak free fall FP 450

403 red oak free fall EP 600 500 um grind

407 red oak free fall FP 600 300 ym grind

red oak auger F.P

switchgrass fluid bed F.P 500 H,50,-treated

427 switchgrass fluid bed FP 500 H,P0,-treated
switchgrass free fall FP 500 Nlevel 1
switchgrass free fall FP 500 Nlevel 2
switchgrass free fall FP 500 Nlevel 3
switchgrass free fall EP 500 N level 4

7
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Figure 2. Fluidized bed reactor (2A), free fall reactor (2B), auger reactor (2C). Pictures from lowa State University

Center for Sustainable Environmental Technologies
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The results obtained from this study were then compared to data on other carbonaceous

materials such as gasification, slow pyrolysis and typical charcoal that are produced with
avances  different reactor types from commercial production facilities or from other research
T institutions [201].

From the three flammable categories in Hazardous Materials Class, initial laboratory testing
suggested that fast pyrolysis biochars may be classified as Flammable Solids (4.1) and
Spontaneously Combustible (4.2). Literature indicates that similar types of carbonaceous
materials are flammable when wet (4.3) and can result in self-combustion processes. It
is not clear, however, what the circumstances or the specific properties of the material
are that can trigger such behavior [15]. The materials used in this study did not present
any dangerous behavior when wet. However, the Code of Federal Regulation CFR 177.838
paragraph (b) “articles to be kept dry” states that charcoal screenings, ground, crushed or
pulverized charcoal and lump charcoal are dangerous materials and should be kept dry as
water can create hot spots and start a fire. Again, none of the materials here presented any
visible reaction with water, so they were not considered Class 4.3.

Ignitability of Solids (EPA 1030)

In order to assess whether biochars fall under the Flammable Solids category (Class 4.1),
a preliminary screening method defined by U.S. DoT/UN Transportation of Dangerous
Goods (also referred to as Ignitability of Solids EPA 1030) was used [17]. If the material
is identified as a flammable solid, there are further steps needed to classify the type
of flammable solid it corresponds to. This preliminary test is performed over a powder
triangular train of 250 mm long by 20 mm at the base and 10 mm high placed on a
low-conductive plate. After an ignition source is applied to one end of the test strip,
if combustion propagates along 200 mm of the strip within 2 min (for non-metallic
materials), then it is classified as ignitable (or flammable) solid. If the results of the
preliminary test indicate the sample is flammable, then it is subjected to an additional
test for burning rate along 100 mm distance. If the burning rate is faster than 2.2 mm/s,
the sample is considered Class 4.1 flammable solid (EPA 1030 test method). To test how
moisture affects flammability, distilled water was added to achieve different moisture
levels after the samples were dried. To assure moisture equilibrium was reached
throughout the sample, flammability tests were conducted a few days after adding
water to the samples. Pearson correlation coefficient was used to understand if there
was any correlation between flammability and chemical and physical characteristics.

Flammability Potential Screening Analysis of Wastes (ASTM D4982-95)

Flammability Potential Screening was used to analyze the flammability potential of the
samples and the vapors released from these samples (ASTM D4982-95) [18]. By using
this particular test method, it is possible to not only gain information about the biochars
flammability with a fast screening test but also to understand the effect of moisture on
this characteristic.

’

These test methods are to complement quantitative analytical techniques for determining
flammability. The tests can be used with slurry, liquid and solid wastes to evaluate if the
material has potential to produce or sustain fire (Figure 3). The procedure is implemented
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utilizing two methods in which the material is subjected to ignition: Test Method A “Test
Sample Exposed to Heat and Flame” and Test Method B “Test Sample Exposed to Spark
Source! Test Method A has two components. The first component relates to the sample’s
ability to release volatile vapors. A flame is positioned perpendicularly on top of the sample
for three seconds. If a spark is visible, the sample is labeled as a positive flammability
potential. Samples were tested as they were initially received by the laboratory. In addition,
samples were dried at 103°C for 24 h to remove any moisture. When the samples cooled to
room temperature, both test methods were repeated.

3C 3D
Figure 3. Example of flammability potential ASTM D4982, sample preparation and procedure

Biochar chemical and physical properties

Proximate analysis (thermogravimetric analysis) was performed using a thermogravimetric
analyzer (TGA) instrument (Mettler Toledo, USA). The energy content of the samples (higher
heating value) was obtained using a Parr oxygen bomb calorimeter (Parr Instrument
Company, USA). The elemental analysis was performed using Leco TruSpec (LECO
Corporation, St. Joseph, MI, USA) for carbon, hydrogen, nitrogen and sulfur (CHNS), and
the determination of oxygen was made by mass difference. Ethylenediamine-tetra-acetic
acid (EDTA) was used as the reference standard for the quantification of carbon, hydrogen,
and nitrogen. Sulfur reference material for coal was used for sulfur quantification. All
standards were obtained from Leco Corporation. Particle density was measured with a
helium pycnometer (Pentapycnometer, Quantachrome Instruments, Boynton Beach, FL,
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USA) using degassed samples from the Brunauer, Emmett, and Teller BET analysis. Surface
area analysis was performed with 4 g samples degassed for 4 h at 300°C under vacuum at a
pressure lower or equal to 100 Pa. (BET) using N, gas in a Quantachrome NOVA 4200e Gas
Sorption Analyzer (Quantachrome Instruments, Boynton Beach, FL, USA). Five adsorption
points were measured in the range of 0.05 to 0.3 P/P .

Method sensitivity

Due to the sensitivity of the methods and the various material formulations, tests were
performed without altering the physical properties of the sample as this can alter the
results and subsequently the classification [16, 17]. From a methodology perspective,
it is important to clarify that samples should be tested when received without drying,
milling, and sieving before flammability analyses are performed. It is very important to
have uniform sampling procedure to obtain a representative sample when collecting
the material at the facility as well as when preparing the sample for testing. Moisture
measurement can significantly affect the results. Moisture and particle size (minimum
descriptive format such as fine powder, sand, coarse granules) should be reported as
accurately as possible for correct interpretation. Particle size has been reported to affect
burn rate and also the ignitability of the material [17].

RESULTS AND DISCUSSION

Physico-chemical characterization of the biochars made with different
operating conditions and reactors

Biochar properties vary significantly in comparison to other carbonaceous materials
[21], and the flammability will be associated with the biochar properties. Additionally,
flammability assessment will depend on the method that was used in the evaluation.
This study evaluates a handful of different materials, yet further research is needed in
order to better understand biochar properties and the conditions that could trigger
unsafe flammable conditions.

The chemical and physical properties of biochar can vary widely depending on the
feedstock and pyrolysis conditions. In order to broaden the chemical composition and
flammability results in this study, a wide range of carbonaceous materials were obtained
from various feedstocks, reactor configurations and processing conditions (Table 1). For
example, carbon content from this set of samples varied from 40 to 78 wt %, ash content
from 2 to 40 wt %, volatile content from 14 to 40 wt %, surface area from 1.0 to 8.7 m%/g,
and energy contents from 14.4 to 29 MJ/kg. Flammability characteristics were examined,
and results were compared to those cited in the literature, addressing both flammable
and non-flammable carbonaceous materials.

EPA Test Method 1030 Ignitability of Solids
This method evaluates whether samples are flammable (first tier of classification). If the

sample propagates over 200 mm of the powder train in 2 minutes, then it is subjected
to a burning rate test. Wastes are considered flammable if the burning rate is higher than
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here presents the differences in response between materials when in contact with a flame.
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Table 3. Flammability results from various carbon products in accordance with EPA 1030 method

Materials
(# samples)
Activated Carbon (2) | Fine powder
Gasification Char (2) Fine powder
Slow P.Char (3) Fine powder
Fast P. Biochar (19) Fine powder
Biomass (5) Fine powder

No

No

No

No

No

Flammable

Time to Ignite

(s)
+S.D.

53+18
52425
41424

39+4

18 £4

2 min

(mm)
+S.D.*

T
34
11 £ 7%
2124

4£3

propagation

The biomass developed a clear flame and was simple to identify ignition, but the other
materials were not clear as their flames were not truly developed (combustion of ambers).

* Propagation in the preliminary screening step was measured over a 2-minute period.
** Standard deviations for these materials resulted from two or three materials with two replications per sample.

Table 4. Expanded EPA 1030 Ignitability of Solids

Row Labels Average of Time to Ignite (s) Average of Propagation

Activated Carbon
McMaster AC
NORIT AC
Biochar

Char 1-20101104

Char 1-20101111

Char 1-20101026
Red Oak BC 1-201011191-C

Clear corn Stover BC 8-20090616A

Corn Stover BC 8-20090617A
Loblolly Pine BC 8-20080910

RO 7-20090401A

RO 7-20090113A

RO 7-20090403A

Switchgrass BC 7-00720411

12 DOI: https://doi.org/10.18272/aci.v13i2.2314
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58 1

40 17
40 9
42 10
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40 14
40 13
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avances Switchgrass BC 7-20110412 40 20
o
Switchgrass BC 7-20111107 33 23
Washed L Pine BC 7-20090831A 40 12
ROBC6-22-12 40 9
SG 0% Moisture 40 95
SG 10% BC 40 22
SG BC 20% 40 20
RO BC 0% 41 8
RO BC 10% 40 2
RO BC 20% 41 4
CS 0% moisture 37 70
CSBC 10% 41 14
CS BC 20% 40 17
LPBC 0% 40 13
LP 10% BC 40 11
LP BC 20% 43 9
Biomass 18 4
Corn Stover BM 19 5
Maple Sawdust 29 8
Maple Shavings 19 7
Red Oak BM 16 4
Switchgrass BM 16 2
Slow P Char 41 11
Artichar 1 20 5
Artichar 2 40 17
Artichar 3 64 11
Gasification char 52 3
Char 1-11-12-12 (Broer) 40 5
Karl Broer 1-07-13 catch 70 1
Grand Total 39 13
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None of the materials were considered intrinsically flammable. Note that fast pyrolysis
biochars had higher propagation with roughly one-fifth of the required trajectory (200
mm) burnt in two minutes. Activated carbon had Tmm (almost no propagation), but
gasification chars propagated slightly. Biomass tested here were materials with similar
properties to those used for making the fast pyrolysis biochars (corn stover, red oak,
loblolly pine, and switchgrass). The biomass presented shorter propagation possibly due
to the higher moisture contents (between 10-15% w.b.), its finely ground nature, and the
packed conditions used for the testing. Additionally, note that biomass demonstrated
the least “time to ignite” when exposed to flame. The flames created from the proximity
to the heat source for the short ignition time did not result in complete particle ignition.

The ignition time was problematic to determine as both materials presented distinct
responses to the contacts with the flames. Biomass ignition was the point where flames
became visible, while biochar ignition was the point where the material glowed red
and became sufficiently hot to propagate. As such, ignition time was a subjective
measurement dependent on the operator. Despite that, biomass ignition time was half
of any observed biochar ignition time, and the ignition was clearly visible through the
development of flames.

Pyrolyzed biochar demonstrated greater propagation than gasification char. In
comparison, activated carbon almost entirely failed to propagate. This may be
attributable to the graphite-like chemical structure and the lower content of volatiles,
which reduce the likelihood that activated carbon will react and combust due to the
recalcitrant aromatic structure. The standard deviations of propagation rates are large for
fast pyrolysis biochars due to the large chemical and property characteristics associated
with the different operating conditions (temperatures from 400 to 600°C), different
reactors, resident times and feedstocks.

Figure 4 shows the propagation results of four fast pyrolysis of biochar feedstocks
(switchgrass, corn stover, red oak and loblolly pine) produced with the same conditions
(in a fluidized bed at 500°C) but with different moisture content after storage. As can be
expected, flame frontin dry biochars propagated considerably faster than in moist biochars.
Switchgrass and corn stover (herbaceous) biochars flame propagation were higher than
wood types at the same pyrolysis temperature conditions and moistures. Therefore, a very
important consideration in assessing flammability propagation is the moisture content at
the time that the measurement is completed. Moisture can significantly differ according to
production time, time of storage, and time of sampling. Therefore, special considerations
must be made when taking representative samples, handling the sample, assuring
adequate testing procedure, and communicating the results.
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Figure 4. Fast pyrolysis biochar propagation by feedstock species and its relationship with moisture content

Bone dry corn stover and switchgrass fast pyrolysis biochar were not flammable (less
than 200 mm of propagation in 2 min), but in comparison to the other materials, the
propagation was much longer. For bone dry materials, the traveled distance was 95
mm for switchgrass and 70 mm for corn stover, while the propagation in both woody
feedstocks was considerably lower, 13 mm for loblolly pine and 8 mm for red oak. The
difference in flammability between bone dry biochars and different feedstocks is quite
large. However, an addition of 10% moisture to the biochar reduced the propagation
distance by more than 25% in both switchgrass and corn stover.

Table 5 presents Pearson correlation coefficients for flammability propagation and
chemical constituents performed for all the fast pyrolysis biochars (listed in Table 6).

Table 5. Pearson correlation coefficient for the smoldering propagation of fast pyrolysis biochars and various
chemical properties

Variable Pearson correlation

Volatiles (wt %) 051
Fixed C (wt %) 020
Ash -047

C 0.16

H 0.73

N 082

) 0.88

Particle p -0.50
Surface area (m%/q) 0.77
HHV (MJ/kg) 0.18
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Table 6. Results from chemical characterizations of selected biochars (see Table 1). Moisture, volatiles, fixed
carbon and ash contents and higher heating values (HHV) are on an as-received basis; all other results are
reported on a dry basis. Oxygen content determined by difference. P = density, S.A. = surface area, C.S.= comn
stover, L.P. = loblolly pine, R.0. = red oak, S.G. = switchgrass, F.F. = free fall reactor, PDU = process development
unit reactor

Decaiption Moisture Volatiles FixedC Ash  C H \ 0 Partidep S.A. HHV
P wt% wt% wt% wt% wt% wt% wt% wt% (g/cd (m/g) (M/kg)

616 Clean CS. 6.4 36.3 N1 ] 163 | 546 | 42 | 05 | 233 157 77 205
617 Reg. CS. 48 239 313 ] 400 | 381 29 | 06 | 163 1.88 8.7 144
910 | LPnotreat 40 450 391 ] N9 | 610 | 39 | 04 | 223 172 24 | 229
918 | LPtorr215C 49 423 43 93 | 627 | 41 05 | 229 1.5 24 | 86
1027 |  LPtorr215C 42 36.1 525 72 | 654 | 40 | 02 | 228 1.50 29 | 248
1031| LPtorr250C 39 339 507 | M5 | 635 | 40 | 03 | 202 153 22 241
831 |LPERwash550C| 43 313 596 47 | 742 | A1 05 | 163 147 33 279
1104| R.0.PDU 400C 14 28.1 349 | 356 | 470 | 27 | 01 | 141 1.77 1.0 184
1117| RO.PDU450C 25 446 34 | N4 | 668 | 36 | 02 | 75 1.60 22 255
1026 | R.0.PDU500C 18 254 350 | 377 | 507 | 23 | 01 | 85 192 15 18.6
19| RO.PDU550C 12 144 291 | 553 | 395 | 16 | 01 | 29 202 11 143
113 | RO.FE550C 43 280 66.0 16 | 774 | 38 | 03 | 168 163 60 | 290
401 | RO.FF450C 43 305 63.7 15 [ 766 | 40 | 04 | 174 1.50 29 | 286
403 | RO.FE600CL 48 287 64.7 19 | 775 | 39 | 04 | 162 149 47 290
407 | RO.FF600CS 43 294 64.7 15 | 765 | 39 | 04 | 176 152 47 288
47 | S.G.H3P04 26 387 279 | 308 | 504 | 33 | 08 | 139 168 79 190

Note: L.P. = refers to Loblolly pine, R.O.= refers to red oak, S.G.= Switchgrass, C.5.= Corn Stover. Torr= terrified and later
pyrolyzed, wash= acid wash to remove ash, H3PO4= acid washed with phorsphoric acid before pyrolysis

Flammability propagation had a high correlation for oxygen content and surface area in
fast pyrolysis biochars. Both correlations line up with expectations. Note, however, that
the surface area range is small in comparison with other carbon materials. All surface
areas wereless than 10 m?/g while other carbons could easily reach 500 or 1000 m*/g [21].
A medium correlation coefficient between propagation and volatile content was seen
with r?=0.51 similar to Zhao et al [11]. It isimportant to note that Zhao and his colleagues
studied different types of biochars, while in this study, only fast pyrolysis biochars with a
smaller range of volatile variability were tested. Although nitrogen content showed high
correlation as well, the range of results for nitrogen content between the samples was
from 0.1 to 0.8% with an average of 0.3% of the total elemental composition. Thus, it is
very likely that the error of the measure and small dispersion of values could be as large
as the correlation itself.

It was expected that the ash content of the biochar would have a significant negative
correlation with flammability as it would decrease the energy density of the material
similarly to graphite and ash impurities [10]. The fact that there are more minerals and
less carbon in the biochar was presumed to be a factor that would lower the energy
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density and potential flammability and reduce the propagation rate. The results,
however, showed a negative correlation with flammability as expected, but medium to
low correlation -0.47.

