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Abstract—This paper presents a new dynamic and stochastic decision
supporting model for distributed generation investment planning (DGIP).
The model is formulated as a mixed integer linear programming (MILP)
optimization problem that simultaneously minimizes emission, operation
and maintenance, as well as reliability costs. One of the salient features of
the model is that it is based on a two-period planning horizon: a short-term
planning period that requires robust decisions to be made and a medium to
long-term one involving exploratory or flexible investment decisions. Each
period has multiple decision stages. The operational variability introduced
by intermittent generation sources and electricity demand are accounted
for via probabilistic methods. To ensure computational tractability, the
associated operational states are reduced via a clustering technique.
Moreover, uncertainties related to emission price, demand growth and the
unpredictability of intermittent generation sources are taken into account
stochastically. A real-life distribution network system is used as a case
study, and the results of our analyses generally show the efficacy of the
proposed model.

Keywords—Distributed generation; DG investment planning; distribution
network systems; stochastic programming; uncertainty.

1. NOMENCLATURE
i) Sets and Indices

k(QF) Index (Set) for DG alternatives of the same type
p(QP) Index (Set) for DG types

s (%) Index (Set) for scenarios

ss (%) Index (Set) for substations

t(QY) Index (Set) for planning stages (t=1,2... )
w(QY) Index (Set) for snapshots

NI DG investment pool for the first period

N2 DG investment pool for the second period

7 (Q™); ¢(QT?) Indices (Sets) of decision stages in period T1 and
T2, respectively

ii) Parameters

st Electricity demand (MW)

ER},, ER; Emission rate of new or existing generator
(tons/MWh)

i Interest rate (%)

1C}), Investment cost of DG (€)

InvLim Maximum available budget for investment (€)

MC;Y,(, MCgk
OCII,‘fk,OCﬁk

Maintenance cost of new or existing (€)
Operation cost of new or existing (€/MWh)

a, By Weights for balancing the cost terms
My ke Lifetime of DG (years)

ukM . Emission price (€/tons)

Ty, Weight associated to snapshot w

Ps Probability of scenario s

Osssw.t Price of purchased electricity (€/MWh)
1] DG penetration limit factor (%)

iit) Variables

Jsssmi Power purchased from upstream (grid)

gg‘k‘ Sw,ts gﬁ kswe Power generated by existing or new generator
ECSS Cost of purchased energy

EMCE,EMCY  Emission cost of existing or new DGs

ENSC, Cost of unserved power

Icy Investment cost of DGs

McY, MCE Annual maintenance cost of new and existing DGs
ocl,oct Operation cost of new and existing DGs

ulg' K Indicator variable of utilization of existing

generators in 1 period

Indicator variable of utilization of existing
generators in 2™ period

Xp ko DG investment binary variable in 1* period

E
u2p_kls_<

xxz’,\" ,1“5'( A binary variable for possible postponement of DG
investment to 2™ period

yl',\{ i,s,{ DG investment binary variable in 2™ period

Oswt Unserved power

II. INTRODUCTION

Driven by the compounded effect of several techno-economic and
environmental factors, integrating distributed generation (DG) sources
(in particular, renewable energy sources such as wind and solar) in
distribution networks (DN) has been gaining a significant momentum
since recently [1]. The increasing trend of DG integration is more likely
to continue in the years to come due to the advent of emerging
solutions such as the active management of distribution networks [2],
which are expected to facilitate smooth integration of DG’s by
alleviating existing technical limitations.

The share of DG energy in the overall energy mix i.e. the electricity
demand covered by energy coming from DG (renewable energy
sources, in particular) will gradually increase. Hence, such energy
sources will play an important role in distribution network systems, and
the prospect of DG investment planning (DGIP) definitely becomes
more relevant in such systems. This is because tapping energy
resources (wind, solar, hydro, geothermal, etc.) available in close
proximity to traditional consumers is inevitable not only to meet an
increasing demand for electricity but also to fulfill environmental
constraints and renewable energy source (RES) integration targets set
forth either globally or locally through Government initiatives.

However, the power generated from some of the DG sources (for
example, the renewable energy sources such as solar and wind) is
subject to variability and uncertainty.



