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Abstract— The market liberalization and renewable energy
integration, increasing the uncertainty in operational planning,
which implies more significant and more frequent deviations
from schedules. A lack of proper decision-making tool, such as
OPF, can impede the integration of renewable energy and
system flexibility. A promising approach to model the OPF
dealing with uncertainty is robust optimization (RO). Typically,
a robust optimization model has a dual goal, generating
performance as well as system reliability under uncertainty.
This paper discusses an RO-based AC-OPF model for finding
the optimal location of the energy storage system in the
transmission network. An AC multi-temporal OPF algorithm
that adopts a convex relaxation of the power flow equations to
guarantee precise and optimal solutions with high algorithmic
performance has been used. The developed model has been
validated for storage planning on the IEEE-14 bus network.

Keywords — energy storage, robust optimization, uncertainty,
transmission network planning.

1. INTRODUCTION

With high intermittent energy penetration, more operating
reserves are required, and the ancillary service cost increases.
Also, due to the ramp rate limitation of conventional
generators, fast wind power fluctuations can hardly be
compensated within a short period.

Grid-scale storage contains a number of technologies that
cover a wide range of time-scales, costs, spatial footprints, and
capacity. Identifying the appropriate size, siting, and
technology is imperative for getting the full potential of
storage in renewable energy integrated power grids [1]. Many
of these problems are application-specific, and therefore, the
study linked to storage capacity requirements has often
concentrated on specific problem sets. For instance, isolated
systems with high renewable energy penetration have been
explored in several situations [2]-[4]. Other studies have
dedicated to characterizing the amount of storage required to
compensate for short [5] and long-term [6] energy shortages
and to substitute fast response generators in single bus
systems.

Regarding optimal siting of the energy storage problem, many
references proposed that the energy storage systems (ESS)
should be installed on the site coupling with Wind Farms
(WFs) [1]. It has been shown that the potential siting of ESS
can bring benefits such as deferring or avoiding capacity and
transmission upgrade, reduced transmission and distribution
losses and more robust system reliability [7]-[10].

While the majority of the works on storage planning used a
DC network model [10], [11]-[14], there have been some
noteworthy contributions that adopt an AC formulation [15]-
[18]. In [15] developed a dynamic AC-OPF planning solution
where electricity from wind energy is stored at night and
released during the day. The model based on AC OPF leads to
increased accuracy in the planning decision. However, the
resulting nonlinear programming model may unveil
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convergence problems; moreover, there is no guarantee that
the solution is global. In [16]-[18] proposed relaxed models
based on semidefinite programming (SDP) relaxation of the
dynamic storage planning problem through an AC model. The
solution to the SDP relaxation is globally optimal and feasible
to the planning problem providing that the duality gap is zero.
Besides, the SDP solution does not scale well with the
problem size. The exploitation of the AC model, therefore,
necessitates further research and development for general use
in a planning tool.

In regard of power system planning, the scenarios are
commonly obtained from load forecasts, which are formed
based on load demand and econometric models that use
historical data, together with economic forecasts and inputs
from government sources. Utilities perform annual long-term
load forecasting yearly for planning and investment. That
being said, planning tools need to consider uncertainty in the
model. One of the promising approaches is robust
optimization. The necessity for robust optimization solutions
has been acknowledged in several applications [19] - [22]. It
is also favored in storage investment planning over stochastic
optimization, where practical applications require accurate
statistical models that are usually unavailable [23].

In this paper, an energy storage planning tool based on robust
optimization has been proposed. In order to have an efficient
algorithm and to maintain convex formulation, a second-order
cone programming (SOCP) relaxation adopted. The
methodology has been tested on the IEEE-14 bus network.