ASTM D4982 Standard Test Methods for Flammability Potential Screening
Analysis of Waste

Flammability was further evaluated using Standard Test Methods for Flammability
Potential Screening Analysis of Waste ASTM D4982 (Table 7). In this test, a sample was
considered flammable if any of the sections and methods from these tests resulted
positive (flammable). Although this method is fairly subjective as it is difficult to clearly
assess if the material is lit or not with decaying embers, it was determined that biochars,
biomasses, and the coal samples are flammable according to this test. It is important to
note here that their original biomass showed much higher flammability potential than
their produced biochars, and thus required extinguishing the sample after the test was
performed. Section 1 test method A, sample exposed to heat with the flame on top of
the sample, and test method B, sample exposed to spark source, resulted in negative
flammability characteristics for all materials. However, when implementing Section
2 test method A, with direct contact with flames for 10 seconds, almost all biochars
produced embers that were lit for at least 20 seconds. No differences were observed in
flammability potential between the dried samples and the samples with their original
moisture content. The lack of differences in flammability response was likely due to the
small amount of moisture present in the original biochar samples (less than 5.5 wt% for
all the biochar materials).

Table 7. ASTM D4982 Flammability potential of 26 materials with samples as received and dried, evaluated
under Test methods A and B

L eew L
L [ == T

Blt.>mass/ Moisture |Above | Contact Above | Contact
Biochar Co)wb. | 39) | (105) 3 strikes 39 | (109 3 strikes
Materials o

Corn Cob Biomass 6.9 Extinguished Extinguished
o Flames Flames
Com Stover Biomass| ~ 4.9% N p B N N p N
Flames
Dry Compost 7.4% N p N N p N
Lob!ol\y Pine 55% N p Extinguished N N b Extinguished N
Biomass Flames Flames
Poplalr Sawdust 55% N p Extinguished N N p N
Biomass Flames
ROFBomass | 21% | N | P N N p [pingushed
Flames
R“Sigm‘ass % | N | P N N p N
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qci T R
b -- Method A Method B Method A Method B

Biomass/
Biochar

Materials

Red Oak Biomass
Powder

Switchgrass Biomass
Powder

Switchgrass Pellets
Biomass

(oal
Fly Ash
Coke

(o Cobs
Gasification Char

Corn Stover P
Biochar 500C

(omn Stover S.P
Biochar 500C

|CM Mixed Woods
Gasification Char

Loblolly Pine FP.
Biochar 485C
Pine S.P Biochar
Red Oak P Biochar
450C

Red Oak FP. Biochar
500C

Red Oak FP Biochar
500C (Il

Struemph
Commercial Charcoal

Switchgrass
Gasification Char

Switchgrass
Gasification Char

Switchgrass Mini
Stove Char

11.4%

26%

7.5%

5.8%
20%
1.0%

1.3%

1.2%

3.0%

2.2%

3.1%

43%

2.6%

37%

3.4%

23%

N/A

1.3%

5.5%
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Extinguished
Fames

Extinguished
Flames

Extinguished
Flames

Extinguished
Flames

Extinguished
Fames
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3 strikes

N p N
N p Extinguished N

Flames
N p N
N N N
N N N
N N N
N p N
N p Extinguished N

Flames
N P N
N p N
N > Extinguished N

Flames
N P N
N p N
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N P N
N p N
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Note: P= Positive, N=Negative. Samples under Method A Contact test for 10 seconds were deemed to give a positive
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Section 2 test method A - direct flame contact - resulted in several positive flammability
results. All 10 biomass samples were positive. From the different biomasses tested,
approximately half of them sustained flame, and the flames were well-visible and well-
developed (corn cobs, corn stover, poplar sawdust, loblolly pine and switchgrass).
Thirteen biochars were analyzed and only two produced negative results. The biochars
did not produce an open flame but rather created embers that would remain partly lit for
at least 20 seconds after the flame was removed. Four biochars required extinguishing
the embers after 20 seconds. All the different biochar types studied here (gasification,
slow pyrolysis, and fast pyrolysis biochar) did not show different responses among them.
Three fossil fuels and derivatives were tested for comparison, and only coal produced a
positive flammability result with embers lasting for more than 20 seconds.

Testing for flammability associated with vapor released (method B) indicated non-
flammable for all the samples, mainly since these samples are solid and usually do not
contain significant levels of adsorbed volatile compounds that could be released at
room temperature or with a brief exposure to heat.

Analysis conducted after the materials were dried in the oven demonstrated comparable
results to non-dried samples (as received). The biomass samples produced the same results,
before and after drying; the vapor analysis was negative while the direct flame analysis was
positive. Although some variation existed between the different carbonaceous materials,
biochar samples had mostly similar responses. Only two samples that did not have a
positive flammability result with the original moisture had a positive result after they were
dried (red oak fast pyrolysis 500°C (Il) and corn stover fast pyrolysis 500°C).

Overall, the removal of the moisture led to no changes in the assessment of flammability,
likely due to the fact that the moisture content of the materials “as received” was fairly
dry (less than 10% w.b.).

Table 8. ASTM D4982-95 Flammability Potentials Section A (vapor assessment immediately above and direct
flames) different moisture levels of four fast pyrolysis biochars produced at ~500°Cin a fluidized bed reactor

Vapor assessment Moisture content (% w.b.)

Biochar Feedstock 0% 5% 10% 20% 30% 40%  50%
Corn Stover N N N N N N N
Loblolly Pine N N N N N N N
Switchgrass N N N N N N N

Red Oak N N N N N N N

Biochar Feedstock 0% 5% 10% 20% 30% 40% 50%
Corn Stover p p p p p p
Loblolly Pine p p P P P p N
Switchgrass p p p P P N N

Red Oak P P P N N N N

Note: N= Negative, P=Positive or when embers stay lit for at least 20 seconds
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Four fast pyrolysis biochars produced with different feedstocks (corn stover, loblolly pine,
switchgrass and red oak) and pyrolyzed in a fluidized bed reactor at ~500°C were used to
evaluate the flammability potential with different moisture contents (Table 8). The vapor
assessment was negative, similar to the previous results. The flammability response to the
direct flame assessment was quite different among the four feedstocks. Red oak was least
flammable; however, 20% of moisture content suppressed any flammability potential.
Switchgrass required 40% moisture content to gain the same level of safety, while corn
stover and loblolly pine required 50% moisture to suppress flammability potential.

Overall, the four biochars with the addition of 20-50% moisture by weight suppressed
the flammability potential when measured according to ASTM D4982. Increasing
moisture content is a simple method that can be used to ensure safer transportation
and storage and can be used to further enhance safety in processing or storage facilities.

Overall, the biochar feedstocks tested with ASTM D4982 were “more flammable” than
their corresponding biochar (with the same feedstock). Feedstocks had clearly well-
developed flames that resulted in full consumption of the sample if not extinguished
after the test. Most biochars, however, had embers that lasted for more than 20 seconds
but over time went out and did not require extinguishing.

CONCLUSIONS

The fast pyrolysis biochars tested in this study are not considered flammable solid
material under UN/DoT regulations for the transportation of dangerous goods. However,
in reference to other studies, this material can self-heat and therefore needs to be further
evaluated.

Teststoassess flammability, such as EPA 1030 or UN/DOT 1050 section A, demonstrated
that fast pyrolysis biochar should be considered “not flammable” with respect to
its flame propagation properties. Assessment according to ASTM D4982 showed
that fast pyrolysis biochars from red oak, corn stover, loblolly pine, and switchgrass
could be considered “flammable!” It is important to note that this test can be
subjective as the operator must visually determine whether the material is lit or not,
which is characterized by fading embers. This subjectivity is a concern when testing
this kind of material. However, addition of moisture to the biochar to 20 to 50%
w.b. completely suppressed the flammability potential when tested according to
ASTM D4982.

Standards need to be developed to specifically address biochar safety as different
methods may produce different outcomes, and some of these methods are subjective.
Alternatively, standardized conditions need to be more precisely specified.

Fast pyrolysis biochars have a wide range of chemical properties due to the various
types of feedstocks, the types of reactors, and the operating conditions. Therefore, it
is essential to continue to test the different fast pyrolysis biochars until there is better
understanding of the flammability characteristics and the conditions to avoid. Other
biochar types (slow pyrolysis, gasification, and hydrothermal liquefaction chars) may
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have different flammability characteristics and should be tested until it is understood
how the thermochemical process affects the flammability characteristics.
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COVID-19 ResNet: Red neural residual para la clasificacion
de la COVID-19 con optimizacion bayesiana de tres pasos

Abstract

COVID-19 is an infectious disease caused by a novel coronavirus called SARS-CoV-2.
The first case appeared in December 2019, and until now it still represents a significant
challenge to many countries in the world. Accurately detecting positive COVID-19
patients is a crucial step to reduce the spread of the disease, which is characterized
by a strong transmission capacity. In this work we implement a Residual Convolutional
Neural Network (ResNet) for an automated COVID-19 diagnosis. The implemented
ResNet can classify a patient’s Chest-Xray image (CXR) as COVID-19 positive, pneumonia
caused from another virus or bacteria, or healthy. Moreover, to increase the accuracy
of the model and overcome the data scarcity of COVID-19 images, a personalized
data augmentation strategy using a three-step Bayesian hyperparameter optimization
approach is applied to enrich the dataset during the training process. The proposed
COVID-19 ResNet achieves a 94% accuracy, 95% recall, and 95% F1-score in the test
set. Furthermore, we also provide insight into which data augmentation operations are
successful in increasing CNN performance when doing medical image classification
with COVID-19 CXR.

Keywords: convolutional neural networks, deep learning, Bayesian optimization, medical
image analysis, data augmentation, hyperparameters

Resumen

La COVID-19 es una enfermedad infecciosa causada por un nuevo coronavirus llamado
SARS-CoV-2. El primer caso aparecié en diciembre del 2019 y hasta el momento sigue
representando un gran desafio a nivel mundial. La deteccién precisa del virus en
pacientes COVID-19 positivos es un paso crucial para reducir la propagacion de esta
enfermedad altamente contagiosa. En este trabajo se implementa una red neuronal
residual convolucional (ResNet) para el diagndstico automatizado de la COVID-19. La
ResNetimplementada puede clasificar la radiograffa del térax de un paciente en COVID-19
positivo, uno con neumonia causada por otro virus o bacteria, y un paciente saludable.
Ademas, para aumentar la precision del modelo y superar la escasez de imagenes médicas
en el set de entrenamiento, se aplica una estrategia de aumento de datos personalizada
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utilizando una optimizacion bayesiana en tres pasos. La ResNet propuesta alcanza un 94%
de precisién, 95% de sensibilidad y 95% en el F1-score en el set de prueba. Adicionalmente,
presentamos las operaciones de aumento de datos que ayudaron a incrementar el
rendimiento de la red neuronal y que pueden ser utilizados por otros investigadores en el
desarrollo de modelos para la clasificacion de imagenes médicas.

Palabras clave: redes neuronales convolucionales, aprendizaje profundo de méquina,
optimizacién bayesiana, andlisis de imdgenes médicas, aumento sintético de datos,
hiperpardmetros

INTRODUCTION

COVID-19 is a disease caused by a new coronavirus called SARS-CoV-2. The first reports
of this new virus came from Wuhan, Republic of China. The most common symptoms
associated with COVID-19 are fever, fatigue, and dry cough. Meanwhile, the most severe
symptoms include shortness of breath, confusion, pressure in the chest and loss of
appetite [1]. In comparison with severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS), SARS-Cov-2 is characterized by a lower mortality rate
but a stronger transmission capacity [2].

The initial screening methods for COVID-19 diagnosis are the Real-Time reverse
transcription-Polymerase Chain Reaction test (RT-PCR), antibody test (serology), and
auxiliary diagnosis tests like computed tomography (CT) and chest X-ray (CXR) [2]. The
RT-PCR test is recommended for people who have shown symptoms of the Coronavirus,
people who have been in contact with a confirmed case, and people who have been
traveling or participating in social events [3]. On the other hand, the antibody test is
suggested for people who believe they have had the virus in the past, as it looks for the
antibodies in the blood [4].

The laboratory diagnosis methods (RT-PCR and antibody test) have two important
drawbacks: (1) a low viral load conducts to a low detection rate that can lead to false-
negative results, and (2) the viral tests show positive/negative results but cannot judge
the COVID-19 evolution in the chest [5]. In contrast, CT imaging and chest X-ray can be
used to detect and measure the severity of the virus. In China, CT is widely used as a first
line investigation method in patients with COVID-19 [6] and is recommended as the
basis method for COVID-19 diagnosis [7]. However, CT practice implies a high demand
for radiology departments and, most importantly, a decontamination of the equipment
to reduce the risk of cross-infection, hence reducing the availability and applicability of
the method [8].

Chest X-ray is one of the most common diagnosis methods for lung disease due to
its accessibility and rapid analysis. Moreover, CXR is not as expensive as CT and does
not require a previous preparation of the patient [9]. Therefore, CXR analysis can be
applied to help medical professionals diagnose COVID-19 in patients. However, imaging
diagnosis does come with its own complications, such as the difficulty of accurately
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distinguishing COVID-19 pneumonia from other forms of pneumonias caused by the
cytomegalovirus, adenovirus, influenza A virus, influenza B virus, MERS, and other viral

?ﬁ!‘?ﬁ?@fﬁ and bacterial pneumonias [2]. Consequently, this can lead to a COVID-19 diagnosis delay.
According to the Radiological Society of North America, there are some characteristic
manifestations on the CXR of a patient with Coronavirus [10]. These manifestations
include the consolidation in the peripheral and mid to lower zone distribution, and the
presence of bilateral patchy, bandlike ground-glass opacity [11]. In Fig. 1, we present
three examples of CXR images. Image A shows a healthy patient, image B a person
infected with COVID-19, and image C a person with pneumonia [12].

Figure 1. Examples of CXR images taken from [12] A healthy patient, B patient infected with COVID-19, and
C patient with pneumonia

Despite the similarities between different types of pneumonia, it is possible to optimize
the COVID-19 diagnosis through machine-learning (ML) techniques. Over the years, ML
methods have shown reliable results in the analysis of medicalimages [13]. Deep learning
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architectures, like convolutional neural networks (CNNs), have especially demonstrated
achievement in state-of-the-art performance in medical image classification [14, 15] and
segmentation [16, 17, 18] tasks. As Gu et al. mentions, automated methods for medical
diagnosis can play an important role for future diagnostic procedures, especially with
the exploration of new CNN architectures that can improve the algorithm performance
[19]. In the COVID-19 context, CNNs can recognize visual patterns from CXR images of
COVID-19 patients and aid in the diagnosis, providing a rapid response and relieving the
demand for radiology experts.

CNNs have obtained remarkable success by automatically optimizing its millions of
parameters using labeled training data. Nevertheless, one of the biggest challenges is
that such large-capacity trainers are prone to overfitting the training dataset if a small
dataset is provided. This is the case of most medical imaging problems, where acquiring
labelled data is very expensive and time-consuming and requires the participation of
an expert radiologist. Furthermore, given the recent COVID-19 outbreak, obtaining
sufficient images can be impossible. Data augmentation is a popular technique that
has been presented to extend a dataset artificially. While different data augmentation
strategies have been researched and applied in medical image classification [20], there
has been little work on which operations work well in COVID-19 recognition, which is a
pivotal step in obtaining an effective and discriminative deep learning model.

In this paper, we apply a residual neural network (ResNet) [21] for COVID-19 automated
diagnosis. The implemented ResNet can classify a patient’s chest-Xray image (CXR)
as COVID-19 positive, pneumonia caused from another virus or bacteria, or healthy.
Furthermore, to increase the accuracy of the model and overcome the data scarcity
of COVID-19 images, a personalized data augmentation strategy is used to enrich the
dataset during the training process. Specifically, a three-step Bayesian hyperparameter
optimization approach is applied to optimize nine hyperparameters that define the
magnitude of the data augmentation operations and the model. Furthermore, we
provide insight into which data augmentation operations are successful in increasing
a CNN performance when doing medical image classification with COVID-19 CXR. In
conclusion, the contributions of our work are as follows:

« We present the COVID-19 ResNet and its corresponding data augmentation
strategy that achieves a competitive classification accuracy for COVID-19 detection.

« We provide an analysis of which data augmentation operations favor the
classification accuracy in medical image classification, which will help researchers
determine which operations to apply in their own models and specific problems.

LITERATURE REVIEW

Medical imaging over the years has been essential for the visual representation of tissues
and organs. Many imagining formats have been created such as Magnetic Resonance
Imaging (MRI), X-ray, Computed Tomography (CT), and others [22]. The evaluation of a
medical image is usually a manual and costly process, taking considerable time for a
radiologist or medical expert to inspect all the slices and imaging modalities. A successful
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approach to shorten the inspection and evaluation time is to develop automatic models
that extract the most important features from the images [23].

The first COVID-19 case appeared in December 2019, and until now the virus still presents
a significant challenge to many countries in the world. To facilitate the diagnosis of
COVID-19, researchers have focused on developing machine learning and deep learning
methods that accelerate the detection of the virus in a patient’s medical images. This
is especially necessary since identifying the presence of the virus can help reduce the
transmission to uninfected individuals.

Various methods have been presented to automatically identify the disease using chest
X-rayimages, CNNs being the most used because of its high accuracy and precision.Wang
et al. proposed a two-part classification method by applying a pre-trained inception
network to convert the image data into one-dimensional feature vectors, followed by a
fully connected network to produce the classification prediction. The study reports an
accuracy of 79.3% on an external testing dataset [24]. In another study, Sethy et al. uses a
two-step method to classify X-ray images. First, they apply a deep learning architecture
in the first layers to extract deep features from the image, and then they implement a
support vector machine in the last layer to perform the classification. Using a ResNet50
as the deep learning architecture, they report an accuracy of 95.38% on a public dataset
[25]. Xin et al. proposed an evolutionary multi-objective neural architecture search
method, also known as EMARS-A, to automatically find the architecture of a CNN for
COVID-19 classification. Their network achieves an accuracy of 89.67% [26]. On the other
hand, Narin et al. developed a model that used five pre-trained convolutional neural
networks based on the ResNet and Inception models and tested them in three different
binary datasets. An accuracy of 96.1% is obtained in dataset 1, 99.5% in dataset 2, and
99.7% in dataset 3 [27].