As a result, integrating such resources in power systems introduces
a significant operational variability and uncertainty. Besides, there are
several other parameters subject to high-level uncertainty. The
combination of all these relevant issues makes the operation and the
planning process of distribution systems more complex. In order to
overcome this complexity, and hence, support the decision-making
process in realizing an optimal integration of DG, effective methods
and tools need to be developed.

This paper presents a new dynamic and stochastic DGIP model to
support the aforementioned decision-making process. The model is
formulated as a mixed integer linear programming (MILP)
optimization problem that simultaneously minimizes emission,
operation and maintenance as well as reliability costs. One of the
salient features of the model is that it is based on a two-period planning
horizon. The first one is characterized by robust short-term investment
decisions made in the face of uncertainty while the second one involves
exploratory or flexible investment decisions to be made depending on
the scenario unveiled in a medium to long-term time span. Each period
has multiple decision stages. The operational variability introduced by
intermittent generation sources and electricity demand are accounted
for via probabilistic methods. To ensure computational tractability, the
associated operational states are reduced via a clustering technique.
Moreover, uncertainties related to emission price, demand growth and
the unpredictability of intermittent generation sources are taken into
consideration stochastically.

III. LITERATURE REVIEW

Distribution network systems are expected to undergo broad-range
transformations in the near future so that current limitations of
integrating DG (especially renewables) are effectively addressed. As a
result, the highly needed benefits of DGs, extensively discussed in [3],
can be optimally exploited. In this regard, previous works on
investment planning of DG in distribution networks, such as [4] and
[5], highlight the multi-faceted benefits of DGIP. In particular, the
latter work demonstrate that “investment in DG is an attractive
distribution planning option for adding flexibility to an expansion plan,
mainly by deferring network reinforcements”. Other wide-range
benefits of DG have been extensively discussed in [6]-[10]. In fact, the
integration of DG in distribution systems also has some challenges
[11]-[13]. For example, if DG’s are not properly planned and
operated, they can pose technical problems in the system. However,
these are expected to be adequately mitigated in active DN [5].

From a modeling perspective, DGIP in previous works is carried
out either jointly with distribution network expansion planning [14]-
[20] or independently [4], [5], [21], [22].

Either way, the decision variables of the optimization encompass
the type of DG, its capacity and location, as well as the time of
investment when a dynamic planning scheme is adopted as in [4],
[14], [15], [18]-[22].

Since DG includes intermittent energy sources, the planning model
should adequately take account of the uncertainty and the variability of
such sources, including that of the electricity demand. In this respect,
uncertainties in load [4], [5], [14], [15], [18]-{21], electricity price
[4], [5], [14], [15], [21], wind power output [15], [21], solar power
output [21], fuel price [21], demand growth [4], [5], and failures in
DG [16] are among several sources of uncertainties, which have been
given attention in the literature related to distribution planning works.

As it can be observed, dealing with the variability, but not the
uncertainty, pertaining to electricity demand seems to be considered in
the literature, often by dividing the hourly load duration curve for a
year into 3 to 5 demand levels, while the others are largely ignored or
represented in an overly simplified manner.

IV. PROBLEM FORMULATION

The work here focuses on the formulation a DGIP model
considering the variability and the uncertainty of the most relevant
model parameters. This model is then used as a decision-supporting
tool in the optimal integration of DG in distribution network systems.
In addition to the variability and uncertainty management issues, the
DGIP formulation involves other relevant aspects. First, the DGIP
problem is characterized by its dynamic nature because the DGIP
solution has to include when DG investments are needed. Second,
concerning the planning horizon and the decision stages, a more
realistic approach is to formulate the problem with multiple decision
stages (i.e. a multi-year decision framework) while accounting for all
possible future scenarios. Here, to ensure tractability, the numbers of
stages and scenarios have to be limited.

In this work, the DGIP problem is formulated as a multi-stage and
multi-scenario optimization model within a two-window (period)
planning framework. The first window is characterized by robust short-
term investment decisions made in the face of uncertainty while the
second one involves scenario-dependent decisions, which can be
alternatively understood as exploratory or flexible investment decisions
in a medium to long-term time span. Each period has multiple decision
stages. Note that the modeling framework here assumes that there are n
probable future storylines (or scenarios) each associated with a
probability of realization p, that stochastically represents relevant
sources of uncertainties.