II.  MATHEMATICAL FORMULATION

The proposed methodology for storage investment in the
transmission network based on a multi-period AC OPF
algorithm given by constraints (1)-(22). The objective
function of storage planning consists of the daily cost of
operating conventional generations ( PY ), the storage
investment cost (SC,,) per interest period and penalty terms of
wind curtailment (B¢). Therefore, the aim is to reduce the
conventional generation cost, storage investment, and wind
curtailment. C7 and C,,,. are the specific costs of conventional
generator production and the wind curtailment penalty,
respectively. The storage investment cost ( SC, ) is
proportional to the number of storage installed (I, gss) at each
node n and their size in terms of rated power and rated energy.
The total storage investment cost appears in the objective
function multiplied by a factor K that defines the capital
recovery factor of storage investment.

Furthermore, in this study, the operational cost of batteries
has been disregarded, as well as the impact of the
charging/discharging cycles on the batteries life. Actually, a
term that takes into account the depreciation of the storages
due to their use could be included, but in this paper, this cost
is assumed negligible. The model encapsulates the voltage
drop of each node by constraints (2), while it does not



explicitly consider the network energy losses, because
assumed within the permissible range and thus not valuable as
a penalty for the system operator.
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Here, the VOLL represents the value of lost load and LS is
the amount of load shedding.

The voltage drop and corresponding current flow in the
branch mn can be calculated by (2) and (3) respectively
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The current flow on the branch mn can be placed in (2) to
obtain the following equation:

(Vm - Vn)Vn* = (Pmn _ijn)(Rmn +ijn) (4)

Considering the associated voltage angle of each bus (4) can
be written as
VmVn(COS Omn + jSinemn) - Vnz (5)
= (Pmn - ijn)(Rmn + ijn)

From (5), identifying the real and imaginary parts and
squaring them, the following equation can be derived, which
can be used to obtain the voltage across the branch mn
sz = V112 = 2(RynPon + Xy Qmn) + (R%m (6)
+ X)L

The magnitude of the current flow Irznn can be obtained as
2 _ Bt Qi )
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Here (8)-(9) represent the active and reactive power flow of
this optimal power flow problem
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In this multi-temporal AC OPF model, the Second Order
Cone Programming (SOCP) convex relaxation has been used.
This relaxation necessitates the relaxation of certain equality
constraints and replacing certain quadratic terms for linear

terms. The equality constraints in this model, constraint (7),
(10) and (11) are relaxed ultimately by relaxing the
magnitude of currents within each branch and using a conic
formation on the limitation of exchanged active power. For
linearization purposes, voltage and current magnitude has

been considered as IZ, = ipmn and V2, = Uy, with
including new variables (I, Vmy) in order to replace the
quadratic terms and successfully formulate the SOCP
problem.

Vrfl.in < Un(t) < Vn%ax (12)
PMin < PI(t) < pmax (13)
Q™™ < Q4 (1) < Q™™ (14)

—RR, < PJ(t) —PJ(t—1) <RR, (15)

The constraint (12) provides the voltage limits of each bus.
The constraints (13)-(15) are associated with conventional
generators, which includes the limits of active and reactive
power capacity and ramping capability of each unit.

The Storage dynamics
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The state of charge (SOC) of energy storage devices is
illustrated by (16) that accounts the initial state of charge and
charging and discharging efficiencies, constraints (17)-(19)
are the charging and discharging limits of the storage unit and
SOC of each node at time t. The variables a$ and af are the
binary variables, during charging a;; = 1 and 0 otherwise.
The similar analogy goes for discharging period. To restrict
the simultaneous charging and discharging of the storage
system, constraint (20) has been imposed. It is worth
mentioning that during the estimation of charging and
discharging power of storage unit, a quadratic term has arisen
due to the multiplication of binary and integer variables.

The constraint (21) represents the storage investment budget
in terms of the allowed storage unit. An additional constraint
is added to avoid daily accumulation effects by forcing the
state of charge of the first and last time step of a day to be
equal as represented by (22), where the T represents the last
time step of the day.

