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Abstract—The integration of new technologies at the EV.Ch Charging rate of the w'" EV
residential level such as energy storage systems, electric H‘f/V.dch Discharging rate of the w" EV
vehicles, solar photovoltaic generation and mini wind turbines #ESS,ch Charging rate of the w'" Energy Storage System
triggered the appearance of a new agent in the power systems W (ESS)
called prosumers. This agent has the potential to provide new ESS,dch Discharging rate of the w'" ESS

forms of flexibility and -cost-effective solutions. However,
associated with these new solutions there are also a number of
problems that affect these solutions, particularly network

w
SOCEV-int  Tnitial SOC of the EV of the w' prosumer
w
SOCEVmax  Maximum SOC of the EV of the w'" prosumer

constraints. This work presents an analysis not only on the socEVmin - Minimum SOC of the EV of the w" prosumer
benefits of utilizing the prosumer’s flexibility but also to the SOCESSint Tnitial SOC of the ESS of the w'" prosumer
problems associated with the operation and optimization of the 50(;‘555””“" Maximum SOC of the ESS of the w prosumer
network. A new model is presented that considers energy SO C‘f]SS,min Minimum SOC of the ESS of the w" prosumer
transactions between prosumers in tl{e neighborhood an.d a, Aurrival period of the EV of w prosumer
between them and the network using on a stochastic d, Departure period of the EV of wi" prosumer

framework, in order to account for a set of uncertainties in the 1oy
t

. . . o 3 oes . Price at which power is bought at time t
form of scenarios associated with the availability of various

resources and technologies. The results show the economic At Price at which power is sold at time t
benefit of energy transactions between prosumers resulting in P;f;ﬂf;ance Power consumed by controllable appliance ¢ of the
more flexibility for the system while highlighting the effect of w' prosumer while in period t in scenario s
network restrictions and potential problems associated with Sy w, the loses of the transfer between prosumer w1 and
them. prosumer w2

Keywords—Prosumers  flexibility, neighborhood, power Sy, Limits of the transfer between prosumer w and

prosumer w2

losses, network constraints, stochastic optimization FOSHL
At Time interval

I.  NOMENCLATURE

A. Sets/Indices C. Variables

g Total input power of the w' prosumer at time t
t,Qf Index/Set of hours of the day wt putp " prosut
s QS Index/Set of scenarios Ly Total load of the w™ prosumer at time t
M; Qv Index/Set of prosumers Ow ¢ Total output power of the w prosumer at time t
¢ Qf Index/Set of controllable appliances Swit Total sold power of the w' prosumer at time t
f.of Index/Set of phases of the controllable appliances PSy% Iilomo.f(li of the PV-generated power sold back to
the gr1
PU‘f,K Portion of the PV-generated power used by the
B. Parameters prosumer
nd . o
UE;V'Ch Charging efficiency of the w Electric Vehicle PSWE gl (;rtgli)ircli of the wind-generated power sold back to
EV . > .
EV,dch ]()isc)harging efficiency of the wih EV PUM‘","‘t"d Portion of the wind-generated power used by the
w
ESS,ch : ; th ‘ prosumer
Wes deh C}'largmg‘ efﬁc1en'cy of the w E‘hS S pros,in Total power input to the w" prosumer
My Discharging efficiency of the w™ ESS ‘;’]'Tt"s"’“t Total power output of the wi" prosumer
but Inflexible load of the w" prosumer at time t W}EV p P p
PV Power produced by the PV panels of the w PCy Power charged by the EV
' prosumer at time t PDEY, Power discharged by the EV
Pm‘jfit”d Power produced by the Wind turbines of the w' PS‘% Portion of the EV-generated power sold back to
prosumer at time t the grid
PUE,% Portion of the EV-generated power used by the
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PCESS Power charged by the ESS

PDESS Power discharged by the ESS

PSESS Portion of the ESS-generated power sold back to
the grid

PUESS Portion of the ESS-generated power used by the
prosumer

SOCESS  State of charge of the w'" ESS at time t

pUMa/PtPC”a”C‘ Power consumed by controllable appliance ¢

" of the wi prosumer while in period t
Jromarid . Power bought from the grid
oI Power sold to the grid