A.  Objective Function

The objective function of the DGIP model formulated in this paper
is to minimize the weighted sum of net present value (NPV) of three
cost terms as in (1). The first term in (1) represents the NPV of total
investment costs of DGs, which constitute conventional and various
renewable energy sources, under the assumption of perpetual planning
horizon [23]. In other words, “the investment cost is amortized in
annual installments throughout the lifetime of the installed DG”, as is
done in [15].

The second term corresponds to the sum of the NPV of (i)
operation, maintenance and reliability (OMR) costs throughout the
planning horizon, and (ii) the OMR costs incurred after the last
planning stage. Note that the costs in (ii) rely on the OMR costs of the
last planning stage, and a perpetual planning horizon is assumed when
spreading these costs after the last planning stage [15]. The last term in
(1) corresponds to the sum of the NPV emission costs in the system,
and those incurred after the last planning stage under the same
assumptions as in the case of OMR costs. Note that the three weights in
(1) (ie. a, B and y) are all assumed to be 1, but depending on the
degrees of relevance of the cost components in the objective function,
different weights may be considered.

The NPV of total costs is then given by the sum of amortized
investment costs in DGs, constituting conventional and various
renewable energy sources (2), expected maintenance and operation cost
of candidate DGs as in Egs. (3) and (5), expected maintenance and
operation cost of existing DGs as in Egs. (4) and (6), as well as the
expected cost of reliability which is captured by penalizing any
unserved power as in (7). In addition, the expected cost of emission and
energy purchased from the grid are also included in the objective
function as can be seen in Egs. (8)—(10).

Eq. (2) represents the total investment costs weighted by the capital
i(1+)"Pk
the formulation in (2) ensures that the investment cost of each DG is
considered only once in the summation. Egs. (3) and (4) stand for the
annual maintenance costs of candidate and existing DGs, respectively.

recovery factor, Note that x;,", k,0is defined to be zero, and



These cost terms are multiplied by the corresponding binary variables
to determine whether each DG is being utilized or not. Note that the
binary investment variable is also used for this purpose in the case of
candidate DGs. The operation costs, given by (5) and (6) for candidate
and existing DGs, respectively, depend on the amount of power
generated for each scenario, snapshot, stage and DG type. Therefore,
they are weighted by the probabilities of scenarios, resulting in the
expected cost of operation. Similarly, Eq. (7) gives the expected cost of
unserved energy. Egs. (8) and (9) represent the expected emission costs
of candidate and existing generators, respectively. The expected cost of
energy purchased from upstream (i.e. from grid), is also given by (10).
Minimize TC
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B.  Constraints

1) Load balance constraints: The sum of total generation and unserved
power should be equal to the demand as in (1 1).

SS
Z Z(gpkswt-l-gpkswt)-l-zz pksw{ ngs,s,w,t

keQk peQP keqk pe? 55Q°°
+ Osuwe = sy (1)

2) Investment limits: The budget constraints for DG investment in
every year is often set, as in (12) and (13).

ICg‘,lc x:’;ﬂ - xp,” 1) < InvLim, (12)
keQk peaP
Z Zl ok Onrss = Yoksc—1) + Z Zl ok (X &
keQk peQP keQk peQP
— XXk so-1) < InvLimg, (13)

3) Generation capacity limits: The minimum and the maximum
capacity limits of any generator should be respected at all time. Egs.
(14) and (15) enforce such constraints for existing DGs in the first and
the second periods, respectively. Similarly, in the case of candidate
DGs, (16) through (18) are included. Note that the binary variables also
multiply the corresponding capacity limits of a given generator. This is
to make sure the power generation variable is zero when the generator
remains either unutilized or unselected for investment. For technical
reasons, the power that is purchased from the transmission grid could
have minimum and maximum limits, as in (19).

ulpkerkswmm —gpkswr <u1pkerkswmax (14)
uzkakaswmm—gpkswi<u2pk{6pkswmax (15)
pktkaswmm —gpkswt<xpkt61[7\]l£swmax (16)
xxp,ksZkaswmm —gpksw{ <xxpks(kaswmax (17)
kas{GzIsz%swmm —gpksw(' —kas{kaswmax (18)
gggtrnln < 9% swr < ggstmax (19)

4) Unserved power limit: The unserved power cannot exceed the total
demand. Eq. (20) represents this constraint.
0 < 85w < dspe (20)

5) DG penetration level limit: Due to technical reasons, there can be a
maximum penetration level of DGs (or, equivalently saying, the
maximum percentage of demand covered by DGs). This is ensured by
adding the constraints in (21)

E
Z Z(gp,k,s,w,t pkswt Zzgpksw{—(pdswt (21)

penP kenk pe® ken®

6) Logical constraints: Normally, an investment made at stage ¢ cannot be
reversed or divested in the subsequent stages; hence, the asset should be
available for utilization after the investment is made. Such condition
can be realized using the set of constraints in (22)—(24).