S§0C, o = SOC, 1 (22)

III. UNCERTAINTY MODELING

Since it is utmost interest to involve the uncertainties in the
model while studying the investment of new technologies
such as energy storage in the network, the robust optimization
(RO), a promising method to deal with uncertainty, has been
used. Unlike stochastic optimization, which assumes to have
an exact probability distribution of the uncertain data to be
known, RO only assumes that the uncertain data resides in a
defined uncertainty set. As it can be understood that the
choice of uncertainty set is significant in order to have an
acceptable solution within a given conservatism.

Therefore, the first step to applying the robust approach is to
specify the uncertainty set. The uncertainty set is the set of



values for the uncertain parameters that are taken into
consideration in the robust model. The selection of
uncertainty solely depends on the available information of
uncertain parameters and the level of robustness the
acceptable by the decision-maker. It is often reasonable to
make a compromise between the robustness against each
physical realization of the uncertain parameter and the size of
the uncertainty set. The most robust uncertainty set which
guarantees that the constraints are never violated is the box
uncertainty set. However, this kind of sets only considers the
worst scenarios that often make the model very conservative
and leads to an unacceptable solution. The box uncertainty
set can be represented as:

U= {§eR":|l{nll < 1}
Here & is the only knowledge available known as
perturbation vector that varies inside a given interval. Rt
represents the real number with the dimension of L and || €, ||
defined the continuous uniform norm of é . Since box
uncertainty set is often too pessimistic, two other uncertainty
sets are used in practice. One of them is the ellipsoidal
uncertainty set and polyhedral uncertainty set. The ellipsoidal
uncertainty set can be defined as,

U= {§eR": ISl < )
The ellipsoidal uncertainty set can be assumed as the sphere
of radius Q) centered at the origin. This kind of uncertainty
sets leads to a better objective value for a fixed probability
guarantee. However, it could lead to a quadratic constraint
from a linear problem. Another uncertainty set which
considers being tractable from a computational point of view
is polyhedral uncertainty set, and it can be expressed as,

U= {§eR": [I$,ll < T}
This type of uncertainty set, also called as a budgeted
uncertainty set since the level of robustness can be adjusted
with T' . It is essential to accurately select the budget of
uncertainty, I' in order to have a reasonable solution
maintaining sufficient robustness of the model. In this work,
the polyhedral uncertainty set has been adopted since it
produces sufficiently robust solution if the budget of
uncertainty is chosen based on the uncertainty level one
wants to accept.

IV. SOLUTION APPROACH

Robust optimization problem usually contains an infinite
number of constraints due to imposing worst-case
formulation and hard constraints. Therefore it is often
computationally intractable of its present form. Usually, there
are two ways to deal with this kind of situation. One of the
ways is to apply robust reformulation techniques to make the
formulation immune of all the uncertain parameters.
Moreover, another way is to apply the adversarial approach.
This approach starts with a finite set of scenarios, which only
contains the nominal scenarios. Then the robust optimization
problem will be solved for the finite set of scenarios; if the
resulting solution is not robust, it is necessary to search for a
scenario that maximizes the infeasibility. When the scenario
of maximum infeasibility is found, this scenario will be added
to the uncertainty set and solve the robust optimization
problem.

In this work, the analytical robust reformulation approach has
been adopted. Since the uncertainty is constraint-wise, the

reformulation will only deal with constraints that contain the
uncertain parameters.
The structure of the model is the same, and the objective
function is identical as in the deterministic model. The
changes will arise in the constraints containing the
uncertainty. In this work, two uncertain parameters are
considered: the forecasted real power of wind farms P, and
demand PD,,. The uncertain parameter will be expressed with
tilde (~), P;,',t and 15; ¢ represent the uncertain wind power
output and load demand at each time step t, respectively. The
deviation from the predicted values and its bound for wind
generation and load demand can be expressed respectively as
AP, and APj,. The polyhedral uncertainty set for wind power
output is defined as:

UW = {PF‘ZE : fw,t € RL s.t. ”foo” S Fw}

Pyt € [Pyt + APy 18y ]

