http://tarjomebazar.com
09372121085 Telegram
026-33219077

L@PW" Downloaded from http://iranpaper.ir é ow,s‘fﬁ
- 3, o

Jibeazy Wl

Electric Power Systems Research 127 (2015) 280-296

Contents lists available at ScienceDirect

£ ELECTRIC POWER
B8 SYSTEMS RESEARCH

Electric Power Systems Research

journal homepage: www.elsevier.com/locate/epsr

Renewable power generation employed in an integrated dynamic
distribution network expansion planning

@ CrossMark

A. Bagheri, H. Monsef*, H. Lesani

School of Electrical and Computer Engineering, University of Tehran, Tehran, Iran

ARTICLE INFO ABSTRACT

Article history:

Received 3 March 2015

Received in revised form 6 May 2015
Accepted 5 June 2015

The recent developments in green energy technologies and the importance of using clean energies have
made the renewable resources more attractive for distribution network operators, specifically due to their
inexhaustible and non-polluting features. In this way, the present study initiates an integrated dynamic
distribution network expansion planning (DDNEP) in which most of the planning alternatives along
with renewable and non-renewable distributed generation (DG) are taken into account. The proposed
framework considers the important cost terms, including both the investment and operational ones.
The uncertainties regarding the intermittent nature of renewable DGs, load demand, and energy price
have been well-regarded in calculating the cost components. With the aim of a precise calculation of
operation and interruption costs, the load duration curve (LDC) has been established for modeling of the
network loads. Moreover, both the possibility of operating the DG units in islanding mode, and, the load
transferring through the reserve feeders have been interrogated in the problem in order to improve the
network reliability. In the present research, to provide an accurate evaluation of reliability indices, and to
cover all of the uncertainty states, the required conditions for the successful and safe operation of island
have been suitably studied in the problem. In numerical evaluations, a combination of improved genetic
algorithm (IGA) and optimal power flow (OPF) is employed to solve the integrated problem in the 54-bus
test system. The obtained results are discussed in details.
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1. Introduction

Distribution network expansion planning (DNEP) is one of the
main tasks of distribution companies to meet the rapid growth
in the load demand [1]. Traditionally, the DNEP is fulfilled either
through the reinfrcement of existing lines and substations, or by
installation of new ones that leads to minimum expansion cost, sub-
jected to the technical and operational constraints [2-6]. There are
two main approaches for solving the DNEP: (a) static and (b) multi-
stage planning [7-14]. The static planning simply considers a single
planning horizon and decides the type, location, and capacity of net-
work equipment which require to be reinforced and/or installed to
meet the load growth in the horizon year. In this way, all of the
requirements for the network expansion are determined in one
period of the planning horizon. In comparison with the static one,
the multi-stage planning not only determines the characteristics
of the network equipment, but also, decides the time of reinforce-
ment/installation of the network required equipment. In this case,
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the planning horizon is divided into several time stages, each with
a predicted load demand. The multi-stage planning can be fulfilled
using one of the following methods:

e Successive method
In the successive method, a static planning is conducted for
each time stage to meet the peak load demand of that stage
regarding to the network’s layout of the previous stage [9]. Since
the optimal solution of each stage depends on the result of the
previous stages, the successive method commonly leads to local
minima [7].
¢ Pseudo-dynamic method
In the pseudo-dynamic method, the DNEP is divided into
two phases [8]. In the first phase, by the use of the static
planning method, a system is designed to optimally supply
the load demand in the horizon year. After that, the non-
selected equipment are removed from the set of candidate
ones. In the second phase, the load growth is considered at
each time stage using the successive method. It has been
demonstrated that the pseudo-dynamic method acquires bet-
ter results compared to other non-dynamic planning methods
[10].
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Nomenclature .
Functions
Indices IG; (Si"t) installation cost of ith HV/MV substation with
dg index for DG units capacity of S ($)
tr index for the transformers of HV/MV substations sec; (S;*?) expansion cost of ith existing HV/MV substation
k index for MV feeders with capacity of S ($)
es index for existing HV/MV substations FCj(k)  installation cost of feeder with the type of k between
cs index for carlld?date HV/MV substations buses ij ($/km)
ef index for existing MV feeders MFC;(k) installation cost of new main feeder with the type
of index for candidaFe MV feeders of k between buses ij ($/km)
s index for uncertainty states RFC;(k) installation cost of new reserve feeder with the type
. ij <!
LL mdex for load levels of k between buses i,j ($/km)
ij index for buses DGIG; (SP¢) installation cost of DG unit with the capacity of
t index for years sDG in bus i ($)
Constants .
. Variables
Ndg number of DG units nY,, s voltage constraint satisfaction rate for bus i, in year
Ner number of HV/MV transformers LELL, t load level LL and state s
Nes number of existing HV/MV substations v ’ i ) . .
Nes number of candidate HV/MV substations W voltage constrallnt satlsfactlc.m rate for bus i
Mt number of existing MVfeeders uY voltage constraint satisfaction rate for the whole

e
n number of candidate MV feeders network
n;f number of uncertainty states ul current constraint satisfaction rate for the whole
nL number of load levels during a year s network ) ) )

A failure rate of feeder k (fail/km/year) W :taltlsfe;lct;on rite oflsubstatlon capacity constraint for
Mg failure rate of DG unit dg (fail/year) € whole network

Atr failure rate of transformer tr (fail/year) BitlLs vtolttage( an:jg)le of bus i, in year ¢, load level LL, and
s repair time of feeder k (h states(ra

rl;g regair time of DG dg (h() ) Yije magr;i(tude)of admittance between buses i and j in
g repair time of transformer tr (h yeart(p.u.

Ttr holzizon year of planning (h) Oij.t ?ngdlc)e of admittance between buses i and j in year t
T, time duration of load level LL (h ra

lrﬁ%r inflation rate (%) (h) P:’ftLL . hetactive power of bus i in year t, load level LL, and
Intr INTEREST rate (%) state s (kW)

min minimum safe value of bus voltage (p.u.) PiL,[,LL,s active load demand of bus i in year t, load level LL,

min minimum critical value of bus voltage (p.u.) . aﬂC! state s (kW) -

max Maximum safe value of bus voltage (p.u.) Pl., tiLs active power generated by the DG of bus i in year ¢,
VX maximum critical value of bus voltage (p.u.) load level LL, and state s (kW) _ .

i length of feeder between buses i and j (km) IT?L“LSS power imported from the transmission grid to dis-
LCy loss cost in load level LL ($/kWh) tribution system through ith HV/MV substation in
RCy. reliability cost of unsupplied energy in load level LL year t, load level LL, and state s (kW)

($/kwh) PPC active power of DG installed on bus i in year t (kW)
ociLs  operation cost of DG in load level LL and sate s net  net reactive power of bus i in year t, load level LL,
($/kwh) "~ and state s (kVATr)
emc cost of emission ($/ton) ) Qf, ., reactiveload demand of busiinyeart, load level LL,
dc cost of dissatisfaction of constraints ($) and state s (KVAT)

L L
Si,t,LL,s apparent load demand of bus i in year t, load level ‘DtGLL, . Treactive power generated by the DG installed on bus

L LL, and state s (KVA) . . i, inyeart, load level LL, and state s (kKVATr)

peak,i,t appa.re.nt load demand of bus i in year ¢, in peak SiDtGLLs apparent power generation of DG installed on bus i,

condition (kVA) - in year t, load level LL, and state s (kVA)

LLFj;;1s load level factor of bus i in year t, load level LL, and DG capacity of DG installed on bus i in year t (kVA)

i,t,max

sta?te > . Vielns  voltage magnitude of bus i, in year ¢, load level LL,

EP; 1L price of energy purchased from the transmission

’ . .. and state s (p.u.)
network through ith HV/MV substation in load level ..
LL ($/kWh) Lossi¢11s power loss of feeder i in year ¢, load level LL, and
. . state s (kW)

EPpea;  price of energy purchased from th.e t@nsmnssnon LNS;: ;s load not supplied in year t, load level LL, and state s
network through ith HV/MV substation in peak con- " due to outage of feeder f (KW)
d1t410n of year ($/kWh) LNSggr11,s load not supplied in year t, load level LL, and state

PLFi;1 s price level factor of energy purchased from the S .

e . . s due to outage of DG unit dg (kW)
transmission network through ith HV/MV substa- LNS, load not supplied in year t, load level LL, and state
: : tr,t,LLs ’ ’
Pt ;lcotrilvlgllooaacldc}g\r]neellr];lc?;fn t()jusstigfl ; ear t, in peak condi- ; s due to outage of transformer tr (kW)
peak,i,t y 1P PtG{‘LdS the power received from the transmission grid in

tion (kW) year t, load level LL, and state s
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PE?L?S generated power by DDG units in year t, load level
LL, and state s

GE;11s emission of CO, corresponding to the energy
received from the transmission grid in year ¢, load
level LL, and state s (ton/kWh)

DGE;;; s emission of CO, corresponding to the energy pro-
vided by DDG units in year t, load level LL, and state
s (ton/kWh)

e Dynamic method
In the dynamic planning approach, the DSEP is optimized for
all the stages, and the whole problem unknowns are determined
simultaneously. Hence, the dynamic planning method can lead to
the optimal solution. However, the problem becomes very com-
plex, and its execution time is multiplied [7].

On the other hand, due to the emergence of distributed gen-
eration in the power systems, new capacity options have been
developed. Presence of DG, as an energy source, influences the
operation, design, and expansion problems of the distribution sys-
tems [9,15,16]. With respect to the potential benefits of DGs such
as capacity deferment, peak cutting, losses reduction, voltage pro-
file improvement, and reliability enhancement [15,17-19], it is
expected that DGs play an important role in the future of distri-
bution networks. Thus, modeling of expansion planning should
consider the DG sources as well as the substations and feeders. DG
units might be owned either by the utility or customers. In the case
of utility-owned DG installation, the utility is responsible for opti-
mal planning and operation of the DG units in order to maximize
the network benefits and improve its reliability [11-14,20-22].