METHODOLOGY

In this paper, we employ a convolutional neural network to distinguish CXR images from
patients with COVID-19, patients with pneumonia caused by other infections, and healthy
individuals. A Residual Convolutional Neural Network (ResNet) [21] is selected because
of its capability to extract high level and complex features, which is necessary for the
complicated task of medical image recognition. Moreover, to improve the classification
accuracy and sensitivity of the model, the technique of data augmentation is extensively
applied during training to increase the number of training samples, reduce overfitting,
and increase the generalization capability of the model. To take the most advantage of the
data augmentation method, the magnitude of the augmentation operations is selected
using a Bayesian hyperparameter optimization approach. In the following subsections we
present the residual neural network applied, describe the data augmentation method,
and conclude by presenting the Bayesian hyperparameter optimization approach used.

Residual neural network

Neural network depth has a strong influence on the accuracy of a network. As a
network becomes deeper, it is more capable of recognizing and modelling the complex
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intricacies of the images. However, when deep networks are being trained, it is difficult
to propagate gradients especially to the deeper layers, giving rise to the gradient
degradation problem. Gradient degradation causes information loss and reduces the
accuracy of the model [21]. The residual network (ResNet) is a very deep network that
implements a residual function to counteract the degradation problem. The residual
function, also known as residual connection, is implemented through a summation
function as shown in equation 1:

f(x) +x M

where the network layers are represented by f (x), and is the input feature map to the
first layer. The residual connection adds a connection between the input to the layer and
the output of the stacked layers, thus allowing the information to flow directly between
network layers during the forward propagation and, most importantly, permitting the
gradients to pass during backpropagation. InFig. 2, the basic residual blockimplemented
in the COVID-19 ResNet classification architecture is presented.

x l BN: Batch Normalization
¥ N
BN g
| <
Y g
rS
o
X @
Residual g
connection
<
| - L £ (X)
—T====1
L Gonvolution , v

>
o
O
|
\J

X1 =y =fx) +x;
Residual Block

300|g [EUONN|OAUOD

Figure 2. Basic residual block for the COVID-19 ResNet architecture. Each residual block has a residual connection
that adds the input image/input feature of layer to the output of the two convolutional blocks producing the
new input feature for layer
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The residual block, denoted as y, is composed of two convolutional blocks that
represent f (x). Each convolutional block is comprised of a batch normalization layer
(BN), a RelU activation function, and a convolutional layer. A ReLU activation function is
implemented because it has shown to solve the vanishing gradient problem. Moreover,
a BN is also included to reduce the internal covariance shift and to normalize the output
of each layer. The size of the convolutional kernels is a hyperparameter that is optimized
with the three-step Bayesian Optimization. The input feature to layer forms a residual
connection with the transformed input f (x) through a summation operation, forming
the input x,, to layer [ + 1 (x, =y, = f(x) + x). Moreover, in residual blocks where the
output features have a different size than the input features of the following residual
block, an extra convolutional layer is included before the residual connection. Hence,
depending on the location of the residual block in the network, it might have two or
three convolutional layers to guarantee the correct flow of information.

The entire ResNet architecture implemented is presented in Fig. 3. The input to the
network is a 2D CXR image with shape 2242241. Thirty-two convolutional layers divided
into 14 residuals blocks make up the body of the network. The number of filters in the
residual blocks increases progressively from 64 to 512. In detail, the ResNet structure has
two residual blocks with 64 filters, 10 residual blocks with 128 filters, 10 residual blocks
with 256 filters, and 2 residual blocks with 512 filters. On the other hand, as the number
of filters is increased, the size of the feature maps is reduced by half. Fig. 3 presents the
residual blocks grouped according to their number of filters and dimensions. In the last
layers, the ResNet applies an average pooling followed by a flattened layer to compress
the features maps into a vector of size 25,088. Finally, a fully connected layer with 3
neurons and a softmax classifier is used to predict the probabilities of an image being
part of each of the three classes (COVID-19 positive, pneumonia caused by other bacteria
or virus, and healthy). Our network has a total of 15,676,549 trainable parameters which
are optimized using the stochastic gradient descent method.

Residual Blocks

Input sizeZ{x224 Input size: 224x224 i
B N\ S Input size: 112x112x64 Average Pooling Dense [3]
\ Input size: 56x56x128

Input size: 28x28x256

Output size: 7x7x512

Output size: 28x28x256
Flatten

Output size: 56x56x128 [25 088]

Output size: 112x112x64

Figure 3. The COVID-19 ResNet architecture. Each blue square represents a residual block. The size of the input to the
residual block is located on top of the residual blocks, and the output size on the bottom. Each residual block contains
two convolutional blocks with a batch normalization layer, ReLU activation function and a convolutional layer.

Data augmentation

Neural network models can be quite successful when a huge amount of data is available.
Nevertheless, in the medical field, acquiring data is costly and sometimes unavailable,
prohibiting the quantity of images obtained. Hence, CNNs tend to overfit the training
dataset due to the considerable amount of model parameters that need to be fitted.
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This issue is aggravated by the fact that the COVID-19 outbreak is recent, so the number
of publicly available images are limited.

Dataaugmentationisamethod thatincreasesthe diversity of the training setby extending
it artificially through the application of affine and elastic random transformation to the
original images. The most common data augmentation operations are image rotation,
reflection, horizontal and vertical shifting, color adjustments, and scaling. In this work,
the data augmentation operations tested for training the COVID-19 ResNet are rotation,
scaling, width shift, height shift, vertical flip, and horizontal flip because they have
shown to increase the accuracy of neural networks. A description of the tested data
augmentations is presented next, and an example of these transformations in a CXR
image is shown in Fig. 4.

Original Image Width Shift Heigth Shift
R . } i

Figure 4. Data augmentation operations applied to a CXR image in the training dataset

Rotation is an affine transformation that rotates an image 7 by an angle @ around the
i i i iy p (€OSO —sin@
center pixel. It is applied through the matrix r= (Sim9 s B )

Scaling scales an imagg I in the horizontal or vertical direction by applying the affine
transformation S= (sg s ) ,where s, and s, are the scaling factors in x and y respectively.
. . y . . .
This operation helps the neural network learn from different shapes and sizes of the region

of interest [28].

Width and Height Shift shifts the image | by a given number of pixels on the horizontal

or vertical axis. Since the area of interest can be shifted to different regions in the image,
it forces the neural network to learn spatially invariant features.
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Horizontal and Vertical Flip creates a reflection of the original image | along the horizontal
or vertical axis. A flip on the horizontal axis swaps the right and left hemisphere. A vertical
flip swaps the up and down section of the image. In natural images, only horizontal flips
create real images. However, in medical images vertical flips have also shown to produce
realistic images [28].

Bayesian hyperparameter optimization for data augmentation

Determining the data augmentation operations that need to be applied in our specific
problem, and to what extent, is a difficult task because of the many possible combinations
that can be tested and their effect on the generalization and accuracy of the model. The
correct value of these operations could be set manually by considering the values found
in other publications [29]. However, data augmentation strategies successfully applied
in a dataset may not transfer as effectively to another dataset due to particularities of
each dataset and model. Hence, the data augmentation operations explained in section
3.2 (rotation, scaling, width shift, height shift, vertical flip, and horizontal flip) will be
treated as hyperparameters in our model and their optimal values selected using a
three-step Bayesian hyperparameter optimization approach. The search ranges for these
hyperparameters are initially set to the maximum allowable value to try to cover the
whole search space.

Furthermore, four more hyperparameters related to the model and training process
are added to the hyperparameter search. These hyperparameters are the learning rate,
batch size, number of training epochs, and kernel size. Setting the correct learning rate
is critical because a rate that is too large will converge very fast to a suboptimal solution,
whereas a rate that is too small will halt the training process. There is no rule of thumb
for this hyperparameter because it depends on the specific neural network architecture.
However, Bengio mentions that a good initial learning rate is less than 1 and greater
than 1e-6 [30].

To mitigate overfitting and underfitting, a good number of training epochs must be
chosen. The number of epochs depends on the size of the dataset. Given that the
dataset used in this work has a limited number of images, the range of the number of
training epochs is set from 200 to 300.

Masters et al. recommends mini-batch sizes as small as two or four to improve network
accuracy [31]. Considering these recommendations and the computational limitations,
the range of the batch size is set between one and three. All the hyperparameters being
optimized are shown in Table 1.

In a hyperparameter optimization problem, the objective is to find the hyperparameter
values that minimize the validation cross-entropy loss function. Hence, the nine
hyperparameters presented represent the decision variables, and their search range
corresponds to the search space. A Bayesian optimization approach [32] is applied to
solve this problem because it has proven to be effective in solving non-linear and non-
convex optimization, and it reduces the search time through the application of Gaussian
Process surrogate function.
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The hyperparameters are optimized applying a three-step optimization process, in which
the hyperparameter search bounds are adjusted progressively to reduce the algorithm
search space and focus on the most promising search areas. Specifically, in each step we
apply the Bayesian optimization approach, with a Gaussian Process surrogate function
and an Expected Improvement acquisition function, in the defined search bounds and
find the best current solution. In the next step, we redefine the bounds by making them
tighter to the previously found solutions. The hyperparameters and their respective
search bounds in each step are presented in Table 1. Twenty initial points were collected
using a Latin hypercube sampling to approximate the Gaussian Process before running
each optimization. The termination criteria for the optimization are 30 iterations or a
distance of Te® or less between two consecutive points. The Bayesian optimization
process is implemented using the GPyOpt library [33].

Table 1. Hyperparameters and search bounds optimized in each of the three steps of the Bayesian optimization
for the COVID-19 ResNet

Hyperparameters Step 1 Step 2 Step 3
Rotation 0 degrees - 0degrees -9 68.28 degrees —
359 degrees 0 degrees 24041 degrees
Zoom -1.0-1 00-05 0.34-037
Width shift -10-1 0.0-05 0.19-0.35
Height shift -1.0-1 00-05 -0.13-0.15
Horizontal flip True (1) - False (0) True (1) - False (0) True (1) - False (0)
Vertical flip True (1) - False (0) True (1) - False (0) True (1) - False (0)
Learning rate 3e-4-1Te-5 3e-4-1Te-5 3e-4-1e-5
Batch size 1,2and 3 1,2and 3 1,2and 3
Kernel 1,3and 5 1,3and 5 1,3and 5
Epochs 200-300 200-300 200-250
Minimized Loss 0.222 0.150 0.107

Finally, using the Bayesian Optimization approach to obtain the best hyperparameters
requires high computational resources. Given our computational limitations, we apply
a principal component analysis (PCA) to reduce the dimensionality of the data. One
hundred forty principal components per image are selected, which capture 95% of the
total variance of the originally 50,176-dimensional image. Therefore, the hyperparameter
optimization is performed with the 140-dimensional reconstructed images. Applying
the PCA reduction decreases drastically the RAM requirements from 15.51 GB, when the
original images are used, to 2.79 GB when the reconstructed images are applied. Despite
PCA being an excellent approximator, using the reconstructed images can miss valuable
information about the original input. In consequence, we only use these reconstructed
images for performing the hyperparameter optimization and apply the full dimensional
input for the model training and testing.
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EXPERIMENTAL SETUP
Dataset

This study is performed in a publicly available dataset [12] composed of 420 2D CXR
images in the Posteroanterior (PA) chest views. The images are classified into three
categories: COVID-19 patients (140 images), healthy or normal individuals (140 images),
and patients with pneumonia caused by bacteria or a virus different from COVID-19 (140
images). The dataset is available in the GitHub repository of the authors https://github.com/
abzargar/COVID-Classifier.qgit

The dataset is split into 70% images for training, 15% images for validation, and 15%
images for testing. A simple random sampling method is applied to select the images for
each set, making sure that each category is equally presented in each set. The number of
images per category and set are presented in Table 2.

Table 2. Number of CXR images per category for training, validation, and testing

Category
COVID-19 Normal Pneumonia
Training 98 98 98
Validation 21 21 21
Test 21 21 21
Total 140 140 140

Preprocessing operations

The main motivation forimage preprocessing is to standardize and enhance the image
to facilitate the feature extraction. The preprocessing steps applied to the images
are gray scale conversion, resizing, and adaptive histogram equalization. An original
image and its preprocessed counterpart are shown in Fig. 5. The preprocessing steps
are explained next.
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R B)

Figure 5. Examples of a preprocessed CXR image A) Non processed Normal CXR, B) Processed Normal 224x224 CXR

Gray scale conversion

Chest Xray-images contain considerable noise, such as blurring, fog, low contrast, and
unwanted information. Gray scale conversion is a widely used technique to reduce the
noise and computational cost of an image [34, 35]. This conversion transforms the color
values of the original images (24 bit) represented in three dimensions XYZ (lightness,
chroma and hue) into grayscale images represented only by the luminance (8 bit). The
processed grayscale image has pixel values in the range of 0 (black) to 255 (white).

Resizing

The size of the images in the original dataset varies, so to prevent compilation errors
during the preprocessing operations and model training, they are resized to a fixed
224x224 pixel size.

Adaptative histogram equalization

Histogram equalization is a contrast enhancement method that applies to each pixel
in the image a mapping based on the surrounding pixels. A study made by Sherrier et
al. shows that adaptative histogram equalization applied to chest radiography allows
certain regions of the CXR to be enhanced differentially [36].

Training
The ResNet is trained with a cross-entropy loss function and the Adam optimizer with the
parameters recommended in [37]. The weights are initialized from a gaussian distribution

centered on 0 with a standard deviation of ﬁ where fin is the number of input
units in the weight tensor, and f..e the number of output units in the weight tensor. The
number of training epochs are selected based on the results of the Bayesian optimization,
as well as the data augmentation operations and its values. This information will be
presented in the next section.

The code was developed using Google Colaboratory Professional, with a high-RAM
hosted runtime with 27.4 gigabytes available and 147.16 gigabytes of available disk
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space. The programming language used was Python V3.0, and the neural network
implemented with the Keras library. The code of our work can be found in a Github
repository using the following link: https://github.com/titulacion2021/Image-Classification-ResNet

RESULTS
Bayesian optimization results

The best hyperparameter values found in each step of the optimization process, their
respective loss and validation accuracy are presented in Table 3. In the first step, the
Bayesian optimization took 15.2 hours to find the best hyperparameters, reached a 0.22
loss, and had a 90% validation accuracy. The second step took 11.19 hours, achieved a
92% validation accuracy, and had a 0.15 loss. In the last step, the optimization converged
in 5.4 hours, reached the highest validation accuracy of 97%, and had a loss of 0.10. The
hyperparameters found in the third step are the hyperparameter values used to train
and test the COVID-19 ResNet.

Table 3. Best hyperparameter values found in each step of the three-step Bayesian hyperparameter
optimization. The best hyperparameters found in step 3 are used to train the COVID-19 ResNet.

Hyperparameters Step 1 Step 2 Step 3
Rotation 24041 degrees 64.28 degrees 187.5 degrees
Zoom 0.34 037 0.36
Width shift 036 0.19 023
Height shift -0.13 0.16 -0.13
Horizontal flip True (1) True (1) True (1)
Vertical flip False (0) True (1) False (0)
Learning rate 0.0003 0.00025 2e-4
Batch size 3 2 3
Kernel 1 3 1
Epochs 200 300 200
Minimized Loss 0.223 0.150 0.107
Validation Accuracy 90% 92% 97%

Furthermore, to test the adequacy of the three-step Bayesian Optimization, we compare
the COVID-19 ResNet against two competing models. First, we train the ResNet
architecture using the data augmentation values recommended in the literature [38].
The hyperparameter values tested and the corresponding validation accuracy are
presented in Table 4. A 95.0% validation accuracy is reached, which is 2% less than the
accuracy obtained using the three-step optimization approach. Considering the need
to accurately diagnose COVID-19 in a patient, a 2% increase is an important gain.
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Table 4. Hyperparameters tested based on literature and the validation accuracy achieved

avanses Hyperparameters Values

Ingenierias
Rotation

Zoom
Width shift
Height shift

Horizontal flip
Vertical flip
Learning rate
Batch size
Kernel
Epochs

Validation Accuracy

45
02
02
02
True (1)
True (1)
Te-6-1
2or4
3
200
95%

Secondly, we implement the traditional Bayesian Optimization method to optimize
the hyperparameters with the wide ranges set up in step 1 of Table 3 and let it run
for 90 iterations, which is the total number of iterations run in the three-step Bayesian
optimization method presented. The best hyperparameters found with the traditional
Bayesian optimization and the validation accuracy achieved are shown in Table 5.
A 95.2% validation accuracy is attained, which shows that the proposed three-step
method improves by approximately 2% validation accuracy. Furthermore, the three-
step Bayesian optimization method is especially applicable when there is a time limit on
the use of the computational resources, as each step takes less time running than the

traditional Bayesian Optimization for one long iteration.

Table 5. Hyperparameters found with the traditional Bayesian Optimization and validation accuracy achieved

Hyperparameters Values

Rotation
Zoom
Width shift
Height shift
Horizontal flip
Vertical flip
Learning rate
Batch size
Kernel
Epochs

Validation Accuracy

14  DOI: https://doi.org/10.18272/aci.v13i2.2288
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05
0.02
0.05
True (1)
False(0)
3e-4

300
95.2%
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Classification results

In this subsection we present the classification results obtained by the best ResNet (the
ResNet trained with the optimal hyperparameter values obtained in 4.4.1) in the test set.
The metrics used for the evaluation are the accuracy, precision, recall, and F1-score. The
metrics are defined in equations 2-5.