Where ¢, is the degree of uncertainty of the wind power
output. In other words, it can be considered as the
quantification of the actual deviation from the forecasted
value B, and it belongs to the interval [—1;1]; I, is the
budget of uncertainty of the total wind generation of the
system. The value of I}, lies between 0 to 1, where 0 being
the deterministic case and 1 defines the most robust case.
The similar formulation will be applied to load demand
uncertainty. The uncertainty set of load demand expressed as:

Ul = {@= épe€RY st |1Eall < Tp}

Pp¢ € [Ppe+ APpSp ]

The representation and the associated value of the
parameters are similar to wind generation. §,(—1 < &, < 1)
and IH(0 <Tp <1) are the degree and budget of the
uncertainty of load demand, respectively. The larger I, the
larger the uncertainty set, and the larger the worst case value
of the uncertain component of the constraint.
The reformulation process is composed of three main steps,
(1) Worst case reformulation, (ii) Duality and (iii) Robust
counterpart.
Worst case reformulation
First, it is vital to identify the maximum deviation from the
nominal value and rewrite the constraints that are affected by
the uncertain parameters such as a way that it considers the
possible worst case. In the worst case of maximum load and
minimum wind, the value of §pand §, will be 1 and -1
respectively. Moreover, each uncertain parameter will be
solved separately.

Demand:
max(APp; *$p ;) (23)
st |épel < T (24)
0< & =1 (25)

In order to eliminate the absolute term in the above
formulation, an additional variable My ,(Mp, = 0) can be
introduced and the new formulation becomes,

max(APp; *$p ;) (26)
s.t. Mp, < T @7)
Mp:=8py (28)
-1<¢é,, <1 (29)
Wind:
min(APw,t * Ew,t) (30)
S.t.|Ewe| < T, (31)

|éwe] <1 vw (32)



As mentioned above for demand, a new variable M,,,(M,, <
0) will be added to relax the absolute term.

min(APy, ¢ * &y ¢) (33)
st My, = Ty (34)
My <&y VW (3%)
-1<¢,,<1vw (36)

Once the worst case has been considered in the formulation
that means the above formulation maximizes the deviation of
the demand and minimizes the deviation of wind and
optimized utilizing inner minimization/maximization
problems. In order to make the problem tractable, the next
step is to find the dual of the inner minimization problems.
Forming Dual:

Since the inner minimization/maximization problems and its
dual yield the same optimal objective value by strong duality
theorem, therefore, the problem described above can be
reformulated as follows:

Demand:
min{Qp; *Ip + Gp; + Ip ¢} (37)
S.t.Rp¢+Gpy —Ipy = APp, (38)
Qpt—Rpe =20 (39)

Where Qp, Gp,Ip and Rp are the dual positive variables
respectively associated with the primal optimization problem.
It is worth mentioning that the dual variables do not have any
physical meaning.

max{_Qw,t * l—‘w - Gw,t - Iw,t} (40)
S.t.Ry — Gyy+ 1y, = AP, , YW (41)
Qwe— Ry =0 VYw 42)

If the different worst-case has been considered, the only
changes in the formulation would be the sign of the variables,
and the structure of the formulation would be the same.
Forming the robust counterpart:
It is worthy to point out that it is possible to omit the
minimization/maximization terms since it is sufficient that
the constraints hold for the defined uncertainty limit. The
inner optimization problems for demand and wind are set to
be integrated into the main deterministic model. To obtaining
the robust counterpart of the deterministic model, the
objective functions of the dual form have to be added in the
respective constraint, and the constraints of the dual form will
need to be included in the algorithm. All the constraint
containing uncertain parameter can be replaced with linear
constraints without uncertainty and converted into a mixed-
integer form. Since in the main deterministic model, only one
constraint is affected by uncertainty, namely the power
balance equation (8), the reformulated power balance
equation will become,

PP (&) + B(®) = B{(t) — B (t) = PD, () — Qp,e

*Ip+Gpe +1Ipe +By(t) — Quy

* l—‘w - Gw,t - Iw,t - Rmnl‘rznn (43)
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In addition, the additional constraints for wind and load
demand that will be added in the algorithm are:

Rpi+Gpy —Ipy = APy, (44)
Qpt—Rp: =0 (45)
Ry:— Gy + 1, =AP,, VW (46)

Qwe— Ry =0 VYw 47)

The new model (1-22, 43-47) does not contain any
uncertainty and is a mixed-integer second-order conic
programming (MISOCP) problem that can be solved
efficiently using CPLEX that uses a branch and cut algorithm
to find the integer feasible solution.