DG units are categorized into two main groups: non-renewable
DGs and renewable ones [23]. Since the output power of the first
type of DG is usually controllable, they are known as dispatch-
able DGs (DDGs). The second type includes the DGs which their
primary energy sources are the renewables like wind, biomass,
photovoltaic, geothermal, etc.

Nowadays, the developments in green energy technologies and
the importance of providing clean energies have made the renew-
able resources more attractive for distribution network operators,
specifically due to their inexhaustible and non-polluting features.
The wind-based distributed generation (WDG) is one of these tech-
nologies which much attention is being paid toward it [24]. The
output power of a wind turbine is dependent on the wind speed.
Since the wind speed has an uncertain and stochastic nature,
therefore, the output power of a WDG is also an uncertain and
intermittent parameter [25]. Different studies have modeled this
uncertainty and its impact on the performance of distribution
networks [26-28].

Regarding the importance of distributed generation, several
researches have been done in the field of distribution network
expansion planning in the presence of DG. These works have
formulated the DNEP as different objective functions, and have
used various methods to solve the problem [29-31]. A survey of
researches in the area of distribution network expansion planning
reveals the following challenges:

e formalizing the DNEP by different objective functions and
employing efficient methods to solve it;

e implementation of DNEP either as static or multi-stage;

¢ using renewable and non-renewable DGs as an alternative for
DNEP;

e uncertainty consideration in the problem;

e considering the operational costs in the planning;
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e regarding the reliability in the planning;
e possibility of operating the DGs in the islanding mode for enhanc-
ing the network reliability.

Subsequently, the recently published papers in the area of DNEP
have been reviewed in details from the above mentioned view-
points.

Ref. [29] has considered almost all of the planning options. How-
ever, the possibility of new substations installation has not been
regarded. Also, only the non-renewable DGs have been considered.
An approach to evaluate the economic benefits of renewable DGs
is proposed in [32] in which a GA-based method is employed for
optimal DG allocation in order to maximize the deferral of system
upgrade investments, and reduce both the energy loss and inter-
ruption costs. The proposed methodology takes into account the
uncertainty of renewable DGs’ output power, load variability, and
the possibility of islanding to improve the reliability of the system.
In this work, it is assumed that the substations are redundant, and
there are neither new load points nor new substations for instal-
lation. The lines are just reinforced, and there is no reserve feeder
for the reliability enhancement. To improve the reliability of the
network, the possibility of operating the DGs in islanding mode
has been considered in the case of fault occurrence on the feed-
ers. However, the power flow and other technical constraints are
not checked in the islanded part to see if the islanding is successful
or not. Refs. [9,33,34| proposed a methodology to solve the multi-
stage DNEP problem in which the installation or reinforcement of
substations, feeders, and DGs are considered as possible solutions
for the system capacity expansion. The presented formulation has
considered the investment, operation, and outage costs. The simu-
lation results indicate the positive impact of DG on improvement
of the reliability and reduction of the outage costs. The renewable
DGs have not been considered in these papers. Ref. [35] presents
a multi-objective tabu search algorithm to solve the multi-stage
planning problem of a distribution system; the objective function
of the problem includes the investment, operational, and reliability
costs. This work has not considered the DG in the planning. In [36],
aframework is proposed for pseudo-dynamic multi-stage planning
of HV substations and MV feeders routing using an imperialist com-
petitive algorithm (ICA); the Greedy algorithm is used to construct
the minimum spanning tree problem to construct a radial configu-
ration of the mesh network for producing initial feasible solutions.
This work is in the absence of both the DG and reliability consid-
eration. Authors in [37] presented a hybrid simulated annealing
(SA) and mixed integer linear programming (MILP) approach for
the static DNEP with DGs to minimize the cost of investment, cost
of customers interruption due to the failures at the branches, and
the cost of lost DG production due to failure at branches. This work
has not implemented the DNEP as dynamic. Moreover, the renew-
able DGs have not been utilized. Aghaei et al. [38] presented a
multi-objective optimization algorithm for multi-stage distribu-
tion expansion planning in the presence of DG using non-linear
formulations. The objective functions of problem include mini-
mization of costs, non-distributed energy, active power losses, and
voltage stability index. A modified particle swarm optimization
(MPSO) algorithm is developed and applied for this multi-objective
optimization. This work has not considered the renewable DGs.
In addition, neither the islanding mode of DGs’ operation nor the
LDC have been considered. In [39], a dynamic DNEP model is pro-
posed to decide the optimal size, site and installation year of DG
units in the distribution network; Binary Enhanced Particle Swarm
Optimization (BEPSO) and Modified Differential Evolution (MDE)
are employed to search for the optimal solution. This paper has
not considered the reliability. Besides, its test networks are small
and composed of only one HV/MV substation; an annual load
growth has been considered for the load points; whereas, in real
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distribution systems, there might be some new load points added
to the network during the planning periods, and there may be a
need to install new HV/MV substations to properly feed the loads.
In addition, this work has considered the loads as constant during
each year (the LDC has not been regarded), and the DDGs have been
assumed to have a fixed power generation. Finally, the renewables
are not included in the problem. Munoz-Delgado et al. [11] have
addressed the dynamic expansion planning of distribution system
where investment in DGs and distribution network are jointly con-
sidered. The objective function to be minimized is composed of
all the cost components, including: cost of reinforcing the exist-
ing feeders and substations, cost of installing new feeders and
substations, DGs’ operating cost, energy purchasing cost, cost of
installing conventional and wind DGs, cost of energy losses, and
cost of unserved energy. In this paper, by avoiding the isolation
of DG units, the LDC has been considered in optimizing the power
generation of DGs and the related cost components. The simulation
results of two case study reveal that substantial reduction in total
cost is yield when the distribution network and DG units are jointly
optimized in dynamic DNEP. The study in [40] proposed a stochas-
tic dynamic multi-objective model for the integration of DGs in
distribution networks. The presented model minimizes the costs,
technical constraint dissatisfaction, and environmental emissions
in order to determine the optimal location, size and time of invest-
ing on the DG units and network components. This paper has not
considered the islanding operation and the reliability. In [22], the
researchers presented an approach to evaluate the effects of both
renewable and non-renewable DGs on DNEP. The proposed method
has not solved the DNEP as dynamic, but as a static model; while, the
dynamic planning is more favorite than static one from the math-
ematical and engineering points of view. Moreover, in [22], all the
load points are considered similar from the viewpoint of supply
priority; whereas, in practice, the load points have different supply
priority, and this fact is important in the reliability calculation of
the network.

A review of papers and their features has been summarized in
Table 1. As it can be seen, the previous studies in this field are not
comprehensive. So, each study has addressed the DNEP from one
or some limited viewpoint. In this paper, in order to resolve the
shortcomings of the previous studies, a comprehensive approach is
proposed for the integrated dynamic distribution network expan-
sion planning in the presence of utility-owned renewable and
non-renewable distributed generation. The aim of the presented
approach is to find the following unknown parameters to meet
the load growth throughout the planning years with the minimum
total cost subjected to the network technical and operational con-
straints:

¢ The time and capacity reinforcement of existing MV feeders and
HV/MV substations.

e The time, routing, and conductor type of newly installed main
and reserve feeders.

¢ The time, location, and installation capacity of candidate HV/MV
substations.

e The site, size, and installation year of renewable and non-
renewable DGs.

¢ The optimal power generation of DDG units in different years and
load levels.

To improve the network reliability, the installation of reserve
feeders, and also the possibility of operating the DGs in the islanding
mode have been regarded. In addition, the load variations during
a year, the uncertainties, and the operational costs have been con-
sidered. A combination of IGA and OPF is employed to solve this
integrated problem. Finally, the proposed DDNEP has been applied
to the 54-bus test network, and the results are investigated.

The main contributions of this paper can be listed as below:

¢ Proposing an integrated dynamic approach for distribution net-
work expansion planning.

¢ Employing the renewable power generation as an alternative for
the DDNEP.

e Regarding the reliability and operational costs in the problem.

e Possibility of islanding operation of DGs.

2. Problem representation

The aim of DDNEP is to determine the siting, sizing, and timing
of the network equipment to supply the loads during the planning
period with the minimum total cost subjected to the technical and
operational constraints.

2.1. Modeling of load and energy price

To properly obtain the operational and interruption costs, the
variation of load and price during the year should be regarded. For
this aim, the discretized load duration curve (LDC) is utilized for
the loads [9,11,13,14,41]. The similar curve is used for the price of
energy purchased from the transmission network. Fig. 1aillustrates
this model. In this figure, the vertical axis shows either the load or
the price level factor (the ratio of the load or price to its peak value
in the year), and the horizontal axis denotes the time duration of
each load level (LL) as Ty;.

2.2. Uncertainty of load and energy price

In the expansion planning problems, the load demand and
energy price are usually uncertain parameters. Their uncertainty
can be expressed using normal distributions around the expected
values as illustrated in Fig. 1b.

2.3. Wind power generation

Due to the stochastic behavior of the wind speed, the generated
power of the wind turbine is also stochastic and intermittent. Sev-
eral models have been proposed to express this stochastic behavior
[27]. The Rayleigh Probability Distribution Function (PDF) as Eq. (1)
is the most popular model in which v is the wind speed, and c is the
scale factor of the Rayleigh PDF of wind speed in the zone under
study [40].