N1 N1 N1 _ _N1
xpk‘r = xpk‘t 1 xp,k,{ - xp,k,Tl (22)
. N1 — N1
xxpks{ 2 xxp,k,s,§—1 5 XXpksT1 = XpkT1 (23)
N2 . N2 —
yp,k,s,(' = Yp,k,s,{—l ’ Yp,k,s,Tl =0 (24)

V. UNCERTAINTY AND VARIABILITY IN DGIP

A.  Modeling Uncertainty and Operational Variability

The various sources of uncertainties in DGIP are related to the
variability and the uncertainty of operational situations.



There are some other uncertainties mostly related to the long-term
price, rules, regulations and policies, etc. Variability, as defined in [24],
refers to the natural variation in time of a specific uncertain parameter;
whereas, uncertainty refers to “the degree of precision with which the
parameter is measured” or predicted. The sources of variability can be
generally categorized as random and nonrandom [25]. The random
ones are also known as high-frequency uncertainties because they
correspond to situations that occur repeatedly, and hence, introduce
significant operational variability in the power distribution systems. On
the other hand, nonrandom uncertainties do not occur repeatedly or
they are characterized by low frequency situations.

A well-developed DGIP tool should therefore encompass a
methodology that effectively and efficiently takes account of relevant
sources of uncertainty and variability. Exhaustive modeling of all
sources of uncertainty and variability may not only be computationally
unaffordable but also inefficient. In this paper, a sufficiently large
number of operational situations are taken to account for the variability
introduced by various uncertain parameters such as demand and
intermittent power sources. Then, a standard clustering technique is
used to reduce the number of operational states so that the problem at
hand is tractable. Here, each of the reduced operational states should
adequately represent a group of similar operational situations; and
hence, is assigned with a probability proportional to the number of
operational situations in its group.

The unpredictable nature of renewable energy sources, demand
growth and low-frequency uncertainties such as emission price are
stochastically considered by enumerating an adequate number of
scenarios.

VI.  CASE STUDY, RESULTS AND DISCUSSION

A. Data Used for the Case Study and Assumptions

The DGIP optimization problem is coded in GAMS 24.0 and
solved using CPLEX 12.0. The system considered in the study is a
distribution network of the Azores Island, which has a peak demand of
70 MW. In this system, various DG types with capacities ranging from
1 to 30 MW are considered as candidates for investment (see in Table
I). The installation and maintenance cost figures of each candidate DG
considered in the case study are depicted in Table I. The data for
existing generators can be found in [26]. The hourly series of wind
(WD) and solar photovoltaic (PV) power production for one year are
obtained from various locations in the island.

B. Scenario Definition

In this work, 81 scenarios (storylines) are defined in connection to
the possible evolutions of four relevant uncertain parameters over the
planning horizon: demand growth, emission price, wind and solar PV
power output uncertainties. Table II shows the three evolutions of
demand growth, denoted as Low, Moderate and High, having equal
degree of realization. Similarly, the emission price is represented by
three equally probable storylines (scenarios), as shown in Table IL
Three different scenarios are considered for each remaining parameters.
Assuming all four parameters are independent, one gets 81 different
combinations (scenarios). Note that, for the sake of simplicity, only
CO, emissions are considered in this study, and the emission prices
throughout the second period are held the same as in the third stage.

C. Case Study and Results

Table III presents the investment outcome at each stage of each
planning period. As it can be observed in this table, majority of the
investments tend to be made in the beginning of each period (i.e. the
first and the fourth stages, in particular). This phenomenon is rather

expected, because the NPV of operation and emission costs is higher in
the foremost stages of the planning horizon. Hence, it becomes more
attractive to invest in the leading stages so that such costs are reduced in
the short-run as well as in the medium/long term. In line with the
investments made, the evolution of expected emissions over the entire
planning horizon also follows a predictable trend. For instance, because
of the huge investments in stage 1, the expected (average) emissions
are significantly reduced, and a similar phenomenon can be observed in
stage 4. Apart from these two stages, emissions tend to slightly
increase. Such increase in emissions can be explained by the increasing
trend of demand because, in the absence of more investments in RESs,
the power generated by non-renewable generators should be increased
to meet the increasing demand. However, as illustrated in Fig. 1, the
average emissions curve remains far below that of the “do-nothing”
scenario, where no investments are assumed to be made.