Phrostorros power exchanged from prosumer wi to
LWt X
prosumer w; at time t

X't Binary variable; 1 if the w" EV is charging at
time t, otherwise 0

xESS Binary variable; 1 if the w™ ESS is charging
at time t, otherwise 0

xoppliance  Binary variable; 1 if the s scenario is the

N . .
optimal one, otherwise 0

II. INTRODUCTION

Electric power systems are undergoing a significant
transition towards systems that are more decarbonized,
decentralized and digitalized [1]. This shift is occurring for a
number of reasons including measures to reduce the carbon
intensity of the sector, cost reductions in renewable energy
technologies (such as solar photovoltaic and wind), increase
in the computing ability and connectedness of various
devices and the desire for consumers to take a more active
role in the energy sector [2].

The shift to an electric power system which is heavily
reliant on renewable energy sources (some of which have
variable power output for example PV and wind) requires
that the system becomes more flexible in order to account for
the fluctuations in power output while operating in a safe,
secure and reliable manner.

Traditionally, flexibility services have been provided by
the supply side of the power system by changing the
electricity produced by different generators. However, there
has been a major increase in attention being paid to the
concept of flexibility services being delivered by the demand
side of the power system which also includes flexibility
services provided by prosumers (those consumers who also
produce electricity) [2].

As the electric power system evolves, a rise in active
consumer participation is being seen. This change has seen
consumers move from passive customers to active
consumers (and in some cases prosumers). The increased
consumer participation is key if future energy systems are to
be designed with the consumer at the heart of the system.
Harnessing the flexibility of prosumers can increase the level
of participation in consumer-centric energy markets [1].
Sources of flexibility help to balance supply and demand of
electricity but they can also contribute to various ancillary
services such as voltage profile rectification and frequency
control and this can assist distribution system operators as it
may allow them to delay costly investments in upgrading
network infrastructure [3].

All these factors mean that it will be crucial to correctly
quantify the magnitude and timing of flexibility services that
can be offered to the electric grid with a major focus on
quantifying prosumer generated flexibility services.

A. Literature review

There is a growing body of research dedicated to
unlocking the potential of prosumers to provide flexibility
services to the local distribution grid. In this section, some of
them are introduced and discussed.

A model which uses an aggregator to group a number of
small prosumers together in order to participate in the energy
and ancillary services market is developed in [2]. A model
proposed by [4] uses metaheuristic techniques to forecast a
multi-period flexibility schedule for prosumers in low
voltage networks.

A system to allow prosumers to schedule, bid for and
share energy is developed by [5]. This model used a number
of different types of Distributed Energy Resources (DERs)
such as PV panels, smart appliances, battery energy storage
systems. The model used a Mixed-Integer Nonlinear
programming model to develop an optimal solution.

A tecno-economic study of prosumer energy storage
systems (ESS) was conducted by [6]. The paper used a MILP
model to minimize the costs of importing electricity from the
grid. Results show that significant savings were achieved for
the prosumers, mainly through the use of PV panels for self-
generation. Implementation of ESS reduced costs by
between 22 and 30% and increased self-consumption by up
to 30%.

A Peer-2-Peer energy trading system was developed by
[7] which used a double auction market to promote trading
amongst peers to unlock small-scale flexibility. Another
prosumer energy trading model is proposed by [8] where a
double auction method is used in conjunction with a fully
decentralized model to help coordinate DERs within a
microgrid in order to lower costs, increase self-consumption
while preserving the privacy of the participants.

A system which incorporates a two-stage framework for
the sharing of energy between prosumers and an energy
retailer using a combination of renewable energy sources,
energy storage systems and shiftable loads was proposed by
[9].

The first stage of the framework made use of a bilevel
scheduling model in order to develop a robust schedule for
energy sharing while the second stage optimizes the energy
use schedule of the prosumers through online optimization
while taking the state of the system into account.

A control system using transactive energy concepts is
developed by [10] and the authors evaluate a mixture of tariff
regimes. Findings from the paper show that transactive
energy control can help to extend the life of transformers and
reduce active power losses in the system.