TN+TP
Accuracy = TN+TP+FN+FP 2)
L. TP
Precision = —— 3)
TP+FP
TN+TP
Recall = —— T2 __ 4)
TN+TP+FN+FP
Precision*Recall
F1= Precision+Recall (5)

The evaluation metrics in the test set are presented in Table 6. The accuracy reached by
the model is 94%, with 59 correctly classified samples out of 63. In terms of the precision,
the model correctly detects the positive COVID-19 and pneumonia cases with a high
95%. Meanwhile, the normal cases have a lower positive detection of 91%. Analyzing the
recall, in the normal class 100% recall is obtained, while for the COVID-19 class 95%, and
for the pneumonia class 86%. Recall aims to minimize the false negatives, hence having
a 100% recall in the normal class means the model perfectly distinguishes patients with
pneumonia caused by COVID-19 or another virus and bacteria from healthy individuals.
Finally, the F1-score provides a harmonic mean between the precision and recall. All
classes have an Fl1-score greater than or equal to 90%, which means that the model
provides an adequate balance between precision and recall.

Table 6. Classification results for each category with the COVID-19 ResNet in the test set

Classification Results

0.95 0.95 0.95

1.00 095

0.86 0.90

Metrics

Accuracy

Benchmark comparison
To compare the performance of our network, in Table 7 we present the results of our

work and highly cited studies that perform COVID-19 image classification. Furthermore,
to provide a better background of each study, the preprocessing techniques and
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architecture implemented by each work are included. As can be seen, the ResNet is
a popular architecture, but what distinguishes ours is the application of the Bayesian
optimization to find the best data augmentation and model hyperparameters. The
accuracy of the proposed COVID-19 ResNet has a competitive accuracy, being ranked
third against the other works. It is also ranked second in terms of sensibility.

Table 7. Evaluation metrics of the implemented COVID-19 ResNet (*) and competing state-of-the-art models on
(0VID-19 image classification. A dash means the authors have not computed the metric.

Model Architecture Preprocessing Accuracy  Recall F1-score
(%) (%) (%)
Maghdid et . . R -
al. [39] AlexNet Cropping, resizing 98
Farooq et al Rescaling, data
[4%] ’ ResNet50 augmentation, 96.23 100 100
normalizing
e
ResNet ResNet 9 b, 94 95 95
. color adaptative,
(Ours) ‘ '
reduce dimension
Wang et al. COVID-Net Rescaling, data 933 91 .
[41] augmentation
Segmentation,
Wu et al. [42] ResNet50 Rescaling, Multiview 76 81.1 -
Fusion

DISCUSSION AND CONCLUSIONS

The aim of this work was to develop a CNN to automatically classify CXR images into
COVID-19 positive, pneumonia caused by a bacteria or a virus other than COVID-19, or
healthy. A ResNet architecture was implemented due to its capability to extract complex
short-and long-range features, while preventing the gradient degradation problem. The
network was trained in a publicly available dataset composed of 420 2D chest X-rays.
To overcome the challenges of working with a small dataset, a data augmentation
technique was applied. Six data augmentation operations where tested, namely
rotation, scaling, width shift, height shift, horizontal flip, and vertical flip. Furthermore,
the learning rate, kernel size and batch size of the model were also optimized for this
problem. The best values for these nine hyperparameters were selected using a three-
step Bayesian optimization approach.

In each step of the three-step optimization process, the Bayesian hyperparameter
optimization algorithm minimized the validation cross-entropy loss while searching
for the best hyperparameter values. In the initial step, the search bound for the
hyperparameters was set to the maximum range allowed by the operation. In next steps,
the bound was progressively adjusted around the best solutions found so far to reduce
the feasible space and exploit the search region. The strategy showed to provide good
results, as the best solutions found in each step kept increasing the validation accuracy
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and reducing the cross-entropy loss function. Moreover, while the ResNet with the
recommended hyperparameter values found in the literature reached a 95% validation
accuracy, the ResNet with the optimized hyperparameters obtained a 97% validation
accuracy. Hence, this three-step optimization process improved the validation accuracy
by 2 percentage points, which is an important gain considering the need to accurately
diagnose a COVID-19 positive patient to reduce transmission to uninfected individuals.

In reference to the data augmentation operations, the results obtained through the
Bayesian optimization showed that using a vertical flip does not help increase the
classification accuracy. This is an interesting finding, since vertical flips have shown to
be useful in other types of medical image classification problems and used as default
operation when training the networks. Horizontal flips, on the other hand, helped to
increase accuracy and are highly recommended to be applied in COVID-19 recognition
tasks. In reference to the rotation operation, it showed to be a successful technique,
but the angle of rotation should not go beyond 190 degrees as the accuracy starts to
decrease. Scaling was also found to be a beneficial operation when a maximum of 37 %
zoom was applied. In general, scaling over 40% can cause some of the regions of interest
to be missed, hence reducing the recognition capability of the model.

Finally, the height and width shift did seem to help increase the accuracy but in small
values. In general, all data augmentation operations should be included during training,
with exception to the vertical flip, but the magnitude of the operation should be set to
medium values (as shown in Table 2). If extreme values are used in data augmentation,
the artificially produced images do not adhere to reality and affect the training process
of the network. Hence, the validation accuracy decreases instead of increasing. In
conclusion, the values obtained in this work for the data augmentation operations may
be highly applicable for other research focused on CXR chest classification where only a
limited dataset is available.
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Resumen

Este caso de estudio presenta la iniciativa Hacktech COVID-19, un proyecto organizado
por IEEE Regidn 9 que tuvo como objetivo desarrollar un hackathon en linea que permita
generar soluciones de base tecnoldgica que contribuyan a solucionar la crisis sanitaria,
social y econdmica provocada por el COVID-19. Para el evento se realizéd un llamado
a emprendedores e innovadores de Latinoamérica y el mundo para que presentaran
soluciones en las tematicas planteadas. Mediante la asignacion de mentores se brindd
asesorfa para que cada equipo mejorara sus propuestas. Los autores utilizaron el Health
Hackathon Handbook del MIT Hacking Medicine como modelo para organizar el evento
y se adapto para generar una metodologia completamente virtual. Entre los resultados
mas importantes de esta iniciativa, se logré la participacion de 1.021 personas de 25
paises, el evento contd c22on la participacion de 239 mentores de 23 paises. Al final
del hackathon se presentaron 156 proyectos, de los cuales el 78% abordd soluciones
para la salud, el 9% soluciones para proteger la comunidad y el 13% soluciones para
proteger el empleo. Un jurado selecciond 3 proyectos ganadores quienes recibieron
una subvencién econdmica para la elaboracion del prototipo de su idea de negocio.
Ademads, se seleccionaron 15 proyectos para que reciban asesoramiento en la obtencion
de fondos en diferentes fuentes de financiamiento.

Palabras clave: hackathon, COVID-19, innovacion, hackathon online, tecnologia

Abstract

This case study presents the Hacktech COVID-19 initiative, a project that aimed to
develop an online hackathon that allows generating technology-based solutions that
contribute to solving the health, social, and economic crisis caused by COVID-19. For
the event, a call was made to entrepreneurs and innovators from Latin America and the
world to present solutions on the issues raised. Through the assignment of mentors,
advice was provided for each team to improve their proposals. The authors used the MIT
Hacking Medicine Health Hackathon Handbook as a model to organize the event and it
was adapted to generate a completely virtual methodology. Among the most important
results of this initiative, the participation of 1,021 people from 25 countries was achieved.
The event had the participation of 239 mentors from 23 countries. At the end of the
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hackathon, 156 projects were presented, of which 78% addressed solutions for health,
9% solutions to protect the community, and 13% solutions to protect employment. A
jury selected 3 winning projects who received a financial grant for the development of
the prototype of their business idea. In addition, 15 projects were selected to receive
advice on obtaining funds from different sources of financing.

Keywords: hackathon, COVID-19, innovation, hackathon online, technology.

INTRODUCCION

La COVID-19 es la enfermedad causada por el coronavirus conocido como SARS-
CoV-2. La Organizacién Mundial de la Salud (OMS) fue notificada por primera vez de
la existencia de este nuevo virus el 31 de diciembre de 2019 en Wuhan, China [1]. El 11
de marzo de 2020 la OMS declara el COVID-19 como una pandemia [2]. En el informe
N°4, Respuesta de la OPS/OMS el 20 de abril del 2020 se indica que la COVID-19 se ha
propagado a todos los 54 paises y territorios de la Regién de las Américas, a esta fecha
se tenfa 893.957 casos confirmados y 47.941 muertes confirmadas [3].

En los meses de marzo y abril de 2020, cuando inici¢ la pandemia del COVID-19, se
generaron un sin nimero de esfuerzos desde la sociedad civil, las instituciones publicas
y privadas, investigadores, cientificos, profesionales y estudiantes de todas las ramas,
con el objetivo de aportar a la sociedad con soluciones que permitan hacer frente a
las consecuencias del COVID-19. Muchas de estas propuestas quedaron en ideas,
prototipos o no llegaron a implementarse debido a la falta de apoyo econémico y de
asesorfa a nivel técnico y comercial.

Es por esto que desde el Instituto de Ingenieros Eléctricos y Electrénicos (IEEE) de
la Region 9 se desarrollé la iniciativa HackTech COVID. IEEE es la mayor organizacion
profesional dedicada al avance en la innovacién de tecnologia para el beneficio de
la humanidad. La Region 9 del IEEE tiene el objetivo promover al desarrollo social y
econdémico de la humanidad en la region latinoamericana [4].

HackTech COVID fue un hackathon online que buscéd generar soluciones de base
tecnoldgica que contribuyan a solucionar la crisis sanitaria, social y econémica provocada
por el COVID-19. El principal objetivo de esta iniciativa fue generar un espacio que
permita a los emprendedores e innovadores de Latinoamérica y el mundo, desarrollar
sus ideas de negocio con la asesorfa necesaria y tener la posibilidad de implementar
estas soluciones en sus comunidades.

{QUE ES UN HACKATHON?

Un hackathon es un evento a corto plazo centrado en un problema en el que pequefos
grupos trabajan para desarrollar un producto final. El término 'hackathon' es una
combinacion de las palabras 'hack' y 'marathon’ [5].
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Desde hace varios afos los hackathones tienen gran popularidad, ya que generan
expectativa entre los participantes que trabajan en pequefos grupos desarrollando una
idea de proyecto para dar solucion a una problemética planteada. Los hackathones son
un espacio para la creatividad, en donde se presenta un problema de la vida real, pero
al tener un tiempo limitado para presentar una solucion se puede lograr una toma de
decisiones, aun asi, se proporcionan soluciones basadas en evidencia y aplicables.

Durante la pandemia del COVID-19, se realizaron hackathones que buscaron desarrollar
soluciones ante la crisis que el virus ocasiond. Por ejemplo, el Instituto Tecnoldgico de
Massachusetts lanzo el MIT COVID-19 Challenge, una serie de hackathones virtuales en
los que equipos multidisciplinarios colaboraron para desarrollar soluciones innovadoras
que puedan ayudar a abordar la crisis de la pandemia. Estos hackathones, abordaron
retos como: proteger a la poblacion vulnerable, ayudar al sistema de salud y soluciones
post-pandemia [6]. La Comunidad de Madrid organizd el hackathon Madrid Vence
al Virus, celebrado en el mes de abril de 2020. En este encuentro virtual, estudiantes,
profesionales innovadores y miembros de la sociedad civil presentaron ideas y
propuestas sobre los desafios del COVID-19, en torno a tres retos fundamentales: la
salud, la convivencia y el empleo y la empresa [7].

METODOLOGIA DEL HACKATHON

El principal recurso utilizado como guia para organizar el hackathon presentado en
este trabajo fue el Health Hackathon Handbook del MIT Hacking Medicine [8], que esta
disponible en linea de forma gratuita. EIl MIT Hacking Medicine tiene como objetivo
acelerar lainnovaciéon médica mediante la realizacion de hackathones de salud, talleres o
reuniones de redes en todo el mundo. Los autores adaptaron la metodologia propuesta
por el MIT Hacking Medicine a las condiciones de virtualidad, debido a las restricciones
de la pandemia y se presenta a continuacion.

Lafig. T resume la metodologia aplicada en la organizacion y la ejecucion del HackTech
COVID-19.

Definir los Lanzar la Lanzar la Publicar los
Pre-Hackathon desafios del convocatoria de convocatoria para criterios de
Hackathon mentores participantes evaluacion
Hackathon online, Seleccionar
Hackathon 48h de desarrollo 15 proyectos
de soluciones finalistas
Seleccionar Desarrollar los Asesorar los
Post-Hackathon los 3 proyectos prototipos de Presentacion final proyectos
ganadores las soluciones finalistas

Capital semilla

Figura 1. Metodologia aplicada en la organizacién y ejecucién del HackTech COVID-19. Fuente propia.
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Conceptos basicos: tema, fecha, ubicacion

avances  Eltema seleccionado para el hackathon, HackTech Covid-19, pretendié transmitir la vision

T delevento: la busqueda de soluciones que, desde la tecnologia, apunten a luchar contra el
COVID-19. Los desafios planteados se enmarcaron en 3 dreas: soluciones para proteger la
salud y la vida de las personas, soluciones para proteger a la comunidad y soluciones para
proteger el empleo. En la fig. 2 se presentan los desafios del Hacktech COVID.

e Proteger nuestra Vida
O'&) Soluciones para proteger la salud

y la vida de las personas, frente a
la pandemia COVID19.

Proteger nuestra Comunidad

Soluciones para para mitigar las
restricciones debidas al
distanciamiento social.

Proteger nuestro Empleo

N
Soluciones para que los empleos
t,@ sobrevivan a la crisis, 0 generen

nuevas oportunidades.

«
L\
By

Figura 2. Desafios del hackathon. Fuente propia.

La fecha del hackathon se eligid con la suficiente anticipacién para que el equipo
organizador tuviera el tiempo para atraer participantes y organizar la logistica necesaria,
pero también tomo en cuenta la premura con la que se requieren soluciones para el
COVID-19. Se eligio desarrollar el hackathon durante el fin de semana del 17 al 19 de
abril de 2020, entre viernes y domingo, lo que permitié asegurar la participacién de
estudiantes y profesionales de diferentes 4reas en el evento.

Debido a las restricciones por la pandemia del COVID-19 y con el objetivo de tener
un mayor alcance de participantes en Latinoamérica y el mundo, se decidi¢ realizar el
evento de manera virtual. Para la realizacién del evento se eligié la plataforma WebEx
[9], que permitid organizar a los participantes en salas generales y en salas para grupos
mas pequenos. La sala general se utilizd para actividades como la bienvenida, charlas
magistrales y clausura.

Uno de los factores mas importantes en la planificacién de un hackathon es el

equipo organizador. El evento contd con 3 personas como organizadores principales,
encargados de: obtener patrocinadores, organizar el cronograma del evento, reclutar
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voluntarios, organizar participantes, invitar mentores, invitar jueces, marketing, gestionar
redes sociales, invitar oradores, dirigir el cronograma, organizar las salas virtuales y
presentar los resultados.

Patrocinio, premios, socios

El presupuesto del evento se proyectd para la entrega de premios que permitan el
desarrollo del prototipo de las soluciones ganadoras en un periodo de 2 meses, para la
generacién de contenido de marketing del evento en sitio web y redes sociales, y, para
la generacion de certificados a los participantes y ganadores del concurso. La realizaciéon
del evento a través de herramientas virtuales permitié el ahorro de gastos como espacio
fisico, alimentacion y alquiler de equipo de audio y video, ademés de otras actividades
de integracién que se pueden organizar en eventos presenciales.

Una de las formas para incentivar la participacion de hackers fue la entrega de premios
a las ideas ganadoras. Los premios definidos para los ganadores fueron los siguientes:

«  Tres subvenciones de hasta USD 1000 para los equipos ganadores del hackathon,
para el desarrollo de prototipos de sus proyectos.

«  Elacompanamiento a 15 equipos para obtener financiamiento para el desarrollo
de los prototipos correspondientes a sus proyectos.

El principal patrocinador del hackathon fue IEEE Regién 9, aportando el presupuesto
para la entrega de los premios monetarios y los espacios virtuales para la realizacion
del evento. Ademds, se contd con el apoyo econdémico de IEEE SIGHT Ecuador para
la realizacion del sitio web y la gestion de redes sociales. El hackathon tuvo el apoyo
logistico del Grupo de Afinidad Jovenes Profesionales de IEEE Region 9 [10] y el Comité
de Actividades Humanitarias de IEEE Region 9 [11].

Oradores, mentores y jueces

Para atraer mentores atractivos y con experiencia en temas de ingenieria, medicina,
marketing y negocios, el equipo de trabajo realizé un llamado general a voluntarios
a través de la red de contactos que ofrece IEEE en Latinoamérica. Los profesionales
interesados en participar en el hackathon como mentores completaron un formulario:
https://forms.gle/5Mcn6ny4YAD4nEPL7, el equipo organizador los selecciond, y dos dias antes del
evento los capacitd en la metodologia y otros temas relevantes del hackathon. Parte
importante de la gestién de los mentores fue el asignarlos a los equipos participantes
de acuerdo a su experiencia. Cada mentor fue asignado a uno o dos equipos durante
los tres dias del hackathon.