2v v\?2
poro) = (%) exe |- (2)'] 0
By using the power-speed curve of the wind turbine, the output
power of WDG can be calculated as (2) in which PYPG and P4 are
the output and rated power of WDG, respectively. Also, v, Vco, and

Vrated are the cut-in, cut-out, and rated speeds of the wind turbine,
respectively [27,42].
0, if v<uvy
V— Vg .
Prated x 75"’ if Vg <V < Vrated
Vrated — Vci (2)
if Viated <V < Voo

pWDG _
P rated

0, if veo<v
2.4. Uncertainty handling method
Different methods can be used for handling the uncertainties of

WDG output power, load, and energy price, such as Monte Carlo
simulation (MCS), two-point estimation method, scenario-based
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Table 1
Classification of specialized literature in the area of distribution network expansion planning.
Issue Features Moreira Lavorato Jimenez Falaghi Munoz- Ziari et al. El-Khattam Bagheri et Attwa
etal. [3] etal. [4] etal. [5] etal. [9] Delgado et al. [15] etal. [18] al. [22] etal. [26]
[11]
Planning Upgrading N N N N N N v
Way New v v v v v
installations
DG Utilization N N N N N
Planning Static N N N N v v
model Multi-stage N
Dynamic J
DG type Non-renewable N N N N N
Renewable v v v
Uncertainty consideration J J
Load variation consideration N N N
Islanding Islanding N J
consideration
Checking J
constraints in
the Island
Objective Investment N N N N J J N N
Function cost
DG operation v v v v v
cost
Loss cost v v v v v v v v v
Reliability cost v v v v v
Issue Features Sedghi et Shaaban Gitizadeh Junior Najafi Popovic Aghaei Ahmadigorji Soroudi
al. [30] etal. [32] etal. [33] etal. [34] etal. [36] etal. [37] etal. [38] etal. [39] etal. [40]
Planning Upgrading v N v N v v v v v
Way New installations N N N N N N N N
DG utilization v v v v N N N
Planning Static J J
model Multi-stage v v v v Vi
Dynamic N N
DG type Non-renewable N J J J J J
Renewable J J
Uncertainty consideration J Vv
Load variation consideration v v v v
Islanding Islanding
consideration
Checking
constraints in the
Island
Objective Investment cost N v N v v N N
function DG operation cost J J J N J v v
Loss cost Vv Vv Vv Vv Vv Vv 4
Reliability cost Vv Vv Vv Vv J
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Load/Price Level Factor (LLF/PLF)

~ 0.666

A
LL=1 = _
1L=2
LL=n; <
- Duration (hr
LL (a)

LLF;, |PLF,,

W

~
N
A 0.136 013
Y RN

0.021 0.021

0.01 001
’ >

) p-40 pu-36 u-20 p-06 p p+d pu+26 p+36 p+4é

(b)

Fig. 1. (a) Load/price duration curve and (b) the related uncertainly model.

modeling, etc. [27,42]. The scenario-based modeling is usually
employed in the planning problems [40]. If the number of scenarios
is chosen appropriately, this method is capable of covering all the
uncertainty states with an acceptable accuracy without increasing
the computational burden. On this basis, the distribution curves of
wind, load, and price are divided into a number of states with the
related probabilities as Fig. 1b. The uncertainty states of load and
energy price, and their related probabilities have been estimated
based on the historical information. Consequently, the model of
load and energy price, regarding the uncertainty, can be expressed
as Egs. (3) and (4).

L L
Si,t,LL,s = Si,t,peakLLFLL~5 (3)

EPLL,S = EPpeakPLFLL,S (4)

Moreover, in the expansion planning studies, it is appropriate to
use the behavior of wind during a year [27]. The data of Table 2 are
used for modeling of the wind’s behavior in this paper. With regard
to Table 2 and Eq. (2), the output power of WDG and the associated
probabilities are acquired as Table 3. It should be noted that the
values of second column in Table 2 are based on the historical data
of the area under study. By dividing these values to the number of
hours in a year, that is 8760, the wind state probabilities are yield
according to the third columns of Tables 2 and 3.

2.4.1. Combinational model for uncertainty states

In each load level, the states of wind speed, load, and energy
price are combined with each other to compose the whole set of
the uncertainty states according to Egs. (5) and (6).

 Prob}

com w
Pro = Prob wip

o i x Probﬁv,p (6)

where S¢,mp is the combination of all uncertainty states. Sy, is the
uncertainty state of wind speed w, load [, and price p. Also, Probmp,

Prob!

wip» and Probfvlp are the probabilities of wind speed, load, and

energy price in state wip. Probg,‘;z1 is the probability of each com-

bined state wilp; nws, nls, and nps are the number of of wind speed,
load, and energy price states, respectively.

2.5. Problem constraints

The constraints of DDNEP are classified into hard and soft ones.
While the satisfaction of the hard constraints is mandatory, the soft
ones may be violated; however, this violation must be calculated
and minimized in the optimization process.

2.5.1. Hard constraints
2.5.1.1. Network radiality constraint. Distribution systems are usu-
ally operated in radial topology [11,13,14,43]. Therefore, the
radiality constraint is regarded in the expansion and operation
planning problems. Different algorithms have been proposed to
construct a radial distribution network from a meshed struc-
ture, such as: branch exchange [44], evolutionary algorithm [45],
specialized genetic algorithm [46], algebraic relations [47], prufer-
number based GA [48]. The method used in this paper for checking
the radiality constraint is based on the adjacency matrix of the
network.

In the case that there is only one HV/MV substation in the

Scomb =Swp » w=1,2,..,nws; 1=1,2,...,nls; network, the conditions (7.1) and (7.2) must be simultaneously
satisfied to ensure the network is radial [49].
p=1,2,...,nps; (5)
Network must be connected (7.1)
Table 2 Table 3
Wind speed probabilities. Wind power probabilities.
Wind speed Hours/year Probability State no. Output power as percentage Probability
Limits (m/s) of rated capacity %
0-4 1804 0.2059 1 100 0.0784
4-5 579 0.0661 2 94.97 0.0250
5-6 984 0.1123 3 84.7 0.0326
6-7 908 0.1037 4 74.98 0.0451
7-8 983 0.1122 5 64.8 0.0501
8-9 799 0.0912 6 54.98 0.0773
9-10 677 0.0773 7 44.99 0.0912
10-11 439 0.0501 8 34.99 0.1122
11-12 395 0.0451 9 19.9 0.1037
12-13 286 0.0326 10 15.00 0.1123
13-14 219 0.0250 11 5.00 0.0661
14-15 687 0.0784 12 0.00 0.2059
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Fig. 2. Trapezoidal fuzzy model (a) for voltage limitation and (b) for feeders current/substations capacity limitation.

rank(A)=n, — 1 or trace(A?)=2(n, —1) (7.2)

where, n, is the total number of network buses; A is the adjacency
matrix of distribution network; rank (A) is the number of linearly
independent rows or columns of matrix A; and, trace(A2) is the sum
of diagonal elements of the matrix AZ.

In order to check the radiality of a network consisted of sev-
eral HV/MV substations, the condition (7.2) must be modified to

condition (7.3) as below.
rank(A) = n, —ns or trace(A?) = 2(n, — ns) (7.3)

where, ng is the number of HV/MV substations in the network.

2.5.1.2. Power flow constraints. The power flow equations must be
satisfied for each uncertainty state, load level, and year as Eq. (8).

net _ L DDG/WDG .
Piiis="Piews+Picis Vie{l,2,...,nn} (8.1)
net _ ol DDG/WDG \;
itins = Qs+ Qs Viefl,2,...,nn} (8.2)
np
net
Pis =VitlLs E Yii.tVi e i,s €08(8i 11,5 — jt,1r,s — Oij.e)
Jj=1
Vie(1,2,....m) (8.3)
np
net 3
ftins = VitlLs E Yii, eV e.on,s SISy ¢ 11,5 — 85,6,00,s — Oij.e)
j=1
Vie{l,2,...,n,} (8.4)

2.5.1.3. DG units’ operating limit. The power generation of DG units
must be lower than their maximum generation limit as (9).

S.DG < SDG ( 9 )

i,t,LL,s — “i,t,max

2.5.1.4. Penetration level of DG units. To prevent reverse power flow
from the distribution network to the upward grid, a penetration
level for the DG units is considered as (10) [22,32].

n

n
DG L
ZPM <0.35 x preak’i,t
i=1

i=1

(10)

2.5.2. Soft constraints

To calculate the satisfaction value of the technical constraints,
including buses’ voltages, feeders’ currents and substations’ capac-
ities, the fuzzy modeling can be used as follows.

2.5.2.1. Voltage constraint. If the voltage magnitude of a bus is in
the safe operating interval, then there is no voltage violation. How-
ever, the planner may tolerate the violation of these limits to some
extent in order to improve other objectives. The voltage limita-
tion is represented by a penalization function [40,50]. For this aim,
the voltage constraint satisfaction can be mathematically repre-
sented as Fig. 2a. In this way, the safe operating interval is defined
as [vmin ymax] In this interval, the satisfaction value is 1. As
the voltage magnitude exceeds these limits, the satisfaction value
decreases until it becomes zero beyond the critical voltage values
(Vc"“‘riit“, VIi&X). The value obtained from Fig. 23, i.e. 'u“}{t,LL,s shows the
condition of voltage constraint satisfaction for bus I, in year t, load
level LL, and the state s. To obtain an index representing the voltage
condition of a given bus i, the weighted average of voltage satisfac-
tion over all the states and load levels is obtained through (11).

nLL ns

1
14 Pr b v
M = 7650 D_Provs™ Ty
LL=1 s=1

(11)

The average value of szt over all of the network buses and all years

provides an information about the overall voltage condition of the
network as (12):

T
v Z?ith:l“){t

no= nz (12)

2.5.2.2. Feeders and substations capacity limitation. In the similar
way, the satisfaction values of feeders’ currents (/) and substa-
tions’ capacities (14°) can be calculated. However, there is only the
upper limit for the feeders’ currents and substations’ capacities as
Fig. 2b.