B. Contributions
The main contributions of this paper are the following:

= An improved mixed-integer linear programming
(MILP) operational model considering prosumers
flexibility jointly with grid constraints;

= An extensive operational analysis of a system
considering energy transactions between prosumers
in the neighborhood and between them and the
network which aims to assess the benefits from
harnessing prosumer’s flexibility but also addressing
problems associated with the operation and
optimization of the network.



III. MATHEMATICAL FORMULATION

A. Objective Function

This work minimizes the power costs for all prosumers
and maximizes their profit. The total cost for prosumer w at
time ¢ can be calculated by the product of the buying price
A7 and the amount of power bought externally (neither

generated, nor bought by any other prosumer in the network)
l/)g "4 This treats the power received from the other
prosumers Y. Yl oy 7 **as a fixed price. Thus, the market
structure followed in this paper prioritizes the energy
exchange among the prosumers over buying power externally
from the rest of the network. Similarly, the total profit can be

calculated by the product of A§"and y.7 2™

min Y (A%« g0 x ar)
w,t
_ (Agell % w:/)tgrid % At)) 1
Yw € Q%,Vt € Qf

B. Constraints

1)  Power Balance

Constraint (2) ensures that at all times and for all
prosumers, the total input power J,,,; is equal to the total load
L,, ¢ The total input power consists of the input from the grid
(prosumers on the network and externally) ¥}, ™ plus the
power received from the PV panels, wind turbines, EVs and
ESSs (3). The total load consists of the inflexible load, the
charging of both EVs and ESSs and the entire load of the
home appliances (4).

f]wz: - Lwt Yw € -QW,Vt € Qt (2)

Wt = lpprosm +PU£Vt + Pmed + PUVLE,% +PUME,‘§:S (3)
vw € QY, Vvt € Qt

Lue = e + PCS, + PCEE + T PUSIES™,

Yw € Q%, vVt € Qf

Equation (5) ensures that for all periods and for all
prosumers the total output power 0, . is equal to the total
sold S, ;. The total output power is the power sold to the grid
(prosumers on the network and externally) for profit (6). The
total power sold is the summation of the power sold of the
excess generation of the PV panels and wind turbines and the
excess power stored in EVs and ESSs (7). Excess power is
either sold to the grid or stored in the ESS for later use.

Owt = Swr » vw E Q¥,Vt € QF  (5)
Owe = W™t Vw EQY,VtE QL (6)
Swe = PSph + PSYT + PSiN + PSS, )

vw € Q¥,vt € Qf

2)  Grid and Losses

Constraints (8) and (9) define the 2 variables: Total power
input $2'?*™ and Total power output %% ?*°**. The total
power input is the summation of all the power obtained from
other prosumers on the network Y, tp‘f,lrlgrst’w'pms, multiplied
by 8,, %, to account for line losses, plus the power received
externally w";’rtom 9@ Qimilarly, the total power output

PYEI%M is the summation of all the power the prosumer
’ pros,to,pros

sends to other prosumers on the network, Yz ¥, &, ,

multiplied by §,, & to account for line loses, plus the power
sold externally wt" 974 The formulation of the loss functions
have been derived from [11].

T0S,in 70S,t0,pT0S from grid
Ui " = o, (T % Sy wy)

Wy, Wyt wy,t 4 8
vt € Qf ,vw, € Q¥ ®)

in _ t t id
P = TG Bu) HUT o)

vt e Q! VWZEQW

The approximation of the losses is made through a
quadratic function of the power flow on the line (10).

_ 1. |, Prosto,pros . . PTOS,t0,pTos2
=b |¢W,W,t’ |+C ww,vT/,t ’ (10)

vt € Qf,vw € Q¥
The coefficients units b and c are [.] and [kW], respectively.
The expression can be linearized using the Special-Order Sets
of Type 2 (SOS2) considering 5 segments.