Parte importante del hackathon son los oradores, quienes marcaron el tono del
evento y apoyaron a los participantes en el desarrollo de las soluciones, ofreciendo
sus conocimientos tanto a nivel técnico como en habilidades blandas, estas Ultimas se
refieren a un amplio conjunto de competencias, comportamientos, actitudes y cualidades
personales que permiten a las personas desempenarse de manera efectiva [12].

DOI: https://doi.org/10.18272/aci.v13i2.2370


https://doi.org/10.18272/aci.v13i2.2370
https://forms.gle/5Mcn6ny4YAD4nEPL7

Articulo/Article
Seccién/Section C

Vol. 13, nro.2
ID: 2370

avances
en ciendias e
ingenierias

6

Hacktech COVID-19: Caso de estudio de un hackathon virtual en Latinoamérica
Cabrera / Calderdn / Carrién (2021)

De la base de mentores disponibles, de acuerdo a su experiencia en otros hackathones
y sus conocimientos en salud, ingenieria, emprendimiento y negocios, se seleccionaron
15 jueces, quienes evaluaron y comentaron las presentaciones realizadas por los equipos
participantes.

Publicidad del evento

El hackathon se publicité a través del sitio web - https://cmte.ieee.org/r9-hac/ieee-hacktech-covid/,
redes sociales oficiales del evento- https://www.facebook.com/HackTechCOVID/] y a través de correo
electronico alos miembros IEEE en Latinoamérica. Las personas interesadas en participar
se registraron a través de un formulario de solicitud - https:/forms.gle/kf2wx9XvdmeaScJ59.
El publico objetivo al que se dirigi¢ la publicidad fue a estudiantes y profesionales
de las é4reas de ingenierfa, salud y negocios. El equipo organizador selecciond a los
participantes y les notificd su aceptacién a través de correo electrénico. En la fig. 3 se
muestran ejemplos de la publicidad realizada.

HackTech COVID @Eaglgﬁcg

Latinoamérica y El Caribe

HackTech COVID es una Hackathon online (48h)
sin fines de lucro que busca generar soluciones,
basadas en tecnologia, que aporten a resolver la
crisis de salud, social y econémica ocasionada por
el COVID19.
Esta es una iniciativa de IEEE R9 (Latinoamérica
y El Caribe), bajo el patrocinio de Universidades y
no

s

Hackathon online 48h | 17-19 Abril

Llamado de mentores
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Saludy
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Figura 3. Material publicitario del hackathon. Fuente propia.

Dias antes del evento

El equipo organizador mantuvo cuatro reuniones antes del evento, esto permitid
planificar con anticipacion detalles logisticos necesarios para una correcta ejecucion del
hackathon. El equipo definié la aceptacion de participantes en el evento, la participacion
de mentores, oradores y jueces, organizo las salas virtuales necesarias para el evento
y confirmé el cronograma y presupuesto del evento. El equipo organizador envid
recordatorios por correo electrénico a los participantes, que incluyeron los enlaces de
las salas virtuales, detalles del cronograma, y establecié un canal de comunicacion por
WhatsApp con cada grupo.
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Durante el hackathon

El hackathon inicié con una bienvenida, continud con la presentacién de las reglas del
evento, y siguié con un discurso de apertura que permitié motivar a los participantes a
presentar las soluciones en las tematicas planteadas. En la fig. 4 se observa parte de la
inauguracion del evento e indicaciones generales.

Ronny Cabrera Gidy Florez Gina Paola C

¢Como encontramos nuevas formas de
mantenernos conectados y construir
comunidad?

Desafios del HackTech COVID

ci basadas en
méviles, aplicaciones web, dispositivos
hardware o fabricacion digital, que apunten a
luchar contra el Coronavirus y sus

o v . + ¢Cémo podemos combatir la soledad y
redisenar la vida social de forma aislada?
= @E===8 Soluciones para proteger la salud
e M

¢Como pueden el arte y el entretenimiento
interactuar de una manera nueva y digital con
el publico?

S ones
restricciones

distanciamiento s

¢Como pueden las herramientas digitales
il ek permitir el aprendizaje remoto interactivo y la
covocom  (D)HsckTechCovD  IEEE tutoria para nifios, jovenes y adultos IEEE

@ Proteger nuestro Empleo
luciones para

.
o

los empleos

Figura 4. Inauguracién del hackathon e indicaciones generales del evento. Fuente propia.

El evento continud con la formacién de los equipos de trabajo. Existieron equipos ya
definidos, quienes inmediatamente se reunieron en otras salas virtuales para desarrollar
sus soluciones. Los participantes que no contaban con un equipo participaron en una
sesion de lanzamiento, en la que expusieron problematicas que el COVID-19 estaba
generando y que podian ser solucionadas a través de la tecnologfa. Una vez que termind
la sesién de lanzamiento, se formaron los equipos de 3 a 6 personas, de acuerdo al
interés que tenfan los participantes en resolver las problematicas planteadas.

El objetivo del segundo dia del hackathon fue que los participantes se concentraran
en desarrollar la solucién a la problemética identificada el dia anterior, un modelo de
negocio y un producto minimo viable. En el tercer dia del hackathon los participantes
se concentraron en finalizar sus propuestas y en realizar la presentacion de su propuesta
en un video en formato pitch. Al finalizar la jornada, los equipos participantes cargaron
el video y otros materiales en una plataforma que les permiti¢ entregar los resultados
del hackathon.

Los mentores, quienes tuvieron contacto permanente con los equipos, les ayudaron

a los equipos a obtener mas informacion sobre la problemaética que abordaron,
complementaron habilidades que el equipo no tenfa, y en general ayudaron al equipo
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durante el evento. Los oradores que participaron en el hackathon abordaron tematicas
como: metodologias d4giles aplicadas a innovaciéon, a mujer y emprendimiento,
prototipado rdpido y Pitch dating club. Dentro la fig. 5 se observa la ponencia Pitch
dating club realizada durante el hackathon.

Ronny Cabrera

Figura 5. Ponencia Pitch Dating Club desarrollada como parte del hackathon. Fuente propia.

Los canales de comunicacion como correo electronico, redes sociales y grupos de
WhatsApp constituyeron un punto clave. Puesto que ayudaron en el cumplimiento
de los tiempos del cronograma, la notificaciéon de anuncios, el cumplimiento de los
entregables a tiempo, y, en general, para la solucién de problemas que pudieron tener
los participantes y mentores.

Después del hackathon

Una vez finalizado el hackathon, el equipo organizador solicitd a los jueces evaluar los
proyectos recibidos. Debido a la cantidad de proyectos a evaluar fue necesario prolongar
el periodo de calificacion hasta 2 dias después de finalizado el evento. Los resultados
fueron anunciados por las redes sociales del evento y a través del sitio web oficial. Se
anunciaron los 15 mejores proyectos del hackathon y los 3 ganadores del evento. El
anuncio de los ganadores se encuentra en la fig. 6.
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Figura 6. Anuncio de los 15 proyectos finalistas y de los 3 proyectos ganadores del HackTech COVID-19. Fuente

RESULTADOS

El hackathon HackTech COVID-19 se realizdé de manera virtual del 17 al 19 de abril de
2020. En total se registraron 1021 participantes con presencia de equipos de todos
los continentes. En la figura 7 se presenta la cantidad de participantes en el HackTech
COVID-19 por pais, en el que se destaca la participacion de Ecuador, México y Peru.
Ademas, llama la atencién la participacion de equipos de paises de otros continentes
como India, Sri Lanka, Alemania, Australia y Suecia. El 69% de participantes menciond
estar afiliado a IEEE, lo que demuestra que una buena parte de participantes se registrd
debido a la publicidad realizada a través de los canales de comunicaciéon de IEEE, como

el correo electronico.
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Figura 7. Cantidad de participantes en el hackathon por pais. Fuente propia.

En la fig. 8 se presenta el rango de edad de los participantes, en el que se destaca la
cantidad de participantes de 18 a 24 afos (59%), de 25 a 34 anos (25%) y de 35 a 45
anos (8%). Sin embargo, también se registraron participantes menores de 18 afnos (4%)
y mayores de 45 anos (4%).

Menores
de 18 afios .4%
Mayores de
45 afios . 4%
Figura 8. Rango de edad de los participantes del hackathon. Fuente propia.

El principal campo de experiencia reconocida por los participantes se resume en lafig. 9,
en la que se observa que la mayor cantidad de participantes menciona tener habilidades
en programacion (19%), gestion de proyectos (12%), negocios (12%) y andlisis de datos
(10%). Se observa un 5% de participantes con conocimientos en areas de Medicina y
biologia, una cantidad representativa, al considerar que el hackathon es organizado
desde un instituto de ingenieros.
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Figura 9. Principal experiencia de los participantes del hackathon. Fuente propia.

En el hackathon se registraron 239 mentores de 23 diferentes paises. La fig. 10 refleja la
cantidad de mentores por pais, en la que destacan los mentores de Ecuador (52%), México
(12%) y Pert (9%). Los equipos participantes contaron con el apoyo de mentores que
residen fuera del continente americano, por ejemplo, en Espana, Australia y Hong Kong.

Ecuador N 125
México INNEG—_— 29
Per( NN 22
Argentina [N 13
Colombia NI 12
Brasil 1 7
Chile I 6
Honduras I 5
Bolivia M3
Nicaragua M2
Panama W2
Paraguay M2
Australia 02

Figura 10. Cantidad de mentores en el hackathon por pais. Fuente propia.

En la jornada final del hackathon se presentaron 156 proyectos, de los cuales el 78%
abordo soluciones para la salud, el 9% soluciones para proteger la comunidad y el 13%
soluciones para proteger el empleo.

El equipo organizador entregd una subvencion de USD $1000 a cada uno de los 3
equipos ganadores del proyecto. Con este fondo, cada equipo elabord un prototipo de
la idea de negocio presentada en el hackathon, que fue presentado en una sesion final
2 meses después de finalizada la competencia. Los equipos ganadores fueron:
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1.  Mambu de Bolivia: Un respirador mecénico de emergencia que emplea un
mecanismo de manivela de engranajes simple pero efectivo apoyado por motores
de CC paso a paso [13].

2. Ec5vid de Ecuador: un tunel ubicado en la zona de cobro, que utiliza la tecnologia
UVC en la desinfeccion de productos en supermercados y tiendas de barrio [14].

3. SophiTech de Argentina: un sistema que sirve para prevenir y proteger al personal
de salud del contagio directo e indirecto por el COVID-19. El sistema se compone
de tarjetas inteligentes de uso personal, balizas electrénicas junto con un software
de analitica y reporte que trabajan en conjunto [15].

El equipo organizador asesord a los 15 mejores proyectos para la mejora de sus
proyectos y la obtencién de fondos en otras fuentes de financiamiento. A través de esta
asesoria, el Comité de actividades Humanitarias de IEEE financié 5 proyectos por un total
de USD $23.707, para que las ideas generadas en el hackathon sean implementadas en
sus comunidades locales [16].

CONCLUSIONES

Se realizé con éxito un hackathon virtual, logrando la participacion de 1.021 personas,
239 mentores y 156 proyectos presentados. Se otorgd una subvencion econémica a 3
proyectos y se realizd el asesoramiento en la obtencién de fondos en diferentes fuentes
de financiamiento a 15 proyectos.

Se realizé el hackathon tomando como referencia la metodologia del Health Hackathon
Handbook MIT Hacking Medicine, adaptdndolo para lograr un evento totalmente
virtual. La organizacion de un hackathon virtual permitié el ahorro de costos logisticos
y operativos, necesarios en un hackathon presencial, esto permitié tener una mayor
cantidad de participantes, mentores y de soluciones de acuerdo a la realidad de cada pais.

La organizacion de un hackathon virtual es viable si se realiza una adecuada gestion de la
comunicacién con los involucrados mediante el uso de herramientas de comunicacion
como redes sociales, correo electronico, plataformas de reuniones virtuales y grupos de
mensajerfa instantanea.
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Estimacion automatizada del vigor en vifiedos

Resumen

La estimacién delvigor en las vides (peso de recolecion de uvas / peso de poda), es un
parametro Util que los productores utilizan para prepararse mejor para la cosechay para
establecer un plan de agricultura de precision, lograr una mejor planificacion de la zona
de cultivo, como por ejemplo, poda o fertilizacion. Tradicionalmente, los cultivadores
obtienen este pardmetro pesando primero manualmente las cafas podadas durante
la temporada de inactividad del vifedo (sin hojas); sequndo, durante la cosecha,
recolectando el peso de la fruta en las cepas evaluadas en el primer paso y depues
correlacionar las dos medidas. Dado que se trata de una tarea muy manual que requiere
mucho tiempo, los viticultores suelen obtener este nimero solo tomando un par de
muestras y extrapolando este valor a todo el vifiedo, perdiendo toda la variabilidad
presente en sus campos, lo que implica una pérdida de informacion que puede llevar a
peor calidad y cantidad de la uva. En este articulo desarrollamos un algoritmo basado
en vision por computadora que es robusto a las diferencias en el sistema de trellis, a
variedades y condiciones de luz ambiental; para estimar automéaticamente el peso de
poda y consecuentemente la variabilidad de vigor dentro del lote. Los resultados se
utilizardn para mejorar la forma en que los productores planifican la poda anual de
invierno, avanzando en la transformacién hacia la agricultura de precision. Nuestra
solucion propone crear mapas de prescripcion (instrucciones detalladas para la poda,
cosecha y otras decisiones de manejo especificas para la ubicacion) automaticamente,
basados en el vigor obtenido de procesar las fotografias dela vid. Nuestra solucion utiliza
técnicas de Deep Learning(DL) par a obtener la segmentacion de los éarboles de vid
directamente de laimagen capturada en el campo durante la temporada de inactividad.
Los resultados muestran que podemos obtener mapas de interpolacion basicamente
equivalentes entre nuestro método y el conjunto de validacion obtenido ponderando
manualmente el peso de la poda.

Palabras clave: Inteligencia Artificial, Segmentacion Imagenes, Automatizacion Agricola

Abstract

Estimating the balance or vigor in vines, as the yield to pruning weight relation, is a useful
parameter that growers use to better prepare for the harvest season and to establish
precision agriculture man-agement of the vineyard, achieving specific site planification
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like pruning, debriefing or budding. Traditionally growers obtain this parameter by
first manually weighting the pruned canes during the vineyard dormant season (no
leaves); second during the harvest collect the weight of the fruit for the vines evaluated
in the first step and then correlate the two measures. Since this is a very manual and
time-consuming task, growers usually obtain this number by just taking a couple of
samples and extrap-olating this value to the entire vineyard, losing all the variability
present in theirs fields, which imply loss in information that can lead to specific site
management and consequently grape quality and quantity improve-ment. In this paper
we develop a computer vision-based algorithm that is robust to differences in trellis
system, varieties and light conditions; to automatically estimate the pruning weight and
consequently the vari-ability of vigor inside the lot. The results will be used to improve
the way local growers plan the annual winter pruning, advancing in the transfor-mation
to precision agriculture. Our proposed solution doesn't require to weight the shoots
(also called canes), creating prescription maps (de-tail instructions for pruning, harvest
and other management decisions specific for the location) based in the estimated vigor
automatically. Our solution uses Deep Learning (DL) techniques to get the segmentation
of the vine trees directly from the image captured on the field during dormant season.
Results show that we can obtain basically equivalent interpolation maps between our
method and the validation set obtained by manually weighting the pruning weight.

Keywords:

INTRODUCTION

Recent advances in agricultural management have dramatically improved agri-culture
around the world with the incorporation of automated process of field data. These
advances are partially due to the ability to adapt to local factors that influence crop
yield such as climate, growing region and soil type. As a result, a wide range of plant
densities and training/trellis systems are used by growers to optimize harvest practices.
In viticulture a primary consideration when se-lecting the proper trellis system is the
vine vigor. Highly vigorous vines require larger trellising systems, more space or a de-
vigorating rootstock compared to low-vigor vines. Traditionally the vigor or also known
as the vine balance value, is estimated using the RAVAZ Index [17], obtained by growers
and researchers by manual weighing the pruning during the dormant state and
correlating it to the harvest weight (around six month after pruning). Since the pruning
hap-pens at specific times, for example in California is in February, growers can only get
a first estimate of these values after the pruning months. Another problem with this
method is that it requires expensive manual labor, since in order to be effective many
samples needs to be taken in different areas in the vineyard to capture all variations
naturally occurring on every vineyards and therefore allow the management techniques
to adapt to these variations.
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Pruning weight
xx kg
Location

XXX

Take aimage of a vine before ~ After taking a picture, our Computer  Gather the data for the yield Create the prescission vigor and
prunning Vision Algorithm will segment de evaluate the vigor prescription maps
vine and provide user with a stimate
for prunning weight

Fig. 1. On-Site Vigor Estimation and Vigor Maps

In this paper rather than using manual methods to estimate vigor that re-quire intensive
laborwe will use algorithms based on computer vision. In our solution we will take images
with a regular smart mobile phone camera and then perform image segmentation to
evaluate in-situ the weight of the canes from the segmentation. Our method has several
advantages over the methods currently in use. First, it doesnt destroy or affect the plant
in anyway, and second, results will be available immediately after taking the picture.
Since almost everybody has a smart phone with a camera, growers will be able to take
a picture of their vine and get immediate feedback with the expected vigor for the
plant without the need for expensive equipment. This will allow us to create specific
vigor maps like the ones shown in Figure 1, maps that can be used to adapt the local
conditions of their vineyards to specific management, and improve not only production
but also the quality of the harvest.