2.6. Objective function

The following objective function is considered for the pro-
posed DDNEP. The terms of objective function respectively express:
expansion cost of existing substations, installation cost of candidate
substations, feeders replacement cost, installation cost of main and
reserve feeders, DGs installation cost, operating cost of DG units,
expected cost of purchased energy from the transmission system,
expected value of energy loss cost, cost of expected energy not sup-
plied due to the failure on the feeders, cost of expected energy
not supplied due to the failure on the DG units, cost of expected
energy not supplied due to the failure on the HV/MV transformers,
pollutants emission cost, and finally, dissatisfaction cost. All the
parameters of objective function have been defined in the nomen-
clature. In (13), PW is the present worth factor represented as:
PW=(1+Infr)/(1+Intr).

Ll
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_ t exp t mst t . ” .
OF = pr Zsecl (s; pr ZIC (st ZPW Z [FCyi(ke) = FCy(ka)] x Li+
t=1 i=1 ij=1,i#j

n ng ons

Nee T n[
ZPWf > [MFC(k)+RECy(k)] x L+ > PW"> "DGIC; (SP°) + ZPWtZZZa C.1.s % Tu x 0cjs x Prob{®™
t=1 i=1

l] Li#j
ns ngons

i=1 LL=1 s=1
”f ny ns

+ZPWf ZZZP}{E‘&SS x Ty x EP; p; x Prob®™ prf ZZZLOSS,ML,S x Ty x LGy, x Prob™™?

i=1 LL=1 s=1 t=1

nip

i=1 LL=1 s=1 (13)

Ndg ny

+ZPWfZAf x erRCLL x TLLZLNSft LLs X Probm 4 ZPW Zxdg x rngRCLL x TLLZLNSdg t1Ls X Prob®m?

LL=1 t=1

ner nip

dg=1 LL=1

-‘,—ZPW Z}\.tr X rtrZRCLL X TLLZLNSH’ t,LLs X PT'Obcomb

tr=1 LL=1
ng ns

ZPWt X emc x ZZ[ P[ LlLdS x Ty x GEt’]_]_’s) + (PtDI?LG,S x Ty x DGEt,LL,s)] X Probgomb +dc x max{(1 — H’V)» (- l’Ll)a (11— MS)}

LL=1s=1

2.6.1. Calculation of energy not supplied (ENS)

There are several indices for measuring the reliability of dis-
tribution system, such as SAIFI, SAIDI, CAIDI, ASAI ENS, etc. These
indices are specifically studied in the problems of reliability evalua-
tion [51-53]. However, the energy not supplied (ENS) is a common
index for the network reliability in the expansion planning prob-
lems [9,11,37,54]. Since the ENS is dependent on both the failure
rate of the equipment and their repair time, it provides a useful
measure of network reliability for the planning problems.

The expected energy not supplied cost (EENSC) has been
regarded in this paper as the representative of network reliabil-
ity. In the following, the procedure for calculating the energy not
supplied, and consequently the EENSC, is described in details.

2.6.1.1. ENS due to failure on the feeders. Improving the service
reliability is an important issue for distribution companies. In
this regard, the distribution systems are usually equipped with
automation devices for the fault detection, isolation, and service
restoration, in order to enhance the network reliability, and to
reduce the customers outage cost [51,55]. When a fault occurs on
a feeder, the faulted section is located and isolated from the rest
of the network using the sectionalizing switches [35,37]. Then, the
service is restored to as much as possible of the customers unaf-
fected by the faulted section within a relatively short period of time.
The restoration process can be fulfilled either through tie (reserve)
feeders [51,55] or by operating some part of the network in the
islanding mode if distributed generation exists in the islanded part
[32].

As described in the introduction part, the reviewed researches:

¢ Have not considered the possibility of islanding after fault occur-
rence.

e Have not considered the load variation, and the uncertainty of
load and wind in the calculation of reliability.

e Have not checked the power flow and other constraints in the
island after the fault occurrence [32].

To clarify the matter, suppose that a fault occurs on feeder k. To
reduce the outage cost, at first, the circuit breaker (CB), located at
the outgoing of the substation, disconnects all the branches (includ-
ing the faulted and un-faulted sections). Then, the faulted section is
isolated from the rest of the network using its ending switches and
goes under repair. Afterwards, the circuit breaker is closed. Here,
there will be some isolated parts with some loads. If there are DGs
with enough generation in the isolated part, and the constraints
are satisfied, this part can be operated successfully as an island,

and the loads will be supplied until the faulted section is repaired.
Otherwise, either all or part of the loads of the island must be shed
[13,14]. In some cases, there may be reserve feeders, which can
connect the isolated part to the neighboring energized feeders or
substations to supply the island’s loads without any voltage and
current violations. A key question is arisen here:

When the fault occurs, and the faulted feeder goes out of service,
what are the amount of load and wind turbines’ output power?

Since the load and wind turbines’ output power are variable and
uncertain parameters, therefore, for the sake of precise calculation
of the reliability, all the uncertainty states should be considered.

Regarding to the above explanation, after releasing of CB, three
situations may be occurred:

e Case 1: there is no DG in the island, and there is no reserve feeder
to connect the isolated part to the rest of the network. In this
situation, all the loads of isolated part will remain unsupplied
until the faulted section is repaired.

e Case 2: there are some reserve feeders between the isolated and
the rest of the network.

e Case 3: there is no reserve feeder between the isolated part and
rest of the network, but there are some DGs in this part.

In case 2, the reserve feeder connects the isolated part to the rest
of the network. Then, the power flow is performed. In the event
that none of the constraints, including the buses’ voltages, feed-
ers’ currents, and substations’ capacities are violated, the loads of
islanded part will be supplied. If the thermal capacities of substa-
tions, or buses’ voltages are violated, the loads of island are shed
successively based on the Load Shedding Index (LSI), defined as (14),
until the violation is resolved. In the load shedding process, at first
the load having the largest value of LSI will be shed.

SP;

LShe = 7
Lt,

(14)

In (14), SP; is the supply priority of load point i. In this paper, from
the viewpoint of supply priority, the loads have been classified
into four types of 1-4. In this way, a load with the SP of 1 has the
maximum supply priority. Also, a load having the SP of 4 has the
minimum priority to be supplied. V;.; is the voltage of bus i, in
year t, and load level LL. In the case that the thermal capacity of
feeders’ currents is violated, the loads of buses influencing the cur-
rent of this feeder are determined and shed step by step until there
is no current violation. In case 3, the largest DDG is selected as
the slack bus of the island. Then, the power flow in the island is
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Fig. 3. Flowchart for calculation of the ENS.

performed. If the output power of slack bus is negative (which
means that the generation on the island is more than the load
plus losses), the DG on the bus having the highest voltage will be
disconnected. Again, the power flow is performed. This process is
continued until the output power of slack bus becomes positive.
On the condition that the output power of slack bus is positive but
exceeds the capacity of DG, the loads of the island will be succes-
sively shed until the output power of DG is below its capacity. The
flowchart of Fig. 3 demonstrates the procedure of calculating the
ENS in details.

2.6.1.2. ENS due to failure on the HV/MV substations and DG units.
When a failure occurs on a transformer of the HV/MV substation or
on a DG unit [33], a procedure similar to that of Section 2.6.1.1 is
performed either to remove the overload of substations and feeders
or to resolve the voltage drop problem of the load points. On this
basis, the ENS is calculated.

3. Proposed solution method

For solving the proposed DDNEP problem, a genetic algorithm-
based method has been applied as the following.

3.1. Genetic algorithm (GA)

The genetic algorithm is a meta-heuristic search method which
mimics the process of natural selection. This algorithm is rou-
tinely performed to generate useful solutions in optimization and
search problems. http://en.wikipedia.org/wiki/Genetic_algorithm-
cite_note-FOOTNOTEMitchell19962-1. Genetic algorithm belongs
to a larger class of evolutionary algorithms (EA) which gener-
ate solutions to non-linear and complex optimization problems
using techniques inspired by natural evolution, such as selec-
tion, crossover and mutation [56]. As an efficient and reliable

optimization algorithm, the GA has been used for solving different
power system operation and planning problems [9,41,46].

3.2. Chromosome structure of the proposed GA

For optimizing the proposed DDNEP, the decision variables of
the problem are encoded in the genes of chromosome. The struc-
ture of the proposed chromosome is illustrated in Fig. 4. As this
figure shows, the chromosome is composed of eight parts. In the
first part, the ith gene shows the replacement year of ith existing
feeder, and gets an integer value between 1 and T. The conductor
type of ith reinforced feeder is determined by the ith gene of part
2. The ith genes in parts 3 and 4 represent the installation year
and conductor type of ith candidate feeder, respectively. Part 5 will
show the status of candidate feeders. Each gene in this part takes
three values, including 0, 1, or 2; where 0 means that the related
candidate feeder is notinstalled; 1 means that the feeder is installed
as areserve feeder; and, 2 means that the feeder has been installed
as a main feeder. The number of DDG and WDG units installed on
the MV buses is indicated using the values of parts 6 and 7 of the
chromosome, respectively. At last, the capacity of the existing and
new substations in each year is indicated by the genes of 8th part
of the chromosome.

3.3. GA-OPF combination for the problem optimization

With respect to the proposed chromosome structure, if the
chromosome is decoded, the network configuration is determined
for each year. However, the generated power of DDG units is
still unknown. In this paper, for each configuration of the distri-
bution network proposed by the GA, an optimal power flow is
performed for each year, load level, and uncertainty state in order
to determine the power generated by DG units for achieving the
minimum energy cost (operation cost of DDGs plus the cost of

O
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Fig. 4. Structure of the proposed chromosome.

energy purchased from the transmission network) subjected to the
power flow, voltage, current, and substations’ capacity limitations.