ZpEP Zywe =1 vt e Qf,vw e

Qv (11)
lp;zr\:/dt ZpEPX Lyt vte Qt,vw e (12)
Qv
id
¢‘.49/T‘:) t ZpEP Yp Lyt vt e Qf,Vw € (13)
Qv

Constraint (14) bounds the power exchange between two
prosumers by the line limits between them 6, .

t t
Yy P < 5W1,W2 vt e Q' Ywy,w, €QY (14)

3)  Electric Vehicles

Equation (15) states that the power discharged by the EV
multiplied by the efficiency (0 < V%" < 1) is the sum of the
power used and power sold.

PUGY + PSY = nEVah « PDRY, 15
vw € Q¥, vt € QF (1)

The binary variable, x}, is 1 if the EV is charging and 0

otherwise, so (16) and (17) set the upper limit for the charging

PCEY, and discharging PDE" variables; if x[ is 1 then

PCEY, < uE"" and PDY = 0, and if xis 0 then PC,; =

0 and PD‘f,"t < uEV deh Where u”"is the maximum rate of
charging, and i’ is the maximum rate of discharge.

PCRY < pEVeh s iV vYw € QY,Vt

' oo (16)
PDyY < pEVeh « (1 —xp); Yw € Q¥, Vvt

' cat (17)

Equation (18) defines how the SOC (State of Charge) of
the EV evolves with respect to time. The current hour’s SOC
is the previous hour’s SOC plus the power charged times the
charging efficiency minus the power discharged time the
discharging efficiency.

S0CE, = S0CE, 4 + (nV<h + PCEY * At)
— (nﬁ;V,dch % PDE;% % At) (18)
vt €lay,,d,],Yw € Q¥

Constraints (19) — (23) define how the SOC is bounded with
respect to the arrival a,, and departure d,, time of the EV.
Firstly, the arrival time should be before departure (20).
Moreover, between the arrival and departure time the SOC is
bounded between the maximum and minimum value of the
w" EV (16). At departure time the SOC should be at the



maximum allowed (19). After the departure time and before
the arrival time there will be no charging or discharging (17).

SOCEV™n < SOCEY, < socEr™max wt

19
€lay, d,[,VYw € Q" (19)

PCyt =PDg =0 Vte{Q® —Jay,dyl}Yw
cqv (20)

S0CgY = socy ™ vt = a,,Vw
v € qv vt en
SOCEY, = socE/ma vt 22)

=d,,Yw e Q¥

ay, <d Yw

v € Qv (23)

4)  Electrical Storage System

Constraint (24) states that the power discharged by the
ESS multiplied by the efficiency (0 < nZ55“" < 1) is the sum
of the power used and power sold.

PULS + PSL% = nf554h« PDESS vw € ¥, vt (24)
et

The binary variable, x5, is 1 if the ESS is charging and 0
otherwise, so (25) and (26) set the upper limit for the
charging PCE® and discharging PDES? variables; if x5 is 1
then PC.5° < pf*" and PD;%’ = 0, and if x;7 is O then
PCES =0 and PDSS < pESS4h | Where uy*" is the
maximum rate of charging, and 4Z5S is the maximum rate of

discharge.

PCGYe < uiP>hw x weanve o
et
ESS ,dch ESS
PDJ% < pfssde ;(&t— xE5)  vweqv,vt 26)

Equation (23) defines how the SOC of the ESS evolves with
respect to time. The current hour’s SOC is the previous hour’s
SOC plus the power charged multiplied by the charging
efficiency minus the power discharged multiplied by the
discharging efficiency.

SOCSY = SOCE , + (555" + PCISE + At)
— (anSS,dch % P D,f,,StS % At) (27)
vVt >1,vw e Q¥

Constraints (28) — (30) define how the SOC is bounded over
Qf . The SOC is bounded between the maximum and
minimum value of the w ESS (28). At the end of the day (¢
= 24) the SOC should hold the maximum allowed value (30).

SOcESSmin < S0CESS < socESS™a vt € OF,vw

€ Qv (28)
SOCESS = socEssim vt =1,Yw
w,t c Qw (29)
SOCESS = socEssmax Vvt = 24,Vw
w,t c QW (30)

5) PVs

Equation (31) states that the summation of the power used
from the PV panels, PU";, and the power sold from the PV
panels PSM’;K at any time is equal to the power generated by
the PV panels, PFY.