Previous Work

One of the main challenges being studied by the scientific community in viticul-ture
is early yield prediction, in order to obtain this value directly from images we need to
do accurate segmentation of the vine. Tree segmentation is particularly difficult since
trees usually contain lots of texture, the pixels colors of the background are similar to
the foreground and usually grow in close groups, so it is difficult to differentiate where
one tree ends. There are several papers that study tree segmentation. In [18] presents
a solution for tree segmentation from a complex scene. The proposed algorithm is
mainly composed of a preliminary im-age segmentation, a trunk structure extraction,
and a leaf regions identification process. Modeling the extraction of trunk structure as
an optimization problem, where an energy function is formulated according to the
color, position, and orientation of the segmented regions. In [12], a trunk and branch
segmentation method were developed using Kinect V2 sensor and deep learning-
based semantic segmentation. Kinect was used to acquire point cloud data of the tree
canopies in a commercial apple orchard. Depth and RGB information extracted from the
point cloud data were used to remove the background trees from the RGB image. Then
trunk and branches of the tree that share the common appearance and fea-tures were
segmented out using a convolutional neural network (SegNet) with an accuracy of 0.92.
In [8] in order to obtain three-dimensional information of the apple branch obstacle,
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the binocular stereo vision localization method for apple branch obstacle is proposed.
In [4] studies the ratio between crown and truck diameters on tree images and presents
a new crown-truck segmentation method, in order to extract automatically the most
significant feature, the ratio between crown and truck diameters. In [9] a method for
pruning mass estimation using computer vision is proposed, the images are taken with
a specific stereo vision camera to create the depth map; their algorithm lacks robustness
to different light conditions.

There are also several research areas in agriculture that are using computer vision
techniques in general to boost productivity of different crops, [1]-[15]. Specific to grapes
for wine, in article [1] an application is developed to evaluate canopy gaps in vine by
using computer vision feature extraction algorithms. Canopy porosity is an important
viticulture factor because canopy gaps favor fruit exposure and air circulation, both
of which benefit fruit quality and health. The algorithm used for this work is based in
feature extraction which are prone to mistakes when the conditions for light, variety
of fruits, and other factors change. Research paper [2], uses also computer vision
techniques but in this case to assess the flower number per inflorescence, they develop
an application that allows growers to take pictures of the vine inflorescence and output
the number of flowers. In these works [1]-[15] feature extraction algorithms are used,
in general these algorithms are less robust and produce inconsistent results with small
variations of outside conditions time of day and weather conditions. Deep Learning or
Neural Network for computer vision have also been used in vine but mainly to classify
different vine species as the one presented in [3]-[15].

There are several papers discussing Deep Learning (DL) implementations in semantic
segmentation ([11]) where every pixel in the image gets a category label without
differentiating between different objects of same category, and instance segmentation
([6]) where a segmentation of each object in the image is created. In our specific problem
we do need instance segmentation.

In our proposed research we don't use expensive equipment, our experience with
farmers especially the smaller ones is that they don't buy expensive or complicated
software. We did talk to several local farms to perform validation of our research on real
commercial locations and they are very enthusiastic about the idea of being able to use
their phones to create prescription maps.
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Fig. 2. Original Image taken on the Vineyard

Paper Structure

The remainder of this paper is organized as follows. Section 2 gives an overview of the
methodology we are proposing for cane segmentation. Section 3 we provide a summary
of the results obtained, and in Section 4 we present the conclusions and future work.

METHODOLOGY

In this section we explain how to obtain a robust segmentation of the vine, as it can be
seen in Figure 2 when we capture the images with the phone, the background pixels
contains very similar color pixels to the vine we are trying to segment, which makes the
background subtraction difficult. Initially, to make sure we have reliable results and to
be able to do validation, we took two pictures of each of the vines in the vineyards. One
picture with a white background Figure 3, and a second picture without the background.
We did also obtained the pruning weight of each of the photographed vines manually.
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Segmentation with artificial background

S s )

Fig. 3. Vine Segmentation with artificial white background a)No Background b)With background

These pictures with artificial background are clearly easier to segment since they have
a big contrast between the vine and the artificial background. Nevertheless, since the
pictures are taken outside with variable light conditions the solution was not as simple
as just doing color segmentation, since we needed to first erase some of the shadows,
poles and different artifacts that produce inaccurate results. After doing a histogram
color correction we did apply the watershed [10] segmentation algorithm. Results can
be seen on Figure 4, and with more details in Section 3.

The accuracy of these segmentation compared with the manual weight is high but there
is an obvious problem with this approach, it requires an artificial background which is
at the very least inconvenient since needs two people to get pictures. The results are
good but we do want to also make the creation of the maps as easy as possible to the
grower so in the next section we explore how to do the same but without the artificial
background.

Segmentation without artificial background

Deep Learning solutions for image segmentation have been extensively studied in the
past years, for applications that range from skin cancer detection to au tonomous cars.
There are several well know segmentation's models that are open source and free to
use. We tested Mask R-CNN [6] using the implementation in [5] with some modifications
(since we know the vine should be in the center of the image and should only be one
segmented per image), the segmentation mask produced overestimated the cane
weights significantly and was too rough of a segmentation to even be of any use.
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Fig. 4. Vine Segmentation with artificial white background a)Original b)Segmentation

Fig. 5. a) Original b) Depth Map Calculated with Disparity or DepthSensor ¢)Trimap

The problem is that tree branches are difficult to segment since background pixel color
are very similar to the foreground. We need a more accurate segmentation similar to
the ones used for image matting and in particular the solution proposed in [19]. In [19]
the deep model has two parts. The first part is a deep convolutional encoder-decoder
network that takes an image and the correspond-ing trimap (image with just three
colors, background, foreground and border) as inputs and predict the alpha matte of
the image, Figure 5. The second part is a small convolutional network that refines the
alpha matte predictions of the first network to have more accurate alpha values and
sharper edges.

To be able to use these solution for segmentation we need to obtain the trimaps of the
vines. Since we have the limitation of only using smart phones to obtain the images ,
to create these trimaps we will use the depth map sensors that comes with most smart
phones cameras as described next.

Depth Maps Most smart phones have at least two cameras on the back, these cameras
allow the implementation of software solutions to create depth maps (image that contains
information about the distance between the surface of objects from a given viewpoint)
and with them intelligently blur the background and create professional portrait effects.
In this paper we use these depth maps from smart phones to create trimaps images. A
trimap image contains three regions: known background, known foreground, and an
unknown region. Once we have the trimaps of the vines 2.2 we will train a model that will
take the original image and the trimap to accurately segment the vines.

There are two main ways phones can get depth information.
1. Disparity. Perception of depth arise from "disparity” of a 3D given point in your left

and right retina. Disparity is the difference in image location of the same 3D point
when projected under perspective to two different cameras, Figure 6.
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2. Depth Sensor. Most phones will also provide various IR sensors to calculate depth,
its depth data is much more detailed, particularly at close range. The depth
estimation works by having an IR emitter send out 30,000 dots arranged in a
regular pattern. They're invisible to people, but not to the IR camera that reads the
deformed pattern as it shows up reflected off surfaces at various depths. This is the
same type of system used by the original version of Microsoft's Kinect, which was
widely praised for its accuracy at the time. The accuracy in the depth map from the
Depth sensor is better than the disparity maps but it forces the user most of the
time to use the front facing camera and/or to be close (with in half a meter from
the vine) which means we can not have the entire plant in one picture. Although
some of the latest smart phone models are improving these sensors (example the
Samsung 20+) and getting more and more accurate results are longer distances;
unfortunately right now with phones on the market we can not use these types
of sensors for this project. We do expect that in the future this sensors will be the
standard on smart phones which will make our proposed segmentation even
more accurate and simple to obtain.

Proposed Algorithm for Segmentation without Artificial Background If smart phone has
dual camera or depth sensors that will allow the creation of a depth map:

«  Use the distance measuring toolbox to make sure the phone camera is at 1.5m of
the vine

« Capture the image in portrait mode (this way the depth information is saved
together with the RGB image)

«  Separate the depth information from the previous image

»  Create a Trimap with a simple color segmentation based on the depth image.
Threshold the image and anything that reflects a distance larger than 1.5m will be
consider background Then applying a simple canny edge detector, we will classify pixels
on the edge to be the inter-median and the rest will be part of the vine tree

« Use alpha matting to refine the segmentation of the cane.

If smart phone doesn't have dual cameras that can be used to generate depth maps. the
algorithm is as follows:

« Ask user to place itself Tm from the vine (if necessary, provide a ruler). — Capture
the image

« Getthe user to select points in the image using the method based in [13]. - Create
a Trimap based on the above rough segmentation.

«  Use alpha matting to refine the segmentation of the cane.
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Fig. 6. Depth Calculation (Z), by using the baseline (distance between two cameras))

RESULTS

To validate our proposed computer vision implementation, for every image of the vine
taken on the field with the smart phone, we also collected GPS location, the altitude, and
the pruning weight obtained manually. To obtain this data we did follow the pruning crew
in the vineyard taking images before they pruned it and collecting and weighting the
canes of each vine after pruning. A sample subset of the data collected is shown in Table 1.

Table 1. Data Collected

Esting Northing Alt Pruning
Wheight
1 701294 3940751 387 0.12
2 701287 3940743 387 0.15
3 701265 3940741 385 0.12
4 701244 3940745 382 0.21
5 701215 3940745 380 0.43
6 701196 3940742 377 0.76
7 701210 3940737 377 0.95
8 701232 3940738 379 0.58
9 701253 3940738 383 1.21
10 701272 3940736 382 0.4
11 701292 3940737 385 0.05
12 701285 3940732 387 0.22
13 701263 3940729 381 0.45
14 701249 3940729 381 1.32
15 701235 3940722 378 0.85
16 701249 3940728 382 0.48
17 701268 3940725 383 0.38
18 701281 3940728 384 0.19
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We did use QGIS [16] software to create the pruning weight interpolation maps for
the entire vineyard, this maps are key in precision agriculture since they present a
visualization of the data collected simplifying the identification of different yield areas
(in our case pruning weight). These maps can later be used by the production manager
or viticulturist to apply different management instructions for the distinct areas and to
easily compare different years production methods effects on the vineyard.

In this project we first create the interpolation map using the manual pruning weights,
in Figure 8.n this map we can see two very different areas in the vineyard, the top right
one (lower production) and the rest (higher production); this difference maybe due to
the inclination of the terrain which is very clear in the altitude data. We want to make
clear that in this project we are not giving or evaluating the reason for the difference
in areas, we leave this part for a future project were we will take also samples of soil
and other data, the main goal of the project is to create the map automatically and
faster than the traditional (manual) way. Therefore validation for our project consist on
providing and equivalent map to the one shown in Figure 7.

Manual Pruning Weight
Il Low

[27) Median Low

7] Median High

B High

Fig. 7. Pruning Weight Interpolation Map using Manual Pruning Weight

We did also visually inspect all the images and assign a weight from 1-10 to each of
the vines and created a second interpolation map, Figure 8. Value 1 is assigned for
lower pruning weight and 10 means high pruning weight. The purpose of this visual
inspection was to first get familiarized with the input images, in machine learning is very
important to really know and understand your input data, and second to find out if a
human can provide a basic estimate of the weight based on just images. If a human can
find the pattern than a Machine learning algorithm should be able to do the same given
the same input, the images.
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Median Low
[ Median High
Bl High

Fig. 8. Pruning Weight Visual Evaluation. Scale 1 (low pruning weight) to 10 (high pruning weight

There are small differences between Figure 7, manual pruning weight, and Figure 8,
visual inspection of the images. The reason for the differences is that some of the vines
canes where left without being pruned to be used as guides for cordons on next season;
but for most parts the maps are equivalent for determining different yield zones in the
orchard

Results Using Images with artificial Background and Watershed
Segmentation

Using the segmentation algorithm described in 2.1 we obtain the pruning weight map
from Figure 9. As it can be seen from both interpolation maps, Figure 7 and 9, the areas
of different pruning weight are basically equivalent.

There are still some differences but is mainly due to the different pruning techniques
applied to some vines were instead of pruning all the canes they left two big ones as
cordons or guides for next year. These method was not consistently applied to all vines and
therefore the variation. In future we will add to the data collected the individual pruning
method for the vine. All of the vineyard that we collected data from are commercial
facilities and they have some inconsistencies like the one mentioned, sometimes they
leave cordons and sometimes they take entire branches instead of just the new growth
canes (shoots). These doesn't mean the segmentation is wrong, the differences are due to
the automatic segmentation only measuring the weight of new growth while manually
the pruning crew will sometimes take more than weight of the vine.
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Fig. 9. Pruning Weight Interpolation Map using Watershed Segmentation on Images With Artificial Background

Results Using Images without artificial Background and Alpha Matte
Segmentation

Using the segmentation algorithm described in 2.2 we obtain the pruning weight map
in Figure 10.

As it can be seen from the images the interpolation maps is basically equiv-alent to the
one obtained by manually pruning each of the vines, which proves that the automatic
segmentation we are proposing works with the great advantage of not needing to
use an artificial background or intensive manual labor to create the maps. The small
inconsistencies in this map are same as for the images with artificial background and
due to same reason, some of the vines were left with two new cordons which means the
weight of those are not included on the manual pruning weight but they are evaluated
on the automatic image based algorithms.
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Fig. 10. Pruning Weight Interpolation Map using Watershed Segmentation on Images With Artificial Background

Results Using Specific Depth Map Hardware Sensors

We did also perform some test on the Intel real sense D435 camera [7]. This test was done
to compare depth maps obtained with a smart phone camera to a more specific depth
sensor as the ones in real sense. The real sense camera requires the installation of specific
software on a desktop computer, and the user will need to take the camera and the
computer to the field to take the pictures of the vines; which can be very inconvenient
and for many farmers too complicated to even try. Nevertheless we wanted to compare
results. Since real sense is specific hardware for depth map we expected the quality
of the depth maps to be better than the ones on we obtained with the smart phone
camera. The preliminary results obtained can be seen in Figure 11.

(a) depth map (b) Original Image

Fig. 11. DepthMap obtained by Using Real Sense Camera
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From Figure 11 we observe that the depth map sensor has trouble creating an accurate
depth map of the vine and misses most of the canes (shoots). We think the main
problem is that the real sensor was designed to work on indoor environment with
constant lightning, but it doesn't work well on outside with variations on the lightning
conditions. We need to further test this Intel sensors since the latest version is more
accurate and uses lidar technology to create the depth map and the accuracy is of
around 10 meters, although all are designed for indoor use mainly. Right now, with
version D435, the results cant be used for our project, plus the system is inconvenient to
take to the field; which confirms that our original idea of doing this with a regular phone
camera is the best option.

CONCLUSION AND FUTURE WORK

According to the California Department of Food and Agriculture the total in-vestment in
Al technology in agriculture was around $5 billions on 2017. This number is expected to
grow even more in the next years. The NSF has recently issued a call for grant proposals
to found Al Research Institutes in the USA specifically mentioning the track in Al-Driven
Innovation in Agriculture and the Food System [14]. Why is it so important to get more
Al in agriculture? Recent advances in agricultural management have dramatically
improved agriculture around the world. These advances are partially due to the ability to
adapt to local factors that influence crop yield such as climate, growing region and soil
type. The main reason why farmers do not adapt already to local conditions is because
they don't have the knowledge or tools to do precision agriculture. Al techniques will
help by automatizing this techniques and therefore making them cheaper and available
to small farmers.

In our particular viticulture project, a wide range of plant densities and training/trellis
systems are used by growers to optimize harvest practices. A primary consideration
when selecting the proper trellis system is the vine vigor. In this project we successfully
implemented the segmentation of grape vines to estimate this vigor automatically
providing the necessary information to the grower in a timely manner.

The software used (written in python) is still being developed and therefore is not

available yet as open source; but if the readers are interested in obtaining a copy for
research contact the author of the paper for a copy.
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Asegurese de revisar el Enfoque y Alcance de ACI Avances en Ciencias e Ingenierias asi como nuestros
(riterios de Publicacion para conocer lo que publicamos.
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sobre ORCID.
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Comunicacion: Corresponde a un reporte conciso de un tema de investigacion especifico destinado a la
presentacion rapida de resultados novedosos pero de interés puntual. El tipo de informacion reportada es flexible,
y puede incluir manuscritos que prueban nuevas metodologias, que describen observaciones de historia natural,
0 que presentan datos empiricos puntuales y novedosos. Estos manuscritos usualmente tienen menos de 2000
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seccion Organizacién del manuscrito).
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PREPARACION DEL MANUSCRITO
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DOC, DOCX., RTF, o PDF.
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producidos en LaTeX deben ser enviados en formato PDF (si el manuscrito es aceptado, se le solicitard el
archivo *.TEX).

Tipo de letra. Times de 12 puntos
Los encabezados deben ir en maydsculas y centrados (aquellos descritos en la seccion Organizacion del
manuscrito).

En caso de incluir subtitulos adicionales a los encabezados, se los colocard en negrillas y con estilo de oracion
(primera letra en maydscula y el resto en mindsculas).

El resto del texto no debe tener ningtn tipo de formato adicional, excepto colocar palabras en negrillas y en
cursiva. No usar tabulaciones, diferentes tamafios de letra, numeracion o estilos para subtitulos, etc.

Diseio de pagina. Alineacion a laizquierda (no justificado), textos a espacio sequido, hojas tamafio A4, margenes
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derecha.

Notas al pie. No se debe colocar notas al pie, pues toda la informacion debe estar en el texto principal o en las

referencias.

Abreviaciones. Defina las abreviaciones en la primera vez que las usa en el texto (incl. acrénimos, acortamientos,
abreviaturas, y siglas).