4. Numerical study
4.1. Test network and the IGA parameters

The test system, as shown in Fig. 5, is the modified 54-node,
33KkV system consisted of 50 load points (MV/LV buses) [35,43].
The power factor of loads is 0.85. The planning horizon is 5 years.
The load data in each of the planning years is given in Table 4.

Table 4
Specification of load points.

There are two existing and two candidate HV/MV substations with
the characteristics of Table 5. The number of existing feeders is
17. Moreover, there are 72 new feeders (as candidates for instal-
lation). There are ten types of conductors which can be used in
feeders; their characteristics have been presented in Table 6. The
capacity, installation cost, and operation cost of DDG units are con-
sidered as 1 MVA/unit, 400 $/kVA and 46 $/MWh; and those of WDG
units are 0.3 MVA/unit, 800 $/kVA and 10 $/MWh, respectively. All
the MV/LV buses are candidates for the DDG installation. Also, the
potential nodes for WDG installation are the nodes 6,13, 17, 19, 20,
28,29,30,33,41,43,47,48,49. The cut-in, rated, and cut-out speeds

Load point no. Geographical position Supply priority

Value of load during the planning years (kW)

X (km) Y (km) Year#1 Year#2 Year#1 Year#4 Year#5

1 12.63 23.68 2 3200 3431 3673 3925 4200

2 14.47 21.32 2 1145 1225 1310 1400 1500

3 1947 24.07 2 535 570 610 655 700

4 20.26 21.32 1 840 900 960 1030 1100

5 23.16 20 3 1985 2125 2270 2430 2600

6 24.47 17.5 4 535 570 610 655 700

7 17.37 21.05 2 765 816 874 937 1000

8 17.11 17.63 2 1450 1550 1660 1775 1900

9 9.21 22.63 2 915 978 1050 1120 1200
10 7.89 16.05 3 2215 2370 2535 2710 2900
11 8.68 342 2 230 245 260 280 300
12 5.79 4.87 2 1375 1470 1579 1683 1800
13 1.58 6.57 4 840 900 960 1030 1100
14 13.95 4.21 2 765 815 875 935 1000
15 13.42 7.89 1 1070 1147 1224 1311 1400
16 15.79 7.63 2 1450 1550 1660 1775 1900
17 5.26 24.87 3 0 210 420 651 700
18 3.16 21.84 3 0 0 360 840 1200
19 1.32 23.42 4 0 0 420 980 1400
20 1.05 26.58 4 0 0 240 560 800
21 1.84 18.95 4 0 0 540 1260 1800
22 6.05 19.47 3 0 330 660 1023 1100
23 9.74 19.08 3 0 300 600 930 1000
24 12.37 18.95 2 150 300 435 465 500
25 14.47 18.42 2 270 540 785 840 900
26 20.79 18.68 2 360 720 1044 1117 1200
27 20 15.79 3 0 450 900 1395 1500
28 23.42 13.42 3 0 0 210 490 700
29 0 12.36 4 0 0 420 980 1400
30 2.89 11.05 3 0 0 780 1820 2600
31 6.05 14.21 4 0 210 420 651 700
32 11.18 15.26 2 0 510 1020 1581 1700
33 13.68 13.68 3 2215 2370 2535 2710 2900
34 16.57 12.76 4 0 0 360 840 1200
35 16.68 12.11 3 0 0 270 630 900
36 21.05 11.97 3 0 0 90 210 300
37 6.05 11.71 4 0 630 1260 1953 2100
38 9.74 11.32 3 0 330 660 1023 1100
39 13.16 11.84 2 300 600 870 931 1000
40 17.63 9.34 2 420 840 1218 1303 1400
41 20.26 8.55 2 0 0 270 630 900
42 21.18 5.79 3 0 0 360 840 1200
43 4.74 8.95 3 0 390 780 1209 1300
44 9.21 7.89 2 420 840 1218 1303 1400
45 7.11 6.58 2 240 480 696 745 800
46 17.37 3.68 1 540 1080 1566 1676 1800
47 20.39 3.68 2 0 300 600 930 1000
48 22.63 2.76 4 0 0 240 560 800
49 20 0 3 0 150 300 465 500
50 18.42 1.32 2 0 240 480 744 800
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Fig. 5. The 54-node test system.

of WDG are 4, 14, 25 m/s, respectively. The maximum number of
installable DGs on each bus is 4 units. Other parameters used in the
simulations are illustrated in Table 7. By several executions of the
algorithm for different values of GA parameters, it was observed
that by assigning the values 50, 0.75 and 0.02, respectively for the
number of chromosomes, crossover rate, and mutation rate, the
best result is yield. In addition, the tournament selection has been
used for the reproduction process [57].

4.2. Improving the GA performance

4.2.1. Elitism strategy (ES)

To improve the performance of the genetic algorithm, the
“Elitism Strategy” has been employed [58]. For this aim, the worst
20% of present generation (population) are replaced with the best
20% of previous generation if the mentioned 20% of previous gen-
eration is more qualified than that of the present one from the

Table 5
Specification of HV/MV substations.
Substation Graphical position Existing Expandable
capacity (MVA) capacity (MVA)
X (km) Y (km)
Si 16.6 24.2 2x15 4x15
M 10.5 0 1x15 4x15
S3 239 9.5 0 4x7.5
S4 29 15.8 0 4x75
Table 6
Specification of candidate conductors.
Conductor  Resistance Reactance Current Cost (k$/km)
type (Ohms/km) (Ohms/km) capacity
(A)
1 0.7500 0.1746 61 17
2 0.4794 0.1673 84 22
3 0.3080 0.1596 114 30
4 0.1972 0.1496 156 42
5 0.1208 0.1442 208 54
6 0.0723 0.1262 303 85
7 0.0487 0.1217 400 125
8 0.0405 0.1196 453 140
9 0.0350 0.1180 500 165
10 0.0247 0.1140 645 220

Table 7

Value of simulation parameters.
Parameter Value
p($/MWh) 60
Infr(%) 10
Intr(%) 12
Vi (pu) 0.95
Vgg‘ex(pu) 1.05 v
v (pu) 0.95 x VIn
VX (pu) 1.05 x Ve
I7(A) 1.1 x current capacity of feeder i
Failure rate of feeders (f/km/year) 0.2
Repair time of feeders(h) 2
Failure rate of transformers (f/year) 0.3
Repair time of transformers (h) 72
Failure rate of DG units (f/year) 0.25
Repair time of DG units (h) 50
Emission of CO, corresponding to 0.632

the received energy from the
transmission grid (ton/MWh)

Emission of CO, corresponding to 0.365

the energy generated by DDGs
(ton/MWh)

objective function viewpoint. This leads to preserve the fittest chro-
mosomes in the progress of GA.

4.2.2. Archiving strategy (AS)

Since similar chromosomes are possible to be generated in the
process of GA, the Archiving Strategy has been used in this paper.
For this purpose, as soon as a feasible solution is found, its fitness
function is calculated; then, the chromosome and its calculated fit-
ness are stored in an archive of feasible solutions. This leads to
avoid calculating of the fitness of the chromosome which has been
evaluated previously. In this manner, the convergence trend and
execution time of GA are improved significantly.

4.3. Simulation results

The proposed DDNEP is developed in the MATLAB programming
environment as the following experiments.

4.3.1. Experiment 1

In this experiment, the distributed generation is not consid-
ered in the distribution network expansion planning. Therefore, the
DDNEP is implemented either through the reinforcement of exist-
ing feeders and substations or by installation of new ones. Under
this condition, the reliability of the network can be improved by
the installation of the reserve feeders. In this case, when the fault
occurs on the feeders, the load can be transferred between the
substations/feeders to restore the loads of un-faulted sections. The
results of this experiment are illustrated in Fig. 6 and Tables 8-10.
Fig. 6 shows year-by-year configuration of the expanded network
in which the thicker lines represent the conductors with the higher
current capacity. Moreover, the installed reserve feeders have been
indicated by the dashed lines. The service area of HV/MV substa-
tions in the normal condition is distinguished by different colors for
the feeders. Tables 8 and 9 demonstrate the results of the expanded

Table 8
Results of substations expansion in experiment 1.

Substation no. Expanded or installed capacity (MVA)

Year 1 Year 2 Year 3 Year 4 Year 5
S1 3x15 4x15 4x15 4x15 4x15
S 2x15 3x15 3x15 3x15 3x15
S3 0 0 2x75 2x75 2x75
Sa 0 0 2x75 3x75 3x75
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Fig. 6. (a) Network configuration after expansion in experiment 1, in year 1, (b) network configuration after expansion in experiment 1, in year 2, (c) network configuration
after expansion in experiment 1, in year 3. (d) Network configuration after expansion in experiment 1, in year 4. (e) network configuration after expansion in experiment 1,

in year 5.

substations and feeders, respectively. In addition, the cost compo-
nents have been represented in Table 10.

4.3.2. Experiment 2

In this experiment, in addition to the feeders and substations,
the DDG units are considered as another option in the dynamic
distribution network expansion planning. The results of this exper-
iment are shown in Fig. 7 and Tables 10-12. The installed DDGs on
the buses are given in Table 12. The advantages of using DDG in
DDNEP are illustrated by comparison of the results of experiments
1 and 2. According to the simulation results, when the DDG units
are incorporated, the upgrading and installation costs of substa-
tions and feeders have been reduced. The cost of energy loss, and

also the interruption cost have been considerably decreased. Like-
wise, the cost of energy purchased from the transmission network
is lower when the DDG units are incorporated.