PUZY +PSEY =PLY | weeQl,yweQ¥ (1)

6)  Wind Turbines

Constraint (32) states that the summation of the power used
from the wind turbines PU“A‘,’_it”d and the power sold from the
wind turbines PS,,‘C,’,"t"d at any time is equal to the power
generated by the wind turbines, P,

PUyP® + PSYd =Pt vee Qf,yw e Q¥ (32)
7)  Controllable Appliances

Equations (33) defines the power used by appliance ¢ of

prosumer w at time ¢ is the summation across all scenarios of

appliance appliance appliance .
the product of xs "7 and PR As x PP is a
. . appliance :
binary variable and the sum of xSP? across all scenarios

. li . R
is 1 (34), therefore xPP"“"“® = 1in only one scenario (zero

. . .. li .

otherwise). This scenario is when P,EE"" {5 Jowest so
. 5,

PU,FP " becomes the lowest and the total cost of the

network is minimized.

appliance __ appliance appliance
PUw,t,c - E Xs * Pw,t,s,c

= (33)
vt e Qf,vyw e Q¥ ,Vc € Q°

Z x;zppliance =1 (34)

S
IV. NUMERICAL RESULTS AND DISCUSSIONS

A. Data and Assumptions

The test system shown in Fig. 1 was used to analyse the
model. The system is composed of three prosumers,
prosumer one, two and three which were meant to simulate a
household of two, one and five persons, respectively. Each
variable/parameter is a 24-valued vector representing the
performance of that variable/parameter across the 24 hours
of the day. In this paper GAMS was used to solve the model
using the solver MILP CPLEX.

In Fig. 2 the total load of the prosumers for the 24-hour
period is shown. Each prosumer had inflexible loads which
are the loads which do not change according to the
fluctuations in the electricity price, like a refrigerator and the
lighting loads. The inflexible loads ranged from 1.6 kWh to
7.5 kWh.

Each prosumer also has EVs which is modelled after
Chevrolet Volt, Volkswagen E-Golf and BMW i3 for
prosumer one, two and three, respectively. They have
discharging/charging rate ranging from 3.3 kW to 7.2 kW
and batter capacity 16 kWh to 24 kWh.

They also have discharging/charging efficiency equal to
95%. The EVs leave between 9-10 AM and return between
4-6 PM. Constraints were added so that for prosumers’
convenience, the EVs SOC must be at maximum by the
departure time. Values for the data used are derived from
[12].

As for the ESSs, they have a capacity of 3-4 kWh,
charging/discharging rate 0.6 kW and efficiency 90%. Also,
in this technology constraints were added, so that the ESS by
the end of the day has reached maximum SOC.

In this study, the prosumers had PV panels which
generated energy during the period from 9 AM to 6 PM
ranging from 0.0004 kWh to 0.9 kWh, they also have
residential wind turbines which generate energy through the
whole day ranging from 0.3 kWh to 0.8 kWh.



Fig. 1. A simple diagram of the system.

The behavior of the washing machine, dishwasher and
HVAC for each prosumer was also modelled. A set of
scenarios for the three prosumers for all appliances were
considered. A summary of the ranges of the consumption of
the appliances can be found in Table I.

The prosumers can exchange energy to help decrease the
total electricity costs and the grid constraints were included
in the modelling. However, if a prosumer requires more
energy and which they cannot generate and there is not
enough excess energy in the network (neighborhood), the
prosumer may buy energy externally (from the grid). The
buying prices range from 0.005 €/kWh to 0.05 €/kWh (prices
follow the demand trend). Similarly, prosumers can sell
energy externally if all the demand in the network is met. The
selling price is flat and equal to 0.03 €/kWh.

B. Discussion of Numerical Results.

In this paper 8 Cases (A-H) were used to analyse the
model. Case A is the base case where prosumers did not
generate any energy, and Case H was the case where all
consumers generated and exchanged energy between them
and with the grid. All Cases are shown in Table II.