Mantenga al minimo el niimero de abreviaciones. No utilice abreviaciones no estandarizadas al menos que las
utilice mds de tres veces en el texto.

Formato de referencias. Siga el estilo APA (6a edicion). Revise las directrices para citas y referencias.

Ecuaciones. Manuscritos que contengan ecuaciones se recomienda sean producidos con LaTeX.

Utilizar MathType para generar y desplegar ecuaciones, caso contrario también es adecuado Equation Editor.

Numere las ecuaciones al lado derecho entre paréntesis. Por ejemplo: At = AtT + At2 + At3 (1)

No utilice MathType o Equation Editor para colocar signos de variables, simbolos griegos, u operadores
matematicos en el texto general del manuscrito. En estos casos, inserte los simbolos como texto normal con
los valores Unicode (hex) correctos.

Lenguaje. Escriba el texto y las leyendas de tablas y figuras de manera clara y sin ambigiiedades, enfocado en una
audiencia internacional. Siga las normas de escritura académica establecidas en el campo al cual corresponde
el manuscrito.

Manuscritos en Inglés pueden usar Inglés Americano o Inglés Britanico pero de manera consistente.
Manuscritos en Espafol deben sequir las recomendaciones de la Real Académia de la Lengua Espafiola (con
excepcion del uso de tilde en“et al’”).
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Medidas, fechas y hora. Use el Sistema Internacional de Unidades. Puede usar unidades especificas a la disciplina
que no son Sl solo cuando estas han sido ampliamente adoptadas en dicho campo cientifico. Coloque un
espacio entre el nimero y el simbolo de la unidad, no coloque un punto al final del simbolo de la unidad,
ejemplo: 4 km
Las fechas deben indicarse como Dia Mes Afio. No abrevie el mes. Ejemplo: 12 de febrero 2015, 14 January
2013
La hora debe sequir el formato de 24 horas, ejemplo: 13h00

Numeracion y porcentajes. Escribir los nimeros del 1al 9 en palabras, a menos que sean unidades.

No incluya un espacio entre el valor y el simbolo de porcentaje, ejemplo: 45%

Coordenadas geograficas. Exprese las coordenadas geogréficas en grados decimales. No reporte coordenadas
en grados-minutos-segundos o en UTM. Incluya el sistema de referencia geodésico.

Use N/S para denotar latitud y E/W para denotar longitud, independiente el idioma del manuscrito.

Nomenclatura
Nombres cientificos de especies se escriben en cursiva. Escriba el género y la especie de manera completa
en el titulo del manuscrito y la primera vez que mencione al organismo en el texto, abstract, resumen, y
leyendas de tablas y figuras. Asi mismo, escriba el género completo cada vez que lo mencione por primera
ocasion en un parrafo o cuando inicie una oracién. Luego de la primera mencion en el parrafo se puede
abreviar género utilizando sélo la primera letra.

Genes, mutaciones, genotipos o alelos se escriben en cursiva. Utilice el nombre recomendado
consultando la base de datos apropiada de nomenclatura genética. Usualmente es recomendable indicar los
sinénimos para el gen la primera vez que aparece en el texto. Los prefijos de genes tales como los usados para
oncogenes o la localizacion celular deben mostrarse en caracteres de tipo romano (e.g., v-fes, ¢-MYC).
Compuestos quimicos deben tener un nombre sistematico correcto, siguiendo los convenios de la Union
Internacional de Quimica Pura y Aplicada (IUPAC). Una vez que se ha proporcionado el nombre sistematico,
es aceptable definir un nombre comdn o un acrénimo y para esto ser utilizado para el resto del texto, tablas
y figuras. Los nombres generados por ChemDraw u otro software a partir de formulas graficas introducidas
deben ser verificados para guiones adicionales y otras desviaciones de las convenciones de la I[UPAC. Los
nombres sistemdticos o genéricos deben usarse para productos comerciales en lugar de nombres patentados
0 de marca registrada.

Sustancias farmacéuticas deben mencionarse bajo la Denominacion Comin Internacional (DCI, o INN
International Nonproprietary Name)

Evidencia en estudios bioldgicos. Si su manuscrito utiliza datos de organismos bioldgicos, se debe declarar
explicitamente la disponibilidad de la evidencia bajo una de las siguientes opciones:

Especimenes voucher depositados en colecciones cientificas abiertas al publico (es necesario indicar el
nombre de la coleccion y los niimeros de catalogo de los especimenes).

Secuencias de aminodcidos o genes depositadas en GenBank o un repositorio equivalente (indicando el
nombre del repositorio y los cédigos de acceso).

Fotografias, grabaciones de audio o video enviadas como parte de las figuras o como material suplementario
del manuscrito.

Fotografias, grabaciones de audio o video que han sido depositadas en un repositorio institucional o pblico
(por ejemplo, Macaulay Library, o xeno-canto), para las cuales es necesario indicar el nombre del repositorio
y citar el registro usando el formato de citacion APA para recursos electrénicos e incluirlo en la seccién de
Referencias.

La coleccion de datos de organismos bioldgicos debe realizarse de acuerdo a la legislacion nacional e
internacional vigente. Es imprescindible que los permisos de investigacion y coleccién otorgados por las
autoridades competentes se indiquen en la seccién de Agradecimientos del manuscrito.

Datos y codigos. Si sumanuscrito se basa en andlisis de datos sin procesar (raw data) o cédigos, estos deben estar
a disposicion de los revisores. Por favor, envielos por una de las siguientes vias:
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- Como enlaces a un repositorio donde los datos son accesibles y citados en el manuscrito. Este repositorio
puede ser institucional, comercial o de acceso abierto (por ejemplo, figshare o Dryad)

« Como archivos de Material Suplementario.

Si el manuscrito es aceptado, los datos deberan hacerse publicos de tal forma que los datos estén disponibles

publicamente para todos los investigadores interesados.

Sin embargo, entendemos que pueden haber restricciones éticas y legales que prohiban la apertura de los

datos, por lo que cuando exista legislacion o marcos éticos locales que llamen a evitar o limitar la liberacion de

datos, los autores deben dejar estas limitaciones claras al momento del envio de su manuscrito (en la seccion

de Comentarios para el editor/a).

Posibles excepciones a la disponibilidad de datos publicos incluyen: datos que no pueden ponerse a disposicion

del pdblico pues comprometeria la confidencialidad o la privacidad del participante; o datos que de ponerse

a disposicion publica podrian presentar alguna amenaza, como revelar las ubicaciones de depésitos fdsiles,

especies en peligro de extincidn, etc.

Si los datos sin procesar o los cddigos pertenecen a terceros y Ud. no tiene permiso para publicarlos, debe

presentar la fuente y la verificacion del permiso de uso de los datos asi como la Informacién de contacto

donde un investigador interesado tendria que aplicar para obtener acceso a los datos pertinentes, en la

seccién Materiales y Métodos. Sin embargo, tenga en cuenta que los autores son responsables de asegurarse

de que los datos estardn disponibles a partir de la publicacién, de la misma manera que los autores obtuvieron

los datos.

ORGANIZACION DEL MANUSCRITO
1. La primera pagina del manuscrito debe incluir las siguientes partes, cada una separada por una linea:

» Titulo del articulo: En negrillas, con méximo 300 caractéres, debe ser especifico, descriptivo, conciso y
comprensible para los lectores fuera del campo. Sélo la primera palabra y los nombres propios empiezan con
mayusculas.Puede dividirse en titulo y subtitulo, separados por el signo de puntuacién dos puntos (:). Para
revisiones sistematicas o meta-analisis, el subtitulo debe incluir el disefio del estudio.

Titulo abreviado: En negrillas, con méximo 100 caracteres, describe el tépico de estudio. Sélo la primera
palabra y los nombres propios empiezan con maydsculas.

Nombres de los Autores: Presente los nombres de los autores tanto en la primera pagina del manuscrito
como en la plataforma de la revista. Para cada autor debe incluir el primer nombre, el seqgundo nombre (o su
inicial, si la usa) y los apellidos. Los autores se separan entre si por comas (no colocar y, and, &).
Afiliaciones: Cada autor de |a lista debe tener una afiliacion. La afiliacion debe incluir al menos el nombre
de la organizacién o universidad y su ubicacion. Las afiliaciones se asociaran con los autores por medio de
superindices numéricos. Multiples afiliaciones por autor se separardn en lineas diferentes y con superindices
propios. Se marcard al autor responsable del manuscrito con un asterisco junto a los superindices, asociado
con la frase “Autor para Correspondencia / Corresponding Author, e-mail:" sequido por el correo electrdnico.
Sitodos los autores comparten la misma afiliacion o si hay un solo autor no usar superindices numéricos. Si
hay un solo autor, no incluir la frase “Autor Principal / Corresponding Author”

Titulo en idioma alternativo: Si su manuscrito es en Espafiol, el titulo alternativo es la traduccién en
Inglés, y viceversa.

Abstract: En Inglés, redactado como un pdrrafo continuo de méximo 400 palabras. Detalla brevemente
los principales objetivos del estudio; explica cémo se realizd el estudio, incluyendo cualquier organismo
modelo utilizado, pero sin entrar en detalles metodolégicos; resume los resultados mds importantes y su
significado. No debe incluir itas bibliograficas ni abreviaciones y no debe estar separado en parrafos.

Key words: Maximo 10 palabras o grupos de palabras en Inglés. Deben ser diferentes a lo que aparece en
el titulo del manuscrito.

Resumen: Es la traduccién al Espafiol del Abstract, y tiene sus mismas caracteristicas.

Palabras clave: Maximo 10 palabras o grupos de palabras en Espafiol. Deben ser diferentes a lo que
aparece en el titulo del manuscrito.
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« Se puede incluir un tercer resumen en Portugués, Francés, Italiano, Alemdn u otra lengua, si lo considera

necesario.
avances 2. Desde la siguiente pagina se presentaran el texto organizado por encabezados, luego las tablas y las figuras del
Mgeniers  manuscrito. La organizacién dependerd del tipo de contribucién. Se sugiere usar una organizacion segtin el método

cientifico, por ejemplo:

Organizacion de un manuscrito sometido Organizacion de un manuscrito sometido
como Articulo como Comunicacion
Introduccion Texto (sin divisiones)
Materiales y métodos Agradecimientos
Resultados Referencias
Discusion Contribuciones de los autores
Agradecimientos Tablas
Referencias Figuras
Contribuciones de los autores
Tablas
Figuras

Otras secciones pueden ser: revision de literatura, conclusiones, recomendaciones. La estructura del articulo
serd revisado por y evaluado el/los editor(es) y los revisores.
3.En los Agradecimientos se incluye:
- Declaracion explicita de las fuentes de financiamiento que permitieron el desarrollo del trabajo.
+ Los detalles de los permisos o autorizaciones para el desarrollo de la investigacion y las instituciones que
los emitieron.
« Aquellos que hayan contribuido al trabajo pero que no cumplan con los requisitos de autoria pueden ser
mencionados en los Agradecimientos con una descripcion de sus contribuciones.
« Los autores son responsables de asegurarse que toda persona nombrada en los agradecimientos estd de
acuerdo con eso.
4, La seccion de Contribuciones de los Autores es necesaria cuando hay mds de un autor. Se debe describir
la contribucion de cada uno de los autores para el desarrollo del articulo de manera explicita pero sucinta. La
contribucién puede ser:
concepcién de la investigacion;
disefio de la metodologia;
curacion de datos para la investigacion;
administracion del proyecto;
adquisicion, andlisis o interpretacion de los datos, incluyendo las labores de campo, laboratorio,
experimentales, estadisticas, o el soporte técnico;
adquisicion de fondos;
provision de recursos, incl. equipos, materiales, reactivos, entre otros;
desarrollo de software;
supervision o tutoria;
validacion y verificacion de los resultados;
redaccién del manuscrito;
revision critica del contenido intelectual del manuscrito;
- produccion de tablas, figuras o material complementario.
Ejemplo:
Maria Alvarez y Pedro Pérez concibieron la investigacion; Juan Norton y Maria Alvarez desarrollaron la metodologia y
realizaron el trabajo de campo; Juan Norton, Jonathan Castro y Pedro Pérez disefiaron el modelo y corrieron los andlisis;
Jonathan Castro y Maria Alvarez realizaron los analisis moleculares; Pedro Pérez proveyd reactivos; Juan Norton y
Jonathan Castro redactaron el manuscrito; Juan Norton, Jonathan Castro, Pedro Pérez, Maria Alvarez y Pedro Pérez
revisaron criticamente el contenido intelectual del manuscrito; Juan Norton tomd las fotografias de las figuras 1y 3.
Recuerde que la autoria del manuscrito debe sequir los lineamientos de autoria de la ICMJE.
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DIRECTRICES PARA REFERENCIAS

En el texto, usar citas numeradas colocadas al final de la oracion entre corchetes. Los ndmeros de citas
diferentes deben separarse por comas, a menos que sea un rango continuo de citas en cuyo caso se usara un
guion. Ejemplos: [10] [10,15,22] [12-20].

« Numerar las citas secuencialmente segdn aparecen en el texto (NO en orden alfabético de las referencias).
- (Citar los trabajos sin publicar, en preparacidn o en proceso de revisién como “(datos sin publicar)”, precedido

por las iniciales y apellido del autor. Por ejemplo: A. Sudrez (datos sin publicar)

Se debe evitar las citas de informacion proveniente de correos electronicos, cartas o documentos enviados
entre colaboradores, pero si es absolutamente necesario, se deben referir como “com. pers.” cuando
corresponden a comentarios sin respaldo de correspondencia, y como “in litt.” cuando hubo correspondencia
escrita. En ambos casos, precedidos por las iniciales y apellido del colaborador y sequida del afio. Por
ejemplo: (J. Mufioz in litt. 2009) (J. Mufioz com. pers. 2010)

Subtitular la lista de referencias como Referencias (no Bibliografia o Literatura Citada).

Ordenar la lista de Referencias de acuerdo al orden secuencial que aparecen en el texto del manuscrito (NO
en orden alfabético).

- El formato de las referencias debe sequir el estilo APA (6a Edicidn). Este estilo arma cada referencia con los

siguientes componentes generales:

- Autores. (Afio). Titulo de la obra. Datos de publicacién.

Ejemplos:
Articulo en revista impresa:
Andersson, L. G. (1945). Batrachians from East Ecuador, collected 1937, 1938 by Wm. Clarke-Macintyre
and Rolf Blomberg. Arkiv for Zoologi (Stockholm), 37A(2), 1-88.
Articulo en revista con URL:
Ahlman, R. (2016). Green-winged Teal Anas crecca carolinensis, first record for Ecuador. Cotinga, 38, 40.
Recuperado de http://www.neotropicalbirdclub.org/wpcontent/downloads/C38online/Ahiman.pdf
Articulo en revista con DOI:
Jacobsen, D., Schultz, R., & Encalada, A. (1997). Structure and diversity of stream invertebrate
assemblages: the influence of temperature with altitude and latitude. Freshwater Biology, 38(2), 247—
261. doi: http://www.dx.doi.org/10.1046/}.1365-2427.1997.00210.x
Libro impreso:
Diamond, J. (2006). The Third Chimpanzee: The evolution and future of the human animal. New York:
Harper Perennial.
Libro con URL:
Suber, P. (2102). Open Access. The MIT Press Essential Knowledge Series. Cambridge: The MIT Press.
Recuperado de http://bit.ly/oa-book
Libro con editores con DOI:
Walsh, S. J., & Mena, C. F. (Eds.). (2012). Science and conservation in the Galapagos Islands: frameworks &
perspectives. Viol. 1. New York: Springer Science & Business Media. doi: http://dx.doi.org/10.1007/978-1-4614-5794-7
Capitulo de un libro impreso:
Minogue, K. (2014). Does the idea of “self-interest” explain the character of modern free societies? En P.
Lucio Paredes & S. Oleas (Eds.), The Complexity of Liberty: Selected essays from the Mont Pelerin Society
Special Meeting in Galdpagos June 2013. Quito: Universidad San Francisco de Quito.
Capitulo de un libro con DOI:
Maldonado, M., Maldonado-Ocampo, J. A., Ortega, H., Encalada, A. C., Carvajal-Vallejos, F. M.,
Rivadeneira, J. F,, Acosta, F., Jacobsen, D., Crespo, A. & Rivera-Ronddn, C. A. (2011). Biodiversity in aquatic
systems of the Tropical Andes. En S. K. Herzog, R. Martinez, P. M. Jorgensen, & H. Tiessen (Eds.), Climate
change and biodiversity in the tropical Andes (pp. 276—-294). Paris/Sao José dos Campos: Inter-American
Institute for Global Change Research (IAl) and Scientific Committee on Problems of the Environment
(SCOPE). Recuperado de http://www.iai.int/wp-content/uploads/2014/06/book.pdf