4.3.2.1. Evaluating the islanding operation. As stated previously, the
islanding operation of DG units has been considered to improve the
network reliability. In this section, an illustrative example is pre-
sented for evaluating the islanding mode of operation. Consider the
expanded configuration of the network in Fig. 7. In the case of fault
occurrence on the feeder between buses 14 and 46, this feeder goes
out of service using its ending switches, and the load points 46, 47,
49, and 50 are isolated from their feeding HV/MV substation, that
is So. This condition has been depicted in Fig. 8a. As shown, there
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Table 9
Specifications of feeders in Experiment 1.
Feeder no. Feeder route Main or reserve (M/R) Installation or replacement Year Conductor type
From bus To bus
1 S1 1 M 2 8
2 1 2 M No change -
3 1 9 M 2 5
4 9 10 M 2 4
5 S1 3 M 3 8
6 3 4 M 2 7
7 4 5 M 3 3
8 5 6 M 3 3
9 4 7 M 4 6
10 7 8 M 4 5
11 8 33 M 5 4
12 S2 11 M 2 6
13 11 12 M 2 6
14 12 13 M 2 4
15 S2 14 M 1 7
16 14 15 M 1 6
17 15 16 M 3 4
18 S4 21 M 3 4
19 21 18 M 3 4
20 18 19 M 3 4
21 19 20 M 3 4
22 17 9 M 2 4
23 22 23 M 2 5
24 23 24 M 2 5
25 24 25 M 1 4
26 27 26 M 2 3
27 S3 28 M 3 3
28 35 34 M 1 3
29 34 33 M 1 5
30 38 44 M 2 4
31 44 45 M 1 4
32 45 12 M 1 5
33 S3 41 M 3 3
34 40 16 M 1 3
35 41 42 M 3 3
36 47 46 M 2 3
37 46 14 M 2 5
38 42 48 M 3 1
39 49 50 M 2 1
40 S4 30 M 3 1
41 43 13 M 2 3
42 43 37 M 2 3
43 31 10 M 2 4
44 1 24 M 1 5
45 15 39 M 1 5
46 24 32 M 2 4
47 4 26 M 1 3
48 46 50 M 2 1
49 29 S4 M 3 1
50 27 36 M 3 2
51 2 25 R 4 1
52 8 25 R 1 4
53 8 34 R 3 2
54 35 40 R 1 3
55 42 47 R 3 3
56 32 39 R 5 5
57 32 38 R 2 4
58 9 23 R 3 3
59 22 31 R 2 3
60 17 20 R 3 4
61 33 39 R 1 4
62 S3 36 R 4 2
63 6 28 R 3 3

is no reserve feeder between this isolated part and rest of the net-
work. However, according to Table 12, there are three DG units
installed on bus 49. Therefore, the only way for restoring the iso-
lated loads and reducing the interruption costs is to operate this
part of the network in the islanding mode until the faulted feeder
is repaired and brought back to service. For the first load level, the
power flow calculation results have been depicted in Fig. 8b. As
seen in this figure and in Table 13, the voltages of buses are within

the safe operating interval. The conductor type of feeder between
buses 46-47, 46-50, and 49-50 is 1, 2, and 2, respectively. Based
on the results, the current flowing through the feeders is below
their rated capacity. However, the output power from the DG of
bus 49, as seen in Fig. 8b, is higher than its capacity. Therefore,
some of load points must be shed. According to the load shed-
ding process represented in Fig. 3, and based on the load shedding
index given in (14), the load shedding procedure is implemented
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Table 10 Table 12
Cost components in the three experiments. Specifications of installed DDGs during the planning years in experiment 2.
Cost component Value (M$) Bus number Number of DDG units installed on the buses
Experiment 1  Experiment2  Experiment 3 Year#1 Year#2 Year#3 Year#4 Year#5
Substation expansion cost 1.557 1.151 1.164 6 3 3 3 3 3
Substation installation cost 10.418 10414 5.402 8 0 1 1 2 2
Feeders cost 9.321 7.156 6.233 10 3 3 3 3 3
DG installation cost 0 9.214 13.765 18 0 0 0 1 1
DG operation cost 0 7.137 5.011 22 0 0 0 1 1
Energy purchase cost 64.057 54.871 50.711 29 1 1 1 1 1
Energy not supplied cost 70.180 27.819 34.382 32 0 1 3 3 3
Energy loss cost 3.976 3.425 2.681 36 0 0 0 0 1
Emission cost 38.552 36.633 32.678 38 1 1 1 1 1
Dissatisfaction cost 2.783 2.436 2.548 39 2 3 3 3 3
Total cost 200.844 160.256 154.575 43 0 0 0 0 1
48 0 0 1 1 1
49 0 1 3 3 3
o FOREHEAR B 1
3talzd D33 ‘
25t until the output power of DG resides within its capacity. Table 13
summarizes this procedure. As shown, after the load shedding, the
20l load point no. 46 which has the highest supply priority will be
supplied.
£ 15}
> .
4.3.3. Experiment 3
10r As a comprehensive case study, this experiment considers all
of the planning alternatives, including the upgrade of existing
5t feeders and substations, installation of both new feeders and sub-
stations, and installation of both types of DG, i.e. DDG and WDG
ol units. Fig. 9 and Tables 10 and 14, and 15 represent the charac-
teristics of the expanded network in this experiment. The results
X (km) of this case verify that employing both DDG and WDG units in
DDNEP results in more economical results. While the installa-
Fig. 7. Network configuration after expansion in experiment 2, in horizon year. tion cost of WDG units is relatively high, their low operation
cost and the key role of these units in reduction of the emission
costs cause the DDNEP to be more economical when they are uti-
Table 11

lized in the planning. Likewise, from the environmental viewpoint,
this experiment is the best case which achieves low emission of
Substation no. Expanded or installed capacity (MVA) pollutants.

The convergence curve of GA in the third experiment has been

Results of substations expansion in experiment 2.

Year 1 Year 2 Year 3 Year 4 Year 5
depicted in Fig. 10 for three conditions: 1-GA, 2-GA equipped with
g; 5 . }g ; . }g ; . }g ; . }g ; . }g Elitism Strategy (ES), and 3-GA equipped with Elitism Strategy and
S5 0 0 2%75 2%75 2%75 Archiving Strategy (AS). As seen, when the GA is equipped with
Ss 0 0 2x75 2x75 3x75 Elitism and Archiving strategies, the convergence trend is fast, and

also, the obtained result is more optimal.

(a) 12} (b) S=1001+j 750 kVA

V=0.9958 pu

& >

® 47

46

V=0.9952 pu

S=2813+j 2109 kVA
I=61.51 A

Y (km)

=0 $=3506+j 2698 KVA

V=0.9979 pu 1=79.04 A

49
S=4114+j 3085 kVA

[=80.97 A

X (km)

Fig. 8. (a) Fault on feeder 14-46 causing the isolation of load points 46, 47, 49, 50 (b). Islanding operation of the isolated part.
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Load shedding process for the successful operation of island.

Shed loads Voltage violation Current violation Substation capacity violation Successful islanding
Stage 1 - No No Yes X
Stage 2 49 No No Yes X
Stage 3 49, 47 No No Yes X
Stage 4 49, 47,50 No No No v
30} " [Existing Ex ubstati installe % i Fooder | —
(@) o || oS ) e ®) - - - -
Load Point Installed WDG Umwf\ Reserve Feeder____ |
25}
18
20}
g L G A R N S
= -
< 15f s
>_

X (km)

X (km)

Fig. 9. (a) Network configuration after expansion in experiment 3, in year 1. (b) Network configuration after expansion in experiment 3, in year 2. (c) network configuration
after expansion in experment 3, in year 3. (d) Network configuration after expansion in experiment 3, in years 4 and 5.
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Fig. 10. Convergence trend of GA in the third experiment.

4.4, Computational aspects

In this section,

the problem size, the properties of the computer

used for simulations, and the solution time are described.
The arrangement of the proposed chromosome was introduced

in Fig. 4. Accordin,

g to this figure and the test network, the number

of existing feeders is 17; so, the number of genes in the first and

second parts of th
candidate feeders

e chromosome is 2 x 17 =34. Also, the number of
is 72; thus, the number of genes in third, fourth

and fifth parts will be 3 x 72 =216. The number of candidate buses

Table 14
Results of substations

expansion in experiment 3.

Substation no.

Expanded or installed capacity (MVA)

Year 1 Year 2 Year 3 Year 4 Year 5
N 3x15 3x15 3x15 3x15 3x15
Sy 2x15 2x15 2x15 3x15 3x15
S3 0 0 0 0 0
Sa 2x75 2x75 3x75 3x75 3x75
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Table 15
Specifications of installed DGs during the planning years in experiment 3.

Bus number Number of DG units installed on the buses
Year#1 Year#2 Year#3 Year#4 Year#5

DDG WDG DDG WDG DDG WDG DDG WDG DDG WDG
6 0 0 0 0 0 0 2 0 2 0
8 0 0 2 0 2 0 2 0 3 0
10 1 0 1 0 2 0 2 0 2 0
13 0 0 0 0 0 0 0 1 0 1
17 0 3 0 3 0 4 0 4 0 4
18 0 0 0 0 0 0 0 0 1 0
19 0 0 0 0 0 2 0 3 0 3
20 0 0 0 0 0 0 0 3 0 3
28 1 2 1 2 1 2 1 2 1 2
29 0 2 0 2 0 2 0 2 0 2
32 2 0 2 0 2 0 2 0 2 0
33 0 2 0 2 0 2 0 2 0 2
38 0 0 0 0 0 0 1 0 1 0
39 1 0 1 0 3 0 3 0 3 0
41 0 0 0 0 0 0 1 0 1 0
43 0 0 0 0 1 0 2 0 2 0
47 0 3 0 3 0 3 1 3 2 3
48 0 0 0 2 0 2 0 2 0 2
49 0 3 1 3 1 3 1 3 1 3

Table 16
The solution time of problem in different experiments.
Number of integer variables Number of continuous Solution time (min)
(optimized by GA) variables (optimized by OPF)

GA IGA

Experiment 1 270 - 67 35

Experiment 2 520 500 190 118

Experiment 3 590 6000 510 320

for DDG installation is 50, and the planning years are 5; therefore
the number of genes of the sixth part is 5 x 50=250. The number of
candidate buses for WDG installation is 14, and the planning years
are 5; therefore, the number of genes of the seventh part of the
chromosome is 5 x 14 =70. The number of HV/MV buses is 4, and
the planning years are 5; therefore, the number of genes of eighth
partis 5 x 4=20.