V. CASE STUDY

The numerical studies in this section are based on the
IEEE14-bus benchmark system (Figure 1). The time horizon
of 24h has been considered with a time step of 1h. The IEEE
14-bus network has five wind farms connected at nodes 1, 2,
3, 6 and 8, with each having an installed capacity of 30MW.
The wind generation profiles were simulated by assuming
that the wind speed is Weibull distributed with a scale factor
of 11.01 m/s and a shape factor of 2 m/s. The load profile,
expressed as a percentage of the annual peak load in the
original data set, was computed using specific multiplying
coefficients for the week of the year, for the day of the week,
and the hour of the day.

The mathematical formulation of the robust algorithm for an
AC OPF based energy storage planning tool has been
programmed in GAMS and solved using CPLEX on a 2.30
GHz personal computer with 4GB RAM. The simulations
have been performed with an optimality gap of 0.001. In this
experimental study, the worst case has been considered when
the load is high (§p, = 1), and wind generation is low

Gwe =—1).

Figure 1 IEEE-14 bus network

Daily Operational Cost

Table 1 summarizes the daily operational cost of the dispatch
from conventional generators for three different scenarios. A
significant reduction of daily operational cost has been
observed with the inclusion of storage. The storage devices
in this system help to avoid wind curtailment and reduce
conventional energy usage. As described in the next section,
Storage requirements for a robust problem would always be
higher than a deterministic case. Hence, the operational cost
would always be higher. In the deterministic model,
consideration of uncertainty is avoided by assuming perfect
information for all parameters. However, even considering
the robust scenario that includes the worst case, the
operational cost is much lower compared to the no storage
case.



TABLE 1 DAILY OPERATIONAL COST OF 14-BUS NETWORK

Cases Daily Operational Cost(€)
No storage 120104.39
With Storage(Deterministic) 16153.74
With Storage(Robust) 26741.42
Storage Allocation

All the buses of this 14-bus network were assumed
candidates for storage placement. The available storage
devices were considered of 20MW/20MWh storage capacity.
The efficiencies for charging and discharging were considered
90% each, which gives an overall roundtrip efficiency of 81%.
The cost Lithium-ion technology in this study has been
considered as €200 for each kW of rated power, €400 for each
kWh of rated energy and capital recovery factor, K; = 0.01
assuming a planning horizon of 10 years.

TABLE 2 DAILY OPERATIONAL COST AND ENERGY STORAGE ALLOCATION
(WITH VARYING ROBUSTNESS)

Budget of Number Location Average Daily
Uncertainty of Dispatch

Storage cost(€)
r=0 4 3,4,10,14 16153
I['=0.25 5 3,49,10,14 18428
I'=0.50 7 3,4,6,7,9,10,14 21057
I'=0.75 8 3,4,6,7,9,10,13,14 23959
r=1 10 3,4,6,7,9,10,12,13,14 26741

In table 2, it shows how the investment of storage and daily
operational cost change with changing the robustness. The
deterministic case (I" = 0) suggests 4 storage devices be
installed in the network. As the budget of uncertainty
increases, the number of storage increases and more
charging/discharging cycles that leads to increased energy
losses, therefore the daily operational cost also increases.

Since different scenario can be generated with the different
budget of uncertainty, and the algorithm provides the storage
and operational cost information, it would be useful for the
decision-maker to take a compromised decision. The most
robust case (I" = 1) may be avoided since it considers the
worst case, and it may be very unlikely to happen.