The practicality of the proposed stochastic model can be shown by
comparing decisions made under uncertainty and by ignoring
uncertainty. One relevant metric here is the expected cost of ignoring
uncertainty (ECIU), which measures the cost of making naive
decisions i.e. assuming that a given scenario happens with certainty.
This metric can be alternatively understood as the value of stochastic
solution. In the considered system, the ECIU is calculated to be 3.43
ME, which is not negligible. For perspective, one can compare this
value with the total NPV of investment costs in the first period in Table
III. It can be easily observed that the ECIU amounts to more than 7%
of this cost. Moreover, note that this value is a weighted sum of the cost
of ignoring uncertainty (CIU) across all scenarios. Depending on which
deterministic scenario is taken to obtain the naive decisions, the CIU
value varies tremendously. For some scenarios, it is about 21 ME,
which shows that naive/deterministic solution (i.e. decisions made by
ignoring uncertainty) can have significant costs. In other words, this
indicates the quality of the stochastic solution, and hence, the
practicality of the proposed stochastic model.

TABLE L DATA FOR CANDIDATE GENERATORS
Generator | Alternativ | Installed OC,x IC, MC, ER,
type, p e, k capacity | (€/MWh) | (M€) (M€) (tons
(MW) /MWh)
1 Solar PV 1 1.0 40 3.00 0.06 0.0584
2 Solar PV 2 1.5 40 3.83 0.08 0.0584
3 Solar PV 3 2.0 40 4.55 0.09 0.0584
4 Solar PV 4 2.5 40 5.20 0.10 0.0584
5 Solar PV5 3.0 40 5.80 0.12 0.0584
6 Solar PV 6 4.0 40 6.89 0.14 0.0584
7 Solar PV 7 6.0 40 8.79 0.17 0.0584
8 Solar PV 8 10 40 11.94 |0.24 0.0584
9 Wind WD 1 1.0 17 2.64 0.05 0.0276
10 Wind WD 2 2.0 17 4.00 0.08 0.0276
11 Wind WD 3 5.0 17 6.93 0.14 0.0276
12 Wind WD 4 10 17 10.51 0.21 0.0276
13 CGT** CGT 1 30 145.4 27.00 | 0.01 0.5600
14 Biomass BM 1 20 20 80.00 | 3.00 0.0900
** Combustion gas turbine
TABLE IL. DEMAND GROWTH AND EMISSION PRICE SCENARIOS
Emission price scenarios
Demand growth scenarios €/ton of CO,

Stages | Low | Moderate | High Low | Moderate | High
=0 0.0% 0% 0% 7 7 7
=1 2.0% 5% 10% 10 35 50
=2 5.0% 10% 20% 20 50 100
=3 7.0% 15% 30% 30 75 150
=4 9.0% 20% 40% 30 75 150
=5 11.0% 25% 50% 30 75 150
=6 13.0% 30% 60% 30 75 150
=1 14.5% 35% 70% 30 75 150
=8 16.0% 40% 80% 30 75 150




TABLE III. DG INVESTMENT DECISIONS
NPV of investment
Horizon Stages | DG investment solution cost (M€)
_ PV7,PV8, WDI, WD2,
o eriod =1 WD3, WD4 47.849
perio = - 0
=3 - 0
_ PV6, PV7, PV, WDI, T
=4 WD2, WD3, WD4 24315
_ PV5, PV6, PV7, PV8, +
£=3 WD1, WD2, WD3 1566
nd _ PV4, PV6, PV7, PVS, i
2" period (=6 WDI1, WD2 0.923
_ PV4, PV5, PV6, PV7, +
=7 PV8, WDI, WD2 0.776
_ PV3, PV4, PV5, PV6, i
=8 PV7, PV8, WDI1, WD2 0.880
NPV of total costs (M€) 470415

i Expected investment cost (weighted by the probabilities)