In total, the number of integer variables (genes of chromosome)
is34+216+250+70+20=590.

Furthermore, the power generation of dispatchable DG units in
each year, load level, and uncertainty state are the other unknown
variables which will be determined by the optimal power flow
within GA. These are continuous variables. The planning years are
5, and the number of considered load levels is 10. Also, in each load
level, seven states have been considered for the uncertainty of load
and energy price according to Fig. 1. Furthermore, the number of
wind speed states is 12 as shown in Table 3. With respect to the
these information, the number of continuous variables equals to
5x10x 10 x 12=6000.

As seen, the number of problem variables is high. The exper-
iments have been performed in MATLAB software on a laptop
with Core i7, 2.0GHz processor, and 4 GB RAM. To speed up
the running time of the algorithm, the parallel computing capa-
bility of MATLAB has been employed. For this aim, the cores of
computer have been paralleled, and it has been used of “par-
for” loops to do the calculations in parallel, in order to accelerate
the execution time. The solution time of the algorithm in differ-
ent cases have been summarized in Table 16. It should be noted
that in the long-term planning problems, like dynamic DNEP,
the most optimal solution is an important issue which the plan-
ners would like to tolerate the execution time to reach the best
solution.

5. Conclusion

In this paper, the renewable power generation has been
employed as an alternative in an integrated dynamic distribution
network expansion planning (DDNEP). The proposed integrated
planning problem determines the characteristics of distribution
network equipment, including both the capacity reinforcement and
new installations of the existing/candidate MV feeders and HV/MV
substations in a dynamic manner. The renewable DGs along with
the non-renewable ones are considered as another option for the
DDNEP. The comprehensive objective function of the problem is
composed of all the investment and operational costs as well as the
interruption, losses, and emission costs. The load variation has been
regarded using the LDC. Furthermore, the uncertainties related to
the load demand, energy price, and wind power generation are
considered in the problem. The reserve feeders and also the pos-
sibility of operating DGs in islanding mode are both considered
in order to augment the network reliability and reduce the inter-
ruption costs. An optimization problem is developed based on the
proposed objective function and its constraints, where, a hybrid
IGA-OPF method is applied to solve this integrated problem. The
54-bus test network is used to evaluate the effectiveness of the pro-
posed approach in several experiments. By comparing the results of
the experiments, it was observed that in the presence of DG units,
the technical characteristics of the network are improved. Likewise,
not only the equipment cost, but also the interruption costs are
reduced while utilizing DG. Moreover, the emission of environmen-
tal pollutants is decreased in the case that DGs, specially WDGs are
utilized in DDNEP. In total, it is concluded that appropriate incor-
poration of both the DDG and WDG units in DDNEP leads to a more
optimal solution from the economical and environmental points of
view.



‘“@fﬁ Downloaded from http://iranpaper.ir

296

References

[1] H.L. Willis, Power Distribution Planning Reference Book, 2nd edition, Marcel
Dekker, New York, 2004, pp. 1217.

[2] G.W. Ault, CE.T. Foote, ].R. McDonald, Distribution system planning in focus,
IEEE Power Eng. Review 22 (1) (2002) 60-62.

[3] J.C. Moreira, E. Miguez, C. Vilacha, A.F. Otero, Large-scale network layout opti-
mization for radial distribution networks by parallel computing, IEEE Trans.
Power Syst. 26 (3) (2011) 1946-1951.

[4] M. Lavorato, M.J. Rider, A.V. Garcia, R. Romero, A constructive heuristic algo-
rithm for distribution system planning, IEEE Trans. Power Syst. 25 (3) (2010)
1734-1742.

[5] G.A. Jimenez-Estevez, L.S. Vargas, V. Marianov, Determination of feeder areas
for the design of large distribution networks, IEEE Trans. Power Deliv. 25 (3)
(2010) 1912-1922.

[6] S.Najafi, S.H. Hosseinian, M. Abedi, A. Vahidnia, S. Abachezadeh, A framework
for optimal planning in large distribution networks, IEEE Trans. Power Syst. 24
(2)(2009) 1019-1028.

[7] S.M. Mazhari, H. Monsef, Dynamic sub-transmission substation expansion
planning using learning automata, Elect. Power Syst. Res. 96 (2013) 255-266.

[8] S.K. Khator, L.C. Leung, Power distribution planning: a review of models and
issues, IEEE Trans. Power Syst. 12 (3) (1997) 1151-1158.

[9] H. Falaghi, C. Singh, M.R. Haghifam, M. Ramezani, DG integrated multi-stage
distribution system expansion planning, Elect. Power Energy Syst.33(8)(2011)
1489-1497.

[10] 1J. Ramirez-Rosado, T. Gonen, Pseudo-dynamic planning for expansion of
power distribution systems, IEEE Trans. Power Syst. 6 (1) (1991) 245-254.

[11] G. Munoz-Delgado, ]. Contreras, ].M. Arroyo, Joint expansion planning of dis-
tributed generation and distribution networks, IEEE Trans. Power Syst. PP (27)
(2014) 1-12.

[12] E. Naderi, H. Seifi, M.S. Sepasian, A dynamic approach for distribution system
planning considering distributed generation, IEEE Trans. Power Deliv. 27 (3)
(2012) 1313-1322.

[13] S. Haffner, L.F.A. Pereira, L.A. Pereira, L.S. Barreto, Multistage model for dis-
tribution expansion planning with distributed generation - Part [: problem
formulation, IEEE Trans. Power Deliv. 23 (2) (2008) 915-923.

[14] S. Haffner, L.F.A. Pereira, L.A. Pereira, L.S. Barreto, Multistage model for dis-
tribution expansion planning with distributed generation - Part II: numerical
results, IEEE Trans. Power Deliv. 23 (2) (2008) 924-929.

[15] L Ziari, G. Ledvich, A. Ghosh, G. Platt, Optimal distribution network reinforce-
ment considering load growth, line loss, and reliability, IEEE Trans. Power Syst.
28 (2)(2013) 587-597.

[16] A. Barin, L.F. Pozzatti, L.N. Canha, R.Q. Machado, A.R. Abaide, G. Arend, Multi-
objective analysis of impacts of distributed generation placement on the
operational characteristics of networks for distribution system planning, Elect.
Power Energy Syst. 32 (10) (2010) 1157-1164.

[17] V.H.Mendez,].Rivier, ].I. de la Fuente, T. Gomez, ]. Arceluz, J. Marin, A. Madurga,
Impact of distributed generation on distribution investment deferral, Elect.
Power Energy Syst. 28 (4) (2006) 244-252.

[18] W. El-Khattam, K. Bhattacharya, Y.G. Hegazy, M.M.A. Salama, Optimal invest-
ment planning for distributed generation in a competitive electricity market,
IEEE Trans. Power Syst. 19 (3) (2004) 1674-1684.

[19] A. Pregelj, M. Begovic, A. Rohatgi, Recloser allocation for improved reliability
of DG-enhanced distribution networks, IEEE Trans. Power Syst. 21 (3) (2006)
1442-1449.

[20] V.R. Pandi, H.H. Zeineldin, W. Xiao, Determining optimal location and size of
distributed generation resources considering harmonic and protection coordi-
nation limits, IEEE Trans. Power Syst. 28 (2) (2013) 1245-1254.

[21] S.H.Lee, T.E.Song, ].W.Park, Power management and control for grid-connected
DGs with Intentional Islanding Operation of Inverter, IEEE Trans. Power Syst.
28 (2)(2013) 1235-1244.

[22] A. Bagheri, H. Monsef, H. Lesani, Evaluating the effects of renewable and non-
renewable DGs on DNEP from the reliability, uncertainty, and operational
points of view by employing hybrid GA and OPF, Euro. Trans. Elect. Power (ETEP)
(December) (2014), http://dx.doi.org/10.1002/etep.2037

[23] M.F. Akorede, H. Hizam, E. Pouresmaeil, Distributed energy resources and ben-
efits to the environment, Renew. Sust. Energy Rev. 14 (2) (2010) 724-734.

[24] R. Thresher, M. Robinson, P. Veers, To capture the wind, IEEE Power Energy
Mag. 5 (6) (2007) 34-46.

[25] B. Das, Uncertainty modeling of wind turbine generating system in power
flow analysis of radial distribution network, Elect. Power Syst. Res. 111 (2014)
141-147.

[26] Y.M. Attwa, E.F. El-Saadany, M.M. Salama, A.R. Seethapathy, Optimal renewable
resources mix for distribution system energy loss minimization, IEEE Trans.
Power Syst. 25 (1) (2010) 360-370.

[27] Y.M. Attwa, E. El-Saadany, Probabilistic approach for optimal allocation of
wind-based distributed generation in distribution systems, IET Renew. Power
Gener. 5(1)(2011) 79-88.

[28] A. Sorudi, Possibilistic-scenario model for DG impact assessment on distribu-
tion networks in an uncertain environment, IEEE Trans. Power Syst. 27 (3)
(2012) 1283-1293.