Contribution of Storage during the peak load

In order to comprehensively understand the contribution
of storage in the power flow, node 4 of Fig. 1 has been selected
since it is the most representative node in terms of line loading
during the peak period. As it has shown in figure 2 and 3, the
apparent power flows reach their maximum capacity during
the peak period. The storage helps to reduce the peak line
flows. Besides, it helps to distribute the power flow in such a
way that no branch reaches its maximum capability. Though
the deterministic case mostly flattens the load curve, the
robust case is more fluctuating to maintain the power flow in
the limit.
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Figure 2 Power flow at branch 4-2(with capacity 65SMVA)
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Figure 3 Power flow at branch 4-5 (with capacity 4SMVA)

Storage Activity

In both deterministic and robust cases, the storage at bus 9
behaves similarly except during the peak period where
storage activity changes abruptly for the robust case. It is
worthwhile to mention that in the case of planning the robust
solution is quite different from the deterministic one. Since,
the number of storage system increases in the robust scenario,
the operation of individual storage in the network remain
analogous for both robust and deterministic cases. Therefore,
the pattern of charging and discharging is quite similar.
Although the real change of operation due to the robust
approach can be understood from the daily, operational cost

that changes with robustness.
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Figure 4 Storage Activity at Bus 9



VI. CONCLUSION

In this study, a systematic approach of applying robust
optimization on an AC OPF based siting of energy storage
devices in the transmission network has been demonstrated.
Since DC OPF neglects the transmission losses and may lead
to an infeasible planning solution, the use of AC OPF in this
study aimed at increasing accuracy in the planning.
Preliminary results prove that inclusion of load and wind
uncertainties in the problem significantly increases the
operational and future planning costs of the system, which
indicates the need to include uncertainties in planning.

Since the polyhedral uncertainty set has been exploited to
represent the uncertainty sets, it allows having the flexibility
to do a trade-off between economic efficiency and
conservatism. The integration of this kind of flexibility also
helped to observe the scenario other than the worst-case
scenario that most of the robust optimization problem does
not consider.

The robust optimization approach aims at efficiently
incorporating the uncertainty in the model. Unlike many
robust optimization problems, which mainly considers the
worst-case scenario thus do not provide the optimal solution
rather a very conservative solution which could be unrealistic
based on the problem. However, the analytical reformulation
technique helped to find the robust counterpart of the original
problem that was solved with less computational burden
using CPLEX.

Since planning involves limited economic budget and
resources, this study will provide a comprehensive view
which is a combination of different scenario (budget of
uncertainty).

It should be mentioned that this proposed methodology can
be used with different energy storage technologies by
considering related costs and performance parameters such as
charging/discharging efficiencies.

ACKNOWLEDGMENT

Nayeem Chowdhury has been funded from the European
Union’s Horizon 2020 research and innovation programme
under Grant Agreement No 676042.

The contribution of G. Pisano to this paper has been
conducted within the R&D project “Cagliari2020” partially
funded by the Italian University and Research Ministry
(grant# MIUR_ PONO4a2 _00381).

REFERENCES

[1] Wogrin, Sonja, and Dennice F. Gayme. "Optimizing storage siting,
sizing, and technology portfolios in transmission-constrained
networks." IEEE Transactions on Power Systems30.6 (2014): 3304-
3313.

[2] Denholm, Paul, and Maureen Hand. "Grid flexibility and storage
required to achieve very high penetration of variable renewable
electricity." Energy Policy 39.3 (2011): 1817-1830.

[3] Chandy, K. Mani, et al. "A simple optimal power flow model with
energy storage." 49th IEEE Conference on Decision and Control
(CDCQ). IEEE, 2010.

[4] Brown, Paul D., JA Pegas Lopes, and Manuel A. Matos. "Optimization
of pumped storage capacity in an isolated power system with large
renewable penetration." IEEE Transactions on Power Systems 23.2
(2008): 523-531.