300 : Average, Do-nothing 2
Average, Invest

250 -

=== === = Scenarios
200

150

100

50

Emissions (x1000 tons of CO,)

Tl T2
Time stages (in years) of each investment period (T1, T2)
Fig. 1 Evolution of CO, emissions over the planning stages

VII. CONCLUSIONS

This paper has presented a new stochastic decision-supporting tool
for DG investment planning. The developed model features a number
of important aspects. First, the model is formulated as a MILP
optimization problem that simultaneously minimizes emission,
operation, maintenance and reliability costs. Second, it accounts for the
operational variability due to intermittent power sources and electricity
demand via probabilistic methods. Moreover, uncertainty related to
emission price, demand growth and the unpredictability of intermittent
generation sources is handled via a stochastic approach. Third, it is
based on a dynamic decision framework i.e. involving a multi-year
decision structure. Another salient feature of the model is that it is
based on a two-period planning framework, involving a short-term and
a medium/long-term planning windows. This helps one to obtain robust
short-term decisions in the face of uncertainty along with strategic (or
flexible) decisions in the medium to long-term planning horizon. The
developed model has been tested on a real-life DN system, and the
results of the analyses have generally shown the effectiveness of the
proposed model. Compared to deterministic or naive decisions, the
stochastic model proposed here yields better and more robust decisions.

ACKNOWLEDGMENT

This work was supported by FEDER funds through COMPETE and
by Portuguese funds through FCT, under Projects FCOMP-01-0124-
FEDER-020282 (Ref. PTDC/EEA-EEL/118519/2010) and
UID/CEC/50021/2013, and also by funds from the EU 7th Framework
Program FP7/2007-2013 under grant agreement no. 309048.

(1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]
[24]

[25]

[26]

REFERENCES

R. Poudineh and T. Jamasb, “Distributed generation, storage, demand response
and energy efficiency as alternatives to grid capacity enhancement,” Energy
Policy, vol. 67, pp. 222-231, Apr. 2014.

J. A. P. Lopes, N. Hatziargyriou, J. Mutale, P. Djapic, and N. Jenkins,
“Integrating distributed generation into electric power systems: A review of
drivers, challenges and opportunities,” Electr. Power Syst. Res., vol. 77, no. 9,
pp. 1189-1203, Jul. 2007.

A. Yadav and L. Srivastava, “Optimal placement of distributed generation: An
overview and key issues,” in 2014 International Conference on Power Signals
Control and Computations (EPSCICON), 2014, pp. 1-6.

M. E. Samper and A. Vargas, “Investment Decisions in Distribution Networks
Under Uncertainty With Distributed Generation - Part I: Model Formulation,”
IEEE Trans. Power Syst., vol. 28, no. 3, pp. 2331-2340, Aug. 2013.

M. E. Samper and A. Vargas, “Investment Decisions in Distribution Networks
Under Uncertainty With Distributed Generation - Part II: Implementation and
Results,” IEEE Trans. Power Syst., vol. 28, no. 3, pp. 2341-2351, Aug. 2013.

A. Piccolo and P. Siano, “Evaluating the Impact of Network Investment Deferral
on Distributed Generation Expansion,” IEEE Trans. Power Syst., vol. 24, no. 3,
pp. 1559-1567, Aug. 2009.

T. Niknam, S. I. Taheri, J. Aghaei, S. Tabatabaei, and M. Nayeripour, “A
modified honey bee mating optimization algorithm for multiobjective placement
of renewable energy resources,” Appl. Energy, vol. 88, no. 12, pp. 4817-4830,
Dec. 2011.

H. Hedayati, S. A. Nabaviniaki, and A. Akbarimajd, “A Method for Placement
of DG Units in Distribution Networks,” IEEE Trans. Power Deliv., vol. 23, no.
3, pp. 1620-1628, Jul. 2008.

C. L. T. Borges and D. M. Falcdo, “Optimal distributed generation allocation for
reliability, losses, and voltage improvement,” Int. J. Electr. Power Energy Syst.,
vol. 28, no. 6, pp. 413—420, Jul. 2006.

M. A. Abdullah, A. P. Agalgaonkar, and K. M. Muttaqi, “Assessment of energy
supply and continuity of service in distribution network with renewable
distributed generation,” Appl. Energy, vol. 113, pp. 1015-1026, Jan. 2014.