[29] I Ziari, G. Ledwich, Ghosh, G. Platt, Integrated distribution system planning to
improve reliability under load growth, IEEE Trans. Power Syst. 27 (2) (2012)
757-765.

http://tarjomebazar.com T2,
09372121085 Tlegram (@)
026-33219077

A. Bagheri et al. / Electric Power Systems Research 127 (2015) 280-296

[30] L. Wang, C. Singh, Reliability-constrained optimum placement of reclosers and
distributed generators in distribution networks using an ant colony system
algorithm, IEEE Trans. Syst. Man. Cyber. 38 (6) (2008) 757-764.

[31] C.L.T. Borges, D.M. Falcao, Optimal distributed generation allocation for reli-
ability, losses, and voltage improvement, Elect. Power Energy Syst. 28 (2006)
413-420.

[32] M.F. Shaaban, Y.M. Attwa, E.F. El-Saadnay, DG allocation for benefit maximi-
zation in distribution networks, IEEE Trans. Power Syst. 28 (2) (2013) 639-649.

[33] M. Gitizadeh, A.A. Vahed, ]J. Aghaei, Multi-stage distribution system expan-
sion planning considering distributed generation using hybrid evolutionary
algorithms, Appl. Energy 101 (2013) 655-666.

[34] M. Sedghi, M.A. Golkar, M.R. Haghifam, Distribution network expansion consid-
ering distributed generation and storage units using modified PSO algorithm,
Elect. Power Energy Syst. 52 (4) (2013) 221-230.

[35] B.R.P.]Junior, A.M. Cossi,]. Contreras, RS Mantovani Jose, Multi-objective multi-
stage distribution system planning using tabu search, IET Gener. Trans. Dist. 8
(1)(2014) 35-45.

[36] S.Najafi Ravadanegh, R. Gholizadeh Roshanagh, On optimal multi-stage electric
power distribution networks expansion planning, Elect. Power Energy Syst. 54
(2014) 487-497.

[37] Z.N. Popovic, V.D. Kerleta, D.S. Popovic, Hybrid simulated annealing and mixed
integer linear programming algorithm for optimal planning of radial distribu-
tion networks with distributed generation, Elect. Power Syst. Res. 108 (2014)
211-222.

[38] J. Aghaei, KM. Muttaqi, A. Azizivahed, M. Gitizadeh, Distribution expansion
planning considering reliability and security of energy using modified PSO
algorithm, Energy 65 (1) (2014) 398-441.

[39] M. Ahmadigorji, N. Amjady, A new evolutionary solution method for dynamic
expansion planning of DG-integrated primary distribution networks, Energy
Conv. Manag. 82 (2014) 61-70.

[40] A. Soroudi, M. Afrasiab, Binary PSO-based dynamic multi-objective model for
distributed generation planning under uncertainty, IET Renew. Power Gener. 6
(2)(2012) 67-78.

[41] H. Shayeghi, A. Bagheri, Dynamic sub-transmission system expansion plan-
ning incorporating distributed generation using hybrid DCGA and LP technique,
Elect. Power Energy Syst. 48 (2013) 111-122.

[42] A. Soroudi, M. Aien, Ehsan, A probabilistic modeling of photo voltaic modules
and wind power generation impact on distribution networks, IEEE Syst. J. 6 (2)
(2012) 254-259.

[43] M. Lavorato, J.F. Franco, M. Rider, R. Romero, Imposing radiality constraints
in distribution system optimization problems, IEEE Trans. Power Syst. 27 (1)
(2012) 172-180.

[44] E. Miguez, ]. Cidras, E. Diaz-Dorado, J.L. Garcia-Dornelas, An improved branch-
exchange algorithm for large-scale distribution network planning, IEEE Trans.
Power Syst. 17 (4) (2002) 931-936.

[45] A.C.B. Delbem, A.C. De Carvalho, N.G. Bretas, Main chain representation for
evolutionary algorithms applied to distribution system reconfiguration, IEEE
Trans. Power Syst. 20 (1) (2005) 425-436.

[46] E.M. Carreno, R. Romero, A. Padilha-Feltrin, An efficient codification to solve
distribution network reconfiguration for loss reduction problem, IEEE Trans.
Power Syst. 23 (4) (2008) 1542-1551.

[47] E.R. Ramos, A.G. Exposito, ].R. Santos, F.L. Iborra, Path-based distribution net-
work modeling: application to reconfiguration for loss reduction, IEEE Trans.
Power Syst. 20 (2) (2005) 556-564.

[48] Y.Y.Hong, S.Y. Ho, Determination of network configuration considering multi-
objective in distribution systems using genetic algorithms, IEEE Trans. Power
Syst. 20 (2) (2005) 1062-1069.

[49] Weisstein Eric W. “Graph Rank”. From MathWorld, A Wolfram Web Resource.
http://mathworld.wolfram.com/GraphRank.html

[50] H.A. Ramadan, M.A.A. Wahab, M. EL-Saied, A fuzzy-based approach for opti-
mal allocation and sizing of capacitor banks, Elect. Power Syst. Res. 106 (2014)
232-240.

[51] S. Kazemi, M. Fotuhi-Firuzabad, M. Sanaye-Pasand, M. Lehtonen, Impacts of
automatic control systems of loop restoration scheme on the distribution sys-
tem reliability, IET Gener. Transm. Distrib. 3 (10) (2009) 891-902.

[52] J. Haakana, J. Lassila, T. Kaipia, J. Partanen, Comparison of reliability indices
from the perspective of network automation devices, IEEE Trans. Power Deliv.
25 (3)(2010) 1547-1555.

[53] B. Liy, Y. Zhang, C. Liu, W. He, H. Bao, Reliability evaluation for distribution
systems with distributed generation, Euro. Trans. Electr. Power. 20 (2010)
915-926.

[54] R.C. Lotero, J. Contreras, Distribution system planning with reliability, IEEE
Trans. Power Deliv. 26 (4) (2011) 2552-2562.

[55] S.Kazemi, M. Fotuhi-Firuzabad, R. Billinton, Reliability assessment of an auto-
mated distribution system, IET Gener. Trans. Dist. 1 (2) (2007) 223-233.

[56] J.S. Arora, Introduction to Optimum Design. Chapter 16: Genetic Algorithms for
Optimum Design, 3rd edition, The University of lowa, College of Engineering,
lowa City, IA, 2012, pp. 643-655.

[57] H. Xie, M. Zhang, Parent selection pressure auto-tuning for tournament selec-
tion in genetic programming, IEEE Trans. Evolut. Comput. 17 (1) (2013)
1-19.

[58] J. Koljonen, J.T. Alander, Effects of population size and relative elitism on opti-
mization speed and reliability of genetic algorithms, in: Proceedings of the 12th
Finnish Artificial Intelligence Conference, Finland, 2006, pp. 26-27.

[OWTESN
0355 dazy

Jibowss e ol


http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0295
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0300
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0305
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0310
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0315
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0320
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0325
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0330
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0335
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0340
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0345
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0350
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0355
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0360
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0365
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0370
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0375
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0380
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0385
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0390
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0395
dx.doi.org/10.1002/etep.2037
dx.doi.org/10.1002/etep.2037
dx.doi.org/10.1002/etep.2037
dx.doi.org/10.1002/etep.2037
dx.doi.org/10.1002/etep.2037
dx.doi.org/10.1002/etep.2037
dx.doi.org/10.1002/etep.2037
dx.doi.org/10.1002/etep.2037
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0405
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0410
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0415
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0420
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0425
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0430
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0435
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0440
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0445
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0450
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0455
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0460
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0465
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0470
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0475
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0480
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0485
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0490
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0495
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0500
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0505
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0510
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0515
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0520
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0525
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0530
http://mathworld.wolfram.com/GraphRank.html
http://mathworld.wolfram.com/GraphRank.html
http://mathworld.wolfram.com/GraphRank.html
http://mathworld.wolfram.com/GraphRank.html
http://mathworld.wolfram.com/GraphRank.html
http://mathworld.wolfram.com/GraphRank.html
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0540
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0545
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0550
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0555
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0560
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0565
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0570
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0575
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580
http://refhub.elsevier.com/S0378-7796(15)00179-0/sbref0580

	Renewable power generation employed in an integrated dynamic distribution network expansion planning
	1 Introduction
	2 Problem representation
	2.1 Modeling of load and energy price
	2.2 Uncertainty of load and energy price
	2.3 Wind power generation
	2.4 Uncertainty handling method
	2.4.1 Combinational model for uncertainty states

	2.5 Problem constraints
	2.5.1 Hard constraints
	2.5.1.1 Network radiality constraint
	2.5.1.2 Power flow constraints
	2.5.1.3 DG units’ operating limit
	2.5.1.4 Penetration level of DG units

	2.5.2 Soft constraints
	2.5.2.1 Voltage constraint
	2.5.2.2 Feeders and substations capacity limitation


	2.6 Objective function
	2.6.1 Calculation of energy not supplied (ENS)
	2.6.1.1 ENS due to failure on the feeders
	2.6.1.2 ENS due to failure on the HV/MV substations and DG units



	3 Proposed solution method
	3.1 Genetic algorithm (GA)
	3.2 Chromosome structure of the proposed GA
	3.3 GA-OPF combination for the problem optimization

	4 Numerical study
	4.1 Test network and the IGA parameters
	4.2 Improving the GA performance
	4.2.1 Elitism strategy (ES)
	4.2.2 Archiving strategy (AS)

	4.3 Simulation results
	4.3.1 Experiment 1
	4.3.2 Experiment 2
	4.3.2.1 Evaluating the islanding operation

	4.3.3 Experiment 3

	4.4 Computational aspects

	5 Conclusion
	References