The results from minimizing the total cost of the network
were ranked, and are presented in Table III. From this table,
it is possible to see that, when all the prosumers are using
their generation, the total cost of the network goes down by
16.45%. For cases in which one prosumer generates (D, C,
D) and two (E, F, G) we have an average reduction of 5.12%
and 11% respectively. Therefore, the increase generation
capacity of the various prosumers brings several benefits, in
particular, economic benefits for the prosumers (evident by
the lower costs) but also to the network in terms of reduced
energy losses and increased grid reliability. The possibility
to generate, consume, and sell energy among prosumers in
the neighborhood and buy from and sell to the grid,
considerably increases prosumers flexibility, opening the
door for prosumers to participate in ancillary services which
may be needed by the grid.

From the grid’s perspective, it is possible to see that the
losses decrease (Table III) as power is purchased from the
other prosumers in the neighborhood, and the losses are
higher as the power is purchased from the network. This is
because part of the demand is suppressed locally, increasing
the reliability of the network. However, this new paradigm
increases bidirectional energy flows, which makes network
operation much more complex.

Fig. 3 and Fig. 4 show the evolution of the inputs and
outputs for a specific prosumer in the case that prosumers
generate their own energy (Case H) and in comparison, none
of them generates energy (Case A). From these figures, it is
possible to see the decrease in the dependence on the network
by prosumer 1, and the increase in flexibility, which could
be larger but is limited due to the large inflexible load. The
greatest optimization occurs at the level of EV and ESS
operation. Nevertheless, it can be seen that the prosumer
demand response action associated with the increase in
flexibility leads to a decrease in peak demand.

In this work, a further analysis was carried out to assess
the effect of the restrictions (8) - (13) on the operation costs.
The analysis was made considering Case H. The results are
presented in Table V, where Hy and H; are the cases where
the constraints are active and not active, respectively.

TABLE II: DESCRIPTION OF THE CASES

Prosumer 1 Prosumer 2 | Prosumer 3 Generating
- Generating Generating | Generating Number
B Prosumeri [ Prosumer 2 Prosumer 3 -lnt- Smp’ ‘\ A No No No 0
B 2 B No No Yes
20 = A \ C No Yes No 1
4 \ D Yes No No
= 1 B E Yes Yes No
i " NS 4 F No Yes Yes 2
] Ns G Yes No Yes
;3 H Yes Yes Yes 3
o 7
- =
TABLE III: RESULTS OF THE CASES (€)
Total Generating Number Average Cost Average losses
° = Cost
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2
Eours A | 9.18 0 9.18 1.67
Fig. 2. Total load of the three prosumers B 8.72
C | 8.69 1 8.71 1.48
TABLE I: APPLIANCES RANGES (KW) D | 872
Minimum Maximum Average E 8.13
Washl_ng 0.4 05 0.45 F 8.23 2 8.17 1.33
Machine G 315
Dish Washer 1.2 1.5 1.35 i
HVAC 1 4 2.5 H | 7.67 3 7.67 1.21
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Fig. 4. Diagram of energy flows for Case A (Prosumer 1)

TABLE V: EFFECT OF THE RESTRICTIONS ON COSTS

Total Cost (€)
Case Hy 7.67
Case H; 7.58

The results show that when the restrictions are not
considered, the cost is lower, since the energy flow of each
transaction is not limited, allowing the transaction of higher
energy values. However, for this case, the variation of values
is not significant, but with more complex systems these
values may become significant. This demonstrates the
importance of making a realistic representation of the several
network operational constraints so that optimization process
outputs are as reliable as possible.

V. CONCLUSIONS

In this work an analysis on the benefits from the
prosumer’s flexibility and also issues associated related to
the operation and optimization of the network was presented.
This work presents a new model which considers
energy transactions between prosumers in the neighborhood
as well as transactions between prosumers and the network
based on a stochastic tool, in order to consider a set of
uncertainties in the form of scenarios associated with
the availability of various resources and technologies.

Numerical results show that when all consumers are
prosumers the network total costs decrease by 16.45% and
the network flexibility increases considerably since they can
trade energy between each other as well as the network.
There is also a 27.5% reduction in energy losses due to local
generation, increasing the network reliability. However, if
network operation is not well managed, local congestion
problems may occur due to bi-directional power flows. It has
been shown that it is possibly to verify the added flexibility
that prosumers bring to the network. This may open the door
for the provision of ancillary services by prosumers.