J. Liu, W. Zhang, R. Zhou, and J. Zhong, “Impacts of distributed renewable
energy generations on smart grid operation and dispatch,” in 2012 IEEE Power
and Energy Society General Meeting, 2012, pp. 1-5.

F. Katiraei and J. R. Agiiero, “Solar PV Integration Challenges,” IEEE Power
Energy Mag., vol. 9, no. 3, pp. 62-71, May 2011.

S. Eftekharnejad, V. Vittal, G. T. Heydt, B. Keel, and J. Loehr, “Impact of
increased penetration of photovoltaic generation on power systems,” /EEE
Trans. Power Syst., vol. 28, no. 2, pp. 893-901, May 2013.

M. Shivaie, M. T. Ameli, M. S. Sepasian, P. D. Weinsier, and V. Vahidinasab,
“A multistage framework for reliability-based distribution expansion planning
considering distributed generations by A self-adaptive global-based harmony
search algorithm,” Reliab. Eng. Syst. Saf., Mar. 2015.

G. Muiloz-Delgado, J. Contreras, and J. M. Arroyo, “Joint Expansion Planning
of Distributed Generation and Distribution Networks,” IEEE Trans. Power Syst.,
vol. PP, no. 99, pp. 1-12, 2014.

7. N. Popovié, V. D. Kerleta, and D. S. Popovi¢, “Hybrid simulated annealing
and mixed integer linear programming algorithm for optimal planning of radial
distribution networks with distributed generation,” Electr. Power Syst. Res., vol.
108, pp. 211-222, Mar. 2014.

M.-C. Alvarez-Herault, N. N’Doye, C. Gandioli, N. Hadjsaid, and P. Tixador,
“Meshed distribution network vs reinforcement to increase the distributed
generation connection,” Sustain. Energy Grids Netw., vol. 1, pp. 20-27, Mar.
2015.

M. Jalali, K. Zare, and M. T. Hagh, “A multi-stage MINLP-based model for
sub-transmission system expansion planning considering the placement of DG
units,” Int. J. Electr. Power Energy Syst., vol. 63, pp. 8-16, Dec. 2014.

H. Shayeghi and A. Bagheri, “Dynamic sub-transmission system expansion
planning incorporating distributed generation using hybrid DCGA and LP
technique,” Int. J. Electr. Power Energy Syst., vol. 48, pp. 111-122, Jun. 2013.
M. Sedghi, M. Aliakbar-Golkar, and M.-R. Haghifam, “Distribution network
expansion considering distributed generation and storage units using modified
PSO algorithm,” Int. J. Electr. Power Energy Syst., vol. 52, pp. 221-230, Nov.
2013.

M. Sadeghi and M. Kalantar, “Multi types DG expansion dynamic planning in
distribution system under stochastic conditions using Covariance Matrix
Adaptation Evolutionary Strategy and Monte-Carlo simulation,” Energy
Convers. Manag., vol. 87, pp. 455471, Nov. 2014.

M. Ahmadigorji and N. Amjady, “A new evolutionary solution method for
dynamic expansion planning of DG-integrated primary distribution networks,”
Energy Convers. Manag., vol. 82, pp. 61-70, Jun. 2014.

L. Blank and A. Tarquin, Engineering Economy, Tth ed. New York: McGraw-
Hill Science/Engineering/Math, 2011.

Gerald van Belle, Statistical Rules of Thumb, 2nd ed. Wiley, 2008.

M. O. Buygi, G. Balzer, H. M. Shanechi, and M. Shahidehpour, “Market-Based
Transmission Expansion Planning,” IEEE Trans. Power Syst., vol. 19, no. 4, pp.
2060-2067, Nov. 2004.

D. Z. Fitiwi, A. W. Bizuayehu, M. Shafie-khah, J. P. S. Cataldo, M. Asenso, and
J. Contreras, “DG Investment Planning Analysis with Renewable Integration
and Considering Emission Costs,” in the 16th Int. Conf. on Computer as a Tool,
EuroCon2015, Salamanca, 2015.




<<
  /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 false
  /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
    /AdobeSansMM
    /AdobeSerifMM
    /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
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /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
    /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
    /EuroSig
    /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
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-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
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /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
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /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
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /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
    /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
    /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
    /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 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