http://www.neotropicalbirdclub.org/wpcontent/downloads/C38online/Ahlman.pdf
http://www.dx.doi.org/10.1046/j.1365-2427.1997.00210.x
http://bit.ly/oa-book
http://dx.doi.org/10.1007/978-1-4614-5794-7
http://www.iai.int/wp-content/uploads/2014/06/book.pdf
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Disertacion:
Brandt, M. (2003). Influencia del erizo lapicero (Eucidaris thouarsii) en la estructura de la comunidad
submarina de la cara norte del Islote Caamaiio, Galdpagos (Tesis de Licenciatura). Universidad San
Francisco de Quito USFQ, Quito.
Enciclopedia en linea (cita global de toda la enciclopedia):
Frost, D. R. (2016). Amphibian Species of the World: an Online Reference (Version 6.0). American
Museum of Natural History. Recuperado el 5 de febrero de 2017 de http://research.amnh.org/herpetology/
amphibia/index.html
Ficha en enciclopedia en linea con URL:
Frost, D. R. (2016) Nymphargus buenaventura (Cisneros-Heredia and Yénez-Mufioz, 2007). En
Amphibian Species of the World: an Online Reference (Version 6.0). American Museum of Natural
History. Recuperado el 5 de febrero de 2017 de https://web.archive.org/web/20170206001235/http://
research.amnh.org/vz/herpetology/amphibia/Amphibia/Anura/Centrolenidae/Centroleninae/Nymphargus/
Nymphargus-buenaventura
Noticia en periddico en linea:
En el limbo futuro de telescopio en Arecibo (2017, enero 30). EI Universo. Recuperado de https://web.archive.
org/weh/20170206002227/http://www.eluniverso.com/vida-estilo/2017/01/30/nota/6023449/limbo-futuro-
telescopio-arecibo
- Separar cada autor con una coma, y colocar “&” antes del tltimo autor. Las iniciales de los nombres de los
autores van después de los apellidos. Indicar todos los autores y no usar et al.
Incluir el ndmero de la revista entre paréntesis luego del volumen, si esté disponible.
Separar el rango de paginas por un guion n (-). No confundir esto con un guion simple (-).
Colocar el DOI (Digital Object Identifier) en todas las referencias que lo tengan disponible, precedido por
“doi:". EI DOI debe estar en formato de enlace largo: http://doi.org/xoxxxxx
No colocar un punto después del DOI .
Si un DOI no esté disponible (debe hacer una bisqueda exhaustiva), colocar un enlace estable hacia el sitio
web de la revista (por ejemplo, el enlace estable de JSTOR) o un repositorio institucional (por ejemplo,
Archive.org), con el texto “Recuperado de”. No colocar enlaces a paginas web personales, servicios no-
permanentes de carga/descarga de archivos.
Para incluir la direccion de Internet o URL de una pagina que podria cambiar en el futuro debe primero
respaldar dicho URL en un archivo digital que resquarden dicha referencia para el futuro. Para esto puede
usar Wayback Machine de Internet Archive https://archive.org/web/ o el sistema archive.is http://archive.
is. Esto debe ser hecho en particular para paginas que provienen de enciclopedias en linea, periddico de
noticias, paginas personales o institucionales.
Cuando se hace referencia a publicaciones en linea que tienen fechas especificas (como los blogs), se debe
colocar (Afio, Mes dia) y no solo el afio.
Colocar Anénimo cuando no exista un autor determinado.
Colocar n/f cuando no se conozca el afio de publicacion.
Citar manuscritos aceptados para publicacion como “in press” solamente si ya tiene la informacion de
publicacion del articulo (ndmero de la revista y pdginas). Articulos que no tengan esta informacion son
considerados aceptados, pero no en prensa y seran citados como “datos en proceso de publicacion” dentro del
texto, pero no se incluirdn en las Referencias Bibliogréficas.
No se aceptard literatura gris entre las referencias bibliogréficas. La literatura gris corresponde a documentos que
no estan disponible por canales bibliogréficos regulares (como bibliotecas o bases de datos en linea), y usualmente
corresponde a reportes técnicos, informes y otros trabajos sin publicar. De ser en extremo necesario, su uso sera
autorizado por el Editor del manuscrito. Sin embargo, es preferible considerar la opcion de colocar esa informacion
como “datos sin publicar” o “comunicacion personal’. De ser aprobada su inclusion como referencia, una copia del
documento de literatura gris debe ser depositada en la Biblioteca de la USFQ.


http://research.amnh.org/herpetology/amphibia/index.html
http://research.amnh.org/herpetology/amphibia/index.html
https://web.archive.org/web/20170206001235/http
http://research.amnh.org/vz/herpetology/amphibia/Amphibia/Anura/Centrolenidae/Centroleninae/Nymphargus/Nymphargus-buenaventura
http://research.amnh.org/vz/herpetology/amphibia/Amphibia/Anura/Centrolenidae/Centroleninae/Nymphargus/Nymphargus-buenaventura
https://web.archive.org/web/20170206002227/http
https://web.archive.org/web/20170206002227/http
http://www.eluniverso.com/vida-estilo/2017/01/30/nota/6023449/limbo-futuro-telescopio-arecibo
http://www.eluniverso.com/vida-estilo/2017/01/30/nota/6023449/limbo-futuro-telescopio-arecibo
http://doi.org/xxx.xxx.xxx
http://Archive.org
https://archive.org/web/
http://archive.is
http://archive.is
http://archive.is
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DIRECTRICES PARA TABLAS

- (itar tablas en el texto con numerales ardbigos en el orden que aparecen. Ejemplos: “Tabla 1”“Tablas 1-3"

« Colocar las tablas luego del texto, cada una iniciard en su propia pagina.

« Las tablas deben alcanzar en una hoja A4 con médrgenes de 2,5 cm, pudiendo esta orientarse de manera
vertical y horizontal, segtin sea mejor para la apariencia de la tabla.

- (ada tabla debe tener su propia leyenda explicativa, la cual debe ser comprensible sin hacer referencia al
texto y serd colocada antes de la tabla. Cada leyenda empezard con el nimero de la tabla. Ejemplo:

TABLA 1. Comparacion de los efectos...

« Incluir unidades en los encabezados de columnas y filas entre paréntesis.

« De ser necesarias, colocar notas al pie de la tabla enlazadas con los siguientes simbolos en el mismo orden:
*1,4,§, 9. Sin embarqgo, es preferible colocar cualquier aspecto importante como parte de la leyenda.

DIRECTRICES PARA FIGURAS

- Avances en Ciencias e Ingenierias publica sin costo figuras a color, siempre y cuando se relacionen
directamente con el manuscrito.

« El'término Figura hace referencia a todo tipo de imdgenes, incluyendo graficos, dibujos, fotografias y mapas.

- (itar figuras en el texto con numerales arabigos en el orden que aparecen usando la abreviatura “Fig"
Ejemplo: “Figs. 1-3”

- Enelenvioinicial, las figuras deben ir en baja resolucion, siempre que sean legibles, e incluidas en el archivo

de texto del manuscrito, luego de las tablas. Sin embargo, una vez aceptado el manuscrito, las figuras deben

ser enviadas en resolucién alta (minimo 300 dpi, recomendable 600 dpi) en uno de los siguientes formatos:

* tiff, *.eps, *.emf, *.bmp, como documentos separados del archivo de texto.

(ada figura ird en su propia pagina y precedida por su leyenda. La leyenda seréd autoexplicativa, debiendo

ser comprensible sin hacer referencia al texto y serd colocada antes de la figura. Cada leyenda empezard con

el nimero de la figura. Ejemplo:

FIGURA 1. Mapa de la region...
Figuras dibujadas con lineas (line artwork) se preparan mejor en programas graficos basados en vectores
(e.g. Corel Draw, lllustrator, Freehand, Inkscape, ArcView). Por lo que es recomendable presentarlas en
formato EPS. No use lineas de un ancho menor a 0.3 puntos.
Las fotografias en blanco y negro, fotografias a color y mapas y gréficos realizados en programas basados en
raster(e.g. Photoshop, Gimp) es recomendable que sean enviadas en formato * tiff. Para archivos * tiff, note
que la resolucion es irrelevante, es importante el tamafio en pixeles, por lo que recomendamos un tamafio
minimo de 1000 pixeles.
Todo manuscrito que incluya un sitio de estudio debe incluir un mapa del mismo. Dicha figura debe: (1) ir
rodeada de un borde con lineas delgadas, (2) estar geogréficamente referenciado con algunas marcas de
latitud y longitud y con un pequefio mapa insertado que indique la localizacién general, (3) tener una barra
de escala enkm, (4) tener una flecha que indique el Norte (no usar una rosa de los vientos), y (5) tener lineas
de referencia como limites de paises, carreteras, rios o elevaciones, extendiéndose hasta el borde.
Para todas las figuras use lineas con un grosor entre 0.3-1.0 puntos y tamafios de letra de 12 puntos.
Todas las letras y textos usados dentro de las figuras deben ir en Times.
Si es que desea agregar varias imagenes como una sola figura compuesta o crear una Idmina con varias imagenes
que ocupe toda una pagina, no se preocupe por el disefio de la misma. En el primer envio del manuscrito no debe
armar dicha figura, sino que debe colocar la leyenda de la figura y luego pegar cadaimagen separada. Cada imagen
debe tener su propia denominacién a través de literales en mayusculas (gj. A) colocados en la esquina inferior
derecha de cada imagen. Cuando el manuscrito avance en el proceso de publicacion. el equipo de disefio de la
revista se ocupard de armary disefiar sus imégenes compuestas o ldminas.
Recuerde que las figuras seran ajustadas al tamafio de una o dos columnas en una pagina A4, por lo que
todos los elementos de la imagen deben ser lo suficientemente grandes para ser legibles después de la
reduccion de tamafio, en especial los textos internos y las lineas.
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- Eliminar espacios blancos o vacios innecesarios alrededor de las figuras.

« Incluir los créditos respectivos de la figura en la leyenda. Recuerde que es responsabilidad del autor tener
los permisos necesarios para poder reproducir la figura bajo la Licencia Creative Commons de la revista.

« Siusa un mapa como una figura, debe citar la fuente del mapa. De ser posible, use mapas que sean de uso
publico o que permitan su uso irrestricto. Si usa Google Earth o Google Maps, debe sequir los lineamientos
de atribucion de Google.

DIRECTRICES PARA MATERIAL SUPLEMENTARIO

« Los autores pueden publicar material suplementario junto a su manuscrito. Este material corresponde a
informacién que complementa o provee soporte al manuscrito publicado y que se podrd descargar como
archivos independientes.

Diferentes tipos de informacion pueden ser incluidos como material suplementario: textos extensos sobre
metodologias, bases de datos, archivos de video, de audio, fotograficos y otros respaldos audiovisuales,
entre otros.

Los Materiales Suplementarios reemplazan a los Apéndices.

Estos materiales seran citados al final del manuscrito con enlaces al portal de la revista donde estardn a
disposicion del publico de manera gratuita.

Si el material suplementario estd compuesto por texto, debe ser presentado con el mismo formato general
requerido para el manuscrito.

De ser necesario, citar archivos de Material Suplementario en el texto siguiente el siguiente formato: Fig. S1,
Tabla S1, Datos S1, Videos S1, Articulo S1, Audio S1. Donde la S indica que es material suplementario, y el
niimero indica la secuencia numérica de dicho material.

Para maximizar compatibilidad, sugerimos que envio su Material Suplementario en los siguientes formatos:
Imégenes en JPG, EPS o PNG; tablas en XLS o XLSX; textos en PDF; videos en AVI, MOV o MP4, y archivos de
audio en WAV o MP3.

« Sets grandes de datos suplementarios se pueden presentar en formato comprimido (zip o tar).

DIRECTRICES SOBRE NOMENCLATURA BIOLOGICA Y DESCRIPCION DE NUEVAS ESPECIES

« ACl Avances en Ciencias e Ingenierias cumple con los requisitos establecidos por los diferentes cddigos de
nomenclatura sobre la validez para la descripcién de nuevas especies y la disponibilidad de los articulos en
linea como trabajos publicados, incluyendo el International Code of Zoological Nomenclature y el International
Code of Nomenclature for algae, fungi, and plants.

La revista se encargara de obtener los registros y el GUID (LSID) en Zoobank, IPNI y Mycobanl o Index
Fungorum.

Todos los articulos y comunicaciones de ACl Avances en Ciencias e Ingenierias estan siendo depositados en
Internet Archive Archive.org y en el repositorio USFQ.

Los autores deben adherirse a los lineamientos establecidos por los cddigos internacionales de nomenclatura
respectiva al organismo tratado.

Las descripciones de especies nuevas de seres vivos o los andlisis taxondmicos deben seguir lo establecido
en el respectivo cédigo de nomenclatura.

Cuando un taxén bioldgico es mencionado por primera vez, se debe escribir su nombre comin (como
nombre propio) sequido por su nombre cientifico en cursiva, por ejemplo: Oso de Anteojos Tremarctos
ornatus. No colocar el nombre cientifico 0 el nombre comdn entre paréntesis. Mas adelante en el manuscrito
se puede usar solamente el nombre cientifico o el nombre comun.

Si el manuscrito corresponde a un andlisis taxondmico o si existe controversia en relacién a la nomenclatura
del organismo estudiado, presentar el nombre del taxén seguido por los datos de autoria taxondmica al
mencionarlo por primera. Los datos de autoria taxonémica de nombres zooldgicos son los apellidos de los
descriptores y el afio de descripcion, separados por una coma, ejemplo: Grallaria ridgelyi Krabbe et al., 1999.
La autoria taxondmica de nombres botanicos debe sequir lo especificado en The International Plant Names


http://Archive.org
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Index. Colocar la autoria taxonémica entre paréntesis solo si existié un cambio a nivel del género. Cuando
hay tres o més descriptores utilizar “et al.” sin cursivas.

ENViO DEL MANUSCRITO

1. Todos los manuscritos sometidos a la revista ACl Avances en Ciencias e Ingenierias deben ser enviados a través
del portal en linea. En la seccion Envios en Linea podrdn registrarse y crear un Nuevo Envio.

2. Si manuscrito tiene mds de un autor, por favor incluya la informacién de todos los autores en el sistema
(incluyendo sus correos electronicos).

3. Almomento de someter su manuscrito, debe indicar el nombre, institucién y correo electrénico de por lo menos
cuatro posibles revisores que podrian hacer la evaluacion de pares académicos de su manuscrito. Estas personas
deben ser capaces de proveer una evaluacién objetiva de su manuscrito, por lo que no pueden pertenecer a la
institucion de ninguno de los autores, ni estar involucrados en el estudio de manera directa o indirecta. El equipo
editorial de la revista se reserva el derecho de seleccionar a los revisores sugeridos al momento del envio del
manuscrito o de buscar a otros revisores.

4, Para el envio inicial, el manuscrito debe consistir de un solo archivo que incluya: el texto, las tablas y figuras. Las
tablas y las figuras deben ir luego del texto (no intercaladas en el texto). Cada tabla y figura ird en su propia
pagina y estard precedida por su leyenda. En caso de enviar Material Suplementario, debera ser enviado como
archivos separados y subidos al momento del envio inicial.

5. Sies que algunas de las figuras de su manuscrito es una figura compuesta por varias imagenes, no debe armar
dicha figura sino que debe colocar la leyenda de la figura y luego pegar cada imagen separada. Cada imagen
debe tener su propia denominacion a través de literales en maydsculas (ej. 5A) colocados en la esquina inferior
derecha de cada imagen.

6. La revista mantendrd comunicacion directa con el autor para correspondencia, quien es el responsable de
someter el manuscrito, recibir las revisiones, enviar el manuscrito revisado, aprobar la correccion de originales
y las pruebas de imprenta.

LISTA DE COMPROBACION PARA LA PREPARACION DE ENViOS

Como parte del proceso de envio, los autores/as estan obligados a comprobar que su envio cumpla todos los

elementos que se muestran a continuacién. Se devolveran a los autores/as aquellos envios que no cumplan estas

directrices.

« El estudio presenta los resultados de investigacién cientifica primaria.

- El'envio no ha sido publicado previamente ni se ha sometido a consideracién en otra publicacion.

NOTA: ACl Avances en Ciencias e Ingenierias apoya a los autores que desean compartir su trabajo de
manera temprana a través de archivos/repositorios de prepublicaciones (preprint servers/repositories),
incluyendo arXiv, bioRxiv, figshare, Peer) Preprints, SSRN, Zenodo, entre otros. De igual forma
consideramos manuscritos que han salido Gnicamente como tesis en repositorios institucionales o
trabajos que han sido presentados en actas de conferencias.

- Todas las metodologias de andlisis, tanto experimentales, estadisticas y otras, se han realizado bajo
estandares técnicos de alta calidad y se describen en suficiente detalle para garantizar su reproducibilidad.

- Todas las conclusiones se pasan en la interpretacion justificada y apropiada de los resultados. Los autores
deben evitar exagerar el alcance de sus conclusiones y si bien pueden discutir el posible impacto de sus
resultados deben identificar sus ideas como hipdtesis y no como conclusiones.

« Los textos estan escritos de una manera entendible y clara, teniendo un correcto uso del lenguaje. Los
manuscritos aceptados por la revista ACl Avances en Ciencias e Ingenierias pasan por una correccion del lenguaje
y estilo, sin embargo errores en el uso del lenguaje pueden nublar el correcto entendimiento del contenido y
provocar evaluaciones negativas por parte los revisores.

« Elestudio debe cumplir con todos los estandares aplicables de ética en la experimentacion e integridad cientifica.
Todos los estudios relacionados con seres vivos, lineas celulares, muestreo de campo o que tengan potenciales
implicaciones de hioseguridad deben contar con las aprobaciones de un comité de ética institucional / IRB, asi
como con todos los permisos legales requeridos por el pais donde se realiza la investigacion.



avances
en ciendias e
ingenierias

1

Proceso editorial

- EI manuscrito sigue estandares utilizados por la comunidad de su disciplina cientifica y garantiza la
disponibilidad de los datos. La disponibilidad de los datos se puede realizar colocandolos como material
suplementario del manuscrito o depositandolos en repositorios digitales confiables.

Todos los autores han participado en el desarrollo del manuscrito, lo han leido y estén de acuerdo con su envio a la
revista ACl Avances en Ciencias e ingenierias, y de ser aceptado, estan de acuerdo que sea publicado segun a la Politica
de Acceso Abierto de la revista.
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