VI. REFERENCES

[1] K. Steriotis, G. Tsaousoglou, N. Efthymiopoulos, P. Makris, and E.
(Manos) Varvarigos, “A novel behavioral real time pricing scheme for
the active energy consumers’ participation in emerging flexibility
markets,” Sustain. Energy Grids Netw., vol. 16, pp. 14-27, 2018, doi:
https://doi.org/10.1016/j.segan.2018.05.002.

[2] J. P. Iria, F. J. Soares, and M. A. Matos, “Trading Small Prosumers
Flexibility in the Energy and Tertiary Reserve Markets,” IEEE Trans.
Smart Grid, vol. 10, no. 3, pp. 2371-2382, May 2019, doi:
10.1109/TSG.2018.2797001.

[3] R. Tulabing et al., “Modeling study on flexible load’s demand
response potentials for providing ancillary services at the substation
level,” Electr. Power Syst. Res., vol. 140, pp. 240-252, Nov. 2016,
doi: 10.1016/j.epsr.2016.06.018.

[4] R. Pinto, R. J. Bessa, and M. A. Matos, “Multi-period flexibility
forecast for low voltage prosumers,” Energy, vol. 141, pp. 2251-2263,
Dec. 2017, doi: 10.1016/j.energy.2017.11.142.

[51 A.G. Azar, H. Nazaripouya, B. Khaki, C.-C. Chu, R. Gadh, and R. H.
Jacobsen, “A Non-Cooperative Framework for Coordinating a
Neighborhood of Distributed Prosumers,” IEEE Trans. Ind. Inform.,
vol. 15, mno. 5, pp. 2523-2534, May 2019, doi:
10.1109/TI1.2018.2867748.

[6] S. van der Stelt, T. AlSkaif, and W. van Sark, “Techno-economic
analysis of household and community energy storage for residential
prosumers with smart appliances,” Appl. Energy, vol. 209, pp. 266—
276, 2018, doi: https://doi.org/10.1016/j.apenergy.2017.10.096.

[71 K. Chen, J. Lin, and Y. Song, “Trading strategy optimization for a
prosumer in continuous double auction-based peer-to-peer market: A
prediction-integration model,” Appl. Energy, vol. 242, pp. 1121-
1133, May 2019, doi: 10.1016/j.apenergy.2019.03.094.

[8] Z.Wang, X. Yu, Y. Mu, and H. Jia, “A distributed Peer-to-Peer energy
transaction method for diversified prosumers in Urban Community
Microgrid System,” Appl. Energy, vol. 260, p. 114327, Feb. 2020,
doi: 10.1016/j.apenergy.2019.114327.

[91 S. Cui, Y. Wang, J. Xiao, and N. Liu, “A Two-Stage Robust Energy
Sharing Management for Prosumer Microgrid,” IEEE Trans. Ind.
Inform., vol. 15, no. 5, pp. 2741-2752, May 2019, doi:
10.1109/T11.2018.2867878.

[10] M. K. Gray and W. G. Morsi, “A Novel Transactive Energy
Framework for Prosumers with Battery Storage and Electric
Vehicles,” in 2018 IEEE Electrical Power and Energy Conference
(EPEC), Oct. 2018, pp. 1-6, doi: 10.1109/EPEC.2018.8598368.

[11] N. G. Paterakis et al., “Multi-Objective Reconfiguration of Radial
Distribution Systems Using Reliability Indices,” IEEE Trans. Power
Syst., vol. 31, no. 2, pp. 1048-1062, Mar. 2016, doi:
10.1109/TPWRS.2015.2425801.

[12] N.G. Paterakis, I. N. Pappi, O. Erdinc, R. Godina, E. M. G. Rodrigues,
and J. P. S. Catalao, “Consideration of the Impacts of a Smart
Neighborhood Load on Transformer Aging,” IEEE Trans. Smart Grid,
vol. 7, mno. 6, pp. 2793-2802, Nov. 2016, doi:
10.1109/TSG.2015.2501380.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