[5] Su, Han-I, and Abbas El Gamal. "Modeling and analysis of the role of
fast-response energy storage in the smart grid." 2011 49th Annual

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Allerton Conference on Communication, Control, and Computing
(Allerton). IEEE, 2011.

[Su, Han-1., and Abbas El Gamal. "Modeling and analysis of the role
of energy storage for renewable integration: Power balancing." IEEE
Transactions on Power Systems 28.4 (2013): 4109-4117.

Zhao, Haoran, et al. "Optimal siting and sizing of Energy Storage
System for power systems with large-scale wind power
integration." 2015 IEEE Eindhoven PowerTech. IEEE, 2015.

S. Tewari and N. Mohan, “Value of NAS Energy Storage Toward
Integrating Wind: Results From the Wind to Battery Project,” IEEE
Trans. on Power Syst., vol. 28, no. 1, pp. 532-541, Feb. 2012.

M. Ghofrani, A. Arabali, M. Etezadi-Amoli, and M. Fadali, “A
Framework for Optimal Placement of Energy Storage Units Within a
Power System With High Wind Penetration,” IEEE Trans. Sustain.
Energy, vol. 4, no. 2, pp. 434442, 2012.

S. Bose, D. F. Gayme, U. Topcu, and K. M. Chandy, “Optimal
placement of energy storage in the grid,” in Decision and Control
(CDC), 2012 IEEE 51st Annual Conference on. IEEE, 2012, pp. 5605—
5612.

Dvijotham, Krishnamurthy, Scott Backhaus, and Misha Chertkov.
"Operations-based planning for placement and sizing of energy storage
in a grid with a high penetration of renewables." arXiv preprint
arXiv:1107.1382 (2011).

Carr, Stephen, et al. "Energy storage for active network management
on electricity distribution networks with wind power." IET Renewable
Power Generation 8.3 (2013): 249-259.

Sjodin, Emma, Dennice F. Gayme, and Ufuk Topcu. "Risk-mitigated
optimal power flow for wind powered grids." 2012 American Control
Conference (ACC). IEEE, 2012.

Oh, HyungSeon. "Optimal planning to include storage devices in
power systems." IEEE Transactions on Power Systems 26.3 (2010):
1118-1128.

Atwa, Yasser Moustafa, and E. F. El-Saadany. "Optimal allocation of
ESS in distribution systems with a high penetration of wind
energy." IEEE Transactions on Power Systems 25.4 (2010): 1815-
1822.

Gabash, Aouss, and Pu Li. "Active-reactive optimal power flow in
distribution networks with embedded generation and battery
storage." IEEE Transactions on Power Systems 27.4 (2012): 2026-
2035.

Gabash, Aouss, and Pu Li. "Flexible optimal operation of battery
storage systems for energy supply networks." IEEE Transactions on
Power Systems 28.3 (2012): 2788-2797.

Gayme, Dennice, and Ufuk Topcu. "Optimal power flow with large-
scale storage integration." IEEE Transactions on Power Systems 28.2
(2012): 709-717.

Mulvey, John M., Robert J. Vanderbei, and Stavros A. Zenios. "Robust
optimization of large-scale systems." Operations research 43.2 (1995):
264-281.

Chen, Bokan, et al. "Robust optimization for transmission expansion
planning: Minimax cost vs. minimax regret." IEEE Transactions on
Power Systems 29.6 (2014): 3069-3077.

Chowdhury, Nayeem, Pisano, Giuditta, Pilo, Fabrizio, and Troncia,
Matteo. (2019) “Optimal Location of Energy Storage Systems with
Robust Optimization.” - In 25th International Conference on Electricity
Distribution, CIRED 2019.

Zhao, Long, and Bo Zeng. "Robust unit commitment problem with
demand response and wind energy." 2012 IEEE power and energy
society general meeting. IEEE, 2012.

Bertsimas, Dimitris, et al. "Adaptive robust optimization for the

security constrained unit commitment problem." IEEE transactions on
power systems 28.1 (2012): 52-63.




<<
  /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


